
Pak. J. Pharm. Sci., Vol.32, No.4, July 2019, pp.1723-1747 1723 

REVIEW 

 

Novel synthetic curcuminoids: Not merely an anticancer agent 
 
 

Hailei Zhang
2
, Xiaonan Jiang

1
, Weihua Song

1
* and Zhangqun Yang

1
* 

1Department of Pharmacy, Affiliated Hospital of Hebei University, Hebei University, Baoding, Hebei, PR China 
2College of Chemistry and Environmental Science, Hebei University, Baoding, PR China 
 

 

Abstract: Curcumin, a natural polyphenolic compound derived from turmeric (Curcuma longa L), has proven to exhibit 

biological activity towards different kinds of diseases. But the low oral bioavailability results in a limited application in 

clinic treatment. Recently, numerous curcumin derivatives were synthesized by the modification of three important 

functional groups: The aromatic o-methoxy phenolic group, a seven conjugated carbon linker and the β-diket one moiety. 

However, many people know curcumin only as an anticancer agent and overlook the diverse biological activities of 

curcumin and curcumin-based derivatives. In this article, we summarized the novel synthetic curcuminoids by different 

therapeutic activities including antioxidant activity, anti-HIV activity, stimulating activity of gastric emptying, anti-

inflammatory activity, ACE inhibition activity, prevention of Parkinson’s disease, anti-parasitism, anti-obesity, 

prevention of Alzheimer’s disease, and antibacterial activity. The relation between structural features and activities were 

also investigated. 
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INTRODUCTION  
 

Curcumin (diferuloylmethane) is a natural yellow-orange 

dye extracted from the rhizomes of the Curcuma longa L 

(Magro et al., 2015, Naksuriya et al., 2014). Generally, 

the extractive fraction of Curcuma longa is made up of 

various curcuminoids, which are chemically related to 

1,6-heptadiene-3,5-dione-1,7-bis(4-hydroxy-3-

methoxyphenyl)-(1E,6E)(Kunnumakkara, Anand et al., 

2008). The commercially available curcumin is not a pure 

curcumin but a mixture of curcumin (1,77%), 

demethoxycurcumin (2, 17%) and bisdemethoxycurcumin 

(3, 3%). For many centuries, curcumin in its crude form 

has been used as spice and dietary supplement as well as 

component of many herbs (Sharma et al., 2005). Recently, 

it has been shown that curcumin shows different kinds of 

biological activities including anticancer activity (Wei et 

al., 2014), anti-inflammatory activity (Beloqui et al., 

2014), anti-HIV activity (Mazumder et al., 1997), 

antiprotozoal activity (Changtam et al., 2010), antioxidant 

activity (Barry et al., 2009), antibacterial activity 

(Changtam et al., 2010) and preventative activity against 

A β aggregation in Alzheimer’s models (Shi et al., 2007, 

Zhang  et al., 2013). The applications of curcumin were 

limited by its very poor water and plasma solubility. In 

addition, curcumin possesses a low cellular uptake and a 

fast metabolism once inside the cell. As a result, various 

approaches have been attempted to address the problems 

of curcumin by the incorporation of curcumin 

intodelivery vehicles, including liposomes (Karewicz et 

al., 2011), nanoparticles (Shaikh et al., 2009), 

cyclodextrins (Yallapu et al., 2010), micelles (Gong, et al., 

2013), micro emulsions (Hu et al., 2012) and solid 

dispersions (Hegge et al., 2013). 

 

On the other hand, there are more researches on exploring 

the action mechanisms for various pharmacological 

activities. It has been shown that curcumin can physically 

bind to more than 30 different proteins including protein 

kinase C (PKC), human alpha1-acid glycoprotein, thiore-

doxinreductase, cyclooxygenase-2 (COX2), tubulin and 

5-lipoxygenase (5-LOX) (Kunnumakkara et al., 2008).  

 

Significantly, it has been reported that the potency for the 

suppression of tumornecrosis factor-induced nuclear 

factor-kappa Bactivation ranked curcumin> 

desmethoxycurcumin >bisdesmethoxycurcumin (Sandur 

et al., 2007). Moreover, curcumin has the highest cardio 

protective, neuroprotective and antidiabetic activities of 

the three curcuminoids shown in fig.1 (Nishiyama et al., 

2005). Therefore, it is a meaningful strategy to synthesize 

novel kinds of curcuminoids from curcumin in its pure 

form. 

 

Curcumin is one of the diarylhepatanoid compounds. Two 

aromatic rings are linked by conjugated alkyl chain made 

up of seven carbons. The quantum chemical studies 

demonstrated that the transconformer having the lowest 

energy where two phenol-methoxy groups locate in the 

opposite flanks of the curcumin backbone. The phenolic -

OH group has intramolecular hydrogen bonding with the 

o-methoxy group. The 1,3-diketone usually possesses a 

keto-enoltautomerism (Shen and Ji, 2007). Extensive 

NMR studies in solution confirmed that in most of the *Corresponding author: e-mail: hdfysongweihua@sina.com 
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non-polar organic solvents curcumin is predominantly in 

the enolform (Payton et al., 2007). The recent studies for 

synthesizing novel kinds of curcuminoids are mainly 

based on the modification of phenolic -OH groups, enone 

moieties and 1,3-keto-enol moiety (shown in fig. 2). The 

influences of the change of structure on biological 

activities of curcumin are discussed in this article. In 

addition, we are interested in the novel curcuminoids 

synthesized by the modification of functional group in 

curcumin structure. Some curcuminoids synthesized from 

vanillic aldehydean alogue or other compounds are not in 

our scope. Recent numerous investigations and reviews 

have revealed the influences of the change of structure on 

anti cancer activities of curcumin. Therefore, the 

curcuminoids used in anticancer studies in our scope. 

Herein, we summarized a series of synthesized 

curcuminoids categorized by different biological activities 

including antioxidant activity, anti-HIV activity, 

stimulating activity of gastric emptying, anti-

inflammatory activity, ACE inhibition activity, prevention 

of Parkinson’s disease, anti-parasitism, anti-obesity, 

prevention of Alzheimer’s disease, and antibacterial 

activity. 

 

Antioxidant activity 

There are conflicting reports concerning the 

structural/electronic basis of the anti-oxidant activity of 

curcumin (Barclay et al., 2000, Jovanovic et al., 2001, 

Priyadarsini et al., 2003). In addition, some of the 

biological activities, including anti-cancer, anti-

inflammatory, and anti-angiogenesis, may derive from its 

anti-oxidant properties. Some reports argued that the anti-

oxidant activity of curcumin depends on the presence of 

the phenolic OH groups. One of the necessary 

requirements of an antioxidant is to efficiently convert the 

reactive oxygen species (ROS) responsible for the 

induction of oxidative stress into less reactive species. 

ROS scavenging activity of curcumin was attributed 

either due to hydrogen atom transfer (HAT) or sequential 

electron and proton transfer (SET) from the phenolic OH 

groups. The resultant phenoxyl radicals, produced on 

account of this reaction, can acquire stabilization due to 

the extended conjugation (Gorman, Hamblett et al., 1994, 

Priyadarsini, 1997). However, there are some other views 

about the antioxidative mechanism of curcuminoids after 

the modification of curcumin structure. 

 

Some synthesized curcuminoids shown in table 1 were 

associated with anti-oxidant activities. 

Tetrahydrocurcumin (THC, 1a), a metabolic product of 

curcumin in vivo, was synthesized by hydrogenation with 

Pt2O as the catalyst firstly reported by Uehara et al (1987). 

Osawa et al (1996) investigated the antioxidative activity 

of curcumin and 1a by examining the inhibitory effects on 

tert-butyl hudroperoxide-induced lipid peroxidation. The 

results showed that 1aexhibited a greater inhibitory effect 

than curcumin. The investigations relating to the 

mechanism of antioxidative activity suggested that the β-

diketonemoiety of 1a must exhibit antioxidative activity 

by cleavage of the C-C bond at the active methylene 

carbon between two carbonyls in the β-diket one moiety. 

The β-diketonemoiety may play a significant role in 

antioxidative activity as well as phenolichydroxy groups. 

 

More over, the superiority of antioxidative activity of 1a 

was verified by Jagt et al (2005). In this study, anti-

oxidant activity was tested as the ability of the 

compounds to react with the preformed radical 

monocation of 2, 2’-azinobis-(3-ethylbenzothiazoline-6-

sulfonicacid), where Trolox was used as reference 

standard. Analogue 1a was more active than curcumin in 

the TRAP assay. Significantly, both curcumin and 1a 

exhibited a much more antioxidative activity than Trolox 

in same concentration.  

 

Abraham et al (2012) synthesized salicylidenecurcumin 

(2a), and benzalidene curcumin (3a) by the Knoevenagel 

condensation of curcumin with the aldehydes-

salicylaldehyde or benzaldehyde. Their antioxidant 

properties were compared with curcumin in the presence 

of DPPH. The result indicated the antioxidant property 

increased in the order curcumin<2a<3a.The authors 

demonstrated that the additional -OH group in the 

salicylidene may increase the antioxidant property. 

 

Anti-HIV activity 

Several reports indicated that curcumin possess desirable 

inhibitory activity against HIV-1integrase (Burke et al., 

1995, Mazumder et al., 1995, Mazumder et al., 1995, Sui 

et al., 1993).  

 

Socurcumin exhibits a great potential for developing as a 

treatment for AIDS. Pommier et al (1997) synthesized 

two curcuminoids after demethylation of curcumin. 

Curcumin was demethylated by AlCl3/pyridine in CH2Cl2 

to furnish 1b and 2b. In this study they found curcumin to 

inhibit integrase with an IC50about 150 µM. The two 

analogs (1b and 2b) of curcumin were found to possess a 

much higher inhibitory effect than that of curcumin (IC50= 

18 for 1b, IC50= 6 for 2b). These result suggested that the 

phenolic OH groups play a significant role in inhibitory 

activity. In addition, the inhibitory activity against HIV-1 

integrase of curcuminoid1a was evaluated. Compounds 1a 

showed no activity against integrase even at 

concentrations of 300µM, suggesting the importance of 

both the hydroxyls and the unsaturated linker present in 

curcumin structure. Some synthesized curcuminoids 

associated with anti-HIV activities were listed in table 2. 

 

Tanaka et al (2009) synthesized a series of curcuminoids 

by conjugating one or two molecules triterpenoid (3α-

Methoxyserrat-14-en-21β-ol or 3β-methoxyserrat-14-en-

21β-ol) to one molecule of curcumin  using  succinic  acid  

or  malonicacidas  linker. 
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Table 1: Curcumin derivatives in antioxidativeinvestigations 
 

No. Structural formula 

1a 

 

2a 

 

3a 

 
 

Table 2: Curcumin derivatives in anti-HIV investigations 
 

No. Structural formula 

1b 

 

2b 

 

3b 

 

4b 

 

5b 

 

6b 

 

7b 

 
Continue…  
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No. Structural formula 

8b 

 

9b 

 

10b 

 

11b 

 

12b 

 

13b 

 

14b 

 

15b 

 

16b 

 

17b 
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Table 3: Curcumin derivatives in stimulating activity investigations of gastric emptying 
 

No. Structural formula 

1c 

 

2c 

 
 

Table 4: Curcumin derivatives in anti-inflammatory activity investigations 
 

No. Structural formula 

1d 

 

2d 

 

3d 

 

4d 

 

5d 

 

6d 

 

7d 

 

8d 

 

9d 

 

10d 

 

11d 

 

Continue…  
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No. Structural formula 

12d 

 

13d 

 

14d 

 

15d 

 

16d 

 

17d 

 

18d 

 

19d 

 

20d 

 
 

Table 5: Curcumin derivative in ACEI activity investigations 

 

No. Structural formula 

1e 
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Table 6: Curcumin derivatives in Parkinson’s disease investigations 
 

No. Structural formula 

1f 

 

f 

 

3f 

 
 

Table 7: Curcumin derivatives in antitrypanosomiasis and antileishmaniasis investigations 
 

No. Structural formula 

1h 

 

2h 

 

3h 

 

4h 

 

5h 

 

6h 

 

7h 

 

Continue… 
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No. Structural formula 

8h 

 

9h 

 

10h 

 

11h 

 

12h 

 

13h 

 

14h 

 

15h 

 

16h 

 

17h 

 

18h 

 

19h 

 

Continue… 
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The HIV infection was evaluated by reverse transcript 

aseassay using C8166-CCR5 cells. The triterpenoids and 

obtained curcuminoids (2b-10b) exhibited no reverse 

transcriptase activity. These results indicated that the 

phenolic OH groupmay be the essential functional group 

in anti-HIV activity. 
 

A series of curcumin bioconjugates were synthesized by 

Singh et al (2010). The phenolichydroxyls and active 

methylene group on curcumin have been utilized. 

Curcuminoid 11b, 12b and 14b were yielded by treating 

curcuminwitht-boc–N-trp–phe-COOH, decanoyl chloride 

andp-nitrophenyl ester of folic acid, respectively, in the 

presence of dicyclohexylcarbodiimide and 

dimethylaminopyridine. The intermediate compound 15b 

was prepared following a similar procedure by treating 

curcumin with 2-chloroethanol. Curcuminoid13b was 

obtained by conferring di-O-benzoyl curcuminon a 

carbanionic character at the active methylene site by 

NaOEtin the presence of 2-chloroethanol. The 

intermediate compounds 13b and 15b were treated with p-

nitrophenyl ester of folic acid to yield 16b and 17b, 

respectively. The anti-HIV-1 activities of 

curcuminbioconjugates11b, 12b, 14b, 16b and 17b were 

investigated. However, the bioconjugates did not show 

any better activity against HIV-1 than curcumin. The 

results showed the phenolichydroxyls and active 

methylene group on curcumin may be the essential 

No. Structural formula 

20h 

 

21h 

 

22h 

 

23h 

 

24h 

 

25h 

 

26h 

 

27h 

 

28h 

 

29h 
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functional group in anti-HIV activity. 

 

Table 8: Curcumin derivatives in diet-induced obesity 

investigations 
 

No. Structural formula 

1i 

 

2i 

 

3i 

 

4i 

 

5i 

 

6i 

 
 

Stimulating activity of gastric emptying 

Shogasulfonic acid A (1c) was isolated from the 

Zingiberisrhizome and reported to have stimulating 

activity of gastric emptying (Structure was shown in table 

3). Ida et al (Hori, Miura et al., 2003) explored a three 

steps involved feasible approach to synthesize 1cusing 

curcumin as the starting material. Curcumin was 

hydrogenated with Pd/C in EtOH (100 ml) to give 1a as 

an intermediate product. 1awas then dehydrated by reflux 

with p-TsOH monohydrate in dry benzene to afford 2c. 1c 

was obtained by treating 2c with sodium hydrogen sulfite 

and tert-butyl perbenzoate in MeOH. The authors 

suggested that sulfonated groups may be essential for the 

stimulating activity of gastric emptying. 

Anti-inflammatory activity 
 

In various chronic illnesses, inflammation is known to 

play a significant role. Curcumin was found to possess 

strong anti-inflammatory activity. Chen et al (2005) 

synthesized various kinds of reductive state products (1d-

20d) starting from curcumin. The hexahydro curcumin 

(1d) and octahydro curcumin (2d) were obtained through 

Pt/C-catalyzed hydrogenations. The direct reductive 

amination of 1dwith propylamine yielded 3d. To improve 

the yield, two phenolic groups were protected to yield 4d 

as an intermediate. 4dwas hydrogenated under a neutral 

condition (EtOAc) to give 5d in a high yield. A facile 

reaction condition was conducted to achieve deprotection, 

dehydration, and hydrogenation sequencely to yield6d. 

Then 6d was O,O-dibenzylated via a rapid microwave 

reaction to yield dibenzylmonoketone 7d. Intermediates 

8d-13dwere synthesized by reductive aminationof7d with 

six primaryamines, deprotected curcuminoids 14d-19d 

were obtained. Curcuminoid 20d was prepared directly 

from 6d through reductive amination. The inhibitions of 

iNOS expression, NO production and biosynthesis 

ofCOX-2 downstream product PGE2of 1a, 1d, 2d,6dand 

14d-20d were evaluated in LPS(1µg/mL)-stimulated 

RAW264.7 macrophages; in addition, the MTT assay was 

also conducted to evaluated the cytotoxicity. 

Curcuminoids1a, 1d, 2d, 6d and 15d had  no significant 

effect on cell viability when concentrations up to 100µM. 

Among the five curcuminoids, 1d and 2d showed the most 

superior inhibition effect in LPS (1µg/ml)-induced NO 

production and LPS (1µg/ml)-induced PGE2 production, 

respectively. However, it should be noted that 1d and 

2dexistedas mixtures of enantiomeric and diastereomeric 

isomers, respectively. The influence of isomers on the 

anti-inflammatory activities is still not clear (table 4). 

 
Fig. 1: Chemical structure of curcumin and its analogues 

in commercially available curcumin 

 
Fig. 2: Modifiable functional groups in curcumin 

structure 

 

ACE inhibition activity 

Angiotensin converting enzyme (ACE), a zinc containing 

nonspecific dipeptidylcarboxypeptidase, can regulate the 

blood pressure by modulating renin–angiotensin system. 
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Several bio-molecules including glycosides are available 

for ACE inhibition (Li, Li et al., 2004). Curcuminyl-bis-

α-D-glucoside (1e) (table 5) was synthesized by Divakar 

et al via a classical glycosylation reaction in presence of 

appropriate quantity of amyloglucosidase. Underivatized 

curcumin and glucose were tested for ACE inhibition as 

controls and they did not show any ACE inhibitory 

activities. Obtained curcuminoid1eexhibited an IC50 value 

of 1.5±0.13mM, suggesting that 1e possessed potentials 

as hypotensive drugs. 

 

Parkinson’s disease 

Parkinson’s diseases a neurodegenerative disorder which 

is associated with the loss of dopamine in the basal 

ganglia (Beal, 1992). Some scholars surmised that 

restoration of intracellular glutathione levels may prevent 

causing of the early events of Parkinson’s disease (Jha et 

al., 2000, Vali et al., 2007). Curcumin was found to be 

able to protect mitochondria against oxidative stress and 

nitrosative stress (Mythri et al., 2007), result in the 

protection effect on GSH metabolism (Mishra et al., 

2005). Bharath et al (2010) synthesized three 

bioconjugates of curcumin by covalent linking of different 

acids including piperic acid, valine and glutamic acid 

through the two phenolic groups to yield 1f, 2f and 3f, 

respectively (table 6). The results indicated that 

administration of 3fcan enhance the cellular GSH levels 

and bioavailability. The introduction of the carboxylic 

groups may play an important role in neuro protective 

ability. Curcuminoid 3f possess a capacity to cross blood 

brain barrier could serve as potential neuro protective 

estrategiesin disorders such as Parkinson’s disease. 

 

Antitrypanosomal and antileishmania 

Trypanosomiasis and leishmanias are among the 

mostneglected diseases all around the world (Barrett, 

2000). They are caused by related protozoan parasites, 

Trypanosoma and Leishmania species, respectively. It has 

been reported that curcumin possessed moderate-to-

lowactivity against Trypanosoma brucei brucei (Nose, 

Koide et al., 1998) and against promastigotes of 

Leishmania major (Koide et al., 2002). A series of 

curcuminoids (1h-29h, shown in table 7) were synthesized 

by Suksamrarn et al (Changtam, de Koning et al., 2010) 

and the antitrypanosomal and antileishmanial activities 

were investigated. The methylated analog1h was achieved 

by treating curcumin with methyl iodide in acetone in the 

presence of potassium carbonate. Higher alkyl ether 

analogsincluding 2h, 3h, 4h, 5h, 6h, 7h and 8h were 

synthesized using differentalkyl bromide or iodide. Di-O-

acetyl analog (9h) was synthesized by treating curcumin 

with excess acetic anhydride. Benzoylation of curcumin 

with benzoic anhydride in pyridine furnished the 

monobenzoate (11h) and the dibenzoate (10h). Above-

mentioned curcuminoids1a, 2d and 5d were also included 

in this study and served as intermediates. Curcuminoid1d 

was subjected to dehydration, with p-toluenesulfonic acid 

as a catalyst, to afford the enone12h. Curcuminoids13h-

15h and 19h-23h were furnished by treating12h with 

different alkyl bromide or iodide.Curcuminoids16h-18h 

were given via dehydrogenation by treating 12h with 4,5-

Dichloro-3,6-dioxo-1,4-cyclohexadiene-1,2-carbonitrilein 

THF. Curcuminoids24h-26hwere synthesized after 

acetylation of the12h. To see the influence of olefinic 

function in the conjugated enone system and the keto 

function in biological activity, 27h and 28h were prepared 

after hydrogenation of 12h. Curcuminoid29h was 

obtained following a benzoylation of curcumin with 

benzoic anhydride.  

  

The trypanocidal effect and antileishmanial activity of the 

obtained curcuminoids were evaluated. The natural 

curcuminoids including curcumin exhibited fairly low 

trypanocidal effect and antileishmanial activity when 

compared with the drug diminazeneaceturate. After the 

substitution of phenolic hydroxyl groups, 2h-11h 

displayed higher trypanocidal effect and antileishmanial 

activity. The result indicated that the phenolic hydroxyl 

group was not the active group of trypanocidal effect and 

antileishmanial activity. It's worth noting that both 

trypanocidal effect and antileishmanial activity 

dramatically decreased for 1a, 2d and 5dcomparing with 

those of curcumin. Curcuminoid 19h exhibited the 

optimal trypanocidal effect and antileishmanial activity 

among all the curcuminoids in this study and a markly 

higher effect than diminazene aceturate. But the 

trypanocidal effect and antileishmanial activity 

significantly decreased after hydrogenation of 19h. It can 

be surmised that the enone motif group may play a 

significant role in trypanocidal effect and antileishmanial 

activity. The authors considered 19h as the most 

promising lead compound because of its optimal activity, 

desirable solubility and simple synthetic route. 

 

Diet-induced obesity 
Obesity is widely regarded as a major public health 

problem which can give rise to hypertension, 

hyperlipidemia, arteriosclerosis and some other 

complications. Recent studies have demonstrated that 

pancreatic lipase inhibitors are significant therapeutic 

reagents for treating diet-induced obesity (Lowe, 1994). 

Jo et al (2011) obtained some degraded products (1i-6i, 

shown in table 8) derived from curcumin by γ-irradiation. 

The compounds isolated from irradiated curcumin were 

evaluated for their pancreatic lipase inhibitory activity. 

The obtained derivatives displayed higher inhibitory 

activity toward pancreatic lipase than that of parent 

curcumin except for 5i. Two phenylpropanoid-type 

byproducts (3i and 4i) exhibited the most potent 

pancreatic lipase inhibitory activities with IC50 values of 

9.1±0.2 and 12.1±0.3 µM, respectively, suggesting a 

much higher lipase inhibitory than curcumin. But the 

lipase inhibitory activities are still lower thanorlistat, a 

classical pancreatic lipase inhibitor (Hill et al., 2005). 
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Alzheimer’s disease 

Alzheimer’s disease is the most common cause of 

dementia among the elderly population (Brook meyer, 

Gray et al., 1998, Masters, Cappai et al., 2006, Selkoe, 

2001). Recent research indicates that Amyloid-β-peptide 

aggregation plays an important role in Alzheimer’s 

disease (Roberson and Mucke, 2006). It has been reported 

that curcumin exhibited effective binding and dissolution 

properties against amyloid fibrils, suggesting its potent 

application for treatment of Alzheimer’s disease. A study 

conducted by Raja et al (2007) was carried out to assess 

whether the monofunctional curcumin derivatives can 

retain the ability to bind and dissolve amyloid fibrils. 

Curcumin monocarboxylicacid 1j was synthesized by 

treating curcumin with glutaricanhydridein the presence 

of dimethylaminopyridine. In a polarized light 

microscope observation, 1j can effectively label fibrils at 

a much lower concentration than Congo Red, a commonly 

used biological stain. Moreover, the monofunctional 

curcumin derivative 1j also exhibited an effective 

dissolution of amyloid fibrils.  
 

One important aspect in the treatment of Alzheimer’s 

disease is the delivery of drugs to the brain. So the drug 

must be able to pass the blood brain barrier. Ferla et al 

(2011) synthesized a series of labeled curcumin 

derivatives as tools for in vitro blood brain barrier 

trafficking studies. Pyrazole derivative 2j was synthesized 

by treating the curcumin with ethyl 2-hydrazinylacetate 

hydrochloride in refluxingtoluene. Curcuminoid3j was 

obtained from 2j by basic hydrolysis of the ethyl 

ester.Curcuminoid4j was obtained from 3j through 

coupling with propargylamine. Curcuminoid 5j and 6j 

were prepared following a similar labeling procedure 

using [
2
H] water and [

3
H] water in dry THF, respectively. 

The curcuminoids1j-6j were shown in table 9. The 

resulting specific activities of obtained curcuminoids were 

sufficient for the trafficking studies when using an in vitro 

blood brain barrier model. 
 

Antibacterial activity 
Curcumin has been show to possess antibacterial 

activities towards various bacterial strains. The 

synthesized curcuminoids relating to antibacterial 

activities were briefly introduced in this section (table 10).  

Curcuminoids1k, 2k and 3k were synthesized by Mishra 

et al (2005) by conjugating glycine, D-alanine and piperic 

acid respectively. The activate dpiperic acid was then 

reacted with 1k to yield 4k as a bioconjugate of curcumin, 

glycine and piperic acid. Above mentioned 1e and 9h 

were also included in Mishra’s study. Curcuminoid4k 

showed the most positive results and much higher 

antibacterial activity than curcumin against E. coli, S. 

aureus, P. aeruginosa, P. pyocynin, E. cloacae, 

Staphylococcus saprophyticus, Micrococcus and E. 

aerogen. Significanly, Curcuminoid4k exhibited a higher 

antibacterial activity than Cefeprime against E. coli, S. 

aureus, P. aeruginosa, P. pyocynin, E. cloacae and 

Staphylococcus saprophyticus.  

 

The excellent activity of 4k can be attributed to the fact 

that the enhanced bio availability. Moreover, the 

curcumin-bioconjugates all showed higher antibacterial 

activity than curcumin. The results can be due to that the 

introduction of glucose, D-alanine, acetic acid, piperic 

acid or glycinein curcumin may ease the transmembrane 

passage and reduce the rate of metabolism. All the results 

suggested that the phenolic hydroxyl group is not a 

determining factor of antibacterial activity.  
 

Suksamrarn et al (2010) synthesized a series of 

curcuminoids and the antimycobacterial activity against 

M. tuberculosis has been evaluated. Curcuminoid 5k was 

synthesized by reduction of curcumin with zinc-acetic 

acid. Pyrazole analog6k was synthesized by treating 

curcumin with hydrazine hydrate in presence of AcOH. 

The N-substituted analog 8k was also prepared following 

a similar procedure. Isoxazole analog 7k was synthesized 

by treating curcumin with NH2OH·HCl. The pyrazole 

analog6k (MIC = 200µg/mL) didn’t show better activity 

than curcumin (MIC = 100µg/mL) against M. tuberculosis 

H37Ra strain. However, the isoxazole analog 7k exhibited 

a much lower MIC (MIC = 1.56µg/mL) than curcumin 

and a better activity than Kanamycin (MIC = 2.5µg/mL). 

So the isoxazole analogs possess great potentials for use 

of antitubercular agent. A series of isoxazole-based 

curcuminoids were prepared in the following study. 

Compound 9k, 10k and 11kwere synthesized by treating 

5k and 1a with NH2OH·HCl, respectively. Isoxazole-

based curcuminoids 12k-26k were prepared by treating 7k 

with corresponding iodide or bromide. Among the all 

curcuminoids in this study, mono-O-

methylcurcuminisoxazole (24k) was the most active 

compound (MIC = 0.09 µg/mL), exhibiting 1131-fold 

more active than curcumin. Significantly, it was 

approximately 18 and 2-fold more active than the 

standard drugs kanamycin and isoniazid, respectively. The 

detailed results confirmed the introduction of two 

unsaturated bonds and an isoxazolering on the unsaturated 

alkyl chain can be positive for antimycobacterial activity. 

The introduction of a suitable alkoxyl group on an 

aromatic ring near the nitrogen function and a free 

phenolic hydroxyl group on the other aromatic ring may 

enhance the antimycobacterial activity inisoxazole-based 

curcuminoids. 
 

The antibacterial activities of curcumin bioconjugates, 

11b, 12b, 14b, 16band 27k were compared with that of 

curcumin in Singh’s study (2010). The curcumin 

bioconjugates 11b, 12b, 14b, 16b and 27k exhibited 

remarkable anti-bacterial activities with MIC ranging 

between 0.09 and 0.67µMagainst Streptococcus virudans 

as well as Escherichia coli, Klebsiella pneumoniae, 

Proteus mirabeilis bacterial strains, was 3.7-27 times 

higher than that of curcumin. The introduced groups, 

including amino acids, lipids and folic acid, possess 
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structural similarity with the bacterial cell wall, resulting 

in enhanced bioavailability and higher cellular uptake. 

Moreover, the biodegradable ester bonds lead to the 

compounds can get hydrolysed in vivo. On the other hand, 

16b exhibited a much better antibacterial activity than 

others, suggesting the importance of phenolic hydroxyl 

group in antibacterial activities. 
 

Lal et al (2012) synthesized a series of curcuminoids 

(28k-41k) by treating curcumin with substituted aryl 

aldehyde and urea/thiourea in presence of SnCl2·2H2O. 

The zone of inhibition and MIC of synthesized 

curcuminoids were measured to evaluate their 

antibacterial activity against Staphylococcus aureus, 

Escherichia coli, Burkholderia pseudomallei, Salmonella 

typhi and Pseudomonas aeuriginosa. The antibacterial 

activity was compared with curcumin and ampicillin. In 

case of all the bacterial strains, curcuminoid34kdisplayed 

a much better antibacterial activity than curcumin and 

other curcuminoids. These result also suggested the 

importance of phenolic hydroxyl group in antibacterial 

activities. 
 

Sahu et al (2012) demonstrateda feasible method for 

synthesizing novel benzothiazole derivatives (42k-49k) of 

curcumin. Benzylidene derivatives (2a, 3a, 54k and 55k) 

and pyrazole derivatives (50k-53k) of curcumin were also 

synthesized.  
 

The benzothiazole derivatives (42k-49k) of curcumin 

were prepared through the reaction of curcumin, 

substituted aromatic aldehydes and 2-amino benzothiazol 

eat 60-65
o
C in the presence of pyridineas a catalyst. In 

addition, the benzothiazole derivatives were also 

synthesizedin microwave under solvent free conditions.  

 

The pyrazolederivatives (50k-53k) were prepared by 

treating curcumin with hydrazinesat 65-70
o
C in the 

presence of acetic acid as solvent. The pyrazole 

derivatives (50k-53k) of curcumin were prepared by a 

reaction of curcumin and substituted aromatic aldehydes 

at 60-65
o
C in the presence of pyridine.  

 

Antibacterial activity was tested in vitro against 

Staphylococcus aureus, Bacillus cereus, Pseudomonas 

aeruginosa, Salmonella typhi, Escherichia coli and 

Providencia rettgeri. As for benzothiazole derivatives 

(42k-49k), curcuminoid 47k displayed the best activity on 

microorganism. The data also revealed that the activity of 

all compounds follow the order 47k>46k>45k>42k>49k> 

48k>44k>43k> curcumin.  

The antibacterial study showed that the introduction of 

hydroxyl group at para position exhibited a better activity 

than other positions. Pyrazolederivatives (50k-53k) 

showed much better antibacterial activity than curcumin 

and benzothiazole derivatives, which may due to the 

difference between atomicsize of sulphur and oxygen 

atoms. Electron withdrawing substituent at ortho and 

parapositions as 2,4-dinitro phenyl group (53k) have 

shown excellent activity against Staphylococcus aureus 

and Bacillus cereus.  

 

This result indicated that the presence of pyrazole group 

is additive for the antibacterial activity. As for 

benzylidene derivatives (2a, 3a, 54k and 55k), they also 

displayed much better antibacterial activity than curcumin 

and benzothiazole derivatives. 2a displayed the best 

antibacterial activity in this group. 

 

The chelating ability of diketone moiety has been widely 

investigated especially towards different kinds of metal 

ions. In Refat’ study (2013), complexes of Co(II), Zn(II), 

Fe(III), Cr(III), Ni(II), Mn(II) and Cu(II) with 

curcuminlig and were prepared. The complexes were 

synthesized at 60
o
C in water/methanol solution. Two 

times amount of each CoCl2·6H2O, ZnBr2, FeCl3, 

CrCl2·6H2O, NiCl2·6H2O, MnCl2·4H2O and CuCl2·2H2O, 

were added to the solution respectively to favor products 

as preparations. The antibacterial data of curcumin and 

complexes were introduced as inhibition zone diameter. 

Only 59k exhibited a mild antibacterial activity towards 

three kinds of bacteria Bacillus subtilis, Pseudomonas 

aeruginosa and Staphylococcus aureus. 
 

Curcuminoid (1a) was used as a starting material in 

Srinivas’s study (2013). Reaction of 2-amino 

acetophenone or substituted 2-aminobenzophenoneswith 

1a was carried out using trifluoroacetic acid at 100
o
C to 

afford quinoline derivatives (63k-68k). The antibacterial 

activity was tested against Bacillus cereus, 

Staphylococcus aureus, Escherichia coli and Yersinia 

enterocolitica. The results showed that the quinoline 

derivatives exhibited better activity than curcumin, 

suggesting the superiority of quinolonemoiety. 65k was 

the most effective especially against Gram-negative 

bacteria. The nitro group may be additive for the 

antibacterial activity just like dinitro.  
 

CONCLUSION 
 

The research over the last decades has revealed that 

curcumin exhibits diverse activity against several 

common diseases. Although curcumin possess 

hypotoxicity in humans, its limited oral bioavailability is 

one of the major reasons why curcumin has been 

unsuccessful in achieving therapeutic outcomes. 

Therefore, numerous attempts were made to explore a 

more diverse application by synthesizing novel 

curcuminoids. In our study, novel synthesized 

curcuminoids were summarized and categorized by 

different biological activities. Future investigations on the 

complete biological studies and physico-chemical of the 

curcumin oids are essential so that the molecular role of 

curcumin in the targeted activity can be understood in a 

comprehensive way. We hope our review can serve as a 

guiding tool for related scholars. 
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Table 9: Curcumin derivatives in binding and dissolving amyloid fibrils investigations 
 

No. Structural formula 

1j 

 

2j 

 

3j 

 

4j 

 

5j 

 

6j 

 
 

Table 10: Curcumin derivatives in antibacterial investigations 
 

No. Structural formula 

1k 

 

2k 

 

Continue… 
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No. Structural formula 

3k 

 

4k 

 

5k 

 

6k 

 

7k 

 

8k 

 

9k 

 

10k 

 

11k 

 

12k 

 

13k 

 

14k 

 

15k 

 

Continue… 
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No. Structural formula 

16k 

 

17k 

 

18k 

 

19k 

 

20k 

 

21k 

 

22k 

 

23k 

 

24k 

 

25k 

 

26k 

 

27k 

 

28k 
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No. Structural formula 

29k 

 

30k 

O

H3CO

HO

HO

H3CO

N
H

NH

NO2

O

 

31k 

 

32k 

O

H3CO

HO

HO

H3CO

N
H

NH

OH

O

OCH3

 

33k 

 

34k 

 

35k 

 

Continue… 
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No. Structural formula 

36k 

 

37k 

 

38k 

 

39k 

 

40k 

 

41k 

 

42k 

 

Continue… 
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No. Structural formula 

43k 

 

44k 

 

45k 

O

OCH3

OH

N

N

OCH3

OH

S

NO2

 

46k 

 

47k 

 

48k 

 

49k 

 

Continue… 
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No. Structural formula 

50k 

 

51k 

 

52k 

 

53k 

 

54k 

 

55k 

 

56k 

 

57k 
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No. Structural formula 

58k 

O O

H3CO OCH3

HO OH

O O

H3CO OCH3

HO OH

MnH2O nH2OH2O

 

59k 

 

60k 

 

61k 

 

62k 

 

Continue… 
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No. Structural formula 

63k 

O

OCH3

OHN

OH

OCH3  

64k 

 

65k 

 

66k 

 

67k 

 

68k 
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