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ABSTRACT 

       Spiro trienones are an important class of compounds 

in synthetic organic chemistry, known for their complex 

three-dimensional structures and potential applications in 

pharmaceuticals and materials science. Bi-aryl ynones, 

characterized by the conjugation of an alkyne with two aryl 

rings, have emerged as a highly versatile structural motif 

for the construction of spiro trienones. This review provides 

a comprehensive overview of the synthetic approaches to 

spiro trienones using bi-aryl ynones, exploring their struc-

tural features, reactivity, and the underlying mechanisms 

of their transformations. The review also discusses the 

broad scope of these reactions and highlights recent ad-

vances that have expanded the utility of bi-aryl ynones in 

organic synthesis. Potential applications of spiro trienones 

in drug discovery and materials science are also discussed, 

along with future directions for research in this area. 
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Introduction 

Spiro compounds have long fascinated syn-

thetic chemists due to their unique architec-
ture and the challenges associated with their 

synthesis. Among these, spiro trienones rep-

resent a class of compounds with a rigid, pol-

ycyclic structure that is often functionalized 

with diverse substituents, making them valu-

able for various applications, particularly in 
pharmaceuticals.  

Bi-aryl ynones have proven to be versatile in-

termediates in the synthesis of spiro tri-

enones. These compounds, which consist of 

an alkyne group conjugated with two aryl 
rings, offer numerous possibilities for chemi-

cal transformations. The electronic and steric 

properties of bi-aryl ynones can be fine-tuned 

by varying the substituents on the aryl rings, 

allowing for the controlled synthesis of spiro 

trienones with specific structural features. 
This review aims to discuss the key synthetic 

methodologies that utilize bi-aryl ynones to 

construct spiro trienones, with a focus on the 

mechanisms, scope, and applications of these 

reactions. 

Reaction Scheme  

Below is a generalized reaction scheme 

illustrating the synthesis of spiro trienones 

from bi-aryl ynones: 

1.  Preparation of Bi-Aryl Ynones: 

The bi-aryl ynone is synthesized via cross-
coupling reactions, such as Suzuki or So-

nogashira coupling, where an aryl halide re-

acts with an alkyne in the presence of a palla-

dium catalyst. 

2.  Cyclization to Spiro Trienone: 

The bi-aryl ynone undergoes an intramolecu-

lar cyclization reaction, which can be catalyzed 

by palladium, copper, or a photochemical pro-

cess, depending on the desired outcome. This 

step forms the spirocyclic core of the trienone. 

3.  Post-Cyclization Modifications: 

Further functionalization of the spiro tri-

enone, such as oxidation or substitution reac-

tions, to introduce additional complexity to the 

molecule. 

General Reaction Scheme: 

 

Where : 

- R1 and R2- represent substituents on the 

aryl rings that can be tailored to affect the re-
activity and selectivity of the reaction. 

- Catalyst and Conditions- refer to the specif-

ic conditions used for cyclization, such as pal-

ladium catalysis, radical initiators, or photo-

chemical activation. 

Materials and Methods 

The synthesis of spiro trienones via bi-aryl 

ynones typically involves several key steps, in-

cluding the preparation of the bi-aryl ynone 

precursor, followed by a cyclization reaction to 

form the spirocyclic core, and finally, further 

functionalization to yield the desired spiro tri-

enone. The following sections outline the gen-

eral methods and materials used in these pro-

cesses: 

1. Preparation of Bi-Aryl Ynones: 

      - Aryl Acetylenes: Aryl acetylenes serve 

as the starting material, typically synthesized 

through Sonogashira coupling of aryl halides 
with terminal alkynes. 

       -  Cross-Coupling Reactions: Palladium-

catalyzed cross-coupling reactions, such as 

Suzuki or Stille coupling, are commonly em-

ployed to introduce the second aryl group, 

forming the bi-aryl ynone. 

2. Cyclization Reactions: 

      -  Intramolecular Cyclization: Nucleo-

philic or electrophilic cyclization reactions are 

utilized to form the spirocyclic structure, often 

involving catalytic systems such as palladium 
or copper. 

     -   Radical Cyclization: Radical initiators, 

such as AIBN or photochemical activation, are 

used to generate radical intermediates that 

undergo cyclization. 

3. Functionalization: 

      -  Post-Cyclization Modifications: Fur-

ther transformations, such as oxidation, reduc-

tion, or substitution reactions, are performed 

to introduce additional functional groups or 

modify existing ones, enhancing the complexi-

ty of the spiro trienone. 

 

 

R1-Ar-≡-C-Ar-R2 → (catalyst, conditions)          →       Spiro Trienone 

(Functionalized) 
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Results and Discussion 

The utilization of bi-aryl ynones in the synthe-

sis of spiro trienones has led to the develop-
ment of several efficient and versatile synthetic 

methodologies. The results from these studies 

highlight the importance of careful selection of 

reaction conditions and catalysts to achieve 

high regio- and stereoselectivity in the for-

mation of spiro trienones. 

1. Palladium-Catalyzed Cyclizations: 

      - Regioselectivity : Palladium-catalyzed 

intramolecular cyclizations of bi-aryl ynones 

with nucleophiles such as amines or alcohols 

have been shown to produce spiro trienones 
with high regioselectivity. These reactions often 

proceed with excellent yields and can be con-

ducted under mild conditions, making them 

suitable for the synthesis of a wide range of spi-

rocyclic compounds. 

2.   Radical-Initiated Reactions: 

    -  Diastereoselectivity : Radical-initiated 

cyclizations of bi-aryl ynones are particularly 

useful for constructing spiro trienones with 

quaternary carbon centers. These reactions are 

often highly diastereoselective, producing spi-
rotrienones with well-defined stereochemistry. 

The use of radical initiators such as AIBN or 

photochemical activation has expanded the 

scope of these transformations, enabling the 

synthesis of structurally complex spirotri-

enones.  

3.    Photochemical Reactions: 

     -  Reaction Pathways: Photochemical acti-

vation of bi-aryl ynones has led to the discovery 

of new reaction pathways for the synthesis of 

spiro trienones.These light-induced reactions 
often proceed through unique mechanisms, 

such as photoinduced electron transfer (PET), 

allowing for the formation of spirocyclic struc-

tures under very mild conditions. 

The breadth of these reactions underscores the 

versatility of bi-aryl ynones as intermediates in 
spiro trienone synthesis. The ability to modu-

late the electronic and steric properties of bi-

aryl ynones through substitution on the aryl 

rings has proven to be a powerful tool in achiev-

ing selective and efficient syntheses of these 
complex molecules. 

  Future Research Plan 

       The development of bi-aryl ynones as ver-

satile intermediates for the synthesis of spiro 

trienones opens up several promising avenues 

for future research: 

 

1. Expanding Catalytic Methodologies: 

         - Future research should focus on devel-

oping new catalytic systems that can further en-
hance the efficiency, selectivity, and environ-

mental sustainability of spiro trienone synthe-

sis. Metal-free catalysis, as well as the explora-

tion of greener solvents and reaction conditions, 

could significantly impact this field. 

2.   Asymmetric Synthesis: 

        - While some progress has been made in 

the asymmetric synthesis of spirotrienones, 

there remains a significant need for new strate-

gies that can achieve high enantioselectivity. 

Investigating chiral catalysts and reagents to 
develop highly enantioselective methods will be 

crucial for the pharmaceutical applications of 

these compounds. 

3.   Mechanistic Studies: 

         - Detailed mechanistic studies are need-
ed to better understand the reaction pathways 

and intermediates involved in the cyclization of 

bi-aryl ynones. Advanced spectroscopic and 

computational methods could provide deeper 

insights into these processes, facilitating the 
rational design of new reactions. 

4.    Application in Drug Discovery: 

     - Spiro trienones exhibit promising biological 

activities, and future research should explore 

their potential as lead compounds in drug dis-

covery. This includes screening for pharmaco-
logical properties and optimizing these mole-

cules for specific therapeutic targets. 

5. Materials Science Applications: 

      - The unique structural features of spiro 

trienones could be leveraged in the develop-
ment of novel materials with specific electronic, 

optical, or mechanical properties. Research in 

this area could lead to new applications in elec-

tronics, photonics, and beyond. 

  Conclusion 

The use of bi-aryl ynones as a structural motif 

in the synthesis of spiro trienones has opened 

up new avenues in synthetic organic chemistry. 

The versatility of these compounds, coupled 

with the broad range of reactions they can un-
dergo, makes them invaluable in the construc-

tion of spirocyclic structures. Recent advances 

in palladium-catalyzed, radical-initiated, and 

photochemical reactions have expanded the 

scope of bi-aryl ynone-based syntheses, ena-

bling the formation of spiro trienones with high 
complexity andprecision. As research continues 

in this area, the development of new synthetic 

methodologies and the exploration of bi-aryl 

ynones in other applications, such          as drug 
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discovery and materials science, are expected to 

yield further significant advancements. 
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