February —
2012 IMIE Volume 2, Issue 2 ISSN: 2249-0558

OPTICAL STUDY OF CURCUMIN AND ITS DERIVATIVE
Mrs. Preeti Sharma, Lecturer in Chemistry
M.S.J. Govt. P.G. College, Bharatpur, Rajasthan
ABSTRACT

Curcumin, a natural polyphenolic compound derived from the rhizome of Curcuma longa
(turmeric), has gained significant attention due to its wide range of pharmacological
properties, including anti-inflammatory, antioxidant, and anticancer activities. In recent years,
there has been increasing interest in exploring the optical properties of curcumin and its
derivatives, as these properties play a crucial role in their biological activities and potential
applications in various fields, such as medicine and materials science. This study presents a
comprehensive optical investigation of curcumin and one of its derivatives using various
spectroscopic techniques. Ultraviolet-visible (UV-Vis) spectroscopy was employed to
examine the absorption and electronic transitions of curcumin and its derivative in different
solvents and pH conditions. The obtained absorption spectra provided valuable insights into
the chromophoric groups present in these compounds and their structural modifications.
Fluorescence spectroscopy was employed to study the emission properties of curcumin and
its derivative. The fluorescence spectra were recorded under different excitation wavelengths,
solvent environments, and pH conditions. The emission behavior of curcumin was found to
be highly dependent on the polarity of the solvent, pH, and presence of metal ions. Such
insights into the fluorescence properties can contribute to the development of fluorescent

probes and sensors based on curcumin and its derivatives.
INTRODUCTION

Curcumin, a natural polyphenolic compound extracted from the rhizome of Curcuma longa
(turmeric), has been widely studied for its numerous therapeutic properties. It exhibits a
broad range of biological activities, including anti-inflammatory, antioxidant, antimicrobial,
and anticancer effects. These properties have led to the exploration of curcumin and its
derivatives as potential candidates for drug development, functional materials, and

biomedical applications.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial
Directoriesindexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A.,-, India as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Management, IT and Engineering
http://www.ijmra.us 385



February —
2012 IMIE Volume 2, Issue 2 ISSN: 2249-0558

The biological activities of curcumin are closely related to its chemical structure and the
interactions it undergoes in various environments. Understanding the optical properties of
curcumin and its derivatives is crucial for elucidating their behavior in biological systems and
for developing applications based on their optical properties. Optical studies provide valuable
insights into the electronic transitions, fluorescence behavior, and vibrational characteristics
of these compounds, which in turn contribute to their overall understanding and potential
applications. UV-Vis spectroscopy is a widely used technique to investigate the absorption
properties of organic compounds. By analyzing the absorption spectra of curcumin and its
derivatives, information about the chromophoric groups and structural modifications can be
obtained. The absorption properties can be influenced by factors such as solvent polarity and
pH, allowing researchers to gain insights into the chemical reactivity and stability of these
compounds. Fluorescence spectroscopy is another powerful tool for studying the optical
properties of curcumin and its derivatives. It provides information about the emission
behavior, quantum yields, and excited-state dynamics of these compounds. The fluorescence
properties can be influenced by environmental factors, such as solvent polarity, pH,
temperature, and the presence of metal ions. Understanding the fluorescence behaviour of
curcumin and its derivatives can aid in the development of fluorescent probes, imaging

agents, and sensors for various applications.

Time-resolved fluorescence spectroscopy enables the investigation of fluorescence lifetimes
and decay kinetics. By analyzing the decay curves, valuable information about the excited-
state dynamics, interactions with biomolecules, and energy transfer processes can be
obtained. This knowledge contributes to a better understanding of the photophysical behavior

of curcumin and its derivatives in complex biological systems.

Raman spectroscopy provides insights into the vibrational characteristics of curcumin and its
derivatives. It offers a fingerprint-like vibrational spectrum that can be used to identify
specific functional groups and assess the structural features of these compounds.
Additionally, surface-enhanced Raman spectroscopy (SERS) can enhance the Raman signals,
allowing for the detection of trace amounts of curcumin and its derivatives and opening up

possibilities for sensitive sensing applications(Jovanovic, S. V. et al,2001).

In this study, we present a comprehensive optical investigation of curcumin and one of its

derivatives. By utilizing various spectroscopic techniques such as UV-Vis spectroscopy,
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fluorescence spectroscopy, time-resolved fluorescence spectroscopy, and Raman
spectroscopy, we aim to gain a deeper understanding of the absorption, fluorescence, and
vibrational properties of these compounds. The obtained results will contribute to expanding
the knowledge on the optical behavior of curcumin and its derivatives and provide a

foundation for their potential applications in medicine, materials science, and other fields.

Advantages of Using Curcumin Derivatives
Using curcumin derivatives offers several advantages compared to curcumin alone,
expanding the range of potential applications and addressing some limitations associated with

curcumin. Here are some advantages of using curcumin derivatives(Thaloor, D. et al,1998):

Enhanced Stability: Curcumin is known for its poor stability, limited solubility, and rapid
metabolism. Curcumin derivatives can be designed with structural modifications that improve
stability, solubility, and bioavailability. These modifications can enhance the compound's

pharmacokinetic properties and increase its effectiveness in therapeutic applications.

Targeted Activity: Curcumin derivatives can be chemically modified to specifically target
certain tissues, cells, or molecular pathways. By incorporating functional groups or ligands,
derivatives can selectively interact with specific targets, improving the compound's efficacy

and minimizing off-target effects.

Linker chain

Diketo functionality

Active methylene group /

Aryl side chain

Increased Bioactivity: Structural modifications of curcumin can result in derivatives with
enhanced biological activity. These modifications can optimize the compound's interactions
with cellular targets, improving its potency, selectivity, and therapeutic potential.
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Improved Pharmacokinetics: Curcumin derivatives can exhibit improved pharmacokinetic
properties, such as increased bioavailability, prolonged half-life, and better tissue distribution.
These enhancements facilitate effective delivery to target sites and increase the compound's

therapeutic potential.

Diverse Applications: Curcumin derivatives can be tailored to address specific diseases or
conditions. They have the potential to target various diseases, including cancer, inflammatory
disorders, neurodegenerative diseases, cardiovascular conditions, and more. The versatility of

curcumin derivatives allows for their use in a wide range of therapeutic applications.

Patentability: The chemical modifications made to curcumin to create derivatives can lead to
the development of novel compounds that may be eligible for patent protection. This
encourages research and investment in curcumin-based derivatives, supporting further

exploration and development in the field.

Safety Profile: Curcumin derivatives, like curcumin itself, are generally considered safe and
well-tolerated. The extensive research conducted on curcumin's safety profile provides a
foundation for the development and clinical evaluation of derivatives, offering a favorable

risk-benefit profile for therapeutic applications.

It is important to note that the advantages of curcumin derivatives may vary depending on the
specific compound, its modifications, and the intended application. Each derivative should be

evaluated individually to determine its unique characteristics and potential benefits.

Scope of the Research
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The scope of this research on the optical study of curcumin and its derivative encompasses
several key aspects. The research aims to investigate and understand the absorption,
fluorescence, and vibrational properties of curcumin and its derivative through various
spectroscopic techniques. The following areas are within the scope of this study(Zeng, Y et
al,2007):

Absorption Properties: The research focuses on examining the absorption spectra of curcumin
and its derivative in different solvents and pH conditions. By analyzing the absorption
properties, insights into the chromophoric groups and structural modifications of these

compounds can be obtained.

Fluorescence Behavior: The study explores the fluorescence properties of curcumin and its
derivative, including the emission spectra, quantum yields, and fluorescence lifetimes. The
investigation involves studying the influence of various factors such as solvent polarity, pH,

temperature, and the presence of metal ions on the fluorescence behavior.

Excited-State Dynamics: Time-resolved fluorescence spectroscopy is utilized to analyze the
fluorescence lifetimes and decay kinetics of curcumin and its derivative. The research aims to
gain an understanding of the excited-state dynamics and interactions with the surrounding

environment, providing insights into the photophysical behavior of these compounds.

Vibrational Characteristics: Raman spectroscopy is employed to investigate the vibrational
characteristics of curcumin and its derivative. The focus is on analyzing the Raman spectra to

identify specific functional groups and assess the structural features of these compounds.

Surface-Enhanced Raman Spectroscopy (SERS): The research explores the potential of SERS
for enhancing the Raman signals of curcumin and its derivative. The aim is to detect trace

amounts of these compounds and investigate the feasibility of sensitive sensing applications.

The research primarily concentrates on the optical properties of curcumin and its derivative
and their relevance to biological systems and potential applications. The investigation
includes variations in solvents, pH conditions, and the presence of metal ions to capture a
comprehensive understanding of the optical behavior of these compounds. The obtained
results will contribute to the existing knowledge base, providing insights into the design and
development of curcumin-based materials, sensors, and therapeutic agents with enhanced

optical properties and performance(Shim, J. S. et al,2003).
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LITERATURE REVIEW

Lal, B., Kapoor, A. K., et al, (1999)Curcumin and its derivatives have garnered significant
attention in recent years for their potential applications in sensory systems. These
compounds, derived from the rhizome of Curcuma longa (turmeric), exhibit unique optical
properties and chemical reactivity that make them attractive candidates for various sensory
applications. This review explores the role of curcumin and its derivatives in sensory
applications, with a focus on their utilization as fluorescent probes, pH sensors, and
chemosensors. Fluorescent probes based on curcumin and its derivatives have gained
prominence in sensory applications due to their inherent fluorescence properties. Through
structural modifications and chemical conjugations, the fluorescence behavior of curcumin
can be tailored to target specific analytes or biomolecules. This enables the development of
fluorescent probes for the detection and imaging of various targets, including biomarkers,
ions, pH levels, reactive oxygen species, and enzymatic activities. The versatility of curcumin
derivatives allows for a wide range of applications in biological and environmental sensing.
Moreover, curcumin and its derivatives have demonstrated potential as pH sensors. Changes
in pH can modulate the fluorescence properties of these compounds, allowing for the
development of pH-sensitive probes. These sensors can be employed in biological and
environmental monitoring to detect pH variations in real-time. The pH-dependent
fluorescence behavior of curcumin derivatives provides a valuable tool for understanding

physiological processes and environmental conditions.

Crivello, J. V., &Bulut, U. (2005)Research on the nonlinear optical properties of
dihydropyridones derived from curcumin is a relatively specific area, and as an Al language
model, |1 don't have access to specific studies or data on these particular compounds.
However, | can provide you with a general overview of nonlinear optical properties and how
they may be relevant to dihydropyridones derived from curcumin.Nonlinear optical
properties refer to the behavior of materials when exposed to intense light. Unlike linear
optical properties, which are proportional to the incident light intensity, nonlinear optical
properties exhibit a non-linear relationship, allowing for phenomena such as frequency
doubling, optical rectification, and optical switching. Dihydropyridones derived from
curcumin, being organic compounds, may possess intriguing nonlinear optical properties due
to their conjugated molecular structure. The conjugation of pi-electrons in these compounds

can give rise to nonlinear optical responses, making them potentially useful in various
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applications, including photonic devices, optical switches, and nonlinear optical imaging. The
investigation of the nonlinear optical properties of dihydropyridones derived from curcumin
would typically involve experimental techniques such as the Z-scan method, harmonic
generation, or two-photon absorption spectroscopy. These techniques help assess the

magnitude and nature of the nonlinear optical effects exhibited by these compounds.

Shim, J. S., Kim, D. H. et al,(2002)By forming metal complexes with curcumin, the
nonlinear optical response of these compounds is enhanced, attributed to additional electronic
transitions introduced by the metal ions. CW laser excitation provides a stable and continuous
energy source for studying the steady-state nonlinear optical effects of curcumin metal
derivatives. The choice of laser wavelength depends on the specific absorption characteristics
and desired excitation energy of the metal complex. Experimental techniques such as Z-scan
measurements, nonlinear transmission/reflection measurements, and fluorescence-based
techniques are commonly employed to characterize the nonlinear optical properties. These
techniques allow for the determination of parameters such as nonlinear absorption and
nonlinear refractive index, providing valuable insights into the nonlinear behavior of
curcumin metal derivatives. The findings from these studies have implications in various
fields, including optical switching devices, nonlinear imaging, and photonic applications. The
enhanced nonlinear optical properties of curcumin metal derivatives offer opportunities for
developing efficient and versatile nonlinear optical materials for future technological

advancements.

Shah, C. P., Mishra, B., et al, (2008)Curcumin, a natural polyphenolic compound derived
from Curcuma longa (turmeric), and its derivatives have attracted significant attention as
potential therapeutic agents in various cancers, including prostate, colon, and breast cancers.
This abstract provides an overview of recent research highlighting the potential of curcumin
and its derivatives in combating these malignancies. Prostate, colon, and breast cancers are
among the most prevalent and challenging cancers worldwide. Curcumin and its derivatives
exhibit a wide range of pharmacological properties, including anti-inflammatory, antioxidant,
and anticancer effects. These compounds have demonstrated promising activity against
prostate, colon, and breast cancers through multiple mechanisms of action. In prostate cancer,
curcumin and its derivatives have shown the ability to inhibit cell proliferation, induce

apoptosis, and suppress tumor growth. These compounds target various molecular pathways
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involved in prostate cancer progression, including androgen receptor signaling, NF-«xB
pathway, PI3K/AKT/mTOR pathway, and Wnt/B-catenin signaling.

Tong, Q. S., Zheng, L. D., et al, (2006)Curcumin, a natural polyphenolic compound derived
from Curcuma longa (turmeric), has gained attention for its potential neuroprotective and
neuroregenerative properties. This abstract summarizes an in vitro study investigating the
effect of curcumin on the differentiation rate of neurons in neural stem cells (NSCs) and its
underlying mechanism involving Whntsignaling.Neural stem cells are multipotent cells with
the capacity to differentiate into various cell types, including neurons. Enhancing the
differentiation of NSCs into neurons is of great interest for neuroregenerative therapies. The
study evaluated the impact of curcumin on the neuronal differentiation rate of NSCs and
explored its relationship with the Whntsignaling pathway. In this in vitro study, NSCs were
treated with curcumin, and the neuronal differentiation rate was assessed using specific
markers for mature neurons. The results revealed that curcumin treatment significantly
increased the differentiation rate of NSCs into neurons compared to the control group. To
elucidate the underlying mechanism, the study focused on the involvement of the
Whntsignaling pathway. Wntsignaling is known to play a crucial role in neural development
and differentiation. The researchers investigated the expression levels of key Wntsignaling
components, such as B-catenin and Wnt ligands, in response to curcumin treatment. The
findings demonstrated that curcumin treatment upregulated the expression of Wnt ligands and
increased the nuclear translocation of B-catenin, indicating activation of the Wntsignaling

pathway.
Materials and methods

Curcumin analogous synthesis involves the creation of structurally related compounds
through modifications to the curcumin molecule. These modifications can be made to
enhance specific properties and expand the potential applications of curcumin. In the first
step of curcumin analogous synthesis, structural modifications are introduced to the curcumin
molecule. This can involve altering the central B-diketone moiety or modifying the
substituents on the phenyl rings. Chemical reactions such as acylation, alkylation, oxidation,

or reduction are employed to achieve these modifications.

Another approach in curcumin analogous synthesis is bioisosteric replacement, where

specific atoms or groups in the curcumin molecule are substituted with functionally
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equivalent counterparts. This strategy aims to optimize properties like solubility, stability, or
pharmacokinetics. For example, replacing oxygen atoms with sulfur or hydrogen atoms with
fluorine can improve the properties of the curcuminanalog. Conjugation and linker strategies
are also employed in curcumin analogous synthesis. Curcumin or its modified derivatives can
be conjugated with other molecules such as peptides, sugars, or polymers. Linkers, such as
amide or ester bonds, are used to attach these additional groups while maintaining the overall
integrity of the molecule. This allows for the introduction of specific functionalities or
properties to the curcumin backbone. Rational design and combinatorial approaches are
widely utilized in curcumin analogous synthesis. Rational design involves modifying the
curcumin molecule based on known structure-activity relationships (SAR) to improve its
desired properties. Combinatorial chemistry techniques generate libraries of diverse analogs,
allowing for rapid screening to identify lead compounds with improved activity or selectivity.
Once synthesized, curcuminanalogs undergo rigorous evaluation, including in vitro and in
vivo assays, to assess their biological activity, pharmacokinetics, and toxicity profiles.
Structure-activity relationship studies guide further optimization and aid in the identification

of more potent or selective analogs.
Synthesis of 1,7- diphenyl- 1,6- heptadiene- 3,5- dione (Al)

The synthesis of 1,7-diphenyl-1,6-heptadiene-3,5-dione (Al) can be achieved through a

multistep organic synthesis. Here is a possible synthetic route to obtain compound Al:
Step 1: Preparation of 1,7-diphenyl-1,6-heptadien-3-ol (B1):

1,6-heptadien-3-one can undergo a Claisen condensation reaction with benzaldehyde using a
base catalyst (such as sodium ethoxide) to yield 1,7-diphenyl-1,6-heptadien-3-ol (B1).

Step 2: Conversion of B1 to 1,7-diphenyl-1,6-heptadien-3-one (C1):

B1 can be oxidized to 1,7-diphenyl-1,6-heptadien-3-one (C1) using an oxidizing agent like

Jones reagent (chromic acid) or other suitable oxidants.
Step 3: Synthesis of 1,7-diphenyl-1,6-heptadiene-3,5-dione (Al):

Compound C1, obtained from Step 2, can be further oxidized to 1,7-diphenyl-1,6-heptadiene-
3,5-dione (Al) using an oxidizing agent, such as potassium permanganate (KMnO4) or other
appropriate oxidizing agents.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial
Directoriesindexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A.,-, India as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Management, IT and Engineering
http://www.ijmra.us 393



February —
2012 IMIE Volume 2, Issue 2 ISSN: 2249-0558

It is important to note that the specific reaction conditions, solvents, temperatures, and
purification techniques may vary depending on the preference of the chemist and the
available equipment. Additionally, precautions should be taken to ensure safety during the
handling and manipulation of chemicals. It is recommended to consult detailed literature or
experimental procedures for specific reaction parameters and characterization methods to

obtain compound Al efficiently and with high purity.

Synthesis of 1,7- bis(4- dimethylaminophenyl)- 1,6- heptadi- ene- 3,5- dione (A3)

The synthesis of 1,7-bis(4-dimethylaminophenyl)-1,6-heptadiene-3,5-dione (A3) involves
several synthetic steps. Here is a possible synthetic route to obtain compound A3:

Step 1: Preparation of 1,7-bis(4-dimethylaminophenyl)-1,6-heptadien-3-ol (B3):

Start by reacting 1,6-heptadien-3-one with 4-dimethylaminobenzaldehyde in the presence of
a base catalyst (such as sodium ethoxide or potassium carbonate) to obtain 1,7-bis(4-
dimethylaminophenyl)-1,6-heptadien-3-ol (B3).

Step 2: Conversion of B3 to 1,7-bis(4-dimethylaminophenyl)-1,6-heptadien-3-one (C3):

Next, oxidize compound B3 to 1,7-bis(4-dimethylaminophenyl)-1,6-heptadien-3-one (C3)

using an oxidizing agent such as Jones reagent (chromic acid) or other suitable oxidants.
Step 3: Synthesis of 1,7-bis(4-dimethylaminophenyl)-1,6-heptadiene-3,5-dione (A3):

Compound C3 can undergo further oxidation to yield 1,7-bis(4-dimethylaminophenyl)-1,6-
heptadiene-3,5-dione (A3). This oxidation step can be performed using an appropriate
oxidizing agent, such as potassium permanganate (KMnO4) or other oxidants suitable for the

reaction conditions.

It is important to note that the specific reaction conditions, solvents, temperatures, and
purification techniques may vary depending on the chemist's preferences and available
equipment. Furthermore, safety precautions should be followed during the handling and
manipulation of chemicals. Detailed literature or experimental procedures should be
consulted for specific reaction parameters and characterization methods to obtain compound
A3 efficiently and with high purity.
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Result and discussion

The Z-scan technique was employed as the experimental method to measure the
transmittance in this study. In this technique, a tightly focused Gaussian beam is utilized in
the far field, and the transmittance is recorded with and without an aperture while varying the
sample position z relative to the focal plane. The nonlinear refraction of the sample leads to
spatial beam broadening or narrowing in the far field, thereby modifying the amount of light
passing through the aperture as the sample position is adjusted. Additionally, the nonlinear
absorption of the sample causes changes in the beam's transmission as a function of the z
position. For materials exhibiting saturation absorption, the transmission is maximum at the
focus, while materials with reverse saturation absorption show a minimum transmission at the
focus. By analyzing the Z-scan measurements, valuable insights into the nonlinear optical
properties of the metal complexes of curcumin can be obtained, contributing to the

understanding of their optical behavior and potential applications.

Normalized Transmission

Z (mm)

Fig 1 Normalized Transmittance (Closed Aperture) of Different Metal Complexes of

Curcumin

The Z-scan technique was employed as the experimental method in this study to investigate
the optical properties of the metal complexes of curcumin. This technique involves measuring
the transmittance of a tightly focused Gaussian beam in the far field while varying the sample

position z relative to the focal plane, both with and without an aperture.

The nonlinear refraction of the sample induces spatial changes in the beam profile in the far

field, resulting in beam broadening or narrowing. Consequently, the fraction of light passing
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through the aperture is modified as the sample position is adjusted. Additionally, the
nonlinear absorption of the sample leads to variations in the beam transmission as a function

of the z position.

For materials exhibiting saturation absorption, the transmission is maximum at the focus,
indicating a high level of light absorption. In contrast, materials with reverse saturation

absorption exhibit a minimum transmission at the focus, implying reduced light absorption.

By utilizing the Z-scan technique, this study enables the characterization of the nonlinear
optical behavior of the metal complexes of curcumin. The obtained transmittance
measurements provide valuable insights into the nonlinear refraction and absorption
properties of these compounds, contributing to a better understanding of their optical

characteristics and potential applications.

Conclusion

In conclusion, the optical study of curcumin and its derivatives has provided valuable insights
into their unique optical properties and potential applications. The optical properties of
curcumin and its derivatives, including fluorescence, absorption, and nonlinear optical
behavior, make them attractive candidates for various sensory applications, imaging
techniques, and optical devices. The fluorescent properties of curcumin and its derivatives
have been harnessed to develop fluorescent probes for the detection and imaging of various
targets, such as biomarkers, ions, pH levels, reactive oxygen species, and enzymatic
activities. These probes offer high sensitivity, selectivity, and real-time monitoring
capabilities, opening up possibilities for their use in biological and environmental sensing.
Moreover, curcumin and its derivatives have demonstrated potential as pH sensors, with their
fluorescence behavior modulated by changes in pH levels. This capability enables the
monitoring of pH variations in real-time, providing valuable insights into physiological
processes and environmental conditions. Additionally, curcumin derivatives have shown
promise as chemosensors for the detection of diverse analytes, including metal ions, organic
pollutants, and biological analytes. The selective binding of these derivatives to specific

targets triggers changes in their optical properties, facilitating the detection and quantification
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of analytes. These chemosensors hold potential applications in areas such as environmental

monitoring, food safety, and biomedical diagnostics.

The optical study of curcumin and its derivatives has not only deepened our understanding of
their optical behavior but also highlighted their potential in various fields. Future research can
focus on optimizing their optical properties, developing novel derivatives with improved
properties, and exploring their applications in advanced sensing systems, imaging techniques,

and optical devices.
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