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Introduction

Curcumin has shown promising biological activities, but its low solubility
and bioavailability limit its applications. To improve these properties, many
synthetic analogues have been developed. While symmetric structures are
easier to obtain, asymmetric ones require more elaborate methods.

The examples below highlight several asymmetrically synthesized curcumin
analogues, utilizing various carbonyl and methylene moieties.
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Method of Synthesis

The Claisen-Schmidt Condensation is a widely used method for synthesizing
curcumin analogues. The asymmetrical curcumin analogues are obtained in
two steps: the first step (a), the ketone reacts with an aromatic aldehyde in
basic conditions. In the second step (b), another aldehyde reacts with mono
condensate derivative to form the desired analogue; the second step can be
performed in basic or acidic condition.
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Scheme 1. Claisen-Schmidt Condensation
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& Substituent Definitions & Reactions Conditions

© X =-CH,-, -NH, -NCH,

* R, = -OH, -OCHj, -N(CH,),, -CH,-
N(CH,),, -Hal

* R, =-OH, -0-CH,-COO-Na*

* Ry=-OCH,, -H

+ R,=-0,-OH

* a — Alcohol & NaOH
* b —Alcohol & NaOH, or
alcohol & HCl (gas)

A ketone—such as acetone, pentanone, or cyclohexanone— serves as the
active methylene compound, acting as a nucleophile, as its carbonyl carbon
does not possess high electrophilic character due to the +l effect and steric
hindrance. The carbonyl component is usually an aromatic aldehyde, which
functions as the electrophilic acceptor in the condensation reaction. Thanks
to the wide range of aldehydes and ketones that can participate, numerous
asymmetric analogues can be synthesized—many of which may still hold
untapped biological potential.

Biological Activity

Structural modifications directly influence biological activity, with many
synthetic analogues exhibiting enhanced effects compared to natural
curcumin. The table below presents several examples of such compounds
along with their associated biological activities.
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Conclusions

Vv Extensive research aimed at developing asymmetrical curcumin
analogues has resulted in notable enhancements in biological activity,
solubility, and stability. However, despite these promising advancements,
the progress in translating these compounds into therapeutic drugs
remains limited, as indicated by recent research trends.

v Asymmetrical curcumin derivatives show considerable potential in
combating cancer and inflammation; however, a lead compound with
nanomolar potency or clinical drug-like efficacy has yet to be identified.

v On a positive note, current evidence supports their use as molecular
probes or adjuvants, highlighting their value in biomedical research and
therapy development.
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