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Among all the Curcuma species, Curcumin is the most studied curcuminoid.
Curcumin 1s renowned for its plentiful biological and pharmacological activities.
Synthesis of new curcumin analogues always gained attention by scientists in the
area to solve the poor biocavailability problems associated with curcumin.
Uncountable analogues of curcumin have synthesized in past decades. In this
review, alterations in the fundamental structure of curcumin to access associated
compounds by chemical synthesis are described. We have endeavoured to sum
up the biological activities of only synthetic analogues of curcumin and also most
popular types of synthetic analogues of curcumin. This overview of synthetic
data will provide an ease for the future scientists to develop new synthetic
strategies for curcumin analogues as well as 1t shows the pharmacological
importance and need of novel analogues.
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INTRODUCTION
Among all the species of Curcuma, Curcumin
(1,7-bis-(4-hydroxy-3-methoxyphenyl)-1,  6-heptadiene-

3,5-dione) has acquired most of the attention of
researchers. Curcumin 1s well-known for its numerous
pharmacological and biclogical activities (Itokawa et al.,
2008; Gupta et al., 2011). Curcumin has been known to
restrain the metabolism of arachidonic acid and the
activities of cyclooxygenase-2 (COX-2), lipoxygenase,
proinflammatory cytokines, inducible nitric oxide (iNOS),
protein kinases, transcription factors which include
nuclear factor-kB and release of steroids (Kohli et al.,
2005; Shakibaei et al., 2007, Aggarwal and Sung, 2009).
Additional activities of curcumin include mhibition of low-
density lipoprotein oxidation, lowermng of blood
cholesterol level, inlubition of platelet aggregation,
repression of thrombosis and myocardial infarction,
treatment of rheumatoid arthritis, hanging up HIV
replication, protection from liver imjuwy as well as
anticancer Immunomodulatory activities
correspondingly (Ahn et al, 2004; Allam, 2009,
Gupta et al., 2010).

Bicavailability of curcumin is very destitute, as orally
administered curcumin suffers hepatic conjugation,

and

leading to the formation of glucoromdes and sulphates
and systematic administration causes it to undergo
reduction (Anand et af., 2007). Many studies have been
performed to perk up the bicavailability of curcumin by
adapting 1ts molecular structure, 1e. removing the
unstable P-diketone moiety and altering the heptadiene
linker even as keeping the phenolic OH groups
(Straganz and Nidetzky 2005; Liang et al., 2009a). The
presence of the P-diketone moiety will lead to rapid
metabolism by aldo-keto reductase in the liver, therefore
restraining the useful effects of curcumin in many types of
diseases.

Curcumin 1s an affiliate of the linear diarylheptanoid
category of natural products in which two oxy-substituted
aryl moieties are joined mutually through a seven-carbon
The €, chain of linear diarylheptanoids
containg unsaturation, oxo functions, enone moiety and
a 1,3-diketone group. The €, chain is generally
unsubstituted apart from oxo and hydroxy functions. This
unsaturation in the linker possesses an E-configuration
(trans C-C bonds). The aryl rings may be symmetrically or
unsymmetrically substituted; for the most part natural
substituents are of the oxy type, for instance hydroxy or
methoxy elements. Curcumin analogues can be catalogued
in three groups: analogues from turmeric, analogues from
mother nature and synthetic analogues. In this review

chain.
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Fig. 1: Possible sites for structural modifications on
curcuin

article we have strived to recapitulate the biological
activities and types of just synthetic analogues of
CUTCUITIIL

Curcumin and its analogues have been the subjects
of computational studies, predominantly with the purpose
of unravelling its exclusive structural characters and
taking advantage of the information for further molecular
design. Table 1 recaps the bioactivities of synthetic
curcumin analogues. The typical structural features of
curcumin comprise two o-methoxy phenol umits, two
enone moieties and a 1,3- diketone«1,3-keto-enol system.
The potentials for structural alteration on cwrcumin are
shown in Fig. 1.

Alterations of structuwre have been attempted at
all

fundamental structure of curcumin to yield associated

these molecular sites. The varation of the
compounds by chemical synthesis may be of different
types. We have tried our best to summarize most common
and popular types of synthetic curcumin analogues 1n

this review.
CURCUMIN DERIVATIVES

Compounds such as two dioxy-substituted benzene
rings, the -C-C-CO-CH,-CO-C-C- linker and the oxy
substituents on the benzene rings, that maintain the
fundamental structural features of curcumin are termed as
curcumin derivatives. The curcumin derivatives are
synthesized by and large by derivatization, mmitializing
from curcumin. For instance, the phenolic hydroxy group
can be acylated, alkylated, glycosylated and amino
acylated (Fig. 2) (Kumar et @f., 2000; Mishra et al., 2008;
Barthelemy et al, 1998; Tong et al., 2006). The hydroxy
groups may be synthesized by the demethylation of
methoxy groups (Sharma, 1976). An arylidene group
(Ar-CH-) may be used for acylation, alkylation or
substitution of the reactive methylene group of the linker
(Mishra et al., 2008), thus bringing in substituents on the
C, chain.
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Table 1: Biological properties of synthetic analogues of curciumin

Biological activity

Functional groups and types of curcinin analogues promoting the biological activity

Anticancer and antiangiogenic

Antibacterial and antifiingal

Antiproliferative

Antimalarial and antioxidant

Tnhibitors of limor-induced
angiogenesis

Inhibitors of TPA-induced
AP-1 and TNF-induced
NF-kB activation

Radical-scavenging activities

Cytochrome P450-inhibitory

activity
Tnhibitors of HIV-1 integrase

Anti-inflammatory

Inhibitors of growth and
tube formation

Antidiabetic and hypolipidemic

Cyclic curcumin analogues have stronger cytostatic, antitumor and radical-scavenging activities than curcumin
(Youssef et al, 2004, 2007, Youssef and FEl-8herbeny, 2005). Curcumin has lesser anticancer and
antiangiogenic activities than the synthesized EF24 and other associated compounds (Lin ef al., 2006; Mazumder et al., 1997).
Hydrazinocurcumnin is a more powerful inhibitor of endothelial cell proliferation than curcumin and it restrains the cell cycle
progression of colon cancer cells through antagonism of Ca2/CaM functions (Weber et al, 2005; Weber et al., 20006).
Proportioned analogues with aromatic rings having an alkoxy replacemnent are more effective in repressing himor enlargerment
than curcumin (Sui ef af., 1993).As far as antiangiogenic activities are concerned, curcunin is less heady than symmetrical
bis-alkynyl or alkyl pyridine and thiophene derivatives (Venkateswarlu et al., 2005). Increased antiturnor activity (growth
inhibition and apoptosis) was found with the isoxazole analog in the hepatocellular carcinoma HA22T/VGH cells, as well
as in the MCF-7 breast cancer cell line and in its multidrug resistant (MDR) variant MCF-TR. (8imoni et al., 2008).
Dimethylaminometiyl-substituted curcumin derivatives/ analogues inhibited four tumor cell lines proliferation hepatocellular
carcinoma cell line (HepG2), human gastrocarcinoma cell line (SGC-7901), hurnan non-smallcell lung cancer cell line (A549)
and human colorectal cancer cell line (HCT-116) (Fang et al., 2013).

Diacetyl, dighycinoyl, dighycinoyl-di-piperov], dipiperoyl and dialanoyl derivatives and curcumin-4,40-di-0-b-D
glucopyranoside have superior  antibacterial and antifingal activities as of curcumin (Kumar et al, 2000;
Mukhopadhyay et ., 1982; Mishra et al., 2005). Curcunin has perhaps the same or slightly lesser antibacterial activity
than Mono-carbortyl analogues (Adams et al., 2005; Al-Omar et al., 2005) 3,4-Dily dropyrimidinones derivatives of curcumin
showed significant antimicrobial activity against tested bacteria (Staphviococcus areus, Escherichia coli, Burkholderia
pseudomailei, Salmonella typhi and Pseudomonas aeuriginosd) and antifungal activity agaist human pathogenic fungal cultures
viz. Aspergilius niger, Aspergiilus flavus, Trichoderma viride and Curvilaria Iunata (Lal et al., 2012).

Tt antiproliferative effects are brought into limelight, Cyclopalladated complexes of curcumin show the best activity
(Pucci et al., 2007). Bisdemethiylcurcumin and hispolon analogues of curcunin are more potent anti-inflammatory as an anti-
proliferative agent than curcimnin.(Jayaraj Ravindrana). Demethoxycurcumin, bisdernethoxgycurcimin, tetraly drocircumin
and turmerones, modulate cell proliferation signaling to same extent as curcunin was investigated (Sandur ef al., 2007).
Pyrazole analogues and a curcimin Knoevenagel condensate have better antimalarial, antioxidant and COX-1- and COX-2-
inhibitory activities than curcumin (Mishra ef al., 2008;; Selvam et ai., 2005). Curcumnin has less potent antioxidant activity
than its Fused pyridine analogues (Rukkumani et al., 2004).Curcumin has better antiradical activity than its Semicarbazone,
but the antioxidant activity of curcumnin is lesser. (Dutta et al., 2005).Comp ounds with ortho-diphenoxy] functionality display
greater antioxidant activity than curcumin (Adams et al., 2005). Dimetlylaminomethyl-substinited curcumin analogues has
higher free radical scavenging activity than curcumnin towards both DPPH and galvinoxyl radicals (Fang et @l., 2013) curcumin
analogues bearing o-diphenoxy1 and o-dimethogy phenoxyl groups exhibited significantly higher DPPH scavenging and anti-
haemolysis (Shang et al., 2010).

Symmetrical curcuminoids  1,7-bis(4-hy drosgy -5-meth oy -3-nitrophertyl)-1,6-heptadiene-3,5dione  and  1,7-bis(3,4,5-
trimethoxyphery)-1,6 heptadiene-3,5-dione inhibit Fos-Jun, tumor-induced angiogenesis, migration and invasion better than
curcumin (Hahm et af., 2004; Hahm et afl., 2002). Synthetic analogues with customized aromatic ring and/or adapted
enonefdienone bridge among rings have more effective antiangiogenic and COX-1 reducing activity than curcumin
(Handler et al., 2007, Fumess et al., 2005; Adams et al., 2004).

Curcumnin analogues that retain the 7-carbon spacer between the aryl rings, with a 5-carbon spacer and with a 3-carbon spacer,
inhibit TPA-induced AP-1(activator protein-1) and TNF (umor necrosis) induced NF-kB (nuclear factor kappa B) activation
better than curcurmnin and are improved antioxidants (Weber ef ai., 2005; Weber ef al., 2006). TNF-induced NF-kB activation
and proliferation is inhibited better by the Copper(Il) conjugate of a synthetic analogue with non-enolizable diketone than
curcumin (Zambre et al, 2006). Curcumin analogues, dibenzoylmethane, dibenzoylpropane, dibenzylideneacetone (DBA)
have ability to suppress TNF-induced NF-kB activation (Anand et al., 2008).

Cyclic curcumin analogues have best cytostatic, antitumor and radical-scavenging activities (Youssef et al., 2007,
Yousset et al., 2004; Youssef and El-Sherberry, 2005). Curcumin has lesser SOD (superoxide dismutase) mimicking, radiation-
induced lipid peroxidation and radical-scavenging activities than Synthetic copper(Il)-curcumin complexes (Barik et al., 2005).
Manganese complexes of curcumin and diacetylcurcwmin are better than curcumin in preventing excitotoxicity and kainic acid-
induced nitric oxide levels and neuronal cell damage in rats and are top nitric oxide radical scavengers and neuroprotectors
(Sumanont et a@l., 2004; Sumanont et a., 2006; Sumanont et al., 2007; Vajragupta et al., 2004). Cu(Il)- curcumin complex
possesses SOD mimicking activity, free radical neutralizing ability and antioxidant potential (Barik et ai., 2005).
Cytochrome P450-inhibitory activity of 2,6-dibenzylidenecyclohexanone, 2,5-dibenzylidenecyclopentanone and 1,4-pentadiene-
3-one substituted analogues of curcumin is better than curcumin (Sardijiman et ai., 1997).

Cinnamaoyl derivatives of curcumin are better than curcumin in inhibiting HTV-1(human immunodeficiency virus) integrase
(Srinivasan ef af., 2003). HIV-l and HIV-2 proteases are inhibited better by Curcumin-boron complexes than curcumin
(Sui et al., 1993). Dicaffeaylmethane and rosmarinic acid derivatives of curcumin, inhibited both activities of integrase and
inhibit binding of the enzyme to the viral DNA. (Mazumnder et al., 1997).

Curcumin has more or less the same anti-inflammatory and antibacterial activity as of its Mono-carboiy]l analogues
(Fang et al., 2013; Mishra et al., 2005; Jantan et al., 2012). Curcumin analogues are better inhibitors of 5-lipoxygenase and
aldose reductase (ATR2) enzymes than curcumin both in vitro/in vivo than curcumin analogues bearing a variety of heterocy clic
substituents in the aromatic part combine anti-inflammatory and anti-proliferative activity (Katsori ef al., 2011) pyrazole
derivative of curcumin reduce inflammation and airway remodeling in asthma (Nanumoto et al., 2012).

Aromatic enonic analogues are either similar or slightly more potent than curcumin in restraining cell growth and proliferation
(Robinson et al., 2003, Robinson et al., 2005). Curcumin’s activity is inferior to its synthetic analogues with lop-sided units
such as a phenyl group with alkyl amide, chloro-substituted benzamide, or heteroaromatic amide moieties in inhibiting growth
and tube formation (Woo et al., 2005).

Vanadiun complex of curcumin has antidiabetic and hypolipidemic properties and also recovers the cardiovascular
complications associated with diabetes (Thompson et af., 2004).
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Table 1: Continue

Biological activity

Functional groups and types of curcumin analogues promoting the biological activity

Mitochondrial membrane
permeability

Curcumin derivatives with a customized aromatic ring and a cyclohexanone bridge amid rings are better than curcumin n
enhancing mitochondrial membrane permeability (Pucci et af., 2007). Curcumin derivative induced mitochondrial swelling

and release cytochrome C, resulted in opening of the permeability transition pore (PTP) (Ligeret et al., 2004).

Oxidative stress

Bisdernethoxgycurcwmin is the better option than curcumin in suppressing nicotine, alcohol and pobrunsaturated fatty acid-

induced oxidative stress, CCl4-induced hepatotoxicity and alcohol- and polyunsaturated fatty acid hyperlipidemia in rats
(Devasena et al., 2002; Kalpana et al., 2007, Kamalakkaunan et af., 2005).

Inhibitors of testosterone
biosynthesis a

Inhibit the biosynthesis of testosterone by inhibiting 17b-hydroxysteroid dehydrogenase isoform 3 (17b-HSD3), an enzyme
catalyzing the final step in testosterone biosynthesis. Some derivatives of curcumin are more potent than curcimin in the

inhibition of human 17b-hydroxysteroid dehydrogenase (Hu et @., 2010).

Gastroprotective and
antidepressant effects

The zinc complexes of curcumin showed significant gastroprotective and antidepressant effects compared with curcumin alone,
reduced gastric lesions and H" -K'-ATPase activity and increased antioxidant activity (Mei et al., 2011)

Fig. 2: Curcumin derivatives
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Fig. 3: Analogues synthesized by reduction of curcumin
CURCUMIN ANALOGUES

The next group, the curcumm analogues, which
mclude all other compounds with some professed or
stated structural correspondence to curcumin, now
greatly outshine the first group. In thewr structural
resemblance to curcumin, these so called analogues of
curcumin differ on a broad scale, straddling a spectrum
from structures such as (ferrocenyl-CH-CH-CO), CH, to
methyl ferulate. Analogues such as DHC, THC, HHC and
OHC are given by the hydrogenation of the C; linker
double bonds and the carbonyl groups, which are

O OH
/\/JL\/)\Q/;’?\ ~%,~-OMe

504

\/l\/A\ %, OMe
X

OMe

OCOCH,NHCH,CH,0-Oligo

OH

MeO. .~ M A o OMe
C X
HO™ #0oH

/[441{]

/

“OH
S
(8H]
OH OH
MeO. A A OMe

1.J [

g P

-

HO” OH

attained by the reduction of curcumm (Fig. 3)
(Somparmn et al., 2007, Pan et al., 2000, Hong et al., 2004;
Mukhopadhyay et al., 1982).

Curcumin based analogues also include those
acquired by utilizing the reactivity of the central
B-diketone unit with hydrazine, its substituted derivatives
and hydroxylamine. Such heterocyclizations lead to
bisstyrylpyrazoles and isoxazoles in which the central
1,3-diketone~1,3-keto-enol system has been shrouded
and firmed (Fig. 4) (Mishra et al., 2008; Shim et al., 2004,
Ishida et al., 2002; Ohtsu et al., 2002).
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Fig. 4 Analogues synthesized by masking the central
3-diketone unit

Wang et al. (2012) reported a series of nonsteroidal
mono-carbonyl analogues of curcumin, without the
B-diketone moilety, possessing enhanced stability,
unproved pharmacokinetic profiles (Liang et af., 2009b)
and anti-inflammatory activity ir vitro (Liang et al., 2008,
Zhao et al., 2010).

Among the referred curcumin analogues (2E, 5E)-
2,5-bis(4-(3-(dimethylamino)-propoxy)benzylidene)
cyclopentanone , a hydrosoluble compound in the form of
its quaternary ammonium salt (Fig. 5), exlubited strong
inhibitory effects on lipopolysaccharide (LPS)-induced
TNF-¢ and IL-6 release along with mnflammatory gene
expression in mouse macrophages (Iiang et al., 2009a).

Karthikevan et al. (2011) suggested a new synthetic
method (Fig. 6) m which ammonium acetate was used and
result was the synthesis of monocarbonyl curcumin
analogs (symmetrical aromatic moieties) with more stable
chemical structires as well as their anticancer screening
in various cell lines.

Bayomi et al (2013) reported different series of
Curcumin derivatives to be synthesized (Fig. 7, &) and
their antioxidant activity assessed by ABTS -scavenging
and anti-haemolysis experiments. To explore the
substituent effect, type and distribution pattern and the
role of central active methylene hydrogens, compounds
7.1(a~g) and 7.2 were synthesized, where the seven carbon
spacer was retained. Compounds 8.1a-g and 8 1h-) were
prepared to test the effect of decreasing both length and
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Fig. 6 General synthesis of monocarbonyl curcumin
analogs

flexibility of the seven carbon spacer. Fused pyrano ring
systems were incorporated in compounds 8.2a-g to
simulate coumarin and flavoneid ring systems, which are
well known for their antioxidant and anticarcinogenic
activities (Guthrie and Carroll, 1998). Finally, certain fused
pyrazoles 8 3e-g, 8.4a-e and 8.4h-], were included to reveal
a more comprehensive structure-activity relationship, if
any.

Babasaheb et af. (2012) synthesized the novel
curcumin analogues containing
containing trimethoxy benzene moiety. The 1,3,5-
trimethoxybenzene on Vilsmeier-Haack formylation gives
2,4,6-trimethoxy benzaldehyde, which yielded 3-bromo-
2,4,6-trimethoxybenzaldehyde on bromination in glacial
acetic acid. Compounds (9.1a-m) were prepared by
acylation of 3-aminoacetophenone with different
acylchlorides m basic medium. Compounds (9.1a-m) on
Claisen-Schmidt condensation with 3-bromo- 2.4.6-
trimethoxybenzaldehyde under basic media afforded a
residue, which on purification by column chromatography
with 1% ammonia and 0.5-1% methanol in chloroform as
eluting solvent, furnished title compounds (9.2a-m) in
good vield (Fig 9).

Fadda et al. (2010) decided to couple the diazonium
salt of different aromatic ammes with curcumin with a
view to synthesize new azo-disperse dyes to explore the

enone and amide
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Fig. 7(a-c): Reaction protocol for the synthesis of 7a-g and 4: (a) (CH3),50,, K,CO,, DMSOQ/THF (b) NaOH, EtOH and
(¢} (C,H.),80,, acetone, K,CO,

Rl

8.3e-g
a:n=1RI=R2=R3=R4=H f:n=1R1=R2=R4=H,R3=0H
b:n=1R1=R2=R4=R3=Cl g:n=1R1=R4=H,R2=0CH3,R3=0H
c:n=1RI=R2=R4=HR3=0CH, h:n=2R1=R2=R4=HR3 OCH,
d:n=1RI1=R4=H,R2=R3=0CH, i:n=2RI1=R4=H,R2=HR3 OCH,
e:n=1R2=R3=H,RI1=R4=0CH, j:n=2R2=R3=H, Rl =R4=0CH,

Fig. 8(a-d): Reaction protocol for the synthesis of 8.1a-), 8.2a-g, 8.3e-g, &.4a-e and §.4h-j (a) NaOH, EtOH (b) malononitril,
butanol or malenomtril, DMF, piperidine (¢) hydrazine hydrate, EtOH and (d) 4-bromo phenylhydrazine

hydrochloride, Na ethoxide, EtOH

new azodyes capable of Diazonium salts undergo a coupling reaction with
curcumin to give the corresponding 4-arylazo derivatives
(10a-e) (Fig. 10). Treatment of 1,7-bis-(4-hydroxy-3-

possibility of finding some
dyeing different types of fibers and expected a wide
spectrum of biclogical activity.
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Fig. 9: Synthesis of curcumin analogues
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10a-e

10a, Ar = C,H,-OCH,-p
10b, Ar = CH,-CH,-p
10c, Ar=CH;

10d, Ar=CH,-Cl-p
10e, Ar = C,H,-NO,-p

Fig. 10: Coupling of diazomum salt of different aromatic amines with curcumin

methoxy-phenyl)-4-[(4-mitro-phenyl)-hydrazono]- hepta-
1,6-diene-3,5-dione (10e) with bromine in the presence of
glacial acetic acid gave the corresponding 6,7-dibromo-
1,7-bis-[3-(4-nitrophenylazo)-4-hydroxy-5-methoxy] hepta-
1-ene-3.5-dione (11a). Condensation of (10e) with thiourea
was performed in molar ratio (1:2), in boiling ethanolic
sodium ethoxide to give the corresponding (Z)-4-(4-
hydroxy-3-methoxy-phenyl)-6-[ {6-(4-hydroxy-3-methoxy-
phenyl)-2-thioxo-1 2,5 6-tetrahydro-pyrimidine-4-y 1} (2-(4-
nitrophenyl) hydrazono) methyl]-5,6 dihydropyrimidine-
2(1H)-thione (11b).
Moreover(17,3E)-4-(4-hydroxy-3-methoxy-phenyl)-1-
[6-(4-hydroxy-3-methoxy- phenyl)-2-thioxo-2,3,4,5-
tetrahydro-pyrimidine-4-y1]-1-[2-(4-nitrophenyl)
hydrazono]-but-3-ene-2-one (11c¢) was prepared by
refhxing compound (10e) with thiourea (1:1) molarratio in

507

boiling ethanolic sodium ethoxide. Similarly, it has been
found that N-[bis-(5-(4-hydroxy-3-methoxy-phenyl)-2,5-
dihydro-1soxazol-3-yl)-methylene]-NO-(4-mitro-phenyl )-
hydrazine (11d) has been prepared by reaction of (10e)
with hydroxylamine hydrochloride n refluxing pyridine
(Fig. 11).

As an extension of their interest in the synthesis of
new heterocycles by incorporating a pyrazole nucleus
(Metwally et al., 1985), they report the behaviour of (10e)
toward hydrazine hydrate and/or its derivatives as a
facile route to some heterocyclic denvatives
containing the pyrazole moiety. Therefore, the reaction
of diferuloyl-(4-nitrophenyl) methane (10¢) with hydrazine
hydrate in (1:3) molar ratio in boiling mixture of ethanol-
glacial acetic acid endowed the is pyrazolyl derivative
(11e).
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Fig. 11: Curcumin analogues synthesis
METAL COMPLEXES OF CURCUMIN

Metal complexes of curcumin and their analogues
belong to the third group. A number of metal complexes
of curcumin, derivatives of curcumin and analogues of
curcumin have been detailed They have normally been
attained by the reaction of curcumin or one of its
analogues with a metal salt. Boron has been known to
form a complex with curcumin (Sui et «l, 1993). By
combining a molecule of curcumin, oxalic acid and a boron
atom (sourced from boric oxide or acid) yields a complex,
rubrocurcumin. The complexation of two curcumin
molecules with a boron atom produces rosocyanin.
Moreover, complexes of copper (Barik et al.,, 2005), won,
manganese (Sumanont et al, 2004, Varagupta et al,
2003), palladium (Pucci et al, 2007), vanadyl
(Thompson et al, 2004), galllum and indm
(Majithiya et al., 2005, Mohammadi et al., 2005) have been
stated.

The novel fluore Knoevenagel condensates (Fig. 12)
of Curcumin and their Schiff bases together with copper
complexes, were evaluated for their proteasome inlubitory
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activity against a purified rabbit 20S proteasome, based
on the observation that curcumin 15 a potent proteasome
mhibitor as documented in colon cancer (HCT-116 and
metastatic SW-480) cell lines (Milacic et al., 2008). The
results of their studies indicate that some of the new
fluorocurcumin analogs are potent proteasome mliubitors
as tested in vitro and in HCT116 cells i vivo and one
amongst these compounds (CDF) moreover induced cell
growth inhibition in both colon and pancreatic cancer
cells. They also found CDF to be somewhat better in
inducing apoptosis in BxPC-3 pancreatic cancer cells in
initial screening. These preliminary findings suggest that
CDF could be further developed by assessing its
pharmacokinetics, tissue  bioavailability and its
mechanism of action for setting up the role of CDF as a
chemo-preventive and/or therapeutic agent against
cancer.

BIOLOGICAL ACTIVITIES

As man-made analogues of curcumin are renowned
for their biological and pharmacological activities, so we
have attempted to abridge these activities in Table 1.
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Fig. 12: Synthetic steps used in the preparation of copper conjugates of Knoevenagel condensates and Schiff bases of
1. The specific conditions followed for various steps include: (a) 3,4 diflowcaldehyde, piperidine, 48 h, methanol;
(b) hydrazides, 24 h, piperidine, methanol, room temp. (1:2); (c) 3,4 diflourcamine, 24 h, piperidine, methanol, room

temp; (d) CuCl,. 2H,0, methanol, piperidine (1:1)

CONCLUSION

This extensive literature review on the synthesis and
biological evaluation of curcumin analogues shows the
pharmacological importance of these compounds and it
gives an overview for the future scientists interested n
development of new synthetic methods for synthesis of
these analogues. the
pharmacological potential of curcumin analogues and
encourages the discovery of new compounds with best

Summarized data proves

biological activities and mimmal 1ssues related to the
bioavailability of curcumin.

509

ACKNOWLEDGMENTS

Author pays special thanks to Dr. Adeel and
Dr. Muhammad Mustafa Abeer for cooperation and useful
suggestions 1n collection and compiling of literature data.

REFERENCES

Adams, BK., EM. Ferstl, M.C. Davis, M. Herold and
3. Kurtkaya et al., 2004. Synthesis and biological
evaluation of novel curcumin analogs as anti-cancer
and anti-angiogenesis agents. Bioorg Med. Chem.
Lett., 12: 3871-3883.



J. Med. Sci., 13 (7): 501-513, 2013

Adams, BK., J Cai, I. Armstrong, M. Herold and
Y.J. Luet al, 2005. EF24, a novel synthetic curcumin
analog, induces apoptosis in cancer cells via a redox-
dependent  mechanism.  Anticancer  Drugs,
16: 263-275.

Aggarwal, B.B. and B. Sung, 2009. Pharmacological basis
for the role of curcumin m chromic diseases: An
age-old spice with modern targets. Trends Pharmacol.
Sci., 30: 85-94.

Ahn, CM., W.S. Shin, H. Bum Woo, S. Lee and HW. Lee,
2004. Synthesis of symmetrical bis-alkynyl or alkyl
pyridine and thiophene derivatives and their
antiangiogenic activities. Bioorg Med. Chem. Lett.,
14: 3893-3896.

Al-Omar, M.A., KM Youssef, M.A. El-Sherbeny,
S.AA Awadalla and HI. El-Subbagh, 2005.
Synthesis and in vitro antioxidant activity of some
new fused pyridine analogs. Arcluv. der Pharmazie,
338: 175-180.

Allam, G., 2009. Immunomodulatory effects of curcumin
treatment on murine Schistosomiasis mansoni.
Immunobiology, 214 712-727.

Anand, P., AB. Kunmumakkara, R.A. Newman and
B.B. Aggarwal, 2007. Bicavailability of curcumin:
Problems and promises. Mol. Pharm., 4: 807-818.

Anand, P., S.G. Thomas, AB. Kumnumakkara,
C. Sundaram and K.B. Harikumar et al., 2008.
Biological activities of curcumin and its analogues
(Congeners) made by man and mother nature.
Biochem. Pharmacol., 76: 1590-1611.

Babasaheb, P.B., SH. Baliram, S.J. Shivkumar and
N.G. Rajesh, 2012 Synthesis and biological
evaluation of novel curcumin analogues as anti-
inflammatory, anti-cancer and anti-oxidant agents.
Med. Chem. Res., 21: 3006-3014.

Barik, A., B. Mishra, L. Shen, H. Mohan and
RM. Kadam et al, 2005. Evaluation of a new
copper(I[)-curcumnin complex as superoxide dismutase
mimic and its free radical reactions. Free Radic. Biol.
Med., 39: 811-822.

Barthelemy, S., L. Vergnes, M. Moynier, D. Guyot,
S. Labidalle and E. Bahraoui, 1998. Curcumin and

mhibit  Tat-mediated

transactivation of type 1 human immunodeficiency

curcumin  derivatives
virus long terminal repeat. Res. Virol,, 149: 43-52.

Bayomi, SM., H.A. El-Kashef, M.B. El-Ashmawy,
MN.A. Nasr and M.A. El-Sherbeny et al, 2013.
Synthesis and biological evaluation of new curcumin
derivatives as antioxidant and antitumor agents.
Med. Chem. Res., 22: 1147-1162.

510

Devasena, T., K.N. Rajasekaran and V.P. Menon, 2002.
Bis-1,7-(2- hydroxyphenyl)-hepta-1,6-diene-3,5-dione
(a curcumin analog) ameliorates DMH-induced
hepatic oxidative stress during colon carcinogenesis.
Pharmacol. Res., 46: 39-45.

Dutta, 8., S. Padhye, K.I. Priyadarsini and C. Newton,
2005. Antioxidant and antiproliferative activity of
curcumin semicarbazone. Bioorg. Med. Chem. Lett.,
15 2738-2744.

Fadda, AA., AB. Farid and KM. El-Attar, 2010.
Synthesis and evaluation of curcumin analogues as
cytotoxic agents. Med. Chem. Res., 19: 413-430.

Fang, X, L. Fang, S. Gouand L. Cheng, 2013. Design and
synthesis  of  dimethylammomethyl-substituted
curcumin derivatives/analogues: Potent antitumor
and antioxidant activity, improved stability and
aqueous solubility compared with curcumin. Bicorg,.
Med. Chem. Lett., 23: 1297-1301.

Furness, M.S., T.P. Robmson, T. Ehlers, R.B. Hubbard,
T.L. Arbiser, D.J. Goldsmith and J.P. Bowen, 2005.
Antiangiogenic agents: Studies on fumagillin and
curcumin analogs. Curr. Pharm. Des., 11: 357-373.

Gupta, 3.C., J.H. Kim, 3. Prasad and B.B. Aggarwal, 2010.
Regulation of swvival, proliferation,
angiogenesis, and metastasis of tumor cells through

mnvasion,

modulation of mflammatory pathways by
nutraceuticals. Canc Meta. Rev., 29: 405-434.

Gupta, 3.C., S. Prasad, J.H. Kim, S. Patchva, L.]. Webb,
LK. Priyadarsini and B. Aggarwal, 2011.
Multitargeting by cwcumin  as  revealed by
molecular mteraction studies. Nat. Prod. Rep.,
28: 1937-1955.

Guthrie, N. and K. K. Carroll, 1998. Inhibition of Mammary
Cancer by Citrus Flavonoids. In: Flavonoeids in the
Living Systerm, Manthey, J.A. and B.S. Buslig (Eds.).
Plenum, New York.

Hahm, ER., G. Cheon, J. Lee, B. Kim, C. Park and
CH. Yang, 2002. New and known symmetrical
curcumin derivatives inhibit the formation of Fos-
Jun-DNA complex. Canc Lett., 184: 89-96.

Hahm, ER., Y.S. Gho, S. Park, C. Park, K.W. Kim and
C.K. Yang, 2004. Synthetic curcumin analogs inhibit
activator protein-1 transcription and tumor-induced
angiogenesis. Biochem. Biophys Res. Commun.,
321: 337-344.

Handler, N., W. Jaeger, H. Puschacher, K. Leisser and
T. Erker, 2007. Synthesis of novel curcumin
analogues and their evaluation as selective
cyclooxygenase-1 (COX-1) inhibitors. Chem. Pharm.
Bull., 55: 64-71.



J. Med. Sci., 13 (7): 501-513, 2013

Hong, T., M. Bose, I. Ju, IH. Ryu, X. Chen, S. Sang,
M.J. Lee and C.S. Yang, 2004. Modulation of
arachidonic acid metabolism by curcumin and related
beta-diketone derivatives: effects on cytosolic
phospholipase  A(2), cyclooxygenases and 5-
lipoxygenase. Carcinogenesis, 25 1671-1679.

Hu, GX, G Liang, Y. Chu, X. Liand Q.Q. Lian et al., 2010.
Curcumin inhibit
17p-hydroxysteroid dehydrogenase 3. Bioorgan.
Med. Chem. Lett., 20: 2549-2551.

Ishida, J., H. Ohtsu, Y. Tachibana, Y. Nakamshi,
K. Bastow and M. Nagai et al, 2002. Antitumor
agents. Part 214 Synthesis and evaluation of

derivatives testicular

curcumin analogues as cytotoxic agents. Bioorg
Med. Chem., 10: 3481-3487.

Ttokawa, H., Q. Shu, T. Akiyama, S.L. Morris-Natschke and
K.H. Lee, 2008. Recent advances in the investigation
of curcuminoids. Chin. Med., Vol. 3.

Jantan, [., SN.A. Bukhari, NH. Lajs, F. Abas,
LK. Wai and M. Jasamai, 2012. Effects of
diarylpentanoid  analogues of curcumin on

chemiluminescence and chemotactic activities of

phagocytes. J. Pharm. Pharmacolo., 64: 404-412.

Kalpana, C., AR. Sudheer, K.N. Rajasekharan and
V.P. Menon, 2007. Comparative effects of curcumin
and 1ts synthetic analogue on tissue lipd

peroxidation and antioxidant status during mcotine-
induced toxicity. Singapore Med. 1., 48: 124-130.

Kamalakkannan, N, R. Rukkumam, R. Kalpana,
K. Rajasekaran, P. Viswanathan and V.P. Menon,
2005. Comparative effects of curcumin and an
analogue of curcumin in carbon tetrachloride induced
hepatotoxicity inrats. Basic Clin. Pharm. Toxicol.,
97:15-21.

Karthikeyan, N.5., K1 Sathiyanarayanan,
P.G. Aravindan and P. Giridharan, 2011. Synthesis,
crystal structure and anticancer properties of cyclic
monocarbonyl analogs of curcumm. Med. Chem.
Res., 20: 81-87.

Katson, AM., M Chatzopoulou, K. Dimas,
C. Kontogiorgis, A. Patsilinakos, T. Trangas and
D. Hadjipavlou-Litina, 2011. Curcumin analogues as
possible anti-proliferative and anti-inflammatory
agents. Eur. . Med. Chem., 46: 2722-2735.

Kohli, K., J. Ali, M.J. Ansari and 7. Raheman, 2005.
Curcumin: A natural anti-inflammatory agent. Indian
T. Pharmacol., 37: 141-147.

Kumar, S.,, KK. Dubey, S. Tripathi, M. Fuyjii and
K. Mishra, 2000. Design and synthesis of curcumin
bioconjugates to improve systemic delivery. Nucleic
Acids Symp. Ser., 44: 75-76.

511

Lal, J., S K. Gupta, D. Thavaselvam and D.DD. Agarwal,
2012. Design, synthesis, synergistic antimicrobial
activity and cytotoxicity of 4-aryl substituted 3,4
dihydropyrimidinones of curcumin Bioorg. Med.
Chem. Lett.,, 22: 2872-2876.

Liang, G., L. Shao, Y. Wang, C. Zhao, Y. Chu, J. Xiao,
Y. Zhao, X. Liand S. Yang, 2009a. Exploration and
synthesis of curcumin analogues with improved
structural stability both In vitro and In vivo as
cytotoxic agents. Bicorg Med. Chem., 17: 2623-2631.

Liang, G., S. Yang, H. Zhou, L. Shao, K. Huang, I. Xiao,
Z. Huang and X. Li, 2009. Synthesis, crystal
sttuctire  and anti-nflammatory  properties  of
curcurnin analogues. Eur. J. Med. Chem., 44: 915-919.

Liang, G, X Li, L. Chen, L. Chen, S. Yang and
X. Wu et al, 2008. Synthesis and anti-inflammatory
activities of monocarbonyl analogues of curcumin.
Bioorg Med. Chem. Lett., 18: 1525-1529.

Ligeret, H., 8. Barthelemy, G. Bouchard Doulakas,
P.A. Carrupt, TP. Tillement, S. TLabidalle
D. Morin, 2004. Fluoride curcumin derivatives:
New mitochondrial uncoupling agents. FEBS Lett.,
569: 37-42,

Lin,I.., Q. Shi, AK. Nyarko, K.F. Bastow and
C.C. Wu et al, 2006. Antitumor agents. 250. Design
and synthesis of new cwcumin analogues as
potential anti-prostate cancer agents. J. Med. Chem.,
49: 3963-3972.

Mayjithuya, I.B., R. Balaraman, R. Gindhar and M.R. Yadav,
2005. Effect of bis[curcumnimoJoxovanadium complex
on non-diabetic and streptozotocin-induced diabetic
rats. J. Trace. Elem. Med. Biol,, 18: 211-217.

Mazumder, A., N. Neamati, S. Sunder, J. Schulz, H. Pertz,
E.Eichand Y. Pommier, 1997. Curcumin analogs with
altered potencies against HIV-1 integrase as probes
for biochemical mechanisms of drug action. J. Med.
Chem., 40: 3057-3063.

Mei, X, D. Xu, S. Xu, Y. Zheng and S. Xu, 2011.
Gastroprotective and antidepressant effects of a new
zinc(I1)-curcumnin complex in rodent models of gastric
ulcer and depression 1induced by
Pharmacol. Biochem. Behav., 99: 66-74.

Metwally, M.A., A A Fadda, HM. Hassan and E. Afsah,
1985. Synthesis of 2-pyrazolin-5-one
derivatives structurally related to certain analgesic
and antipyretic drugs. Org. Prep. Pro., 17: 198-203.

Milacic, V., S. Banerjee, K.R. Landis-Piwowar, F.H. Sarkar,
APN. Majundar and Q.P. Dou, 2008. Curcumin
inhibits the proteasome activity in human colon

and

stresses.

some

cancer cells
68 7283-7292.

in vitro and in vive. Cancer Res.,



J. Med. Sci., 13 (7): 501-513, 2013

Mishra, S., K. Karmodiya, N. Surolia and A. Surolia, 2008.
Synthesis and exploration of novel curcumin
analogues as anti-malarial agents. Bioorg. Med.
Chem., 16: 2894-2902.

Mishra, S., N. Kapoor, AM. Ali, B.V. Pardhasaradhi,
A L. Kumar, A. Khar and K. Misra, 2005. Differential
apoptotic and redox regulatory activities of
curcurnin and its derivatives. Free Rad. Biol. Med., 38:
1353-1360.

Mohammadi, K., KH  Thompsen, B.O. Patrick,
T. Storr and C. Martins et al., 2005, Synthesis and
characterization of dual fimetion vanadyl, gallium and
indium curcumin complexes for medicinal
applications. I. Inorg. Biochem., 99: 2217-2225.

Mukhopadhyay, A., N. Basu, N. Ghatak and P.K. Gujral,
1982, Antimflammatory and uritant activities of
curcumin analogues in rats. Agents Actions,
12: 508-515.

Narumoto, O., Y. Matsuo, M. Sakaguchi, S. Shoji and
N. Yamashita et al., 2012. Suppressive effects of a
pyrazole derivative of curcumin on airway
inflammation and remodeling. Exp. Mol Pathol.,
93: 18-25.

Ohtsu, H., Z. Xiao, J. Isluda, M. Nagai and HK. Wang,
2002, Antitumor agents. 217. Curcumin analogues as
novel androgen receptor antagonists with potential
as antiprostate cancer agents. I. Med. Chem.,
45: 5037-5042.

Pan, M.H., 8.Y. Lin-Shiiau and J K. Lin, 2000. Comparative
studies on the suppression of nitric oxide synthase
by curcumin and its hydrogenated metabolites
through down-regulation of Ikappa Bkinase and
NFkappaB activation in macrophages. Biochem.
Pharmacol., 60: 1665-1676.

Pucci, D., R. Bloise, A. Bellusci, S. Bemardim and
M. Ghedm et al, 2007 Curcumin and
cyclopalladated complexes: A recipe for bifunctional
biomaterials. J. Inorg. Biochem., 101: 1013-1022.

Robinson, T.P., R.B. Hubbard, T.J. Ehlers, J.L.. Arbiser,
D.J. Goldsmith and J.P. Bowen, 2005. Synthesis and
biological evaluation of aromatic enones related to
curcumin. Bioorg. Med. Chem., 13: 4007-4013.

Robinson, T.P., T. Ehlers, R.B. Hubbard, X. Bai,
J.L. Arbiser, D.J. Goldsmith and J.P. Bowen, 2003.
Design, synthesis and biological evaluation of
anglogenesis inhibitors: Aromatic enone and dienone
analogues of curcumin. Bioorg. Med. Chem. Lett.,
13:115-117.

Rukkumam, R., K. Aruna, P.S. Varma, K.N. Rajasekaran
and V.P. Menon, 2004. Comparative effects of
curcumin and an analog of curcumin on alcohol and
PUFA mduced oxidative stress. J. Pharm. Pharmacol.
Sci., 7. 274-283.

512

Sandur, SK., M.K. Pandey, B. Sung, K.S. Ahn and
A Murakami et al, 2007. Curcumin
demethoxycurcumin, bisdemethoxycurcumin,
tetrahydrocurcumin and turmerones differentially
regulate anti-inflammatory and anti proliferative
responses through a ROS-independent mechanism.
Carcinogenesis, 28: 1765-1773.

Sardyiman, 3.5., M.S. Reksohadipredjo, H. van der Groot
and H. Tumnmermen, 1997. 1.5-Diphentyl 1,4-
pentadiene-3-ones and cyclic analogues  as
antioxidative agents. Synthesis and structure activity
relationships. Eur. T. Med. Chem., 32: 625-630.

Selvam, C., SM. Jachak, R. Thilagavathi and
AK. Chdakraborti, 2005, Design, synthesis,
biological evaluation and molecular docking of
curcumin analogues as antioxidant, cyclooxygenase
inhibitory and anti-inflammatory agents. Bioorganic
Med. Chem. Lett., 15: 1793-1797.

Shakibaei, M., T. John, G. Schulze-Tanzil, I. Lehmann and
A. Mobasheri, 2007. Suppression of NF-kappaB
activation by curcumin leads to inhibition of
expression of cyclo-oxygenase-2 and matrix
metalloproteinase-9 in human articular chondrocytes:
Implications for the treatment of osteoarthriti.
Biochem. Pharmacol., 73: 1434-1445.

Shang, Y.J., XL Jm, XL Shang, IJ. Tang and
G.Y. Liu et al, 2010. Antioxidant capacity of
curcumin directed analogues: Structure activity
relationship and influence of micro environment.
Food Chem., 119: 1435-1442.

Sharma, O.P., 1976. Antioxidant activity of curcumin and
related  compounds.  Biochem.  Pharmacol.,
25:1811-1812.

Shim, I.S., J. Lee, H.J. Park, S.J. Park and H.J. Kwon, 2004.
A new curcumin derivative, HBC, interferes with the
cell cycle progression of colon cancer cells via
antagonization of the Ca’/calmodulin function.
Chem. Biol., 11: 1455-1463.

Smom, D., M. Rizzi, R. Rondanin, R. Baruchello and
P. Marchetti et af., 2008. Antitumor effects of
curcumin and structurally beta-diketone modified
analogs on multidrug resistant cancer cells. Bioorg,.
Med. Chem. Lett., 18: 845-849.

Somparn, P., €. Phisalaphong, 8. Nakornchai,
3. Unchern and N.P. Morales, 2007. Comparative
antioxidant activities of curcumin and its demetoxy
and hydrogenated derivatives. Biol. Pharm. Bull,
30: 74-78.

Srinivasan, A., V.P. Menon, V. Periaswamy and
K.N. Rajasekaran, 2003. Protection of pancreatic beta
cell by the potential anti-oxidant bio-
ohydroxycinnmoyl methane, analogue of natural
curcuminoid in experimental diabetes. J. Pharm. Sci.
6:327-333



J. Med. Sci., 13 (7): 501-513, 2013

Straganz, G.D. and I. Nidetzky, 2005. Reaction coordinate
analysis for P-diketone cleavage by the non-heme
Fe™ dependent dicxygenase dkel. I. Am. Chem. Soc.,
127: 12306-12314.

Sui, Z., R. Salto, J. Li, C. Craik and P.R. Ortiz de
Montellane, 1993. Inhibition of the HIV-1 and HIV-2
proteases by curcumin and cwcumin boron
complexes. Bioorg. Med. Chem., 1: 415-422.

Sumanont, Y., Y. Murakami, M. Tohda, O. Vajragupta,
H. Watanabe and K. Matsumoto, 2006. Prevention of
kaimic acid induced changes in nitric oxide level and
neuronal cell damage in the rat hippocampus by
manganese  complexes of  curcumin  and
diacetylcurcumin. Life Sci., 78: 1884-1891.

Sumanont, Y., Y. Murakami, M. Tohda, O. Vajragupta,
H. Watanabe and K. Matsumoto, 2007. Effects of
manganese  complexes of  curcumin  and
diacetylewrcumin on kainic acid-induced neurotoxic
responses m the rat hippocampus. Biol. Pharm. Bull,,
30:1732-1739.

Sumanont, Y., Y. Murakami, M. Tohda, O. Vajragupta,
K. Matsumoto and H. Watanabe, 2004. Evaluation of
the nitric oxide radical scavenging activity of
manganese complexes of curcumin and
derivatives. Biol. Pharm. Bull,, 27: 170-173.

Thompson, K.H., K. Bohmerle, E. Polishchuk, C. Martins
and P. Toleikis et al., 2004, Complementary mhibition
of synoviocyte, smooth muscle cell or mouse
lymphoma cell proliferation by a vanadyl curcumin
complex compared to curcumin alone. J. Tnorg.
Biochem., 98: 2063-2070.

Tong, Q.5., L.D. Zheng, P. Lu, F.C. Jiang and
FM. Chen et al, 2006. Apoptosis-inducing effects of
curcumin derivatives in human bladder cancer cells.
Anticancer Drugs, 17: 279-287.

Vajragupta, O., P. Boonchoong and L.J. Berliner, 2004.
Manganese complexes of curcumin analogues:
Evaluation of hydroxyl radical scavenging ability,
superoxide dismutase activity and stability towards
hydrolysis. Free Radic Res., 38 303-314.

Vajragupta, O., P. Boonchoong, H. Watanabe, M. Tohda,
N. Kunmasud and Y. Sumanont, 2003. Manganese
complexes of curcumin and its derivatives: Evaluation
for the radical scavenging ability and neuroprotective
activity. Free Radic Biol. Med., 35: 1632-1644.

its

513

Venkateswarlu, S., M.S. Ramachandra and G. V. Subbaraju,
2005. Synthesis and biclogical evaluation of
polyhydroxycurcuminoids. Bicorg. Med. Chem.,
13: 6374-6380.

Wang, Y., C. Yu, Y. Pan, X. Yang and Y. Huang et al.,
2012. A novel synthetic mono-carbonyl analogue of
curcurnin, Al3, exhubits anti-inflammatory effects
in vivo by mhibition of mnflammatory mediators.
Inflammation, 35: 594-604.

Weber, WM., LA  Hunsaker, CN. Roybal,
E.V. Bobrovinkova-Marjon and S.F. Abcouwer ef al.,
2006. Activation of NFkappaB 1s inhibited by
curcumin and related enones. Bioorg. Med. Chem.,
14 2450-2461.

Weber, WM., L.A  Humsaker, S.F. Abcouwer,
L.M. Deck and D.L. Vander Jagt, 2005. Antioxidant
activities of curcumin and related enones. Bioorg.
Med. Chem., 13: 3811-3820.

Woo, HB., W.S. Shin, 3. Lee and C.M. Ahn 2005.
Synthesis of novel curcumm mimics with
asymmetrical umts and their anti-angiogenic activity.
Bioorg. Med. Chem. Lett., 15: 3782-3786.

Youssef, D., CE. Nichols, T.S. Camercn, J. Balzarim,
E. De Clercq and A. Tha, 2007. Design, synthesis and
cytostatic activity of novel cyclic curcumin
analogues. Bioorg. Med. Chem. Lett., 17: 5624-5629.

Youssef, K.M. and M.A. El-Sherbeny, 2005. Synthesis
and entitunor activity of some curcumin analogs.
Arch. Pharm., 338: 181-189.

Youssef, KM., MA. El-Sherbeny, F.S. El-Shafie,
H.A Farag, O.A. Al- Deeb and S.A. Awadalla, 2004.
Synthesis of curcumin analogues as potential
antioxidant, cancer chemopreventive agents. Arch.
Pharm., 337: 42-54.

Zambre, A P., V.M Kulkarni, S. Padhye, 5.K. Sandur and
BB. Aggarwal, 2006. Novel cuwcumin analogs
targeting TNF-induced NF-kappaB activation and
proliferation in human leukemic KBM-5 cells. Bioorg.
Med. Chem., 14: 7196-7204.

Zhao, C., Y. Cay, X He, J. L1 and L. Zhang et af., 2010.
Synthesis and anti-inflammatory evaluation of novel
mono-carbonyl analogues of cwcumin in LPS-
stmulated RAW 264.7 macrophages. Eur. J. Med.
Chem., 45: 5773-5780.



	JMS.pdf
	Page 1




