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Abstract: «, 3-Unsaturated atyl ketones constitute a fundamental class of organic compounds featuring a conjugated enone
system linked to an aromatic moiety. The characteristic structural framework comprises a carbon-carbon double bond positioned
adjacent to a carbonyl group, with an aryl substituent attached to the carbonyl carbon. This unique electronic arrangement results
in enhanced chemical reactivity and biological activity profiles. These compounds setve as versatile intermediates in organic
transformations, particularly in Michael additions, aldol condensations, and cycloaddition reactions. The electrophilic nature of
the B-carbon facilitates nucleophilic attack, making these molecules valuable synthetic building blocks. Extensive pharmacological
investigations have revealed significant antimicrobial, anticancer, anti-inflaimmatory, and antioxidant properties. Chalcones,
representing the most prominent subclass, demonstrate particular promise in drug discovery programs. Various synthetic
approaches including Claisen-Schmidt condensation, Wittig reactions, and palladium-catalyzed cross-coupling reactions provide
efficient access to structurally diverse derivatives. Current synthesis methods focus on environmentally benign methodologies
incorporating microwave irradiation, ultrasonic activation, and organocatalytic processes. Structure-activity relationship studies
indicate that electronic and steric properties of aromatic substituents significantly influence biological potency. The mechanistic
basis for biological activity involves interactions with cellular targets including tubulin, cyclooxygenases, and various kinases.
Green chemistry techniques continue to advance the field by improving reaction efficiency while minimizing environmental
impact.
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1. Introduction

o,B-Unsaturated aryl ketones represent a significant class of organic compounds distinguished by their conjugated n-electron system,
which connects a carbonyl functionality with a carbon-carbon double bond in the presence of an aromatic substituent [1]. The
fundamental structural motif consists of an enone system where the o,B-unsaturation creates a conjugated pathway that extends
through the aromatic ring, resulting in enhanced stability and unique reactivity patterns [2]. This conjugation fundamentally alters
the electronic distribution within the molecule, creating regions of electrophilic and nucleophilic character that enable diverse
chemical transformations [3].

The historical development of these compounds can be traced to early investigations of naturally occurring flavonoids and synthetic
dye chemistry in the late 19th and early 20th centuries [4]. The recognition of their pharmaceutical potential emerged through
systematic studies of chalcones, which revealed significant biological activities including antimicrobial and anti-inflammatory
properties [5]. Subsequently, extensive research has demonstrated that o,B-unsaturated aryl ketones serve as privileged scaffolds in
medicinal chemistry, offering opportunities for developing therapeutic agents targeting various disease states [6].

The synthetic accessibility of these compounds through well-established methodologies such as the Claisen-Schmidt condensation
has contributed to their widespread adoption in both academic research and industrial applications [7]. The reaction involves the
condensation of aromatic aldehydes with methyl ketones under basic or acidic conditions, providing straightforward access to
diverse structural variants [8]. Alternative synthetic approaches including Wittig reactions, Heck coupling, and oxidative
methodologies have expanded the scope of accessible derivatives while enabling stereoselective synthesis [9]. The biological
significance of o,B-unsaturated aryl ketones stems from their ability to interact with cellular targets through covalent and non-
covalent mechanisms [10]. The electrophilic B-carbon readily undergoes Michael addition reactions with nucleophilic amino acid
residues in proteins, leading to enzyme inhibition or protein modification [11, 12]. Additionally, the planar aromatic system facilitates
n-m stacking interactions with DNA bases and aromatic amino acids, contributing to their diverse biological activities [13, 14].
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Structure 1. «,B-unsaturated aryl ketone

2. Structural Features and Properties

2.1. Molecular Architecture

The defining structural characteristic of «,3-unsaturated aryl ketones is the presence of a conjugated enone system integrated with
an aromatic nucleus [15, 16]. The molecular framework typically adopts a planar or near-planar conformation that facilitates
maximum orbital overlap and n-electron delocalization [17]. The geometric parameters of the enone moiety, including C=C and
C=0 bond lengths, reflect the degree of conjugation and influence both chemical reactivity and biological activity [18].

Crystallographic studies of representative compounds have revealed that the dihedral angle between the aromatic ring and the enone
plane significantly affects molecular properties [19]. When this angle approaches planarity, enhanced conjugation results in increased
stability and altered electronic distribution [20]. Conversely, non-planar conformations may arise due to steric interactions between
substituents, leading to reduced conjugation and modified reactivity patterns [21].

2.2. Electronic Effects and Reactivity

The conjugated n-system in «,8-unsaturated aryl ketones creates a polarized molecular framework with distinct electrophilic and
nucleophilic sites [22]. The carbonyl oxygen carries a partial negative charge while the B-carbon exhibits pronounced electrophilic
character due to electron withdrawal by the carbonyl group [23]. This electronic distribution governs the regioselectivity of
nucleophilic additions and determines the preferred reaction pathways [24].

Frontier molecular orbital analysis indicates that the lowest unoccupied molecular orbital (LUMO) is primarily localized on the -
carbon and carbonyl carbon, making these positions highly susceptible to nucleophilic attack [25]. The highest occupied molecular
orbital (HOMO) energy levels are influenced by the nature of aromatic substituents, with electron-donating groups raising the
HOMO energy and electron-withdrawing groups lowering it [26].

2.3. Substituent Effects

The electronic properties of o,-unsaturated aryl ketones are significantly modulated by the nature and position of substituents on
the aromatic ring [27]. Electron-donating groups such as methoxy, hydroxyl, and amino substituents increase electron density in the
aromatic system, leading to enhanced nucleophilicity and altered biological activity profiles [28]. These substituents also affect the
electrophilic character of the §-carbon, potentially influencing the rate and selectivity of Michael addition reactions [29].

Electron-withdrawing substituents including nitro, cyano, and halogen groups have opposite effects, decreasing electron density in
the aromatic ring while increasing the electrophilicity of the enone system [30]. The position of substitution (ortho, meta, or para)
further modulates these effects through resonance and inductive mechanisms [31]. Para-substituted derivatives often exhibit the
most pronounced electronic effects due to direct conjugation with the enone system [32].

3. Nomenclature and Classification

3.1. Systematic Nomenclature

The International Union of Pure and Applied Chemistry IUPAC) nomenclature for o,3-unsaturated aryl ketones follows standard
conventions for naming unsaturated carbonyl compounds [33]. The systematic names are derived by identifying the longest carbon
chain containing the carbonyl group and indicating the position of the double bond [34]. For simple aryl enones, the compounds
are typically named as substituted prop-2-en-1-ones, with appropriate numerical locants to specify substituent positions [35].
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3.2. Classification

Chalcones represent the most extensively studied subclass of «,3-unsaturated aryl ketones, characterized by the presence of two
aromatic rings connected through the enone bridge [36]. The parent compound, 1,3-diphenylprop-2-en-1-one, serves as the
structural prototype for numerous derivatives [37]. Other important subclasses include benzalacetones, which feature a single
aromatic ring, and more complex polycyclic systems found in natural products [38].

The classification of these compounds often reflects their biological origin or synthetic accessibility. Natural chalcones ate primarily
found in plants as biosynthetic precursors to flavonoids, while synthetic derivatives encompass a vast array of structural
modifications designed for specific applications [39]. Hybrid molecules combining the chalcone framework with other
pharmacophores represent an emerging class with enhanced biological activities [40].

4. Synthesis

4.1. Claisen-Schmidt Condensation

The Claisen-Schmidt condensation remains the most widely employed method for synthesizing o,3-unsaturated aryl ketones due to
its operational simplicity and broad substrate scope [41]. The reaction involves the base-catalyzed condensation of aromatic
aldehydes with methyl ketones, proceeding through enolate formation, aldol addition, and subsequent dehydration [42]. Aqueous
sodium hydroxide or potassium hydroxide solutions in alcoholic solvents provide optimal conditions for most substrates [43].

Aromatic Methyl Phesphonium Aryl Halides +
Aldehydes Ketones Ylides Vinyl Partners
Claisen-Schmidt Wittig Reaction Pd-Catalyzed
Condensation Strong base, THF Cross-Coupling
NaOH/EtOH, Reflux, 6-12h Good E/Z control Heck, Suzuki reactions
Microwave-Assisted Ultrasound-Promoted Organocatalysis
Solvent-free conditions lonic liquid media Metal-free conditions
5-15 miin reaction time Ambient temperature Asymmetric synthesis
85-95% waste reduction Catalyst recyclability High atom economy

N

a,B-Unsaturated Aryl Ketones

(Chalcones and Derivatives)

E/Z isomers, various substitution patterns

Reaction Stereoselectivity Scale-up
Optimization Control Considerations
Temperature, time, EfZ selectivity, Flowr chemistry,
catalyst loading chiral catalysts continuous processes

Figure 1. Synthetic of «,3-Unsaturated Aryl Ketones

The mechanism initiates with deprotonation of the methyl ketone by the base catalyst to generate an enolate anion [44]. Nucleophilic
attack of the enolate on the aromatic aldehyde produces a 3-hydroxy ketone intermediate, which rapidly undergoes elimination of
water to yield the desired o,8-unsaturated product [45]. The driving force for dehydration arises from the formation of the
conjugated enone system, which provides thermodynamic stabilization [46].
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Recent modifications of the classical protocol have incorporated improved catalytic systems and reaction conditions to enhance
yields and selectivity [47]. Microwave-assisted synthesis reduces reaction times while maintaining high product purity [48]. Solvent-
free conditions using solid-supported bases have been developed to address environmental concerns [49].

Table 1. Common Synthetic Methods for «, B-Unsaturated Aryl Ketones

Method Reactants Catalyst/Conditions | Advantages Limitations

Claisen-Schmidt Aryl aldehyde + Methyl | NaOH/EtOH, rt- | Simple  procedure, | Limited stereoselectivity

Condensation ketone reflux wide scope

Wittig Reaction Aryl aldehyde + | Strong base, THF Good E/Z control Phosphine oxide waste
Phosphonium ylide

Horner-Wadsworth- | Aryl aldehyde + | Base, solvent High E-selectivity Requires  phosphonate

Emmons Phosphonate ester preparation

Heck Coupling Aryl halide + Vinyl | Pd catalyst, base Functional ~ group | Requires pre-formed
ketone tolerance vinyl ketone

Suzuki Coupling Aryl halide + Vinyl | Pd catalyst, base Mild conditions Expensive boronic acids
boronic acid

Microwave-Assisted Various reactants MW irradiation Rapid reaction times | Equipment dependent

Ultrasound-Promoted | Aryl aldehyde + Methyl | Sonication, base Energy efficient Limited substrate scope
ketone

4.2. Wittig Reaction

The Wittig reaction provides an alternative approach for synthesizing «,3-unsaturated aryl ketones with excellent control over alkene
geometry [50]. Phosphonium ylides derived from appropriate precursors react with aromatic aldehydes to form the enone products
directly [51]. The use of stabilized ylides generally favors formation of the thermodynamically preferred E-isomer [52].

Horner-Wadsworth-Emmons reactions using phosphonate esters offer advantages in terms of product isolation and stereoselectivity
[53]. These modified Wittig procedures are particularly valuable when specific geometric isomers are required for biological
evaluation [54]. The reaction conditions can be optimized to achieve high E/Z ratios, which is important given that geometric
isomers often exhibit different biological activities [55].

4.3. Transition Metal-Catalyzed Cross-Coupling

Palladium-catalyzed cross-coupling reactions have emerged as powerful tools for constructing a,B-unsaturated aryl ketones with
enhanced functional group tolerance [56]. The Heck reaction between aryl halides and acrylic acid derivatives provides access to
substituted enones under mild conditions [57]. Copper-catalyzed coupling reactions offer complementary reactivity patterns and are
often more cost-effective than palladium-based systems [58].

Suzuki-Miyaura coupling reactions using vinylboronic acids or esters enable the formation of highly substituted enone systems [59].
These reactions proceed under relatively mild conditions and tolerate a wide range of functional groups, making them suitable for
late-stage functionalization of complex molecules [60]. The development of efficient catalyst systems has expanded the scope to
include challenging substrates such as heteroaromatic and sterically hindered coupling partners [61]

4.4. Organocatalytic Methods

Organocatalysis has provided new opportunities for the asymmetric synthesis of «,3-unsaturated aryl ketones [62]. Proline-catalyzed
aldol reactions followed by dehydration can generate chiral enones with high enantiomeric excess [63]. N-Heterocyclic carbene
(NHC) catalysts enable unique transformations such as the benzoin condensation followed by oxidation to yield o,3-unsaturated
ketones [64].

Secondary amine catalysts promote enamine-mediated reactions that provide access to a-substituted enones [65]. These
organocatalytic processes often proceed under mild, environmentally benign conditions without requiring transition metal catalysts
[66]. The development of bifunctional organocatalysts has enabled tandem reactions that construct multiple bonds in a single
operation [67].

4.5. Microwave-Assisted Synthesis

Microwave irradiation has revolutionized the synthesis of «,3-unsaturated aryl ketones by dramatically reducing reaction times while
improving yields and selectivity [68]. The dielectric heating mechanism provides rapid and uniform heating, leading to enhanced
reaction rates [69]. Solvent-free microwave protocols have been developed for the Claisen-Schmidt condensation, eliminating the
need for organic solvents [70].
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The combination of microwave heating with solid-supported catalysts offers additional advantages in terms of catalyst recovery and
product purification [71]. Basic alumina and montmorillonite clays serve as effective solid supports for base-catalyzed condensations
[72]. These heterogeneous systems facilitate product isolation while enabling catalyst reuse [73].

4.6. Ultrasound-Irradiation

Ultrasonic irradiation provides another energy-efficient approach for synthesizing o,3-unsaturated aryl ketones [74]. The cavitation
effects generated by ultrasound enhance mass transfer and promote chemical reactions under mild conditions [75]. Sonochemical
synthesis often proceeds at ambient temperature with reduced reaction times compared to conventional heating [76].

The combination of ultrasound with ionic liquids as reaction media has proven particularly effective for Claisen-Schmidt
condensations [77]. Ionic liquids provide a polar environment that stabilizes charged intermediates while the ultrasonic activation
accelerates the overall transformation [78]. These systems often exhibit excellent recyclability and can be used for multiple reaction
cycles [79].

Table 2. Green Chemistry Methods and Their Environmental Benefits

Method Traditional Green Alternative | E- Atom Energy Waste
Conditions Factor* | Economy (%) | Savings Reduction

Claisen-Schmidt Reflux, 6-12h, | MW, solvent-free, | 15 — 2 85— 95 80-90% 85-95%
organic solvents 5-15 min

Wittig Reaction RT, 12-24h, dry | Aqueous 25—8 60 — 75 60-70% 70-80%
solvents conditions, 2-4h

Aldol Strong base, reflux Tonic liquid, US, | 20 — 5 80 — 90 70-80% 75-85%

Condensation RT

Heck Coupling High temp, ligands Ligand-free, MW 30— 12 | 70— 85 75-85% 60-70%

Organocatalysis Metal catalysts Amino acid | 18 —» 3 90 — 98 50-60% 80-90%

catalysts
Flow Chemistry | Batch process Continuous flow 22— 06 75 — 88 65-75% 70-80%

*E-Factor = kg waste per kg product

5. Chemical Reactivity and Reaction Mechanisms

5.1. Nucleophilic Addition Reactions

5.1.1. Michael Addition

The Michael addition represents one of the most important reactions of a,3-unsaturated aryl ketones, involving the conjugate
addition of nucleophiles to the 3-carbon [80]. The reaction proceeds through a stepwise mechanism where the nucleophile attacks
the electrophilic -carbon, generating an enolate intermediate that subsequently undergoes protonation [81]. Common nucleophiles
include malonates, $-dicarbonyl compounds, nitroalkanes, and various heteroatom-centered nucleophiles [82].

The regioselectivity of Michael additions is governed by the electronic properties of both the electrophile and nucleophile [83]. Hard
nucleophiles typically exhibit high selectivity for 1,4-addition, while softer nucleophiles may show competitive 1,2-addition to the
carbonyl carbon [84]. The presence of electron-withdrawing groups on the aromatic ring enhances the electrophilicity of the -
carbon, accelerating the rate of Michael addition [85].

Asymmetric Michael additions have been achieved using chiral organocatalysts, providing access to enantiomerically entiched
products [86]. Cinchona alkaloid derivatives and chiral secondary amines have proven particularly effective for controlling the
stereochemical outcome [87]. These catalytic systems often operate through hydrogen bonding or covalent activation mechanisms
that create well-defined transition states [88].

5.1.2. Nucleophilic Addition to Carbony!

Direct nucleophilic addition to the carbonyl carbon (1,2-addition) competes with Michael addition depending on the reaction
conditions and nucleophile properties [89]. Organometallic reagents such as Grignard reagents and organolithium compounds
typically undergo 1,2-addition to form tertiary alcohols [90]. The selectivity can be controlled through careful choice of solvent,
temperature, and the presence of coordinating additives [91].

Hydride reduction of o,3-unsaturated aryl ketones can be directed toward either the carbonyl group or the alkene moiety [92].
Sodium borohydride in the presence of cerium chloride (Luche conditions) selectively reduces the carbonyl group while leaving the
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alkene intact [93]. Catalytic hydrogenation conditions can be tuned to achieve selective reduction of either functional group or
complete reduction of both [94].

5.2. Electrophilic Reactions

5.2.1. Halogenation and Oxidation

The enone system in o,B-unsaturated aryl ketones can undergo electrophilic attack at the a-carbon or alkene moiety [95].
Halogenation reactions typically occur at the a-position in the presence of strong acids, proceeding through an enol intermediate
[96]. The regioselectivity depends on the relative stability of possible enol forms and the reaction conditions employed [97].

Epoxidation of the alkene moiety using peracids provides access to o,3-epoxyketones, which are valuable synthetic intermediates
[98]. The stereochemistry of epoxidation is influenced by the conformation of the enone system and steric interactions with aromatic
substituents [99]. Asymmetric epoxidation using chiral catalysts has been developed for selected substrates [100].

5.2.2. Cycloaddition Reactions

o,B-Unsaturated aryl ketones participate in various cycloaddition reactions, serving as dienophiles in Diels-Alder reactions or as
dipolarophiles in 1,3-dipolar cycloadditions [101]. The electron-deficient nature of the enone system makes these compounds highly
reactive toward electron-rich dienes [102]. The regioselectivity and stereoselectivity of these reactions can be controlled through
careful substrate design and reaction conditions [103].

Intramolecular cycloaddition reactions provide efficient routes to polycyclic structures found in natural products [104]. The
conformational constraints imposed by tethering groups influence the stereochemical outcome and can lead to highly selective
transformations [105]. Catalytic asymmetric cycloaddition reactions have been developed using chiral Lewis acids and
organocatalysts [106].

5.3. Radical Reactions

Free radical additions to a,B-unsaturated aryl ketones offer complementary reactivity patterns to ionic processes [107]. Carbon-
centered radicals typically add to the B-carbon, generating ketyl radicals that can be trapped by hydrogen atom donors or participate
in further transformations [108]. Atom transfer radical addition (ATRA) reactions provide access to functionalized ketones with
high regio- and stereoselectivity [109].

Photochemical reactions of o,3-unsaturated aryl ketones involve electronic excitation to generate reactive excited states [110]. These
photoreactions can lead to geometric isometization, cycloaddition, or radical fragmentation depending on the substitution pattern
and reaction conditions [111]. Photocatalytic protocols using visible light have been developed for selective functionalizations [112].

6. Pharmacological Properties

6.1. Anticancer Activity

6.1.1. Mechanisms of Action

o,B-Unsaturated aryl ketones exhibit potent anticancer activity through multiple mechanisms of action. The primary mode involves
the inhibition of tubulin polymerization, leading to cell cycle arrest in the G2/M phase. Chalcone detivatives bind to the colchicine-
binding site on tubulin, preventing microtubule formation and ultimately triggering apoptosis. The planar aromatic system facilitates
binding interactions with the protein surface through n-n stacking and hydrophobic interactions [112].

Additional mechanisms include the activation of apoptotic pathways through mitochondrial dysfunction and caspase activation.
Many derivatives induce the release of cytochrome ¢ from mitochondria, leading to the formation of apoptosomes and subsequent
activation of caspase-9 and caspase-3. The generation of reactive oxygen species (ROS) contributes to oxidative stress and DNA
damage, further promoting apoptotic cell death [114].

Specific protein kinases represent important molecular targets for o,B-unsaturated aryl ketones. Inhibition of epidermal growth
factor receptor (EGFR), vascular endothelial growth factor receptor (VEGFR), and other receptor tyrosine kinases disrupts cellular
signaling pathways essential for cancer cell survival and proliferation. Structure-activity relationship studies have identified key
structural features required for kinase selectivity and potency [115].

6.1.2. Structure-Activity Relationships

Systematic investigations of anticancer activity have revealed important structure-activity relationships for o,3-unsaturated aryl
ketones. The presence of electron-donating substituents such as methoxy and hydroxyl groups on the aromatic rings generally
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enhances cytotoxic activity [116]. The position of substitution significantly affects potency, with para-substitution often providing
optimal activity [117].

Halogen substituents, particularly fluorine and chlorine, frequently improve anticancer activity while enhancing metabolic stability.
The introduction of heterocyclic moieties or additional pharmacophores can lead to synergistic effects and improved selectivity.
Hybrid molecules combining chalcone frameworks with established anticancer agents have shown promising results in preclinical
studies [118].

6.2. Antimicrobial Activity

6.2.1. Antibacterial Properties

o,B-Unsaturated aryl ketones demonstrate significant antibacterial activity against both Gram-positive and Gram-negative bacteria.
The mechanism involves disruption of bacterial cell membrane integrity through interaction with membrane phospholipids. The
lipophilic aromatic system facilitates insertion into the lipid bilayer, while the electrophilic enone moiety can react with sulfhydryl
groups in membrane proteins [119].

ANTICANCER ACTIVITY

1Cas: 1-10 M
Multiple cancer cell lines

ANTIMICROBIAL ACTIVITY

MIC: 264 pgimL.
Broad spectrum activity

a,B-Unsaturated
Aryl Ketones
(Chalcones)

Tubulin Membrane
Disruption

& Permeabilization

DNA Gyrase
& Topoisomerase
Inhibition

Apoplosis
Inguction via
Mitochondrial pathway

Arest
(G2/M phase)

Cell Gycle ’

STRUCTURE-ACTIVITY

MOLECULAR TARGETS
RELATIONSHIPS
Proteins, Enzymes,
ANTIINFLAMMATORY DNA. Membranes Electronic & steric sffects ANTIOXIDANT ACTIVITY
ACTIVITY Free radical scavenging
COX-2 selective inhibition Metal chelation
coxzaLox NEB DeRH aABTS N2 Batheay
Enzyme Pathway Radical Activation
Inhibiton Suppression Scavenging & Enzyme Induction
PHARMACOKINETIC CLINICAL CHALLENGES

PROPERTIES Selectivity, Stability,

Bioavailability,

Absorption, Distribution.
Drug interactions

Metabolism. Excretion

Figure 2. Biological Activities and Mechanisms of Action of «,3-Unsaturated Aryl Ketones

Inhibition of essential bacterial enzymes represents another important mechanism of antibacterial action. DNA gyrase,
topoisomerase 1V, and bacterial RNA polymerase are common targets for chalcone derivatives. The binding interactions involve
both covalent modification through Michael addition and non-covalent interactions with the enzyme active sites [120].

Efflux pump inhibition has been identified as a mechanism by which certain «,8-unsaturated aryl ketones enhance the activity of
conventional antibiotics. This property is particularly valuable for combating antibiotic-resistant bacterial strains that rely on efflux

pumps to maintain low intracellular drug concentrations [121].

Table 3. Antimicrobial Activity of Selected «,3-Unsaturated Aryl Ketones

Compound Structure | Target Organism | MIC (pg/mL) | Mechanism of Action | Standard Drug Comparison
4-Hydroxychalcone S. anreus 8-16 Membrane disruption | Ampicillin (2-4)
3,4-Dihydroxychalcone | E. coli 16-32 DNA gyrase inhibition | Ciprofloxacin (0.5-1)
4-Methoxychalcone C. albicans 32-64 Ergosterol biosynthesis | Fluconazole (2-8)
2-Hydroxychalcone P. aeruginosa 64-128 Efflux pump inhibition | Gentamicin (4-8)
4-Fluorochalcone B. subtilis 4-8 Cell wall synthesis Vancomycin (1-2)

Quinolinyl chalcone M. tuberculosis 2-4 RNA polymerase Rifampin (0.1-0.5)

Pyridinyl chalcone Aspergillus niger 16-32 Mitochondrial function | Amphotericin B (1-4)

MIC = Minimum Inhibitory Concentration
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6.2.2. Antifungal and Antiviral Activities

Antifungal activity of a,-unsaturated aryl ketones is primarily attributed to interference with ergosterol biosynthesis. Inhibition of
lanosterol 14a-demethylase, a key enzyme in the ergosterol pathway, leads to altered membrane composition and compromised cell
viability. The structural similarity to azole antifungals suggests competitive binding to the enzyme active site [122].

Antiviral activities have been reported against various RNA and DNA viruses. Inhibition of viral reverse transcriptase, protease,
and neuraminidase enzymes contributes to the antiviral effects. The molecular basis for antiviral activity often involves covalent
modification of cysteine residues in viral proteins through Michael addition reactions [123].

6.3. Anti-inflammatory and Antioxidant Properties

6.3.1. Cyclooxcygenase and Lipoxygenase Inbibition

The anti-inflammatory activity of o,3-unsaturated aryl ketones is largely attributed to inhibition of cyclooxygenase (COX) and
lipoxygenase (LOX) enzymes. Selective COX-2 inhibition provides anti-inflammatory effects while minimizing gastrointestinal side
effects associated with COX-1 inhibition. The binding mode involves both competitive and non-competitive inhibition mechanisms
[124].

5-Lipoxygenase inhibition reduces the production of leukotrienes, important inflaimmatory mediators. The dual inhibition of COX
and LOX pathways provides synergistic anti-inflammatory effects and represents a promising therapeutic approach. Molecular
docking studies have identified key binding interactions responsible for enzyme selectivity [125].

6.3.2. Antioxidant Mechanisms

The antioxidant activity of o,B-unsaturated aryl ketones involves multiple mechanisms including free radical scavenging, metal
chelation, and enzyme modulation. Phenolic hydroxyl groups serve as hydrogen donors in radical scavenging reactions, while the
conjugated system can stabilize radical intermediates. The presence of multiple hydroxyl groups enhances antioxidant potency
through synergistic effects [126].

Modulation of antioxidant enzyme expression represents an indirect mechanism of antioxidant activity. Upregulation of superoxide
dismutase, catalase, and glutathione peroxidase enhances cellular defense against oxidative stress. Nuclear factor erythroid 2-related
factor 2 (Nrf2) pathway activation has been identified as a key mechanism for antioxidant enzyme induction [127].

7. Structure-Activity Relationships

7.1. Electronic Effects of Substituents

The biological activity of «,3-unsaturated aryl ketones is strongly influenced by the electronic properties of aromatic substituents.
Electron-donating groups such as methyl, methoxy, and hydroxyl substituents generally enhance biological activity by increasing
electron density in the aromatic system. This effect modulates the electrophilicity of the enone moiety and influences binding
interactions with biological targets [128].

Table 4. Structure-Activity Relationships for Anticancer Activity

Substitution Pattern | R4 (Ring A) R, (Ring B) | IC5q (pM)* | Activity Level | Key Interactions
4-Methoxy -OCHj; -H 2.3 High Tubulin binding
4-Hydroxy -OH -H 1.8 High H-bonding, n-n stacking
3,4-Dimethoxy -OCH3, -OCHj3 | -H 3.1 Moderate Enhanced lipophilicity
4-Nitro -NO, -H 8.7 Low Electron withdrawal
4-Fluoro -I -H 4.2 Moderate Metabolic stability
2,4-Dihydroxy -OH, -OH -H 1.2 Very High Multiple H-bonds
4-Bromo -Br -H 5.9 Moderate Halogen bonding
3,4,5-Trimethoxy -OCHj3 (X3) -H 2.7 High Colchicine-like binding

* 1Csg values against HelLa cell line

Electron-withdrawing substituents including nitro, cyano, and trifluoromethyl groups often reduce biological activity despite
increasing the electrophilicity of the B-carbon. This apparent contradiction suggests that optimal activity requires a balance between
electrophilicity and other molecular properties such as lipophilicity and binding affinity. The position of substitution (ortho, meta,
or para) significantly affects these electronic interactions [129].
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7.2. Steric and Lipophilic Contributions

Steric factors play a crucial role in determining the biological activity of a,3-unsaturated aryl ketones. Bulky substituents can interfere
with binding to biological targets while potentially improving selectivity. The conformational flexibility of the enone system is
influenced by steric interactions, which can affect the accessibility of reactive sites [130].

Lipophilicity represents a critical parameter for biological activity, affecting cellular uptake, distribution, and metabolism. Optimal
lipophilicity values vary depending on the specific biological target and mechanism of action. Quantitative structure-activity
relationship (QSAR) studies have identified lipophilicity ranges associated with maximal activity for different biological endpoints
[131].

4-OCH:: Enhanced membrane permeability

RING A MODIFICATIONS
(Electron-donating effects)

4-OH: High anticancer ativity

3,4-diOH: Strong antioxidant activity
2-OH: Intramolecular H-bonding

RING B MODIFICATIONS

(Electron-withdrawing effects)

Core a,B-Unsaturated Ketone

Ar, -CO-CHeCH-Ar;

Conjugated T1-system with electrophilic B-carbon

4-NO:: Decreased activity

4-CI: Improved metabolic stability
4-F: Enhanced bioavailability

4-CF:: Increased lipophilicity

LINKER MODIFICATIONS

a-Methyl: Increased steric bulk — reduced activity
B-Methyl: Altered Michael addition reactivity
Extended conjugation: Enhanced planar structure
Modified

Figure 3. SAR of «,3-unsaturated aryl ketones

7.3. Hybrid Molecules and Bioisosterism

The development of hybrid molecules combining «,3-unsaturated aryl ketone frameworks with other pharmacophores has emerged
as a promising strategy for enhancing biological activity. Chalcone-triazole hybrids exhibit improved antimicrobial activity compared
to either component alone. The triazole moiety contributes additional binding interactions while maintaining the reactivity of the
enone system. Bioisosteric replacements have been explored to improve the pharmacokinetic properties of «, B-unsaturated aryl
ketones. Replacement of the carbonyl group with isosteric functionalities such as sulfonyl or phosphoryl groups can modify
reactivity while preserving binding interactions. These modifications often result in improved metabolic stability and reduced toxicity
[132].

Table 5. Computational Parameters for QSAR Analysis

Descriptor Parameter Symbol | Range Optimal Biological Software
Type Value** Correlation
Electronic Hammett o -08to+1.2 | -0.2to +0.3 Anticancer activity ChemDraw
Constant
Lipophilicity LogP LogP -2to +8 2.5t04.5 Cell permeability ALOGPS
Steric Taft Constant Es -3to+2 -1 to +0.5 Enzyme binding Spartan
Topological Molecular Weight | MW 150-500 200-350 Drug-likeness MOE
Geometric Planarity T 0° to 90° 0° to 30° 7-T interactions Gaussian
H-bonding H-bond Donors HBD 0-6 1-3 Protein binding Dragon
H-bonding H-bond Acceptors | HBA 0-12 2-6 Solubility Pipeline Pilot
Surface Area Polar Surface Area | PSA 20-200 40-90 U BBB permeation ChemAxon
Flexibility Rotatable Bonds RB 0-15 2-8 Bioavailability OpenEye

8. Conclusion

«, B-Unsaturated aryl ketones are unique class of compounds with remarkable synthetic versatility and biological activities. The
unique electronic properties arising from the conjugated enone system provide opportunities for selective interactions with
biological targets while enabling diverse chemical transformations. The extensive body of research spanning synthetic methodology,
mechanistic studies, and biological evaluation has revealed the immense potential of these compounds in medicinal chemistry. The
development of green chemistry techniques has addressed environmental concerns while improving synthetic efficiency. Modern
catalytic methods, microwave-assisted synthesis, and biocatalytic transformations have expanded the accessible chemical space while
reducing environmental impact. The use of computational techniques has accelerated the discovery process and enabled rational

Jahnavi Sujitha K and Govinda Rao Kamala 127



Journal of Pharma Insights and Research, 2025, 03(04), 119-132

design strategies. Structure-activity relationship studies have provided valuable insights into the molecular features responsible for
biological activity. The influence of electronic and steric factors on pharmacological properties has guided the design of improved
derivatives with enhanced potency and selectivity. The development of hybrid molecules and bioisosteric modifications has further
expanded therapeutic possibilities. The fundamental reactivity and biological activity of «,3-unsaturated aryl ketones ensure their
continued importance in organic chemistry and drug discovery.
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