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SYNOPSIS 

 

The thesis entitled Exploration of Morita-Baylis-Hillman Adducts of 

Pyrazoledione and 3-Methyleneoxindole to Access Multifunctional 

Spiroheterocycles with Contiguous Chiral Centres is organized into five 

chapters. 

Chapter 1: Organocatalysis, Photocatalysis, and Base-Catalyzed Synthesis of 

Spirocycles via Morita-Baylis-Hillman Adducts and 3-Methyleneoxindole 

 

          This introductory chapter presents a brief overview of spiropyrazolone and spirooxindole 

scaffolds, emphasizing their structural significance and synthetic methodologies. The reactivity 

and applications of Morita–Baylis–Hillman (MBH) adducts as key intermediates and their 

utility in constructing spiropyrazolone and spirooxindole frameworks have been highlighted. 

Additionally, the chapter explores the application of 3-methyleneoxindole as a crucial 

precursor in synthesizing spirooxindole derivatives has been presented. The strategic 

importance of these approaches in developing structurally complex and pharmacologically 

relevant spirocyclic architectures has been discussed as well.          

Among the various strategies for the carbon–carbon bond formation, the Morita–Baylis–

Hillman (MBH) reaction has emerged as a highly significant and versatile method for the  

Scheme 1.1 Representative example of Morita-Baylis-Hillman reaction 
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efficient construction of C–C and C–X bonds under mild reaction conditions. This classical 

transformation facilitates the formation of a carbon–carbon (C–C) bond by coupling the α-

position of an activated alkene with an aldehyde in the presence of a nucleophilic catalyst, such 

as a tertiary amine or phosphine (Scheme 1.1). The MBH reaction has gained considerable 

prominence due to its atom economy, broad substrate scope, and operational simplicity, making 

it an invaluable tool in modern synthetic organic chemistry. 

The products of the Morita–Baylis–Hillman (MBH) reaction, commonly referred to as MBH 

adducts, are usually highly functionalized molecules that feature diverse functional groups,  

 

Scheme 1.2 Some examples of the transformation of Morita-Baylis-Hillman (MBH) adducts 
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including allylic alcohols, activated alkenes, and electron-withdrawing substituents in the near 

vicinity. Due to this dense functionalization, MBH adducts serve as versatile synthetic 

precursors, enabling various useful chemical transformations. They have been extensively 

utilized in various synthetic methodologies, such as photochemical reactions, Friedel–Crafts 

reactions, Diels–Alder cycloadditions, Heck coupling, hydrogenation reaction, and Johnson-

Claisen rearrangement processes (Scheme 1.2). Their broad applicability highlights their 

significance in the development of complex molecular Architectures.  

In addition to their known transformations, Morita-Baylis-Hillman (MBH) carbonates have 

been recognized for their diverse annulation reactions, which are instrumental in synthesizing 

various spirocyclic compounds. Notably, MBH carbonates derived from pyrazolonedione, 

designated as 1, have proven to be valuable precursors for generating biologically pertinent 

spirocyclic scaffolds, including cyclopentadiene pyrazolones 3, 5, 7. This has been achieved 

through [3+2] annulation reaction with substrates such as 2-arylideneindane-1,3-diones 2, 

isatin-derived N-Boc-ketimine 4, and 4-benzylidene-3-pheny isoxazol-5-one 6, among others 

(Scheme 1.3). 

 

 

Scheme 1.3 Cycloaddition of Morita-Baylis-Hillman (MBH) carbonates of pyrrazolone  
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In addition to these transformations, visible light driven photocatalysis facilitates various 

annulation reactions, which play a crucial role in synthesizing structurally diverse spirocyclic 

compounds.  Some of the photocatalyzed reactions enabled the construction of complex 

molecular frameworks with enhanced functionality and unique architectures. In 2012, Xiao and 

coworkers disclosed a highly diastereoselective and regioselective [2+2] cycloaddition of 3-

methyleneoxindoles 8 via visible-light photocatalysis (Scheme 1.4). 

 

Scheme 1.4 Visible light mediated dimerization of 3-methyleneoxindole in the presence of 

Ru(bpy)3Cl2.6H2O photocatalyst  

 

Although MBH adduct 1 and 3-methyleneoxindole 8 have been extensively employed in 

diverse annulation strategies for constructing spirocyclic frameworks, substantial scope 

remains for further advancements. The strategic utilization of MBH adducts holds promise for 

accessing structurally intricate and pharmaceutically significant spirocyclic architectures. 

Moreover, current methodologies involving pyrazoledione-based MBH adducts often fall short 

in achieving the desired levels of stereoselectivity, necessitating further refinement. In addition, 

exploring novel and practical synthetic applications of MBH carbonates derived from 

pyrazolone 1 and 3-methyleneoxindole 8 represents a formidable yet highly rewarding 

challenge in contemporary organic synthesis.  

Chapter 2: A streamlined Synthesis of Spirooxindole-Pyrazolone Fused 

Cyclopentenes via Diastereoselective [3+2] Annulation 

           

          This chapter elucidates the development of an innovative, regio- and diastereoselective 

strategy for the synthesis of spiropyrazolone 10 and spirooxindole 13 through a [3+2] 
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annulation reaction. This transformation employs Morita–Baylis–Hillman (MBH) carbonates 

derived from pyrazolonedione 1 in conjunction with 3-methyleneoxindoles 8, as well as MBH 

carbonates of isatin 11 coupled with arylidenepyrazolones 12 facilitated by tertiary amine 

catalysis (Scheme 2.1 and Scheme 2.2). 

The chapter commences with an overview of the significance of dispiropyrazolone and dispiro 

oxindole scaffolds, along with a discussion of selected synthetic methodologies reported for 

their construction. These spirocyclic frameworks represent highly versatile and structurally 

distinct motifs, garnering considerable interest due to their prominent pharmacological 

relevance. Consequently, significant research efforts have been dedicated to the regio- and 

stereoselective synthesis of diverse spiropyrazolone and spirooxindole derivatives. However, 

existing synthetic protocols often suffer from inherent limitations, such as restricted substrate 

scope, reliance on transition metal catalysis, the necessity for stoichiometric bases, and elevated 

reaction temperatures.  

In response to these challenges, a streamlined and efficient synthetic approach has been 

developed for the construction of dispiropyrazolones 10 and dispirooxindoles 13. This 

methodology leverages the [3+2] cycloaddition strategy through Lewis base organocatalysis, 

offering a metal-free and operationally simple alternative pathway for the generation of these 

structurally intricate architectures. Upon establishing the optimized reaction conditions, the 

scope of the [3+2] annulation was systematically explored using various combinations of 

substituted 3-methyleneoxindoles (8a–8v) and MBH carbonates (1a–1c). This investigation 

led to synthesizing dispiropyrazolone derivatives (10a–10x), as summarized in Scheme 2.1. 

All examined substrates smoothly participated in the annulation process, furnishing the desired 

dispiropyrazolone products (10a–10x) with adjacent quaternary spirocenters consistently in 

high to excellent yields (up to 96%, Scheme 2.1). The transformation exhibited remarkable 

diastereoselectivity (dr >20:1), underscoring the efficiency of the developed protocol. Notably, 

the presence of electron-donating or weakly electron-withdrawing substituents on the 3-

methyleneoxindole framework 8 or the MBH carbonates 1 had no significant impact on the 

reaction outcome. Both the yields and stereoselectivity remained unaffected, highlighting the 

robustness and broad applicability of the developed synthetic strategy. 

In a similar manner, the substrate scope of the [3+2] annulation involving MBH carbonates of 

isatin 11 and arylidenepyrazolones 12 was systematically evaluated under the optimized 

reaction conditions (Scheme 2.2). The reaction proceeded efficiently with a range of MBH  
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Scheme 2.1 Substrate scope of [3 + 2] annulation to access dispiropyrazolone derivativesa-c 

 

[a]Reaction Conditions:  Unless stated otherwise, reactions were performed using 1a-1c [0.094 

mmol], 8a-8v [0.112 mmol], and the DMAP [20 mol%] in 2.0 mL of the specified solvent at 

the indicated temperature and reaction time. [b]Yields represent isolated products following 

purification by column chromatography. [c]Diastereomeric ratios were determined via 1H NMR 

analysis. 
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carbonates (11a–11e) derived from isatin and arylidenepyrazolones 12 in the presence of 4-

dimethylaminopyridine (DMAP) as a Lewis base catalyst (20 mol%), in chloroform at ambient 

temperature. This transformation resulted in the formation of the desired spirooxindole 

derivatives (13a–13e) in excellent yields (up to 98%) with outstanding diastereoselectivity (up 

to dr >20:1, Scheme 2.2). The reaction conditions proved to be highly efficient and tolerant of 

various substituents, underscoring the robustness and general applicability of this 

organocatalytic approach in constructing complex spirocyclic architectures with precise 

stereocontrol. 

Scheme 2.2 Substrate scope of [3 + 2] annulation to access dispirooxindole derivativesa-c 

[a]Reaction Conditions: Unless otherwise specified, reactions were conducted with 11a-11e 

(0.115 mmol), 12 (0.138 mmol), and the DMAP (20 mol%) in chloroform at room temperature 

for 2 h. [b]Yields represent isolated products obtained after purification via column 

chromatography. [c]Diastereomeric ratios were determined through 1H NMR spectroscopy. 
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We have successfully established a highly efficient and versatile strategy for synthesizing  

structurally diverse dispiropyrazolone 10 and dispirooxindole 13 derivatives. This approach is 

based on [3+2] annulation reaction involving Morita–Baylis–Hillman (MBH) carbonates 

derived from pyrazolonedione 1 and 3-methyleneoxindoles 8, as well as MBH carbonates of 

isatin 11 in combination with arylidenepyrazolones 12. 

The developed protocol enabled the construction of spiropyrazolone 10 and spirooxindole 13 

frameworks in consistently high yields and excellent diastereoselectivity. The efficiency, 

practicality, and broad applicability of this methodology have been substantiated through the 

successful synthesis of spiroheterocycles (a total of 29 distinct examples). This highlights the 

synthetic utility of the protocol for the generation of complex spirocyclic architectures under 

mild and practical reaction conditions. 

Chapter 3: Visible-Light-Induced Diastereoselective [4+2] Cyclization for 

Efficient Synthesis of 3,4-Fused Spirooxindoles from 3-Methyleneoxindoles 

 

          This chapter presents an innovative visible-light-driven strategy for the direct 

functionalization of the unactivated C4 position of 3-methyleneoxindoles 8 for the direct 

synthesis of 3,4-fused spirooxindoles 14 via a formal [4+2] cycloaddition. This approach 

circumvents the necessity for the pre-functionalization steps, thus making it an economical and 

direct synthetic pathway. 3-Methyleneoxindoles 8 undergo an efficient cyclization process in 

the presence of a catalytic amount of CeCl3 and alkaline conditions under visible-light 

irradiation, affording the complex 3,4-fused spirooxindole 14 frameworks featuring four 

contiguous stereocenters. The protocol has demonstrated remarkable chemo- and 

regioselectivity, affording the target 3,4-fused spirooxindole 14 in moderate to good yields 

(Scheme 3.1). 

The chapter begins by highlighting the significance of 3,4-fused spirooxindole scaffolds, 

emphasizing their synthetic and pharmacological relevance. A critical discussion on some of 

the selected synthetic methodologies for the construction of 3,4-fused spirooxindole has been 

provided along with their structural diversity and synthetic versatility. 3,4-Fused spirooxindole 

framework has attracted considerable attention due to its potential biological activities, 

prompting extensive research into regio- and stereo-selective approaches for its synthesis. 



xix 
 

Scheme 3.1 Substrate scope of [4+2] annulation: access 3,4-fused spirooxindole derivativesa-b 



xx 
 

Standard reaction conditions: [a]3-Methyleneoxindole 8w-8bb (2 mmol, 1 equiv), CeCl3 (20 

mol%), Cs2CO3 (20 mol%) in MeCN (0.06 M), irradiated with two Kessil Blue LED (427 nm, 

100% intensity, 60–65 °C, fan switched off, 2*40 W) under a nitrogen atmosphere. 
[b]Diastereomeric ratio (>20:1 dr) was determined using ¹H NMR spectroscopy. 

However, many existing synthetic strategies exhibit intrinsic limitations, including the 

requirement for pre-functionalized substrates, elevated reaction temperatures, and sub-optimal 

diastereoselectivity, necessitating more efficient and selective methodologies. 

To address these challenges, an expedient and efficient synthetic strategy has been developed 

for the construction of 3,4-fused spirooxindole framework. This approach exploits a [4+2] 

cycloaddition mechanism under visible-light activation, providing an operationally 

straightforward and robust alternative for the synthesis of these architecturally complex 

structures. By harnessing the strength of photocatalysis, this method successfully circumvented 

the limitations of conventional protocols, facilitating the selective and efficient assembly of 

3,4-fused spirooxindole derivatives. 

Having obtained the optimum reaction conditions, the substrate scope of the [4+2] annulation 

was systematically investigated by employing a diverse range of substituted 3-

methyleneoxindoles. This comprehensive study enabled the efficient synthesis of a series of 

3,4-fused spirooxindole derivatives (14a–14ad), the details of which are summarized in 

Scheme 3.1. 

All tested substrates underwent annulation smoothly, affording the desired 3,4-fused 

spirooxindole derivatives (14a–14ad) in moderate to excellent yields (up to 92%). This 

transformation demonstrated exceptional diastereoselectivity (>20:1 dr), highlighting the 

efficiency of the developed methodology. Notably, the electronic nature of substituents on the 

3-methyleneoxindole framework 8, particularly electron-donating or electron-deactivating 

groups, exhibited a discernible influence on the reaction outcome. These findings underscore 

the robustness and broad applicability of this synthetic strategy.                         

 In conclusion, we have developed an efficient visible-light-driven strategy for the direct C4–

H functionalization of 3-methyleneoxindoles, facilitating the synthesis of 3,4-fused 

spirooxindoles 14 via a formal [4+2] cycloaddition. This methodology utilizes a catalytic 

amount of CeCl3 under basic conditions, affording the desired spirooxindole derivatives in 

moderate to good yields with outstanding chemo- and regio-selectivity. Furthermore, the 

protocol is scalable and effective even under the direct exposure of sunlight. Given its 
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operational simplicity and broad applicability, this approach represents a valuable tool for 

constructing architecturally complex molecular frameworks. 

 

Chapter 4: One-Pot Oxa-Michael-Initiated [4+2] Cycloaddition Cascade 

Between Pyrazoledione-Based Morita–Baylis–Hillman Alcohols and 

Arylidene Pyrazolones: A Concise Route to Dispiropyrazolone-Fused 

Tetrahydropyrans 

 

          This chapter discloses the development of a novel and regioselective metal-free oxa-

Michael strategy for the synthesis of dispiropyrazolone fused tetrahydropyrans compounds via 

a [4+2] annulation reaction. This transformation leverages oxa-Michael donor: Morita–Baylis–

Hillman (MBH) alcohols 15 derived from pyrazolonedione, in combination with 

arylidenepyrazolone 12 under the catalytic influence of tertiary butoxide anion. The 

methodology offers an efficient and selective approach for constructing complex molecular 

architectures without requiring any transition metal catalysts. 

The chapter begins with a comprehensive overview of the significance of dispiropyrazolone 

scaffolds, emphasizing their structural diversity and synthetic versatility. Some of the selected 

representative synthetic methodologies for the construction of dispiropyrazolone scaffolds 

have been discussed and highlighting the relevance of the compounds in medicinal chemistry 

due to their notable pharmacological properties. As a result, extensive research has been 

devoted to the regio- and stereo-selective synthesis of diverse dispiropyrazolone derivatives. 

However, existing synthetic approaches often suffer from inherent limitations, including 

prolonged reaction times, dependence on transition-metal catalysis, low diastereoselective and 

a restricted substrate scope, necessitating the development of more efficient and broadly 

applicable methodologies. 

To address some of these challenges, a streamlined and highly efficient synthetic strategy has 

been developed to construct dispiropyrazolones 16. This approach exploits a [4+2] 

cycloaddition mechanism under tertiary butoxide catalysis, providing a transition metal-free 

and operationally straightforward alternative for assembling these architecturally complex 

frameworks. This methodology enhances sustainability while ensuring high selectivity and 

efficiency in the synthesis of dispiropyrazolone fused tetrahydropyrans derivatives in very 

rapid reaction time (within 1-2 min.). 
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Having established the optimum reaction conditions, the scope of the [4+2] annulation was 

systematically explored using a diverse array of substituted Morita–Baylis–Hillman (MBH) 

alcohols 15a-15f derived from pyrazolonedione, along with various arylidenepyrazolones 12a-

12ab. This protocol facilitated the efficient synthesis of a series of dispiropyrazolone 

derivatives (16a–16af) Scheme 4.1. 

Scheme 4.1 Substrate scope of [4+2] annulation to access 

 a-c          

aReaction conditions: Unless stated otherwise, reactions were performed using Pyro-MBH 

alcohol 15a-15f (1 equiv, 0.2 mmol), 12a-12ak (1 equiv, 0.2 mmol) and KOt-Bu (50 mol%, 

0.1 mmol) in 1,4-Dioxane (1.0 mL) at room temperature for 1–2 min.b Single diastereomer. 
cThermal ellipsoids at the 50% probability level.  

All evaluated substrates participated smoothly in the annulation process, affording the desired 

dispiropyrazolone derivatives (16a–16af) in modest to very good yields (up to 83%). This 

efficient transformation has demonstrated the high selectivity in constructing the complex 
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scaffold in very rapid reaction time. Notably, the electronic properties of substituents on the 

arylidenepyrazolones 12, particularly electron-donating, electron-activating and electron-

withdrawing groups, significantly influenced the reaction outcome. Additionally, variations in 

the substituents on the Morita–Baylis–Hillman (MBH) alcohol 15 derived from 

pyrazolonedione also had a noticeable impact on the efficiency and selectivity of the 

transformation (Scheme 4.1). These findings highlight the broad applicability and versatility 

of this synthetic approach. 

In conclusion, a rapid and transition metal-free oxa-Michael cascade [4+2] annulation strategy 

has been developed for the efficient construction of structurally complex dispiropyrazolone-

fused tetrahydropyran frameworks. This method leverages pyrazolonedione-derived Morita–

Baylis–Hillman (Pyro-MBH) alcohols as novel oxa-Michael donors, demonstrating 

exceptional atom economy. Notably, this is the first report where unprotected Pyro-MBH 

alcohols have been directly utilized for the synthesis of pyrazolone-based spirocyclic 

compounds. The reaction proceeds within a remarkably short time frame, forming two tertiary 

and two quaternary stereocenters with excellent diastereoselectivity. Additionally, the protocol 

is operationally simple, scalable to gram quantities, and compatible with post-synthetic 

functionalization via Suzuki coupling. Importantly, the methodology avoids the use of costly 

reagents or catalysts, offering a highly efficient and sustainable route to complex 

spiroheterocyclic architectures.           

Chapter 5: Efficient Synthesis of Spiropyrazolone Pyrrolidinediones 

Fused  Tetrahydropyran via Base-Induced [4+2] Cycloaddition 

 

          In this chapter, presents the design and development of a novel, transition metal-free 

oxa-Michael cascade [4+2] annulation strategy aimed at the efficient construction of 

spiropyrazolone pyrrolidinediones fused tetrahydropyran framework. This expedient and facile 

synthetic approach is notable for its atom-economical nature, providing a sustainable and 

environmentally friendly alternative to the traditional transition metal-catalyzed reactions. The 

methodology capitalizes on the unique reactivity of pyrazolonedione-derived Morita–Baylis–

Hillman (Pyro-MBH) alcohols 15, which have been specifically adapted to function as potent 

oxa-Michael donors. 

The reaction system is carefully planned to achieve high levels of chemo- and regio-selectivity,  
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ensuring that the cascade process proceeds smoothly without the need for external additives. 

Pyro-MBH alcohols 15, owing to their activated hydroxyl groups adjacent to electron-deficient 

pyrazolone moiety, demonstrate exceptional nucleophilicity, making them ideally suited for 

participation in the oxa-Michael addition. Their engagement with suitably designed arylidene-

substituted pyrrolidinediones 17 resulted in an elegant sequence of bond-forming events, 

culminating in the rapid and efficient assembly of highly functionalized, structurally complex 

spiropyrazolone pyrrolidinediones fused tetrahydropyran hybrids 18. 

The chapter gives a brief overview on the importance as well as exploration of spiropyrazolone 

and spiropyrrolidinediones frameworks, underlining their remarkable structural diversity and 

synthetic adaptability. It presents a critical analysis of key synthetic strategies previously 

reported for the construction of these scaffolds, with particular emphasis on their prominent 

role in medicinal chemistry owing to their diverse pharmacological activities. As a result of 

their significant bioactivity, substantial efforts have been dedicated for the development of 

regio- and stereoselective methods towards the synthesis of various spiropyrazolones and 

spiropyrrolidinediones. 

Nevertheless, many of the existing synthetic routes are hindered by certain inherent drawbacks, 

such as extended reaction durations, reliance on transition metal catalysis, and a limited range 

of applicable substrates. These limitations have underscored the need for more practical, 

efficient, and broadly applicable synthetic methodologies. 

In this regard, we designed and developed an expedient synthetic strategy for the construction 

of spiropyrazolone pyrrolidinediones fused tetrahydropyran 18. This newly developed 

approach harnesses a [4+2] cycloaddition pathway, promoted by sub-catalytic amount of 

tertiary butoxide there by offering a transition metal-free and operationally simple alternative 

strategy for building the structurally intricate molecules. The method proved to be high 

stereoselective and efficient for the synthesis of spiropyrazolone pyrrolidinediones fused 

tetrahydropyran 18. 

Having obtained the optimum reaction conditions, the substrate scope of the [4+2] annulation 

reaction was thoroughly investigated by employing a wide range of substituted Morita–Baylis–

Hillman (MBH) alcohols 15a-15e derived from pyrazolonedione, in combination with various 

arylidene pyrrolidinediones derivatives 17a-17t. The protocol enabled the efficient synthesis 

of a series of spiropyrazolone pyrrolidinediones fused tetrahydropyran products (18a–18x) in 

moderate to very good yields (up to 87%, Scheme 5.1). The transformation exhibited excellent 
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selectivity and efficiency, underscoring the reliability and robustness of the developed 

synthetic protocol to access the desired spirocyclic compounds in very short reaction time (5-

20 min.). Importantly, we observed that the electronic nature of the substituents on the 

arylidene-pyrrolidinediones scaffolds 17 has a pronounced effect on the reaction outcomes. 

Substrates bearing electron-donating or mildly electron-withdrawing groups on the aryl moiety 

significantly influenced the reaction efficiency and product yields. Furthermore, modifications 

to the substituents on the pyrazolonedione-derived MBH alcohols 15 also impacted the overall 

reaction performance, affecting both yield and selectivity. 

Scheme 5.1 Substrate scope of [4+2] annulation to access dispiropyrazolone derivativesa-c          

[a]Reaction Conditions:  Unless stated otherwise, reactions were performed using 18a-18e (0.2 

mmol), 20a-20t (0.2 mmol) and the KOt-Bu [ 50 mol%] in 1.0 mL of the 1,4-Dioxane at the 

room temperature for 5-20 min. b Single diastereomer. cThermal ellipsoids at the 50% 

probability level.   

We observed that the protocol demonstrated a broad functional group tolerance and wide 

applicability of the methodology, establishing it as a powerful and versatile strategy for the 

synthesis of complex spiropyrazolone pyrrolidinediones fused tetrahydropyran architecture. 

In summary, we have developed a facile transition metal-free oxa-Michael cascade [4+2]  

annulation to access structurally complex spiropyrazolone pyrrolidinediones fused 

tetrahydropyran framework in a regioselective and efficient manner. The strategy employed 

pyrazolonedione-derived Morita–Baylis–Hillman alcohols as oxa-Michael donors to access 
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spiropyrazolone pyrrolidinediones fused tetrahydropyran with two tertiary and two quaternary 

stereocenters in remarkably short reaction time (5–20 min.) in atom economic manner. It is 

also important to highlight that we explored the pyrazolonedione-derived Morita–Baylis–

Hillman alcohols without any protection of alcohol moiety.  

 

***** 

Please note that the numbering of substrates and products in the synopsis may differ from those 

used in the main thesis. Compound numbers have been assigned independently within each 

chapter for clarity and convenience, and as a result, some compound numbers may vary 

between chapters. 
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Abstract  

This chapter highlights the importance of spirocyclic compounds and gives a brief overview of 

the selected synthesis of spirocyclic compounds using Morita-Baylis-Hillman (MBH) adducts 

and 3-methyleneoxindoles through organocatalysis, photocatalysis, and base-catalyzed 

strategies. Spirohetreocycles are characterized by their unique three-dimensional 

architectures, and they are known to exhibit significant pharmaceutical and biological 

activities. The MBH reaction is a powerful carbon-carbon bond-forming strategy that serves 

as a key platform for accessing diverse spiroheterocyclic frameworks. Recent advancements 

have enabled the development of highly regio- and stereo-selective catalytic approaches, 

overcoming limitations of traditional methods. Some of the mechanistic insights, synthetic 

versatility, and practical applications of these catalytic transformations have also been 

highlighted. Some of these transformations inspired and made the foundation for the 

subsequent novel research methods that are described in the later part of this thesis. 
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1.1 Introduction  

Among many natural compounds, spiroheterocyclic scaffold compounds are quite unique due 

to their unique structural framework. Spiroheterocyclic compounds are formed by two cyclic 

structures intersecting at a single shared carbon atom, known as the spiroatom.  Many 

spirohetreocycles are known for their bioactivity, and the spiro scaffold has been increasingly 

included as a structural component in many drug candidates and several classes of chiral 

ligands that are employed in asymmetric synthesis. Recent advancements in organic synthetic 

strategies have led to a marked increase in the exploration of spirocyclic structures in drug 

discovery. These compounds, with their unique three-dimensional frameworks, are now 

recognized for their potential to enhance molecular diversity and improve pharmacological 

properties, making them increasingly attractive targets in medicinal chemistry.1 Due to our 

continued interest in the synthesis of interesting and useful spirocyclic compounds, we became 

more interested in reviewing the literature on spirocyclic compounds. There are different types 

of biologically important spirocyclic compounds present in bioactive compounds and drug 

molecules in the literature. We became particularly interested in spiropyrazolone and 

spirooxindole motifs, as many of the drugs, natural products, and pharmaceuticals contain 

either spiropyrazolone or spirooxindole spirocyclic scaffolds.  

In spirooxindoles, 2-oxindole derivatives fused with another cyclic system at the C-3 position 

have gained significant interest among synthetic and medicinal chemists worldwide. Some of 

the spirooxindole-containing natural products and bioactive compounds include horsfiline, 

spindomycin B, gelsemine, alstonisine, NNRTIs HIV-1 inhibitor, cipagamin, SPX-F (Figure 

1.1).  

Additionally, several synthetic molecules, such as CFI-400945 and SAR-405838, have been 

developed based on this scaffold, with some showing promising anticancer properties (Figure 

1.1). Compounds having a spirooxindole scaffold have demonstrated a range of biological 

activities, including anticancer and antiparasitic effects, and some of the compounds are 

progressing to phase I clinical trials due to their potent anticancer potential as well.2 
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Figure 1.1 Representative natural products and bioactive compounds having spirooxindole 

motif 

Spiropyrazolones, a distinctive subclass of pyrazolone derivatives characterized by the fusion 

of an additional cyclic moiety at the C-4 position. Over the years, spiropyrazolones have gained 

substantial interest from the community of synthetic and medicinal chemists from across the 

globe. The structural complexity and unique pharmacological profiles of these compounds 

render them valuable in various therapeutic contexts. Notably, spiropyrazolones exhibit a              

 

Figure 1.2 Representative bioactive compounds with spiropyrazolone motif    
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spectrum of biological activities, functioning as inhibitors of type-4 phosphodiesterase and also 

demonstrating significant antimicrobial and antitumor properties. Furthermore, they have been 

identified as inhibitors of TbrPDEB1 and possess noteworthy antiviral activity, underscoring 

their potential as multifaceted agents in drug development and biomedical research (Figure 

1.2).3 

The importance of spiropyrazolone and spirooxindole scaffolds from a biological perspective 

is really significant, as various strategies have been disclosed in the literature. Undoubtedly, 

these unique molecular structures have attracted considerable attention due to their diverse 

pharmacological activities and potential therapeutic applications.4 Various synthetic strategies, 

such as alkylation, metal-catalysis, ring-closure, cycloadditions, radical, and rearrangement 

pathways, have been explored to synthesize different compounds with spiropyrazolone and 

spirooxindole scaffolds. Some of the relevant topics, such as organocatalysis, building blocks 

such as Morita-Baylis-Hillman (MBH) adduct and their utility, and some selected synthesis of 

spiropyrazolone and spirooxindole scaffolds using cycloaddition strategies have been 

discussed.                                         

1.2 Synthesis of spiroheterocyclic scaffolds via organocatalysis 

Organocatalysis, within the realm of organic chemistry, leverages organic molecules to 

accelerate chemical reactions to construct complex molecular architecture.  Unlike the metal 

catalysts, organocatalysts are derived from chiral pools of natural or nature-inspired 

compounds and are primarily composed of elements like carbon, hydrogen, and sulfur, along 

with other nonmetallic elements commonly found in organic compounds.  They function by 

interacting with reactants to lower the energy barrier of the reaction, thereby increasing its rate.  

Organocatalysis offers advantages such as environmental friendliness due to the absence of 

heavy metals, readily available and often inexpensive starting materials, and the potential for 

high selectivity and control over reaction outcomes.5 Over the years, organocatalysis has grown 

rapidly by expanding the field of chemical synthesis. Organocatalysis is broadly classified into 

two primary categories based on the nature of the interaction established between the substrate 

and the organocatalyst. This classification hinges on the fundamental bonding principles and 

the resulting impact on the overall catalytic mechanism.6 

1.2.1 Covalent organocatalysis: This branch is characterized by forming a transient, covalent 

bond between the organocatalyst and the substrate. This interaction leads to the generation of 

a reactive intermediate, often resulting in a change in the electronic structure and reactivity of 



5 
 

the substrate. Upon completion of the catalytic cycle, the organocatalyst is regenerated, 

facilitating the transformation of the substrate. 

1.2.2 Non-covalent organocatalysis: In contrast, non-covalent organocatalysis relies on 

weaker, non-covalent interactions to mediate the catalytic process. A prominent example is the 

utilization of hydrogen bonding. Through specific functional groups, the organocatalyst 

establishes hydrogen bonds with the substrate, leading to substrate preorganization, activation, 

or stabilization of transition states. Though weaker than covalent bonds, these interactions can 

still significantly influence the reaction pathway and enhance the rate of the reaction and 

stereoselectivity. Some of the examples of covalent and noncovalent organocatalysts have been 

highlighted in Figure 1. 3.  

 

Figure 1.3 Representative examples of covalent and non-covalent organocatalysts 

These covalent and noncovalent organocatalysis used for different organic transformations 

such as Aldol Reaction, Mannich Reaction, Michael Addition, Diels–Alder reaction, Friedel–

Crafts reaction, Morita-Baylis-Hillman Reaction, Reduction, Henry reaction etc. As the thesis 

work is mainly focused on the Morita-Baylis-Hillman (MBH) adduct, some of the selected 

MBH reactions have been presented.  
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1.3 The Morita-Baylis-Hillman (MBH) reaction 

The Morita-Baylis-Hillman (MBH) reaction is a powerful carbon-carbon bond-forming 

reaction. It facilitated the formation of α-methylene-β-hydroxy carbonyl compounds. This 

reaction involves the coupling of an activated alkene (at the α-position) with an aldehyde, 

catalyzed either by a phosphine (Morita, 1968)7 or by using a tertiary amine (Baylis and 

Hillman, 1972)8 (Scheme 1.1). Furthermore, the MBH reaction can be extended using activated 

imines instead of aldehydes as well. This variation results in the formation of α-methylene-β-

amino carbonyl compounds and is termed the aza-Morita-Baylis-Hillman (aza-MBH) reaction. 

 

 

 

Scheme 1.1 Representative example of Morita-Baylis-Hillman reaction 

While the MBH reaction holds considerable promise now, initially this was not explored to the 

fullest, and the lack of widespread adoption within the synthetic organic chemistry community 

limited its full synthetic potential. Since, 1980s MBH reaction and its diverse applications have 

gained a lot of importance with substantial attention to utilizing the MBH adducts in organic 

synthesis. 

The MBH (Morita-Baylis-Hillman) reaction is a versatile chemical transformation, widely 

utilized for the synthesis of various valuable compounds and synthetic intermediates. Its 

popularity stems from several key advantages and its broad applicability across diverse 

chemical applications. Here are some of the notable merits of the MBH reaction: 

 Atom Economy: The MBH reaction is generally considered atom-economical, as most 

(if not all) of the atoms of the starting materials are usually incorporated into the final 

product. This greatly minimizes waste and increases atom efficiency. 

 Formation of Multiple Bonds: The reaction elegantly constructs carbon-carbon 

double bonds (alkenes) and often introduces functionalized groups. This is crucial for 

building complex molecular architectures. 

 Functional Group Tolerance: The MBH reaction displays good functional group 

tolerance under various reaction conditions. It can often be utilized in the presence of a 

variety of other reactive groups without being significantly affected. Thus, it greatly 

offers flexibility in synthetic planning. 
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 Mild Reaction Conditions: Usually, the reactions can often be performed under 

relatively mild conditions (e.g., moderate temperatures, use of catalysts). This is really 

advantageous for sensitive compounds, and it greatly reduces the likelihood of side 

reactions. 

 Stereoselectivity: The MBH reactions can lead to selective formation of specific 

stereoisomers depending on the substrates, and this is vital as well as useful while 

designing and the synthesis of chiral molecules or molecules with desired three-

dimensional shapes. 

 Ease of Execution: The reaction setup and execution are typically straightforward, 

making it a relatively easy and accessible process for both experienced chemists as well 

as for those relatively new to synthetic methodologies. 

 Wide Substrate Scope: The MBH reaction exhibits a broader substrate scope and 

allows for the scope for the use of various aldehydes, activated alkenes (e.g., acrylates, 

vinyl ketones), and catalysts, expanding its utility in different contexts. 

1.4 MBH reaction mechanism 

In 1983, Hoffmann9 proposed the initial reaction mechanism for the Morita-Baylis-

Hillman (MBH) reaction. Later, Hill and Isaacs10 and other research groups refined the 

understanding of this mechanism. The general mechanism usually involves several key steps 

and has been depicted in Scheme 1.2.  

A tertiary amine catalyst (A), such as DABCO, reacts with an activated alkene (B), an -

unsaturated carbonyl compound like acrolein, methyl acrylate, or methyl vinyl ketone via a 

1,4-conjugate addition (Michael addition) to form a zwitterionic aza-enolate intermediate (C). 

This intermediate (C) then undergoes an aldol-type reaction with an aldehyde (D), such as 

acetaldehyde or benzaldehyde, to generate another intermediate (E). This subsequently 

undergoes an intramolecular proton shift, leading to the formation of intermediate (F). This 

finally affords MBH adduct (G) via either an E2 or E1cb elimination reaction, along with the 

subsequent release of the catalyst (A) to complete the catalytic cycle. 

Hill and Isaacs10 investigated the reaction mechanism using kinetic isotope effect (KIE)  

measurements involving acrolein, acetaldehyde, and DABCO. The KIE was found to be 1.03 

± 0.1. However, when α-deuterated acrylonitrile was used, no significant KIE was observed. 

Based on these results, it was concluded that the aldol addition step, which involves the 

formation of a carbon-carbon bond, is the rate-determining step (RDS). This conclusion is 
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supported by the fact that the RDS involves all three reactants (A, B, and D, as described in 

Scheme 1.2). 

 

 

Scheme 1.2 Hoffman/Hill and Isaacs proposed a plausible mechanism for the MBH reaction 

However, the mechanism that was originally suggested by Hoffmann, Hill, and Isaacs raised 

several queries and doubts. Some of these queries were not adequately clarified on certain 

aspects as follows: 

1. It did not satisfactorily account for the autocatalytic effect, where the accumulation of 

the product leads to an increase in the reaction rate. 

2. The mechanism also could not explain the significant formation of an unusual 

dioxanone by-product when the reaction was conducted with aryl aldehydes and 

acrylates. 

In order to deepen the understanding of the MBH reaction mechanism, the research groups of 

McQuade and co-workers11 and Aggarwal and co-workers12 have systematically re-examined 

the MBH reaction mechanism. Their studies concentrated on both the kinetic and theoretical 

aspects, particularly emphasizing the role of the proton transfer step. McQuade and co-workers 

discovered that the MBH reaction follows first-order kinetics with respect to both DABCO and 

methyl acrylate, while it is second-order with respect to aldehyde (p-nitrobenzaldehyde). They 

also measured a pronounced kinetic isotope effect (k-H/k-D) of 5.2 ± 0.6 in DMSO, which,  
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Scheme 1.3 McQuade and co-workers proposed a plausible mechanism for the MBH reaction 

together with values consistently above 2 in solvents such as Chloroform, acetonitrile, and 

tetrahydrofuran strongly suggest that proton abstraction is involved in the rate-determining 

step. Based on these kinetic findings, McQuade proposed a revised mechanism in which the 

initial steps (I and II, Scheme 1.3) are essentially the same as those outlined earlier by Hill and 

Isaacs (see Scheme 1.2). After the initial aldol reaction (step II), a second aldehyde molecule 

is incorporated, forming a hemiacetal alkoxide intermediate (I) as depicted in Scheme 1.3. This 

intermediate then undergoes a proton transfer through a six-membered transition state-which 

is identified as the rate-determining step to furnish MBH adduct J. Ultimately, this adduct J 

converts either into the final MBH product L or rearranges to form the dioxanone by-product 

K (Scheme 1.3). 

Aggarwal and co-workers proposed that proton transfer is the rate-determining step (RDS) 

initially, occurring when less than 20% of the reaction has progressed (Scheme 1.4). As the 

reaction proceeds and the concentration of product increases, however, step II becomes the 

RDS. This elevation in product concentration improves the efficiency of the proton transfer 

process. They further suggested that the MBH adduct P could serve as a proton donor, thereby 

facilitating the proton-transfer step through a six-membered intermediate N as illustrated in 

Scheme 1.4. 

Based on recent mechanistic studies, it has been concluded that the rate-determining (RDS) 

step involves the 1,3-proton shift.  
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Scheme 1.4 Plausible mechanism for the MBH reaction by Aggarwal and coworkers  

1.5 Morita-Baylis-Hillman (MBH) adducts 

The utilization of Morita-Baylis-Hillman (MBH) adducts in organic synthesis has seen a 

substantial increase over recent decades, owing to their versatile structural features and diverse 

functionalities. These adducts are characterized by multifaceted functional groups, including 

allylic alcohols and amines, which contribute significantly to their reactivity and utility in  

 

 

 

 

 

 

Figure 1.4 Densely functionalized MBH adducts: versatile intermediates in organic synthesis 

various synthetic pathways. Additionally, MBH adducts incorporate activated alkenes that 

serve as Michael acceptors, facilitating conjugate addition reactions. Incorporating electron-

withdrawing groups (EWGs) further enhances their reactivity and compatibility with numerous 

synthetic methodologies (as depicted in Figure 1.4). The rich functionalization endows MBH 
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adducts with the capability to participate in a wide array of chemical transformations, thus 

establishing them as important intermediates in the field of organic chemistry.13 

1.6 Functional group transformations in Morita-Baylis-Hillman adducts 

Morita-Baylis-Hillman (MBH) adducts possess multiple functional groups in close spatial 

proximity, rendering them highly versatile intermediates for diverse synthetic transformations.  

 

Figure 1.5 Selected transformations of Morita-Baylis-Hillman (MBH) adducts 

Their unique structural framework enables the participation in a wide array of synthetic 

reactions, including the Claisen rearrangement, Friedel-Crafts alkylation and acylation, Heck 
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coupling, Diels-Alder cycloaddition, catalytic hydrogenation, and Michael-type conjugate 

additions, among others. These transformations significantly enhance the synthetic utility of 

MBH adducts, facilitating the construction of complex molecular architectures with high 

efficiency and selectivity.13 

 1.7 Utilization of Morita-Baylis-Hillman adducts in the synthesis of spirocyclic 

framework via organocatalysis  

Carbocyclic and heterocyclic scaffolds have garnered immense attention in synthetic organic 

chemistry owing to their structural complexity, diverse reactivity, and profound significance in 

medicinal chemistry, agrochemicals, and materials science. These cyclic frameworks serve as 

core building blocks in the synthesis of many bioactive compounds, including pharmaceuticals, 

natural products, and advanced functional materials. Their unique electronic and steric 

properties contribute to their widespread utility in designing and constructing new chemical 

entities (NCEs), to modulate the interactions with biological targets, and to harness the 

potential therapeutic activity. Additionally, their applications extend to the fine chemical 

industry, where they play a crucial role in the synthesis of dyes, polymers, and specialty 

chemicals. As a result, the exploration of efficient synthetic methodologies for the construction 

of carbocyclic and heterocyclic systems remains a fundamental pursuit in contemporary 

organic synthesis.20 

In recent years, isatin and pyrazolone-derived Morita-Baylis-Hillman adducts have emerged as 

versatile and excellent precursors for the construction of structurally diverse spirocyclic 

scaffolds.21 Isatin-derived MBH (Morita-Baylis-Hillman) adducts and pyrazoledione-derived 

MBH (Morita–Baylis–Hillman) adducts easily undergo cycloaddition reactions through a 

similar mechanism. Both involve an electron-deficient alkene system that facilitates 

nucleophilic attack, followed by cyclization to form the desired heterocyclic structure. It is well 

known that the electronic nature of the substituents on isatin and pyrazolone influences the 

reactivity and regioselectivity of the reaction. While the core mechanism remains comparable, 

variations in steric and electronic effects can lead to differences in reaction rates as well as 

product distribution. The general reactivity of pyrazoledione-derived MBH (Morita–Baylis–

Hillman) adducts follows a well-defined mechanistic pathway, as outlined in Scheme 1.5. The 

process is initiated by the nucleophilic attack of a Lewis base catalyst (LB), such as phosphines 

(PR₃), amines (NR₃), or sulfides (SR₂), on the MBH carbonate of pyrazolone via an SN2 

mechanism. This nucleophilic displacement leads to the formation of a transient phosphonium 

or ammonium salt intermediate (A), accompanied by the elimination of carbon dioxide (CO₂) 
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and tert-butoxide as a leaving group (Scheme 1.5). Subsequently, the in situ generated Brønsted 

base (tert-butoxide) facilitates the deprotonation of intermediate A, resulting in the formation 

of an allylic phosphorus/amine ylide intermediate (B). This ylide species exhibits high 

nucleophilicity and can undergo further transformations depending on the nature of the 

dipolarophile present in the reaction medium. 

The reactivity of intermediate B is dictated by its ability to engage in annulation pathways 

through either the B-α or B-γ position, leading to the formation of distinct annulated products. 

The reaction proceeds via a cyclization step, wherein the ylide undergoes regioselective 

addition to the dipolarophile to furnish the α-annulation or γ-annulation products (Scheme 1.5). 

Importantly, the Lewis base catalyst (LB) is regenerated at the end of the reaction cycle, making 

the process catalytic and highly efficient. 

 

Scheme 1.5 General mechanistic pathway for cycloaddition of pyrazoledione-derived MBH 

(Morita–Baylis–Hillman) adduct with dienophile  

 

This mechanistic pathway underscores the versatility of pyrazoledione-derived MBH (Morita– 

Baylis–Hillman) adducts as key intermediates in annulation reactions, providing access to 

structurally diverse cyclic frameworks with potential applications in organic synthesis and drug 

discovery as well. 
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Some of the pyrazoledione-derived MBH (Morita–Baylis–Hillman) adducts and isatin-derived 

MBH (Morita-Baylis-Hillman) adducts have been utilized for the synthesis of the spirocyclic 

scaffold via the organocatalytic cycloaddition pathway. 

 In 2022, Guo and coworkers22 reported a [3+2] annulation reaction catalyzed by 4-

(dimethylamino)pyridine (DMAP) by employing pyrazoledione-derived Morita–Baylis–

Hillman (MBH) carbonates 1 and 2-arylideneindane-1,3-diones 2 as key reactants (Scheme 

1.6). This transformation efficiently furnished a range of multifunctional spiropyrazolone 

derivatives 3 in modest to excellent yields with very good diastereoselectivities (up to 99%, 

varying from 3:2 to greater than > 20:1 dr). As a class of Lewis-base receptors, pyrazoledione 

derived MBH carbonates serve as crucial substrates in organocatalyzed annulation processes, 

facilitating the synthesis of structurally diverse pyrazolinone-containing dispirocyclic 

frameworks. 

Scheme 1.6 Organocatalysed synthesis of spiropyrazolone via Pyro-MBH carbonate 

In 2022, Han and coworkers23 reported the catalytic asymmetric synthesis of the bis-

spiro[pyrazolone–dihydropyrrole–oxindole] 6 frameworks using a chiral DMAP-derived  

 

 

Scheme 1.7 Organocatalysed synthesis of bispiro[pyrazolone–dihydropyrrole–oxindole 

framework via Pyro-MBH carbonate with isatin derived imine 
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catalyst. In this transformation, pyrazoledione-derived MBH (Morita–Baylis–Hillman) 

carbonate 4 and isatin-derived imine 5 have been utilized, and the reaction proceeded with 

exceptional stereoselectivity to afford the desired product in high yields (Scheme 1.7). The 

proposed transition state analysis suggested that intermolecular hydrogen bonding and π–π 

interactions played a pivotal role in governing the stereoselective nature and outcome of the 

chemical transformation. 

 

In 2024, Wang and coworkers24 introduced a highly enantioselective [3+2] cyclization 

approach for synthesizing bis-spirocyclic pyrazolones 9 using pyrazolone-based Morita–

Baylis–Hillman (MBH) adducts 7 and arylidenyl isoxazolones 8. This transformation was 

catalyzed by a chiral DMAP-derived organocatalyst for the formation of complex spirocyclic 

architectures. This spirocyclic compound was constructed with vicinal all-carbon quaternary 

stereocenters embedded in a cyclopentene framework. The reaction proceeded under mild 

reaction conditions to afford the desired spiroheterocycles in high yields with exceptional 

stereoselectivity (up to 95%, 98% ee, and >20:1 dr, see Scheme 1.8). This protocol provided a 

powerful strategy for the asymmetric synthesis of structurally intricate spirocyclic compounds, 

offering potential applications in synthetic and medicinal chemistry. 

 

 

Scheme 1.8 Organocatalysed synthesis of bis-spirocyclic pyrazolones framework via Pyro-

MBH Carbonate with arylidenyl isoxazolones 

 

In 2018, our research group25 reported a highly diastereoselective organocatalytic synthesis of 

cyclopentenyl bis-spirooxindoles 12 and cyclopropyl spirooxindoles 13 via [3+2] and [2+1] 

annulations. The tertiary amine catalysts (DMAP and DABCO) have been effectively 

employed to tune the cycloaddition of isatin-derived MBH carbonates 10 and 3-

methyleneoxindoles 11 to access two different spirooxindole frameworks with vicinal 

quaternary spiro centers and three contiguous stereocenters. The reactions worked under mild 
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and practical conditions to afford the spirooxindoles in good to excellent yields with very high 

diastereoselectivity (Scheme 1.9) 

  

 

Scheme 1.9 Organocatalysed synthesis of isatin-derived bis-spirocyclic framework via Is-

MBH carbonate with 3-methyleneoxindole  

 

1.8 Utilization of Morita-Baylis-Hillman adducts in spirocyclic framework synthesis via 

base 

Numerous studies in the literature describe the synthesis of spirocyclic frameworks utilizing a 

base in conjunction with Michael addition of MBH adducts. In 2022, Anwar and coworkers26 

developed an efficient transition metal-free strategy for synthesizing spiro-pyrazolone 

tetrahydropyran frameworks under ambient conditions. This transformation involved a formal 

[4+2] cyclization between trans-β-nitrostyrene-derived Morita–Baylis–Hillman (MBH) 

alcohol 14 and α-arylidene pyrazolone 15 (Scheme 1.10). The reaction proceeded via an oxa- 

Michael/Michael cascade mechanism, facilitating the formation of new C–C and C–O bonds. 

This elegant protocol utilized quinine-derived organocatalyst to afford the spirocyclic 

compounds 16 in excellent yields with impressive enantioselectivity and diastereoselectivity 

(up to 93%, 94% ee, and >20:1 dr, Scheme 1.10). This protocol proved to be very effective and 

robust for the stereoselective spirocyclization under very mild and simple reaction conditions. 
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Scheme 1.10 Base mediated [4+2] cyclization between trans-β-nitrostyrene-derived Morita–

Baylis–Hillman (MBH) alcohol and α-arylidene pyrazolone 

Very recently in 2023, Kesavan and coworkers27 reported a transition metal-free oxa-Michael 

cascade [4+2] annulation strategy that facilitated the reaction of isatin-derived Morita–Baylis–

Hillman (Is-MBH) alcohols 17 with α-arylidene pyrazolones 18 (Scheme 1.11). This 

innovative approach enabled the efficient construction of a structurally diverse tetrahydro-

dispiro[indolinone-3,2′-pyran-5′,4″-pyrazolone] 19 framework, effectively incorporating two 

tertiary and two quaternary stereogenic centers. The utilization of Is-MBH alcohols as oxa-

Michael donors marks a pioneering foray into highly atom-economical reaction pathways. This  

method showcased an exceptional performance by affording a broad spectrum of bioinspired 

tetrahydro-dispirooxindole-pyran-pyrazolone derivatives with remarkable efficiency, with 

impressive diastereoselectivity in an exceptionally short reaction time of 15 min at room 

temperature.  

Scheme 1.11 Base-mediated [4+2] cyclization via Is-MBH-derived alcohol and α-arylidene 

pyrazolone  

1.9 Utilization of visible light for the synthesis of Spirocyclic framework                           

Several studies in the literature describe the visible light-mediated synthesis of a spirocyclic 

framework. These approaches are generally categorized into two types: those that utilize 
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external photocatalysts and those that do not. Most reported methods focus on synthesizing a 

spirocyclic framework without the use of external photocatalysts. The visible light 

photochemical reactions that proceed without the requirement of any external photocatalysts 

can be further classified into five categories.28 

1. Visible light photoexcitation of a single substrate 

2. Visible light photoexcitation of reaction intermediates 

3. Visible light photoexcitation of EDA complexes between substrates 

4. Visible light photoexcitation of EDA complexes between substrates and reaction 

intermediates 

5. Visible light photoexcitation of products 

Attempts have been made to synthesize different spirocyclic compounds with and without the 

use of a photocatalyst. In 2012, Xiao and coworkers29 disclosed a highly diastereoselective and 

regioselective visible light-mediated [2+2] cycloaddition of 3-methyleneoxindoles 20 in the 

presence of a metal photocatalyst (Scheme 1.12). This photochemical strategy provided a rapid 

and efficient route to access structurally complex and functionally diverse oxindole derivatives 

21, featuring two spirocyclic frameworks and four stereogenic centers, including two fully 

substituted all-carbon quaternary centers. The developed methodology exemplified the power 

of visible-light-mediated transformations in the construction of architecturally intricate 

molecular scaffolds.                                                                                                                  

Scheme 1.12 Visible light-mediated dimerization of 3-methyleneoxindole in the presence of 

Ru(bpy)3Cl2.6H2O photocatalyst  

In 2017, He and coworkers30 reported a Rose Bengal-sensitized intermolecular [2+2] 

cycloaddition of 3-methyleneoxindoles 22, enabling the efficient synthesis of spirocyclic 

oxindoles 23 under visible-light irradiation (Scheme 1.13). This transformation proceeded with 
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high diastereoselectivity and regioselectivity to afford the cycloadducts (up to 93%, >19:1 dr). 

Notably, the reaction required only a minimal loading of Rose Bengal (0.125 mol%) as a triplet 

sensitizer, highlighting its remarkable catalytic efficiency. This protocol underscores the 

significant potential of Rose Bengal as a photocatalyst in visible-light-mediated organic 

transformations. 

 

Scheme 1.13 Visible light-mediated dimerization of 3-methyleneoxindole in the presence of 

Rose Bengal photocatalyst 

In 2021, Zhang and coworkers31 introduced an innovative method that employed the strength 

of visible light to facilitate [5+2] cycloaddition between vinylcyclopropanes (VCPs) 24 and 

thioparabanates 25 (Scheme 1.14). This elegant protocol worked smoothly without the need 

for any catalysts or additional additives. The approach proved to be environmentally friendly 

and atom-efficient to synthesize a diverse functionalized sulfur-containing seven-membered 

heterocycles 26 using visible light (White LEDs). Notably, the resultant compounds 

incorporated two adjacent fully substituted stereogenic centers under mild reaction conditions, 

marking a significant advancement in synthetic chemistry. 

Scheme 1.13 Visible light mediated synthesis of sulfur-containing seven-membered 

spiroheterocycles in the absence of a photocatalyst 
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Over the years, we have been exploring the organocatalytic cycloaddition strategies for the 

synthesis of spiropyrazolone and spirooxindole scaffolds.25, 32 Novel cycloaddition approaches 

to construct complex spiroheterocycles are challenging, and they offer a great opportunity to 

build newer scaffolds which may have potential applications in various fields, including 

medicinal chemistry and materials science. As we have been working in the area of 

organocatalysis as well as visible light photocatalysis, we aimed to synthesize complex 

spirocyclic scaffolds via organocatalytic, photochemical cycloaddition strategies under milder 

and transition metal-free reaction conditions.  

1.10 Conclusions 

In summary, Morita-Baylis-Hillman (MBH) adducts, notable for their accessibility and 

functional diversity, have been recognized as effective building blocks in organic synthesis. 

The MBH adducts facilitate the construction of a wide range of structurally unique compounds 

through various reaction pathways. Specifically, MBH adducts derived from pyrazolonediones 

have proven to be particularly valuable, serving as key intermediates in synthesizing diverse 

spiropyrazolones structures found in numerous natural products and have significant 

pharmacological relevance. 

This introductory chapter offers a succinct overview of the history and applications of the 

Morita-Baylis-Hillman (MBH) reaction in organic synthesis. It highlights some of the selected 

innovative methods that effectively utilize MBH adducts and 3-methyleneoxindole. These 

methods do open more avenues, and there remains significant potential to explore the potential 

of MBH adducts and 3-methyleneoxindole in synthesizing intriguing and complex spirocyclic 

compounds. Additionally, existing methodologies related to MBH adducts derived from 

pyrazolonedione and 3-methyleneoxindole have yet to achieve high levels of stereoselectivity 

as well. Consequently, there are great opportunities to explore novel and practical applications 

of pyrazolonedione-based MBH adducts and 3-methyleneoxindole to access newer 

spiroheterocyclic compounds via novel synthetic pathways.  

In the subsequent chapters, we have delved into the synthetic advantages and diverse 

applications of MBH adducts and 3-methyleneoxindole, focusing on their role in creating 

innovative spiroheterocyclic compounds by designing and developing novel methodologies. 
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Abstract 

 A highly diastereoselective [3+2] cycloaddition catalyzed by DMAP has been established, 

utilizing pyrazolonedione-derived Morita-Baylis-Hillman (MBH) carbonates and 3-

methyleneoxindoles as substrates. This method enabled the efficient synthesis of structurally 

intricate spiropyrazolone-fused oxindoles featuring three consecutive chiral centers in 

remarkable yields (up to 98%) with an exceptional diastereoselectivity (up to 99:1). 

Furthermore, the synthetic versatility of this approach has been demonstrated through 

subsequent Suzuki coupling and hydrolysis reaction. 

 

 

Sabale, A. S.; Warghude, P. K.; Bhat, R. G. Synlett 2023, 34, 1732. 
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2.1 Introduction 

Synthesis of spiro carbocyclic and heterocyclic frameworks has gained significant interest 

among synthetic and medicinal chemistry researchers over recent decades.1 The three-

dimensional architecture of spirocyclic frameworks enhances physicochemical properties, 

including metabolic stability, aqueous solubility, and lipophilicity, compared to their 

monocyclic counterparts.2 Spiro-cyclopentane-pyrazolone and spiro-cyclopentane-oxindole 

derivatives, as multifunctional spirocyclic compounds, have attracted substantial attention in 

organic synthesis and pharmaceutical research due to their diverse biological activities (Figure 

2.1). Notably, the spiropyrazolone cyclopentane derivative I function as a PPAR-α antagonist.3 

Furthermore, spirocyclic compounds II and III are recognized for their potent inhibitory effects 

on type-4 phosphodiesterases.4 Additionally, spiro-cyclopentane-oxindole derivatives, such as 

 

 

Figure 2.1 Notable examples of bioactive compounds featuring spirooxindole and 

spiropyrazolone frameworks 
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citrinadin A (IV) and spirotryprostatin B (V), have been identified as naturally occurring 

compounds.5 The spirooxindole compound VI demonstrates inhibitory activity against the 

P53/MDM2 interaction.6 In recent years, the integration of diverse pharmacologically 

significant scaffolds has emerged as a prominent and effective strategy for the design and 

development of novel biologically active compounds.7 In this context, the fusion of 

spiropyrazolone and spirooxindole frameworks offers a promising strategy for constructing 

structurally diverse and intriguing spiro-heterocyclic compounds, potentially facilitating the 

discovery of bioactive candidates. Notably, the combining approach has recently enabled the 

successful synthesis of compound VII, which exhibits hCE1 inhibitory activity.8 

2.2 Recent developments in the synthesis of spirooxindole fused pyrazolone  

Design and synthesis of spirocyclic compounds incorporating heterocyclic frameworks, such 

as oxindole and pyrazolone scaffolds, holds significant relevance, particularly in contemporary 

drug discovery initiatives. Given the importance of these structural motifs, numerous 

methodologies have been established for synthesizing spirooxindole-pyrazolone derivatives 

under organocatalytic conditions.9 

 In 2013 Wang and coworkers10 disclosed a pioneering organocatalytic Michael-cyclization 

cascade reaction, involving isothiocyanato oxindoles 1 and unsaturated pyrazolones 2 in the 

presence of the bifunctional thiourea catalyst TTC1. This approach enabled the efficient 

synthesis of multicyclic spiro[oxindole/thiobutyrolactam/pyrazolone] frameworks 3, featuring 

three consecutive stereogenic centers, including two spiro-quaternary centers. The method 

achieved remarkable diastereoselectivity (up to >20:1 dr) and enantioselectivity (up to 99% ee) 

(Scheme 2.1). 

 

Scheme 2.1 Synthesis of spiro[oxindole/thiobutyrolactam/pyrazolone] via chiral thiourea 

catalyzed [3 + 2] cycloaddition 

The following year, Yuan and coworkers 11 introduced an efficient organocatalytic approach  
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for the diastereo- and enantioselective synthesis of spirocyclic oxindole derivatives. This 

method employed commercially available quinine as a catalyst to construction the spirocyclic 

frameworks featuring two spiro-quaternary centers and three consecutive stereocenters via a 

domino Michael/cyclization sequence. The reactions between 3-isothiocyanato oxindoles 4 and 

unsaturated pyrazolones 5 proceeded under mild conditions, delivering spirocyclic oxindoles 

6 in high to excellent yields (up to 90%) with moderate to good levels of diastereoselectivity 

(up to 88:12 dr) and enantioselectivity (up to 90% ee). A plausible dual activation mechanism 

was proposed to rationalize the stereochemical outcomes of the domino Michael/cyclization 

process (Scheme 2.2).   

 

Scheme 2.2 Synthesis of spiro[oxindole/thiobutyrolactam/pyrazolone] via quinine-catalyzed 

asymmetric domino Michael-cyclization reaction  

In 2015, the Du research group12 introduced an effective diastereoselective Michael/alkylation 

cascade reaction between arylidenepyrazolones 7 and 3-chlorooxindoles 8, catalyzed by 
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Scheme 2.3 Synthesis of spiro-pyrazolone-cyclopropane-oxindoles via DIPEA-catalyzed and 

squaramide-catalyzed [2+1] cycloaddition reaction  

DIPEA. This strategy facilitated the synthesis of a diverse array of highly functionalized spiro-

pyrazolone-cyclopropane-oxindoles 9 with excellent yields (up to 99%) and impressive 

diastereoselectivities (up to >25:1 dr). Additionally, squaramide-catalyzed QS asymmetric 

variants of this reaction provided chiral spirocyclic heterocycles 10 in outstanding yields (up 

to 99%) with moderate diastereoselectivities (up to 87:13 dr), and moderate to high 

enantioselectivities (up to 74% ee) (Scheme 2.3). 

In 2018, Wang, Zou, and Ge collaboratively13 developed an asymmetric [3+2] cycloaddition 

strategy to synthesize spiropyrazolone-fused oxindole derivatives. This methodology 

employed novel 4-isothiocyanato pyrazolones 11 and ketimines derived from isatin 12 as key 

substrates, affording a diverse array of dispirotriheterocyclic compounds 13. The process 

achieved remarkable efficiency, in yields (up to 97%), with an exceptional diastereoselectivity 

(up to >20:1 dr), and high enantioselectivity (up to 98% ee). A chiral sulfoxide derivative of 

the resulting dispirocyclic product was identified as a promising human carboxylesterase 1 

(hCE1) inhibitor. It’s very important to highlight here that there was a significant difference in 

biological activity observed between the two enantiomers, which underscores the critical 

importance of the asymmetric synthesis (Scheme 2.4). 

Scheme 2.4 Synthesis of dispirotriheterocyclic compounds via asymmetric [3+2] cycloaddition 

Zhong and coworkers14 developed a highly regioselective, diastereoselective, and 

enantioselective method for synthesizing spirocyclopentene-fused oxindole-pyrazolone 

derivatives 16. This strategy enables the formation of complex molecular architectures 

featuring three contiguous stereocenters, including two adjacent spiro quaternary stereogenic 

centers, with excellent diastereoselectivity (up to 19:1) and enantioselectivity (up to 98% ee). 

https://pubs.rsc.org/en/results?searchtext=Author%3AWeihui%20Zhong
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The transformation is achieved through an enantioselective [3+2] annulation between γ-

substituted allenoates 14 and pyrazoloneyldiene oxindoles 15, catalyzed by a ferrocenyl-based 

bifunctional phosphine (PR3) (Scheme 2.5). In this context, developing a highly efficient one-

pot strategy for synthesizing multifunctionalized spirocyclic pyrazolones and oxindoles 

represents a significant and challenging objective in synthetic organic chemistry.  

Scheme 2.5 Synthesis of spiropyrazolone-fused oxindole derivatives 

2.3 Proposed hypothesis and synthetic approach 

We have been working on the synthesis of spirocyclic compounds, and with our continued 

interest in the synthesis of spirocyclic compounds and cycloaddition reactions involving isatin-

derived Morita-Baylis-Hillman carbonates,15 we directed our focus towards the design and 

development of spirooxindole-fused pyrazolone framework.  

In recent years, isatin-derived Morita-Baylis-Hillman (MBH) carbonates have been extensively 

utilized as three-carbon synthons for the synthesis of multifunctional hetero-spirocyclic 

compounds.16 Similarly, pyrazolonedione-based MBH carbonates have gained recognition as 

versatile intermediates for the construction of spiropyrazolone frameworks.17 Additionally, 3-

methyleneoxindole derivatives have demonstrated significant utility as valuable synthons in 

cycloaddition reactions, enabling the formation of structurally diverse spirocyclic oxindole 

architectures. Their broad reactivity has provided a robust platform for developing various 

synthetic compounds and molecular building blocks, including bioactive entities.18  

Based on the earlier experience, we postulated that a Lewis base catalyst, such as an amine or 

phosphine, would initiate an SN
2 reaction on the MBH carbonate A, forming intermediate B 

with the concurrent extrusion of CO2 and tert-butoxide (Scheme 2.6). The tert-butoxide, 

generated in situ as a Brønsted base, is expected to abstract a proton from intermediate B, 

forming a zwitterionic ylide intermediate C or C'. This reactive intermediate could 

subsequently interact with 3-methyleneoxindole D, facilitating the formation of compounds E 

or E', which incorporates the desired spiropyrazolone-oxindole framework. 
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Scheme 2.6 Proposed synthesis of spirooxindole-fused pyrazolone 

 

2.4 Results and Discussion 

In order to validate our hypothesis, a model reaction was performed using pyrazolonedione-

derived MBH carbonate 1a and (E)-1-methyl-3-(2-oxo-2-phenylethylidene)indolin-2-one 2a. 

The reaction proceeded under catalytic conditions employing DABCO (20 mol%) in 

dichloromethane (DCM) at room temperature. Gratifyingly, the reaction furnished the α-

regioselective [3+2] annulation product 3a in moderate yield (30%) with excellent 

diastereoselectivity (>20:1 dr, Table 2.1, entry 1). 

To improve the yield of 3a, independent reactions of 1a and 2a were conducted using PPh3 (20 

mol%) and DBU (20 mol%) as catalysts (Table 2.1, entries 2–3). Unexpectedly, no product 

formation was observed, even after extended reaction times (Table 2.1, entries 2–3). However, 

when 4-dimethylaminopyridine (DMAP, 20 mol%) was employed as the catalyst, the desired 

[3+2] annulation product 3a was obtained with a remarkable yield (90%) and excellent 

diastereoselectivity (>20:1 dr, Table 2.1, entry 4). Motivated by this significant improvement, 

efforts were directed towards developing an asymmetric variant of this α-regioselective [3+2] 

annulation reaction. 
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Table 2.1 Screening of catalysts and solvents for cycloaddition reaction[a-d] 

 

Entry Catalyst 

[mol%] 

Solvent Temp 

[° C] 

Time 

[h] 

Yield 

[%][b] 

dr[c] ee [%][d] 

1 DABCO [20] CH2Cl2 rt 36 30 >20:1 - 

2 PPh3 [20] CH2Cl2 rt 72 NR - - 

3 DBU [20] CH2Cl2 rt 72 NR - - 

4 DMAP [20] CH2Cl2 rt 24 90 >20:1 - 

5 C1 [20] CH2Cl2 rt 72 NR - - 

6 C2 [20] CH2Cl2 rt 24 65 >20:1 15 

7 C3 [20] CH2Cl2 rt 24 68 >20:1 21 

8 C4 [20] CH2Cl2 rt 24 73 >20:1 23 

9 C1 [20] CHCl3 rt 72 NR - - 
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10 C2 [20] CHCl3 rt 24 68 >20:1 10 

11 C3 [20] CHCl3 rt 24 70 >20:1 12 

12 C4 [20] CHCl3 rt 24 74 >20:1 15 

13 C5 [20] CHCl3 rt 24 NR - - 

14 C6 [20] CHCl3 rt 24 NR - - 

15 C7 [20] CHCl3 rt 24 NR - - 

16 C8 [20] CHCl3 rt 24 NR - - 

17 C9 [20] CHCl3 rt 24 NR - - 

18 C2 [20] CHCl3 0 36 63 >20:1 10 

19 C3 [20] CHCl3 0 36 60 >20:1 10 

20 C4 [20] CHCl3 0 36 65 >20:1 12 

21 DMAP [20] CHCl3 rt 24 92 >20:1 - 

22 DMAP [20] MeCN rt 24 81 >20:1 - 

23 DMAP [20] THF rt 24 80 >20:1 - 

24 DMAP [20] DMF rt 24 82 >20:1 - 

25 DMAP [20] EtOAc rt 24 85 >20:1 - 

26 DMAP [20] PhCH3 rt 24 87 >20:1 - 

27 DMAP [20] PhCl rt 24 89 >20:1 - 

28 DMAP [20] MeOH rt 24 85 >20:1 - 

29 DMAP [20] EtOH rt 24 78 >20:1 - 

30 DMAP [20] PrOH rt 24 84 >20:1 - 

31 DMAP [15] CHCl3 rt 24 78 >20:1 - 

[a]Reaction Conditions:  Unless stated otherwise, reactions were performed using 1a [0.094 

mmol], 2a [0.112 mmol], and the catalyst [20 mol%] in 2.0 mL of the specified solvent at the 

indicated temperature and reaction time. [b]Yields represent isolated products following 

purification by column chromatography. [c]Diastereomeric ratios were determined via 1H NMR 

analysis. [d]Enantiomeric excess [ee] was measured by HPLC utilizing a chiral stationary phase. 
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In pursuit of an asymmetric variant, we evaluated several chiral tertiary amine catalysts (Table 

2.1, entries 5–8). Unfortunately, we did not observe any desired product in the presence of 

cinchona-derived catalyst C1, even after an extended reaction period (Table 2.1, entry 5). 

Subsequently, chiral DMAP-based catalysts C2–C4 were employed to synthesize the optically 

enriched product 3a. Gratifyingly, all three catalysts successfully furnished the [3+2] 

annulation product 3a. However, the enantioselectivity achieved was consistently low across 

these catalysts, with enantiomeric excesses ranging from 15% to 23% (Table 2.1, entries 6–8). 

Despite our extensive efforts to achieve enantioselectivity, including the evaluation of various 

chiral catalysts under diverse reaction conditions, all the attempts proved to be unsuccessful 

(Table 2.1, entries 9–20). Given the significant relevance of spiropyrazolone and spirooxindole 

scaffolds in synthetic and medicinal chemistry, we further investigated the diastereoselective 

variant of this α-regioselective [3+2] annulation reaction. To refine the reaction conditions, a 

variety of solvents were evaluated, including chloroform, acetonitrile, tetrahydrofuran, 

dimethylformamide, ethyl acetate, toluene, chlorobenzene, methanol, ethanol, and propanol 

(Table 2.1, entries 21–30). Among all, chloroform emerged as the most effective solvent, room 

temperature facilitating the formation of spirooxindole-pyrazolone 3a in an excellent yield of 

92% with outstanding diastereoselectivity (>20:1 dr, Table 2.1, entry 21). Reducing the catalyst 

loading resulted in a slightly lower yield of 78%, while the diastereoselectivity remained 

unaffected (Table 2.1, entry 31). Based on exhaustive screening for the [3+2] cycloaddition 

reaction, MBH carbonate of pyrazolone 1a (1.0 equiv), (E)-1-methyl-3-(2-oxo-2-

phenylethylidene)indolin-2-one 2a (1.2 equiv.), and DMAP (20 mol%) in chloroform under 

room temperature proved to be the optimum reaction conditions to obtain spiropyrazolone-

fused oxindole derivatives efficiently with high selectivity and yield. 

To investigate the substrate scope of the [3+2] annulation reaction, we initially synthesized a 

range of pyrazolonedione-derived MBH carbonates (1a–1c) and various 3-methyleneoxindole 

derivatives (2a–2v). Under the optimized reaction conditions, pyrazolonedione-derived MBH 

carbonates 1a–1c reacted smoothly with a variety of 3-methyleneoxindoles 2a–2v to afford the 

corresponding spiropyrazolone-oxindole derivatives 3a–3x in good to excellent yields. The 

reactions exhibited exceptional diastereoselectivity with diastereomeric ratios exceeding >20:1 

and afforded the desired products in excellent yields (98%, Scheme 2.7). Notably, all the 

substrates underwent the [3+2] annulation reaction by affording the corresponding 

spiropyrazolone-oxindole derivatives 3a-3x featuring vicinal quaternary spirocenters under the 

optimized reaction conditions. It was observed that the presence of electron-donating groups  
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Scheme 2.7 Exploration of substrate scope for the [3+2] annulation reaction[a] 

[a]Reaction Conditions: Unless otherwise specified, reactions were conducted with 1a-1c 

(0.094 mmol), 2a-2v (0.112 mmol), and the DMAP (20 mol%) in chloroform at room 

temperature for 24 hours. [b]Yields represent isolated products obtained after purification via 
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column chromatography. [c]Diastereomeric ratios were determined through 1H NMR 

spectroscopy. 

(EDG) as well as electron-deactivating groups (e.g., Br, Cl, F) on the 3-methyleneoxindoles 2 

had no significant impact either on the yield or on the diastereoselectivity of the spirooxindole 

products. Additionally, 3-methyleneoxindoles with N-allyl or N-benzyl protecting groups 

participated efficiently in the reaction, affording the spirooxindole-fused pyrazolones in 

excellent yields with high Diastereoselectivity (Scheme 2.7). Furthermore, the molecular 

structure of compound 3p was unequivocally confirmed through single-crystal X-ray 

diffraction analysis (Scheme 2.7).19 

Scheme 2.8 Exploration of substrate scope for the [3+2] annulation reaction of MBH carbonate 

of isatin and arylidene pyrazolone [a] 

 

[a]Reaction Conditions: Unless otherwise specified, reactions were conducted with 4a-4e 

(0.115 mmol), 5a (0.138 mmol), and the DMAP (20 mol%) in chloroform at room temperature 
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for 24 hours. [b]Yields represent isolated products obtained after purification via column 

chromatography. [c]Diastereomeric ratios were determined through 1H NMR spectroscopy. 

Inspired by the promising result, we further extended the approach to employ MBH carbonates 

derived from isatin for the construction of spirooxindole-pyrazolone derivatives 6a-6e via 

[3+2] cycloaddition reaction. To the best of our knowledge, the utilization of arylidene 

pyrazolones 5a for the synthesis of spiropyrazolone-fused oxindole compounds bearing 

adjacent quaternary spirocenters has not been reported to date. In this context, MBH carbonates 

of isatin (4a–4e) were synthesized and subsequently treated with arylidene pyrazolone 5a under 

the optimized reaction conditions (Scheme 2.8). Gratifyingly, all reactions proceeded 

efficiently, affording the corresponding highly functionalized spiropyrazolone-fused oxindole 

derivatives (6a–6e) in excellent yields with excellent diastereoselectivity (up to 98% yield, dr 

ranging from 91:9 to 99:1, Scheme 2.8). The molecular structure of compound 6b was 

unambiguously confirmed by single-crystal X-ray diffraction analysis (Scheme 2.8).20 

Additionally, the structures of all other products were inferred based on analogy and 

corroborated by detailed spectroscopic data. 

To validate the practicality of this [3+2] annulation protocol, we explored the scaled-up 

reaction of pyrazolonedione-derived MBH carbonate 1a and 3-methyleneoxindole 2a under 

the optimized conditions to afford the spirooxindole 3a in an isolated yield of 83% (Scheme 

2.9).  

 

Scheme 2.9 Scale up synthesis 

To illustrate the synthetic potential of the developed protocol, a Suzuki coupling was carried 

out using compound 6b. The reaction of phenylboronic acid 7 with spirooxindole-fused 

pyrazolone 6b in the presence of Pd(PPh3)4 and K₃PO₄ at 80 °C successfully furnished the 

corresponding product 8a in very good yield with high diastereoselectivity (80%, Scheme 

2.10a). 
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[a] Suzuki coupling 

 

 

 

 

[b] Hydrolysis 

  

 

 

 

Scheme 2.10 Synthetic modifications 

Additionally, the treatment of compound 6d with a mixture of trifluoroacetic acid (TFA) and 

dichloromethane (DCM) in a 1:1 (v/v) ratio successfully afforded the corresponding carboxylic 

acid derivative 9a in excellent yield (94%, Scheme 2.10b) 

Based on our experimental findings and prior literature reports15, 17, 21 a plausible catalytic cycle 

for the [3+2] cycloaddition reaction has been outlined (Scheme 2.11). 

The catalytic cycle begins with the nucleophilic attack of DMAP on the pyrazolonedione-

derived MBH carbonate 1a, resulting in the formation of quaternary ammonium salt A and the 

release of tert-butoxide anion and carbon dioxide. The tert-butoxide anion, acting as a Brønsted 

base, subsequently abstracts a proton from the substrate A, generating an allylic nitrogen ylide. 

This reactive intermediate undergoes nucleophilic addition at the α-position of 3-

methyleneoxindole 2a, leading to the formation of intermediate B. An intramolecular Michael 

addition then occurs, yielding the cyclic intermediate C. The process concludes with a 1,3-

proton shift to form intermediate D, which undergoes final reorganization to furnish the 

spirooxindole product 3a while regenerating the catalyst (Scheme 2.11). 
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Scheme 2.11 Proposed reaction mechanism for the [3+2] annulation 

2.5 Conclusions 

In conclusion, we have developed an efficient [3+2] annulation protocol involving Morita-

Baylis-Hillman (MBH) carbonates of pyrazolonedione and 3-methyleneoxindoles under mild 

reaction conditions. 4-dimethylaminopyridine (DMAP) proved to be an efficient catalyst for 

the synthesis of highly functionalized and medicinally significant spiro-heterocyclic 

compounds. The method also successfully gave access to spirooxindole-pyrazolone-fused 

cyclopentene derivatives featuring two adjacent spiro-quaternary centers in excellent yields 

with outstanding diastereoselectivity. 
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2.6 Experimental Section 

2.6.1 General 

Unless otherwise specified, all reagents were purchased from commercial suppliers and used 

as received without further purification. HPLC-grade solvents were obtained from RANKEM. 

Reactions were performed in glassware that had been dried in an oven. Thin-layer 

chromatography (TLC) was conducted on silica gel 60 GF254 pre-coated aluminum-backed 

plates (2.5 mm), with visualization achieved by UV light irradiation at 254 nm. 

Phosphomolybdic acid (PMA) solution was utilized for staining the products. Column 

chromatography was performed using silica gel (100-200 mesh), and elution was carried out 

with a mixture of petroleum ether and ethyl acetate. Nuclear magnetic resonance (NMR) 

spectra were recorded with tetramethylsilane (TMS) as the internal standard. 1H NMR spectra 

were acquired at 400 MHz, while 13C{1H} NMR spectra were recorded at 100 MHz using 

Bruker and Jeol instruments. Chemical shifts (δ) are reported in parts per million (ppm) relative 

to CDCl₃ (δ = 7.26 ppm) for 1H NMR and the central resonance of CDCl₃ (δ = 77.16 ppm) for 

13C{1H} NMR. Coupling constants (J) are expressed in hertz (Hz), and integrations were 

performed. Melting points were determined using a BUCHI M-560 melting point apparatus, 

measured in open glass capillaries, and uncorrected values were reported. Substrates 1a–1c 

were synthesized following the procedure outlined in the literature,22 while substrates 2a–2v 

were prepared based on the methods described in the literature.10,11,12 

2.6.2 General procedure for the synthesis of spiro-pyrazolone fused oxindole: 

 

 

In an oven-dried round-bottom flask, a mixture of Methyl-2-(4-((tert-butoxycarbonyl)oxy)-3-

methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate 1a (35 mg, 0.094 mmol), (E)-1-

methyl-3-(2-oxo-2-phenylethylidene)indolin-2-one 2a (24 mg, 0.112 mmol), and DMAP (20 

mol%) (2.28 mg, 0.019 mmol) in chloroform (2 mL) was stirred at room temperature for 24 
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hours. The progress of the reaction was monitored by thin-layer chromatography (TLC). Upon 

completion, the solvent was removed under reduced pressure, and the crude product was 

purified directly by column chromatography on silica gel (100-200 mesh), using a petroleum 

ether/ethyl acetate mixture (70:30) as the eluent. The desired product 3a was obtained as a 

brown solid (45 mg, 92% yield, >20:1 diastereomeric ratio). 

2.6.3 General procedure for the synthesis of spiroxindole fused pyrazolone: 

In an oven-dried round-bottom flask, a mixture of methyl 2-(3-((tert-butoxycarbonyl)oxy)-1-

methyl-2-oxoindolin-3-yl)acrylate 4a (40 mg, 0.115 mmol), (Z)-4-benzylidene-5-methyl-2-

phenyl-2,4-dihydro-3H-pyrazol-3-one 5a (36.3 mg, 0.138 mmol), and DMAP (20 mol%) (2.81 

mg, 0.023 mmol) in chloroform (2 mL) was stirred at ambient temperature for 2 hours. The 

reaction's progress was monitored by thin-layer chromatography (TLC). After the reaction was 

complete, as confirmed by TLC, the solvent was removed under reduced pressure. The crude 

mixture was then subjected to column chromatography over silica gel (100-200 mesh), using a 

petroleum ether/ethyl acetate mixture (70:30) as the eluent. The purified product 6a was 

obtained as a white solid (53 mg, 94% yield, 90:10 diastereomeric ratio). 

2.6.4 Procedure for the synthesis of 3a on mmol scale: 

 

In a reaction vessel, morita-Baylis-Hillman carbonate 1a (400 mg, 1.07 mmol) was dissolved 

in chloroform (15 mL). To this solution, 3-methyleneoxindole 2a (333 mg, 1.28 mmol) and 

DMAP (26.11 mg, 214 μmol) were added sequentially at room temperature. The reaction 
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mixture was stirred continuously for 24 hours. Upon completion of the reaction, as confirmed 

by thin-layer chromatography (TLC), the solvent was removed under reduced pressure. The 

crude residue was purified by column chromatography on silica gel (100–200 mesh) using a 

petroleum ether/ethyl acetate mixture (70:30) as the eluent. The desired product, 3a, was 

obtained as a brown solid with a yield of 83% (460 mg). 

2.6.5 Synthetic Transformations: 

[a] Procedure for the Synthesis of Compound 8a 

 

 

 

 

 

A solution of compound 6b (50 mg, 1.0 equivalent) in a mixture of toluene (1 mL) and water 

(0.3 mL) was prepared at room temperature. Phenylboronic acid 7 (16.0 mg, 1.5 equivalents), 

Pd(PPh3)4 (6.1 mg, 0.06 equivalents), and K3PO4 (46.5 mg, 2.5 equivalents) were added 

sequentially under a nitrogen atmosphere. The reaction mixture was heated to 80 °C and stirred 

continuously at this temperature for 12 h, with the reaction progress monitored by thin-layer 

chromatography (TLC). After completion of the reaction, it was cooled to room temperature, 

and the reaction mixture was filtered through a Celite bed. The solvent was removed under 

reduced pressure, and the resulting crude residue was purified by column chromatography on 

silica gel (100-200 mesh) to furnish the desired compound 8a as a white solid (40 mg, 80% 

isolated yield, 97:3 diastereomeric ratio). 

 [b] Procedure for the Synthesis of Compound 9a 

Ester 6d (50 mg, 93.70 μmol) was dissolved in dichloromethane (2 mL), and trifluoroacetic 

acid (2 mL) was added to the solution. The reaction mixture was stirred at ambient temperature 

for 2 hours. The solvent was removed under reduced pressure upon completion, and the residue 

was partitioned between dichloromethane and water. The aqueous layer was extracted twice 
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with dichloromethane (10 mL each). The combined organic extracts were dried over anhydrous 

sodium sulfate, filtered, and concentrated under a vacuum to obtain the target compound 9a as 

a white solid (42 mg, 94% yield). 
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2.7 Experimental Data 

Methyl -3'-benzoyl-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-dihydrodispiro 

[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3a) 

Brown solid (45 mg, 92% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30). MP: 78-80 °C. 1H NMR (400 MHz, CDCl3): δ 8.0 (d, J = 7.0 

Hz, 2H), 7.6 (m, 3H), 7.5 – 7.4 (m, 2H), 7.4 – 7.3 (m, 3H), 7.2 – 7.1 

(m,2H), 7.1 (d, J = 2.2 Hz, 1H), 6.8 (d, J = 25.2 Hz, 2H), 4.9 (d, J = 

2.3 Hz, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 2.2 (s, 3H); 13C {1H} NMR (100 

MHz, CDCl3): δ 190.9, 174.1, 172.5, 169.1, 156.5, 144.7, 143.3, 

142.8, 137.3, 136.8, 133.6, 130.1, 129.9, 128.9, 128.8, 125.9, 125.0, 124.0, 123.4, 119.7, 108.6, 

67.2, 65.0, 53.8, 53.0, 26.9, 15.9; HRMS: (ESI TOF) m/z calcd for C31H26N3O5 [M + H]+ 

520.1872, found 520.1876. 

Methyl -1-allyl-3'-benzoyl-3''-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3b) 

Brown solid (50 mg, 98% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 154-156 °C.  1H NMR (400 MHz, 

CDCl3): δ 8.0 – 7.9 (m, 2H), 7.6 – 7.5 (m, 3H), 7.5 (d, J = 7.8 Hz, 

2H), 7.4 – 7.3 (m, 3H), 7.2 (s, 2H), 7.1 (d, J = 2.2 Hz, 1H), 6.8  

(m, 2H), 6.0 – 5.9 (m, 1H), 5.5 – 5.3 (m, 2H), 4.9 (d, J = 2.2 Hz, 

1H), 4.5 – 4.4 (m, 2H), 3.7 (s, 3H), 2.2 (s, 3H); 13C{ 1H} NMR 

(100 MHz, CDCl3): δ 190.9, 174.0, 172.5, 169.1, 156.9, 144.0, 

143.3, 142.8, 137.3, 137.0, 133.5, 130.7, 129.9, 129.9, 128.9, 

128.8, 125.7, 125.1, 124.0, 123.2, 119.9, 118.2, 109.6, 67.2, 65.0, 53.8, 42.9, 16.1; HRMS: 

(ESI TOF) m/z calcd for C33H28N3O5 [M + H]+ 546.2029, found 546.2025. 

Methyl-3'-benzoyl-1-benzyl-3''-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3c) 

Red solid (45 mg, 76% yield). Rf  = 0.5 (petroleum ether/EtOAc 70:30). MP: 173-175 °C. 1H 

NMR (400 MHz, CDCl3): δ 8.0 (m, 2H), 7.6 (m, 3H), 7.5 (s, 2H), 7.5 – 7.4 (m, 2H), 7.4 – 7.3 

(m, 6H), 7.2 (s, 1H), 7.0 (d, J = 2.2 Hz, 1H), 7.1 (d, J = 1.3 Hz, 1H), 6.8 (d, J = 1.0 Hz, 1H), 

6.7 (s, 1H), 5.2 (d, J = 16.0 Hz, 1H), 5.0 – 4.9 (m, 2H), 3.7 (s, 3H), 2.1 (s, 3H); 13C {1H} NMR 
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(100 MHz, CDCl3): δ 190.8, 174.3, 172.5, 169.2, 156.7, 

144.1, 143.2, 142.8, 137.3, 136.9, 135.1, 133.5, 129.9, 129.9, 

129.0, 128.9, 128.8, 127.8, 127.2, 125.7, 125.2, 124.0, 123.3, 

119.9, 109.7, 67.2, 65.0, 53.7, 52.9, 43.8, 15.8; HRMS: (ESI 

TOF) m/z calcd for C37H30N3O5 [M + H]+ 596.2185, found 

596.2188. 

 

Methyl -1, 3''-dimethyl-3'-(4-methylbenzoyl)-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3d) 

Brown solid (43 mg, 86% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30). MP: 230-232 °C. 1H NMR (400 MHz, CDCl3): δ 7.9 (d, J = 

8.2 Hz, 2H), 7.6  (m, 2H), 7.3 (s, 3H), 7.3  (m, 2H), 7.2 (m, 2H), 7.1 

(d, J = 2.2 Hz, 1H), 6.8  (m, 2H), 4.9 (s, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 

2.4 (s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 190.5, 

174.1, 172.4, 169.1, 156.6, 144.7, 144.4, 142.8, 142.6, 137.3, 134.4, 

130.0, 129.4, 128.9, 128.8, 125.7, 125.0, 124.0, 123.2, 119.8, 108.5, 

67.1, 65.0, 53.7, 52.9, 26.8, 21.8, 15.8; HRMS: (ESI TOF) m/z  

calcd for C32H28N3O5 [M + H]+ 534.2029, found 534.2029. 

Methyl 3'-(4-bromobenzoyl)-1, 3''-dimethyl-2,5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3e)  

Yellow solid (45 mg, 80% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 103-105 °C. 1H NMR (400 MHz, 

CDCl3): δ 7.8 (d, J = 8.5 Hz, 2H), 7.6 (dd, J = 9.2, 7.9 Hz, 4H), 

7.4 – 7.3 (m, 3H), 7.2 (d, J = 1.3 Hz, 2H), 7.1 (d, J = 2.2 Hz, 1H), 

6.8 (d, J = 7.8 Hz, 2H), 4.9 (d, J = 2.2 Hz, 1H), 3.7 (s, 3H), 3.3 

(s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ189.8, 

173.9, 172.4, 169.0, 156.5, 144.7, 143.5, 142.5, 137.2, 135.6, 

132.1, 131.3, 130.1, 128.9, 128.8, 125.7, 124.9, 123.8, 123.3, 

119.8, 108.6, 67.1, 64.9, 53.7, 53.0, 26.9, 15.8; HRMS: (ESI TOF) m/z calcd for C31H25BrN3O5 

[M + H]+ 598.0977, found 598.0980. 



44 
 

Methyl -1-allyl-3''-methyl-3'-(4-methylbenzoyl)-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3f) 

Brown solid (50 mg, 96% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 202-204 °C. 1H NMR (400 MHz, 

CDCl3): δ 7.9 (d, J = 8.2 Hz, 2H), 7.7 – 7.6 (m, 2H), 7.4 (dd, 

J = 8.6, 7.5 Hz, 3H), 7.3  (m, 2H), 7.2  (m, 2H), 7.1 (d, J = 

2.2 Hz, 1H), 6.8 – 6.7 (m, 2H), 5.9 (ddd, J = 12.2, 10.4, 5.2 

Hz, 1H), 5.5 – 5.3 (m, 2H), 4.9 (d, J = 2.3 Hz, 1H), 4.5 (dd, 

J = 30.0, 5.0 Hz, 2H), 3.7 (s, 3H), 2.4 (s, 3H), 2.2 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 190.5, 174.0, 172.5, 

169.3, 156.8, 144.5, 144.1, 142.9, 142.6, 137.3, 134.5, 130.7, 130.1, 129.9, 129.5, 128.9, 125.7, 

125.2, 124.1, 123.2, 119.9, 118.2, 109.5, 67.2, 65.1, 53.7, 52.9, 42.9, 21.9, 16.1; HRMS (ESI 

TOF) m/z calcd for C34H30N3O5 [M + H]+ 560.2185, found 560.2186. 

Methyl -1-allyl-3'-(4-bromobenzoyl)-3''-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3,2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3g) 

Brown solid (45 mg, 77% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 157-159 °C. 1H NMR (400 MHz, 

CDCl3): δ 7.9 – 7.8 (m, 2H), 7.6  (m, 4H), 7.4 – 7.3 (m, 3H), 

7.2 – 7.1 (m, 2H), 7.1 (d, J = 2.2 Hz, 1H), 6.9 – 6.7 (m, 2H), 

5.9 (ddd, J = 22.1, 10.2, 5.0 Hz, 1H), 5.5 – 5.3 (m, 2H), 4.9 

(d, J = 2.2 Hz, 1H), 4.5 – 4.4 (m, 2H), 3.7 (s, 3H), 2.2 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 189.8, 173.7, 172.4, 

169.0, 156.6, 144.0, 143.5, 142.5, 137.2, 135.6, 132.1, 131.3, 

130.5, 130.0, 128.9, 128.8, 125.8, 125.0, 123.8, 123.2, 119.8, 118.2, 109.6, 67.2, 64.9, 53.7, 

53.0, 42.9, 16.0; HRMS (ESI TOF) m/z calcd for C33H27BrN3O5 [M + H]+ 624.1134, found 

624,1138. 

Methyl 1-benzyl-3'-(4-chlorobenzoyl)-3''-methyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3h) 

Grey solid (52 mg, 88% yield). Rf  = 0.5 (petroleum ether/EtOAc 70:30). MP: 200-202 °C. 1H 

NMR (400 MHz, CDCl3): δ 8.0 – 7.9 (m, 2H), 7.6 (dd, J = 8.4, 1.3 Hz, 2H), 7.5 – 7.4 (m, 4H), 
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7.4 (ddt, J = 12.7, 10.9, 7.2 Hz, 6H), 7.2 – 7.1 (m, 1H), 7.1 – 

7.1 (m, 2H), 6.8 (td, J = 7.7, 1.0 Hz, 1H), 6.7 (d, J = 7.9 Hz, 

1H), 5.2 (d, J = 15.9 Hz, 1H), 5.0 – 4.9 (m, 2H), 3.7 (s, 3H), 

2.1 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 189.7, 

174.1, 172.5, 169.1, 156.6, 144.1, 143.4, 142.6, 140.1, 137.2, 

135.3, 135.1, 131.3, 130.1, 129.2, 129.0, 128.9, 127.9, 127.2, 

125.8, 125.1, 123.9, 123.3, 119.9, 109.8, 67.3, 65.0, 53.7, 

53.0, 44.5, 15.9; HRMS (ESI TOF) m/z calcd for 

C37H29ClN3O5 [M + H]+ 630.1796, found 630.1794. 

Methyl -1-benzyl-3'-(4-bromobenzoyl)-3''-methyl-2, 5''-dioxo-1''-phenyl-1'' ,5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3i) 

Brown solid (45 mg, 76% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 206-208 °C. 1H NMR (400 MHz, 

CDCl3): δ 7.9 (d, J = 8.5 Hz, 2H), 7.7 – 7.6 (m, 4H), 7.5 – 

7.3 (m, 8H), 7.2 (s, 1H), 7.1 (dd, J = 8.1, 1.7 Hz, 2H), 6.8 (d, 

J = 1.0 Hz, 1H), 6.7 (d, J = 7.9 Hz, 1H), 5.1 (d, 1H), 4.9 (m, 

J = 2.2 Hz, 2H), 3.7 (s, 3H), 2.1 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3): δ 189.9, 174.2, 172.5, 169.1, 156.7, 144.1, 

143.5, 142.6, 137.3, 135.7, 135.1, 132.2, 131.4, 130.1, 129.1, 

129.0, 128.9, 127.9, 127.2, 125.8, 125.1, 123.9, 123.4, 119.9, 109.8, 67.3, 65.0, 53.7, 53.0, 

44.5, 15.9; HRMS: (ESI TOF) m/z calcd for C37H29BrN3O5 [M + H]+ 674.1290, found 

674.1298. 

Methyl (1-3'-benzoyl-5-fluoro-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'',5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3j)  

Brown solid (48 mg, 95% yield). Rf  : (petroleum ether/EtOAc 70:30). MP: 98-100 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.0 – 7.9 (m, 2H), 7.7 – 7.6 (m, 3H), 7.5 (dd, J = 8.3, 7.1 Hz, 2H), 7.4 – 

7.3 (m, 2H), 7.2 (d, J = 7.4 Hz, 1H), 7.2 (dd, J = 8.1, 2.4 Hz, 2H), 6.9 (d, J = 2.6 Hz, 1H), 6.8 

(dd, J = 8.6, 4.2 Hz, 1H), 4.9 (d, J = 2.3 Hz, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 2.2 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 190.7, 173.9, 172.2, 169.0, 158.1, 156.5, 143.8, 141.6 (d, J(C-F) = 
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158.0 Hz), 137.2, 136.8, 133.7, 129.8, 129.0, 128.9, 125.9, 125.7 

(d, J(C-F) = 8.5 Hz), 119.7, 119.5, 116.4 (d, J(C-F) = 23.6 Hz), 113.4 

(d, J(C-F) = 26.1 Hz), 109.1 (d, J(C-F) = 8.2 Hz), 67.0, 65.0, 53.9, 

53.0, 27.0, 15.8; 19F NMR (377 MHz, CDCl3): δ -119.4; HRMS: 

(ESI TOF) m/z  calcd for C31H25FN3O5 [M + H]+ 538.1778, found 

538.1774. 

 

Methyl 3'-benzoyl-5-bromo-1,3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3k) 

Gray solid (48 mg, 86% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30); MP: 168-170 °C;  1H NMR (400 MHz, CDCl3): δ 8.0 (d, 

J = 6.9 Hz, 2H), 7.7 – 7.6 (m, 3H), 7.5 – 7.5 (m, 3H), 7.4 – 7.3 

(m, 3H), 7.2 (d, J = 2.2 Hz, 2H), 6.7 (d, J = 8.3 Hz, 1H), 4.9 (d, 

J = 2.2 Hz, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 2.2 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3):  δ 190.6, 173.6, 172.2, 169.0, 156.3, 

144.1, 143.8, 142.2, 137.0, 136.7, 133.7, 132.9, 129.9, 129.1, 

128.9, 128.2, 126.1, 126.0, 120.0, 116.0, 110.0, 66.9, 64.8, 53.7, 

53.1, 27.0, 15.8; HRMS: (ESI TOF) m/z calcd for C31H25BrN3O5 [M + H]+ 598.0978, found 

598.0976. 

Methyl 3'-benzoyl-5-chloro-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1' ,4''-pyrazol]-3'-ene-5'-carboxylate (3l) 

brown solid (40 mg, 77% yield). Rf = 0.5 (petroleum ether/EtOAc 

70:30). MP: 108-110 °C. 1H NMR (400 MHz, CDCl3): δ 8.0 – 

7.9 (m, 2H), 7.7 – 7.6 (m, 3H), 7.5 (s, 2H), 7.4 – 7.3 (m, 3H), 7.2 

– 7.1 (m, 3H), 6.8 (d, J = 8.4 Hz, 1H), 4.9 (d, J = 2.2 Hz, 1H), 3.7 

(s, 3H), 3.3 (s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 190.6, 173.6, 172.0, 168.8, 156.2, 144.0, 143.3, 142.2, 

137.0, 136.7, 133.7, 130.0, 129.8, 129.0, 128.9, 128.7, 125.9, 

125.7, 125.5, 119.9, 109.5, 66.8, 64.9, 53.7, 53.0, 27.0, 15.8; 

HRMS: (ESI TOF) m/z calcd for C31H25ClN3O5 [M + H]+ 554.1483, found 554.1481.                                   
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  Methyl -3'-benzoyl-7-fluoro-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3m) 

Brown solid (44 mg, 88% yield). Rf = 0.5 (petroleum ether/EtOAc 

70:30). MP: 152-154 °C. 1H NMR (400 MHz, CDCl3): δ 8.0 – 

7.9 (m, 2H), 7.7 – 7.6 (m, 3H), 7.5 – 7.5 (m, 2H), 7.4 – 7.3 (m, 

2H), 7.2 – 7.1 (m, 3H), 6.9 (ddd, J = 11.5, 8.4, 1.1 Hz, 1H), 6.7 

(ddd, J = 8.5, 7.6, 4.6 Hz, 1H), 4.9 (d, J = 2.2 Hz, 1H), 3.7 (s, 

3H), 3.5 (s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): 

δ 190.7, 172.9 (d, J(C-F) = 157.3 Hz), 169.0, 156.4, 147.7 (d, J (C-

F)= 243.8 Hz), 143.6, 142.4, 136.9 (d, J(C-F) = 64.6 Hz), 133.6, 

131.5, 131.4, 129.8, 128.9, 128.8, 126.8, 126.8, 125.8, 123.7 (d, J(C-F) = 6.4 Hz), 120.9 (d, J(C-

F) = 3.6 Hz), 119.7, 118.1 (d, J(C-F) = 18.9 Hz), 67.2, 65.0, 53.7, 53.0, 29.4 (d, J(C-F) = 6.2 Hz), 

15.8; 19F NMR: (377 MHz, CDCl3) δ -135.9; HRMS: (ESI TOF) m/z calcd for C31H25FN3O5 

[M + H]+ 538.1778, found 538.1778. 

Methyl (3'-(4-chlorobenzoyl)-5-fluoro-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3n) 

Red solid (42 mg, 79% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30). MP: 78-80 °C. 1H NMR (400 MHz, CDCl3): δ 7.97 – 

7.86 (m, 2H), 7.67 – 7.58 (m, 2H), 7.51 – 7.42 (m, 2H), 7.41 – 

7.32 (m, 2H), 7.22 – 7.16 (m, 1H), 7.15 – 7.09 (m, 2H), 6.93 (td, 

J = 8.7, 2.6 Hz, 1H), 6.77 (dd, J = 8.6, 4.2 Hz, 1H), 4.91 (d, J = 

2.3 Hz, 1H), 3.70 (s, 3H), 3.31 (s, 3H), 2.18 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 189.5, 173.7, 172.2, 168.9, 159.3 (d, 

J(C-F) = 241.9 Hz), 156.4, 144.0, 142.2, 140.8 (d, J(C-F)  = 2.2 Hz), 

140.3, 137.1, 135.1, 131.2, 129.3, 129.1, 126.0, 125.5 (d, J(C-F) = 8.6 Hz), 119.7, 116.5 (d, J(C-

F) = 23.5 Hz), 113.3 (d, J(C-F) = 26.3 Hz), 109.2 (d, J(C-F) = 8.1 Hz), 67.0, 65.0, 53.9, 53.1, 27.1, 

15.8; 19F NMR (377 MHz, CDCl3): δ -119.3; HRMS (ESI TOF) m/z calcd for C31H24ClFN3O5 

[M + H]+ 572.1388, found 572.1389. 

Methyl 5-bromo-3'-(4-chlorobenzoyl)-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3o)  
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Gray solid (47 mg, 79% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30). MP: 172-174 °C. 1H NMR (400 MHz, CDCl3): δ 7.9 (d, 

J = 8.5 Hz, 2H), 7.6 (m, 2H), 7.5 – 7.4 (m, 3H), 7.4-7.3 (dd, J = 

8.5, 7.5 Hz, 3H), 7.2 (s, 1H), 7.1 (d, J = 2.3 Hz, 1H), 6.7 (s, 1H), 

4.9 (s, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 2.2 (s, 3H). 13C NMR{1H} 

(100 MHz, CDCl3): δ 189.4, 173.5, 172.2, 168.9, 156.3, 144.3, 

143.8, 142.0, 140.3, 136.9, 134.9, 133.0, 131.2, 129.3, 129.0, 

128.2, 126.1, 125.9, 120.0, 116.1, 110.1, 66.9, 64.8, 53.7, 53.1, 

27.0, 15.8; HRMS: (ESI TOF) m/z calcd for C31H24BrClN3O5 [M 

+ H]+ 632.0588, found 632.0586. 

Methyl 5-chloro-3'-(4-chlorobenzoyl)-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3p) 

Gray solid (53 mg, 96% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30). MP: 169-171 °C. 1H NMR (400 MHz, CDCl3): δ 7.9 – 

7.9 (m, 2H), 7.6 – 7.6 (m, 2H), 7.5 (d, J = 8.6 Hz, 2H), 7.4 – 7.3 

(m, 3H), 7.2 (dd, J = 8.4, 2.0 Hz, 2H), 7.1 (s, 1H), 6.8 (d, J = 8.3 

Hz, 1H), 4.9 (d, J = 2.3 Hz, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 2.2 (s, 

3H); 13C{1H} NMR (100 MHz, CDCl3): δ 189.3, 173.4, 172.1, 

168.7, 156.2, 144.1, 143.2, 141.9, 140.2, 136.8, 134.9, 131.1, 

130.0, 129.2, 128.9, 128.7, 125.9, 125.4, 125.3, 119.9, 109.5, 

66.7, 64.7, 53.6, 53.0, 26.9, 15.6; HRMS: (ESI TOF) m/z calcd 

for C31H24Cl2N3O5 [M + H]+ 588.1093, found 588.1094. 

Methyl-5-fluoro-1,3''-dimethyl-3'-(4-methylbenzoyl)-2,5''-dioxo-1''-phenyl-1'',5'' 

dihydrodispiro[indoline-3,2'-cyclopentane-1',4''-pyrazol]-3'-ene-5'-carboxylate (3q) 

Red solid (42 mg, 81% yield). Rf = 0.5 (petroleum ether/EtOAc 70:30). MP: 207-209 °C. 1H 

NMR (400 MHz, CDCl3): δ 7.9 (d, J = 8.2 Hz, 2H), 7.7 – 7.6 (m, 2H), 7.4 – 7.3 (m, 2H), 7.3 (d, 

J = 8.0 Hz, 2H), 7.2 – 7.1 (m, 3H), 6.9 (td, J = 8.7, 2.6 Hz, 1H), 6.8 (dd, J = 8.6, 4.2 Hz, 1H), 4.9 

(d, J = 2.2 Hz, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 2.4 (s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 190.4, 173.9, 172.2, 169.0, 159.3(d, J(C-F) =241.6 Hz), 156.5, 144.7, 143.1, 142.5, 
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140.8 (d, J(C-F) = 2 Hz), 137.2, 134.2, 129.9, 129.6, 129.0, 125.9, 

125.8, 119.7, 119.5, 116.3 (d, J(C-F) = 23.7 Hz), 113.3 (d, J(C-F) = 

26.1 Hz), 109.1 (d, J(C-F) = 8.3 Hz), 66.9, 65.0 (d, J(C-F) = 1.9 Hz), 

53.9, 52.9, 27.0, 21.9, 15.8; 19F NMR (377 MHz, CDCl3): δ -

119.51; HRMS: (ESI TOF) m/z calcd for C32H27FN3O5 [M + H]+ 

552.1934, found 552.1937. 

 

 

Methyl 5-bromo-1, 3''-dimethyl-3'-(4-methylbenzoyl)-2, 5''-dioxo-1''-phenyl-1'',5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3r) 

Gray solid (41 mg, 72% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30); MP: 196-198 °C;  1H NMR (400 MHz, CDCl3): δ 7.9 (d, 

J = 8.2 Hz, 2H), 7.6 (dd, J = 8.7, 1.2 Hz, 2H), 7.5 (d, J = 2.0 Hz, 

1H), 7.4 – 7.3 (m, 5H), 7.2 (s, 1H), 7.1 (d, J = 2.2 Hz, 1H), 6.7 

(d, J = 8.3 Hz, 1H), 4.9 (d, J = 2.2 Hz, 1H), 3.7 (s, 3H), 3.3 (s, 

3H), 2.4 (s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): 

δ 190.3, 173.7, 172.2, 169.0, 156.3, 144.7, 143.8, 143.3, 142.2, 

137.1, 134.2, 132.9, 130.0, 129.6, 129.0, 128.2, 126.1, 126.0, 

120.0, 116.0, 110.0, 66.8, 64.9, 53.7, 53.0, 27.0, 21.9, 15.8; 

HRMS: (ESI TOF) m/z calcd for C32H27BrN3O5 [M + H]+ 612.1134, found 612.1136. 

Methyl 5-chloro-1, 3''-dimethyl-3'-(4-methylbenzoyl)-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro [indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3s)  

Brown solid (51 mg, 96% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 182-184 °C. 1H NMR (400 MHz, 

CDCl3): δ 7.9 – 7.8 (m, 2H), 7.6 (dd, J = 8.7, 1.2 Hz, 2H), 7.4 (t, 

J = 1.6 Hz, 3H), 7.3 – 7.3 (m, 2H), 7.2 – 7.2 (m, 2H), 7.1 (d, J = 

2.2 Hz, 1H), 6.8 (d, J = 8.4 Hz, 1H), 4.9 (d, J = 2.2 Hz, 1H), 3.7 

(s, 3H), 3.3 (s, 3H), 2.4 (s, 3H), 2.2 (s, 3H); 13C NMR{1H} (100 

MHz, CDCl3): δ 190.3, 173.8, 172.2, 169.0, 156.4, 144.7, 143.4, 

143.3, 142.3, 137.0, 134.2, 130.0, 130.0, 129.6, 129.0, 128.7, 

126.0, 125.8, 125.5, 119.9, 109.5, 66.8, 64.9, 53.7, 53.0, 27.0, 



50 
 

21.9, 15.8; HRMS: (ESI TOF) m/z calcd for C32H27ClN3O5 [M + H]+ 568.1639, found 

568.1635. 

Methyl-3'-(4-bromobenzoyl)-5-fluoro-1,3''-dimethyl-2,5''-dioxo-1''-phenyl-1'',5'' 

dihydrodispiro[indoline-3,2'-cyclopentane-1',4''-pyrazol]-3'-ene-5'-carboxylate (3t) 

Red solid (48 mg, 83% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30). MP: 105-107 °C. 1H NMR (400 MHz, CDCl3): δ 7.8 (d, 

J = 8.5 Hz, 2H), 7.7 – 7.6 (m, 4H), 7.4 (t, J = 7.9 Hz, 2H), 7.2 (t, 

J = 7.4 Hz, 1H), 7.1 (dt, J = 5.0, 2.7 Hz, 2H), 6.9 (td, J = 8.7, 2.6 

Hz, 1H), 6.8 (dd, J = 8.6, 4.2 Hz, 1H), 4.9 (d, J = 2.2 Hz, 1H), 

3.7 (s, 3H), 3.3 (s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 189.6, 173.6, 172.0, 168.7, 159.2 (d, J(C-F) = 241.9 Hz), 

156.3, 143.9, 142.0, 140.7 (d, J(C-F) = 2.0 Hz), 136.9, 135.4, 

132.1, 131.1, 128.9, 125.9, 125.4 (d, J(C-F) = 8.4 Hz), 119.6, 116.4 

(d, J(C-F) = 23.7 Hz), 113.2 (d, J(C-F) = 26.1 Hz), 109.1 (d, J(C-F) = 8.2 Hz), 66.9, 64.8, 53.8, 52.9, 

26.9, 15.7; 19F NMR (377 MHz, CDCl3): δ -119.25; HRMS: (ESI TOF) m/z calcd for 

C31H24BN3O5 [M + H]+ 616.0883, found 616.0880. 

Methyl -7-fluoro-1, 3''-dimethyl-3'-(4-methylbenzoyl)-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro [indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3u) 

Yellow solid (40 mg, 77% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 162-164 °C. 1H NMR (400 MHz, 

CDCl3): δ 7.9 – 7.8 (m, 2H), 7.6 (m, 2H), 7.4 – 7.3 (m, 2H), 7.3 

(d, J = 8.0 Hz, 2H), 7.2 (s, 1H), 7.1 (m, 2H), 7.0 – 6.9 (m, 1H), 

6.7 – 6.6 (m, 1H), 4.9 (d, J = 2.2 Hz,1H), 3.7 (s, 3H), 3.5 (s, 3H), 

2.4 (s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 

190.2, 172.9 (d, J(C-F) = 163.1 Hz), 169.0, 156.4, 147.6 (d, J(C-F) 

= 243.5 Hz), 144.5, 142.8, 142.5, 135.6 (d, J(C-F) = 301.0 Hz), 131.4, 131.3, 129.9, 129.4, 128.8, 

126.8, 126.8, 125.6, 123.5 (d, J(C-F) = 6.5 Hz), 120.8 (d, J(C-F)  = 3.4 Hz), 119.6, 118.0 (d, J(C-F) 

= 19.1 Hz), 67.0, 65.0, 53.6, 52.8, 29.3 (d, J(C-F) = 6.1 Hz), 21.8, 15.7; 19F NMR (377 MHz, 

CDCl3): δ -135.9; HRMS: (ESI TOF) m/z calcd for C32H27FN3O5 [M + H]+ 552.1934, found 

552.1938. 
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Methyl -3'-(4-chlorobenzoyl)-7-fluoro-1, 3''-dimethyl-2, 5''-dioxo-1''-phenyl-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3v) 

Red solid (44 mg, 82% yield). Rf  = 0.5 (petroleum ether/EtOAc 

70:30). MP: 164-166 °C. 1H NMR (400 MHz, CDCl3): δ 7.9 (m, 

2H), 7.6 (m, 2H), 7.5 (d, J = 8.6 Hz, 2H), 7.3 (dd, J = 8.5, 7.5 Hz, 

2H), 7.2 (s, 1H), 7.1 (m, 2H), 6.9 (ddd, J = 11.5, 8.6, 1.1 Hz, 1H), 

6.7 (ddd, J = 8.5, 7.6, 4.6 Hz, 1H), 4.9 (d, J = 2.2 Hz, 1H), 3.7 (s, 

3H), 3.5 (s, 3H), 2.2 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): 

δ 189.5, 172.9 (d, J(C-F) = 147.2 Hz), 168.9, 156.4, 147.8 (d, J(C-

F) = 248.0 Hz), 143.8, 142.3, 140.3, 136.1 (d, J(C-F) = 208.0 Hz), 

131.5, 131.4, 131.2, 129.3, 129.0, 126.7 (d, J(C-F) = 3.2 Hz), 125.9, 123.8, 123.8, 120.9 (d, J = 

3.2 Hz), 119.7, 118.2 (d, J(C-F) = 19.1 Hz), 67.2, 65.0, 53.7, 53.1, 29.5 (d, J(C-F) = 6.2 Hz), 15.6; 

19F NMR (377 MHz, CDCl3): δ -135.7; HRMS: (ESI TOF) m/z calcd for C31H24ClFN3O5 [M + 

H]+ 572.1388, found 572.1392. 

Methyl -3'-benzoyl-1''-(4-chlorophenyl)-1, 3''-dimethyl-2, 5''-dioxo-1'',5''-

dihydrodispiro [indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3w) 

Red solid (46 mg, 89% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 156-158 °C.  1H NMR (400 MHz, 

CDCl3): δ 8.0 – 7.9 (m,2H), 7.7 (m, 3H), 7.5 (s, 2H), 7.4 (dd, 

J = 3.0, 1.7 Hz, 3H), 7.2 (m, 3H), 6.8 (d, J = 8.4 Hz, 1H), 4.9 

(d, J = 2.2 Hz, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 2.2 (s, 3H). 

13C{1H} NMR (100 MHz, CDCl3): δ 190.6, 173.7, 172.2, 

169.0, 156.4, 144.0, 143.3, 142.2, 137.0, 136.7, 133.7, 130.0, 

129.9, 129.6, 128.9, 128.7, 126.0, 125.8, 125.5, 119.9, 109.5, 

64.9, 66.9, 53.7, 53.0, 27.0, 15.8; HRMS: (ESI TOF) m/z calcd for C31H25ClN3O5 [M + H]+ 

554.1483, found 554.1483.  

 

Methyl -3'-benzoyl-1, 3''-dimethyl-2, 5''-dioxo-1''-(p-tolyl)-1'', 5''-

dihydrodispiro[indoline-3, 2'-cyclopentane-1', 4''-pyrazol]-3'-ene-5'-carboxylate (3x) 
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Yellow solid (45 mg, 90% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 162-164 °C. 1H NMR (400 MHz, 

CDCl3): δ 8.0 – 8.0 (m, 2H), 7.6 – 7.5 (m, 1H), 7.5 – 7.4 (m, 

4H), 7.3 (dd, J = 7.7, 1.2 Hz, 1H), 7.2 (d, J = 1.2 Hz, 1H), 

7.2 – 7.1 (m, 3H), 6.9 – 6.8 (m, 2H), 4.9 (d, J =  

2.2 Hz, 1H), 3.7 (s, 3H), 3.3 (s, 3H), 2.3 (s, 3H), 2.2 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 190.7, 174.0, 172.2, 

169.1, 156.3, 144.6, 143.2, 142.7, 136.8, 135.4, 134.7, 133.4, 

129.9, 129.8, 129.3, 128.7, 125.0, 124.0, 123.1, 119.8, 108.5, 67.0, 64.9, 53.6, 52.8, 26.8, 21.0, 

15.7; HRMS: (ESI TOF) m/z calcd for C32H27N3O5 [M + H]+ 534.2029, found 534.2031.  

Methyl -1, 3''-dimethyl-2, 5''-dioxo-1'', 3'-diphenyl-1'', 5''-dihydrodispiro[indoline-3, 1'-

cyclopentane-2', 4''-pyrazol]-3'-ene-5'-carboxylate (6a) 

White solid (53 mg, 94% yield). Rf = 0.4 (petroleum ether/EtOAc 

70:30). MP: 254-256 °C. 1H NMR (400 MHz, CDCl3): δ 7.7 – 7.7 

(m, 2H), 7.5 (dd, J = 7.7, 1.2 Hz, 1H), 7.4 (d, J = 1.2 Hz, 2H), 7.3 

(d, J = 4.5 Hz, 1H), 7.3 – 7.2 (m, 3H), 7.2 (s, 1H), 7.1 – 7.1 (m, 2H), 

6.9 – 6.9 (m, 2H), 6.8 (d, J = 7.9 Hz, 1H), 4.9 (d, J = 2.3 Hz, 1H),3.7 

(s, 3H), 3.2 (s, 3H), 1.8 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): 

δ 175.4, 171.7, 170.5, 158.7, 144.3, 139.6, 137.4, 133.8, 132.0, 

129.8, 128.6, 128.5, 125.7, 125.5, 124.6, 124.5, 122.8, 119.8, 119.4, 108.3, 73.1, 62.3, 55.3, 

52.4, 26.4, 16.3; HRMS: (ESI TOF) m/z calcd for C30H26N3O4 [M + H]+ 492.1923, found 

492.1928. 

Methyl -5-bromo-1, 3''-dimethyl-2, 5''-dioxo-1'', 3'-diphenyl-1'', 5''-

dihydrodispiro[indoline-3, 1'-cyclopentane-2', 4''-pyrazol]-3'-ene-5'-carboxylate (6b)  

Brown solid (62 mg, 94% yield). Rf = 0.4 (petroleum ether/EtOAc 

70:30). MP: 260-262 °C. 1H NMR (400 MHz, CDCl3): δ 7.7 (m, 

3H), 7.4 (dd, J = 8.5, 7.5 Hz, 2H), 7.4 (dd, J = 8.3, 2.0 Hz, 1H), 7.3 

(d, J = 2.3 Hz, 3H), 7.2 (s, 1H), 7.2 – 7.1 (m,2H), 6.9 (d, J = 2.3 Hz, 

1H), 6.7 (d, J = 8.3 Hz, 1H), 4.9 (d, J = 2.3 Hz, 1H), 3.7 (s, 3H), 3.2 

(s, 3H), 1.8 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 174.9, 

171.4, 170.3, 158.4, 143.4, 139.4, 137.1, 133.6, 132.7, 131.7, 129.1, 
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129.0, 128.6, 127.8, 126.6, 125.9, 125.4, 119.5, 115.6, 109.7, 72.9, 62.1, 55.3, 52.5, 26.5, 16.6; 

HRMS: (ESI TOF) m/z calcd for C30H25BrN3O4 [M + H]+ 570.1028, found 570.1031. 

Methyl -5-fluoro-1, 3''-dimethyl-2, 5''-dioxo-1'', 3'-diphenyl-1'', 5''-

dihydrodispiro[indoline-3, 1'-cyclopentane-2', 4''-pyrazol]-3'-ene-5'-carboxylate (6c) 

Brown solid (55 mg, 94% yield). Rf = 0.4 (petroleum ether/EtOAc 

70:30). MP: 242-244 °C. 1H NMR (400 MHz, CDCl3): δ 7.8 – 7.7 

(m, 2H), 7.4 (dd, J = 7.6, 1.0 Hz, 3H), 7.3 (d, J = 4.2 Hz, 2H), 7.3 – 

7.2 (m, 2H), 7.1 (d, J = 3.6 Hz, 2H), 6.9 (td, J = 8.7, 2.7 Hz, 1H), 

6.9 (d, J = 2.2 Hz, 1H), 6.7 (dd, J = 8.6, 4.2 Hz, 1H), 4.9 (d, J = 2.3 

Hz, 1H), 3.7 (s, 3H), 3.2 (s, 3H), 1.8 (s, 3H); 13C{1H} NMR (100 

MHz, CDCl3): δ 175.1, 171.4, 170.2, 160.2, 158.2 (d, J(C-F) = 64.2 

Hz), 140.3, 138.4 (d, J(C-F) = 235.3 Hz), 133.5, 131.7, 129.2, 129.0, 128.9, 128.6 (d, J(C-F) = 4.4 

Hz), 125.7, 125.7, 125.4, 119.2, 116.0 (d, J(C-F) = 23.6 Hz), 112.9 (d, J(C-F) = 26.2 Hz), 108.7 

(d, J(C-F) = 8.2 Hz), 72.9, 62.2, 55.4, 52.4, 26.5, 16.6;  19F NMR (377 MHz, CDCl3): δ -119.9; 

HRMS: (ESI TOF) m/z calcd for C30H25FN3O4 [M + H]+ 510.1829, found 510.1830. 

Tert-butyl -1, 3''-dimethyl-2, 5''-dioxo-1'', 3'-diphenyl-1'', 5''-dihydrodispiro[indoline-

3,1 '-cyclopentane-2', 4''-pyrazol]-3'-ene-5'-carboxylate (6d) 

Yellow solid (54 mg, 91% yield). Rf = 0.4 (petroleum ether/EtOAc 

70:30). MP: 177-179 °C. 1H NMR (400 MHz, CDCl3): δ 7.5 (dd, J 

= 7.7, 1.2 Hz, 1H), 7.4 (d, J = 2.0 Hz, 1H), 7.2 (d, J = 8.6 Hz, 5H), 

7.2 – 7.1 (m, 5H), 7.1 – 7.0 (m, 1H), 6.9 (td, J = 7.7, 1.1 Hz, 1H), 

6.8 (d, J = 7.7 Hz, 1H), 5.2 (d, J = 2.0 Hz, 1H), 3.3 (s, 3H), 2.3 (s, 

3H), 1.1 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3): δ 174.8, 169.5, 

161.8, 156.1, 146.6, 144.3, 138.9, 136.9, 135.0, 133.8, 129.3, 128.6, 

128.5, 128.1, 126.7, 125.5, 123.3, 119.8, 108.2, 81.3, 73.2, 63.5, 53.4, 29.9, 27.8, 26.7, 16.1; 

HRMS: (ESI TOF) m/z calcd for C33H32N3O4 [M + H]+ 534.2393, found 534.2389. 

Methyl -1-benzyl-3''-methyl-2, 5''-dioxo-1'', 3'-diphenyl-1'', 5''-dihydrodispiro[indoline-

3, 1'-cyclopentane-2', 4''-pyrazol]-3'-ene-5'-carboxylate (6e) 
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Brown solid (64 mg, 98% yield). Rf = 0.5 (petroleum 

ether/EtOAc 70:30). MP: 263-264 °C. 1H NMR (400 MHz, 

CDCl3): δ 7.7 (dd, J = 8.8, 1.1 Hz, 2H), 7.6 – 7.5 (m, 1H), 7.4 

(dd, J = 8.5, 7.5 Hz, 2H), 7.3 – 7.2 (m, 3H), 7.2 (s, 1H), 7.2 – 

7.1 (m, 3H), 7.1 (dd, J = 4.4, 3.2 Hz, 2H), 6.9 – 6.8 (m, 2H), 

6.8 (s, 1H), 5.9 – 5.7 (m, 1H), 5.4 – 5.2 (m, 2H), 4.9 (d, J = 

2.3 Hz, 1H), 4.4 – 4.2 (m, 2H), 3.6 (s, 3H), 1.8 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 

175.2, 171.7, 170.3, 158.8, 143.6, 139.6, 137.4, 133.8, 132.0, 131.0, 129.7, 129.2, 128.9, 128.8, 

128.6, 128.5, 125.7, 125.5, 124.6, 122.8, 119.5, 119.1, 118.4, 109.3, 73.2, 62.3, 55.5, 52.4, 

42.7, 16.9; HRMS: (ESI TOF) m/z calcd for C36H30N3O4 [M + H]+ 568.2236, found 568.2235.  

Methyl -1, 3''-dimethyl-2, 5''-dioxo-1'',3',5-triphenyl-1'',5''-dihydrodispiro[indoline-3,1'-

cyclopentane-2',4''-pyrazol]-3'-ene-5'-carboxylate (8a)  

White solid (40 mg, 80% yield). Rf  = 0.4 (petroleum ether/EtOAc 

70:30). MP: 278-280 °C. 1H NMR (400 MHz, CDCl3): δ 7.7 (dt, J 

= 6.9, 1.1 Hz, 4H), 7.4 – 7.3 (m, 4H), 7.3 – 7.3 (m, 2H), 7.3 – 7.2 

(m, 5H), 7.1 – 7.1 (m, 2H), 6.9 (d, J = 2.3 Hz, 1H), 6.7 (d, J = 8.3 

Hz, 1H), 4.9 (d, J = 2.3 Hz, 1H), 3.7 (s, 3H), 3.2 (s, 3H), 1.8 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 175.0, 171.4, 170.3, 158.5, 

143.4, 139.4, 137.1, 133.6, 132.7, 131.8, 129.3, 129.3, 129.1, 129.0, 

128.7, 127.8, 126.7, 125.9, 125.8, 125.5, 119.6, 115.6, 109.8, 72.9, 62.2, 55.4, 52.6, 26.5, 16.6; 

Rf: (petroleum ether/EtOAc 65:35); HRMS: (ESI TOF) m/z calcd for C36H29N3O4 [M + H]+ 

568.2236, found 568.2235. 

 

1,3''-Dimethyl-2 ,5''-dioxo-1'', 3'-diphenyl-1'' ,5''-dihydrodispiro[indoline-3,1'-

cyclopentane-2',4''-pyrazol]-3'-ene-5'-carboxylic acid (9a) 

White solid (42 mg, 94% yield). MP: 210-212 °C. 1H NMR (400 

MHz, DMSO-d6): δ 7.5 (d, J =2.0 Hz, 1H), 7.3 – 7.2 (m, 4H), 7.2 – 

7.2 (m, 4H), 7.2 – 7.1 (m, 3H), 7.0 (dd, J = 8.6, 7.4 Hz, 2H), 6.9 (d, 

J = 1.0 Hz, 1H), 5.2 (d, J = 2.0 Hz, 1H), 3.2 (s, 3H), 2.2 (s, 3H); 

13C{1H} NMR (100 MHz, DMSO-d6): δ 173.7, 169.2, 163.7, 156.7, 

146.8, 144.1, 137.5, 136.4, 135.1, 129.4, 128.8, 128.5, 128.2, 127.8, 

125.9, 125.4, 125.4, 122.5, 118.9, 108.9, 72.5, 63.2, 52.5, 26.5, 15.5; HRMS: (ESI TOF) m/z  

calcd for C36H29N3O4 [M + H]+ 478.1761, found 478.1767. 
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2.8 Appendix II 1H, 13C spectral data of representative compounds 

 

 

Compound No. Figure AII.X Data Page No 

3p Figure AII.1 and AII.2 1H and 13C 56 

3s Figure AII.3 and AII.4 1H and 13C 57 

6a Figure AII.5 and AII.6 1H and 13C 58 

6d Figure AII.7 and AII.8 1H and 13C 59 

3p Figure AII.9 ORTEP plot 60 

6b Figure AII.10 ORTEP plot 61 
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Figure AII.1 1H NMR (400 MHz, CDCl3) spectrum of compound 3p

Figure AII.2 13C{1H} NMR (100 MHz, CDCl3) spectrum of compound 3p 
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Figure AII.3 1H NMR (400 MHz, CDCl3) spectrum of compound 3s 

 

Figure AII.4 13C{1H} NMR (100 MHz, CDCl3) spectrum of compound 3s 
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Figure AII.5 1H NMR (400 MHz, CDCl3) spectrum of compound 6a 

 

Figure AII.6 13C{1H} NMR (100 MHz, CDCl3) spectrum of compound 6a 
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Figure AII.7 1H NMR (400 MHz, CDCl3) spectrum of compound 6d 

 

Figure AII.8 13C{1H} NMR (100 MHz, CDCl3) spectrum of compound 6d 
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Figure AII.9 An ORTEP diagram showing thermal ellipsoids at a 50% probability level was 

created to represent the structures determined by single-crystal X-ray diffraction analysis of 

compound 3p. 

  

Figure AII.10 An ORTEP diagram showing thermal ellipsoids at a 50% probability level 

was created to represent the structures determined by single-crystal X-ray diffraction analysis 

of compound 6b 
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Abstracts 

 A novel visible light-mediated approach has been established for the direct functionalization 

at the unactivated C4 position of 3-methyleneoxindole, enabling the synthesis of 3,4-fused 

spirooxindoles via a formal [4+2] cycloaddition. This strategy eliminates the need for any pre-

functionalization steps. Upon exposure to the visible light in the presence of a catalytic amount 

of CeCl3 under alkaline conditions, 3-methyleneoxindoles undergo efficient cyclization to 

furnish the intricate 3,4-fused spirooxindole frameworks, incorporating four contiguous 

stereocenters. The method exhibits excellent chemo- and regio-selectivity, furnishing the 

desired spirooxindoles in moderate to good yields. Furthermore, the protocol operates 

effectively under the direct exposure of sunlight and method proved to be scalable on gram 

quantity. This method offers a powerful and precise approach for constructing complex 

molecular architectures with high efficiency and precision. 

. 
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3.1 Introduction 

The 3,4-fused indole and oxindole frameworks are prominent structural motifs frequently 

encountered in numerous natural products, pharmaceuticals, and biologically active 

molecules.1 These fused systems often exhibit remarkable pharmacological properties, 

contributing to their widespread presence in medicinal chemistry. Representative examples of 

compounds having this scaffold include lysergic acid,² rugulovasine A,³ chanoclavine-I,⁴ 

dehydrobufotenine,⁵ chuangxinmycin,⁶ hapalindole U,⁷ and ammosamide B,¹ᵈ alongside their 

structural analogs¹ᵍ (Figure 3.1).  

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Natural products featuring 3,4-fused indole, oxindole, and spirooxindole 

frameworks 
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Due to their pronounced biological significance, extensive research has been devoted to the 

synthesis and functionalization of these fused frameworks. As a result, the continuous 

development of innovative and efficient synthetic approaches to construct complex 3,4-fused 

indole and oxindole derivatives remains a critical objective in the field of drug discovery as 

well.8 

3.2 Recent developments in the synthesis of 3,4-fused indole and oxindole skeleton 

Given the biological importance of the 3,4-fused indole and oxindole scaffold and the synthetic 

complexity associated with its construction, the development of stereoselective strategies for 

assembling molecules with 3,4-fused indole and oxindole core is highly desirable and greatly 

sought after due to their relevance. Several synthetic approaches have been devised to construct 

significant 3,4-fused indole and oxindole frameworks featuring six-membered rings. 

Fujii, Hiroaki Ohno, and colleagues9 reported a concise one-step total synthesis of (+)-lysergic 

acid 4 via a palladium-catalyzed domino cyclization of 4-haloindole-based allenic amides (2a 

and 2b). These intermediates were obtained as a diastereomeric mixture in a 94:6 ratio, due to 

difficulties in separating the individual diastereomers. Treatment of amide 2a with 5 mol% 

Pd(PPh₃)₄ and K₂CO₃ in DMF at 100 °C afforded the cyclized products 3a and 3b with high 

diastereoselectivity (3a:3b = 92:8). Similarly, cyclization of isomer 2b under the same reaction 

conditions provided 3a and 3b in a reversed diastereomeric ratio of 31:69. The overall yield 

for this transformation was reported to be 4%, as depicted in Scheme 3.1. 

 

Scheme 3.1 Pd-catalyzed synthesis of 3,4-fused indole skeletons from 4-haloindole derivatives 

Fukuyama and coworkers2a successfully synthesized lysergic acid 8, utilizing a palladium- 

catalyzed cyclization reaction at an elevated temperature of 100 °C. This approach enabled the 
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efficient formation of 3,4-substituted indoline 7 as a key intermediate in the synthetic pathway. 

The overall yield for this transformation was reported to be 10.6 %, as depicted in Scheme 3.2 

 

Scheme 3.2 Pd-catalyzed synthesis of 3,4-fused indole skeletons from 4-haloindole derivatives 

Murakami and coworkers4 achieved the enantioselective total synthesis of optically active 

clianochvine-I 12, an ergot alkaloid, through a palladium-catalyzed intramolecular cyclization 

via the Heck reaction. This key transformation was performed at an elevated temperature of 

100 °C, facilitating the construction of the desired molecular framework (Scheme 3.3). 

 

Scheme 3.3 Pd-catalyzed synthesis of 3,4-fused indole skeletons (chanoclavine) from 4-

haloindole derivatives 

Buchwald and his team5a developed a method for synthesizing tetrahydropyrroloquinolines 14 

through a palladium-catalyzed intramolecular cyclization of iodoindole derivative 13. This 

transformation was performed at an elevated temperature of 200 °C to facilitate the efficient 

assembly of the 3,4-indoline core framework 14. The overall yield for this transformation was 

reported to be 17 %, as depicted in Scheme 3.4. 
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Scheme 3.4 Pd-catalyzed synthesis of 3,4-fused indole skeletons (tetrahydropyrroloquinolines) 

from 4-haloindole derivatives          

Fenica and coworkers1d successfully accomplished the total synthesis of ammosamide B 17, 

via a C4 pre-functionalization step at an elevated temperature of 100 °C. This approach 

facilitated the formation of the desired structural framework, demonstrating its applicability in 

the construction of complex molecules such as ammosamide B 17. The overall yield for this 

transformation was reported to be 8%, as depicted in Scheme 3.5. 

 

Scheme 3.5 Synthesis of 3,4-fused oxindole skeletons (ammosamide B) from 4-haloxindole 

derivatives           

 

Sun, Wang, and their team1g reported the total synthesis of ammosamide B 20 through a 

palladium-catalyzed cyclization reaction conducted at 110 °C. This method enabled the 

efficient construction of 3,4-substituted oxindoles, showcasing the versatility of transition-

metal catalysis in accessing complex molecular architecture. The use of palladium catalysis 

facilitated selective bond formation, contributing to the streamlined synthesis of the target 

Scheme 3.6 Pd-catalyzed synthesis of 3,4-fused oxindole skeletons (ammosamide B) from 4-

haloxindole derivatives          
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compound such ammosamide B 20. The overall yield for this transformation was reported to 

be 23 %, as depicted in Scheme 3.6. 

Notably, all existing methodologies rely on pre-functionalized substrates to enable     

C–H functionalization at the unactivated C4 position. This limitation arises due to the relatively 

low reactivity of the C4–H bond toward electrophiles, thus making cyclization challenging  

without prior functionalization.10  

Additionally, some literature-reported approaches for synthesizing 3,4-fused oxindoles using 

3-methyleneoxindole as a model substrate face significant limitations. Common challenges 

include the requirement of elevated temperature, limited to restricted substrate scope, use of 

environmentally harmful solvents such as acetic anhydride, DMF, and poor product yields. 

These drawbacks highlight the necessity for the development of more efficient, sustainable, 

and broadly applicable synthetic strategies.¹¹ 

The construction of complex molecules like 3,4-fused spirooxindoles from a single substrate 

remains unexplored, particularly under visible light conditions. Developing an efficient and 

straightforward methodology for assembling 3,4-fused indole frameworks at room temperature 

presents a significant challenge as well as a valuable opportunity. In contrast, 3,3-disubstituted 

spirooxindole frameworks have been synthesized extensively due to their notable biological 

importance (Figure 3.1).12 In this chapter, we report a cerium-catalyzed, visible light-driven 

approach for directly synthesizing 3,4-fused spirooxindole framework featuring a six-

membered ring. This strategy employs 3-methyleneoxindole as the key substrate.13 

3.3 Results and Discussion 

Drawing inspiration from existing literature, we aimed to investigate a visible-light-driven 

strategy employing a Ligand-to-Metal Charge Transfer (LMCT) complex for the construction 

of a 3,4-fused spirooxindole framework. Our hypothesis suggested that 3-methyleneoxindole 

could engage with cerium chloride (CeCl₃), promoting LMCT-mediated cyclization under 

visible-light irradiation through an electron transfer from Ce(III) to Ce(IV). In order to validate 

this concept, we commenced with N-benzyl 3-methyleneoxindole 1a as a model substrate, and 

this was synthesized following the previously reported method.¹⁴ Upon subjecting 1a to a 

reaction with CeCl₃ (20 mol%) and cesium carbonate (20 mol%) in acetonitrile under the 

exposure of 456 nm blue LED light (Kessil lamp) in an inert atmosphere, the desired product 

2a was obtained, albeit in very low yield (11%, see Table 3.2, entry 1). 

Encouraged by this initial result, we carried out a comprehensive screening of LEDs with 

varying wavelengths and intensities to optimize the reaction conditions (see Table 3.2, entries 
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2–4). Among the tested light sources, blue LED (427 nm, 50% intensity, 20 W) proved to be 

efficient, resulting in the desired product 2a in a modest yield (20%). Notably, when the 

reaction of 1a was performed using two blue LEDs (427 nm, 40 W) under otherwise identical 

conditions, the yield of the desired product 2a significantly improved to 70% (see Table 3.2, 

entries 5–8). However, we observed that due to the two LEDs reaction temperature was 

increased to 60–65 °C. To assess the influence of temperature on the reaction outcome and 

overall impact on the higher yield, a control experiment was carried out in the absence of light, 

maintaining elevated temperature at 70 °C (Table 3.1, entry 3). Interestingly, we observed that 

product 2a did not form even after the prolonged reaction time. This result unequivocally 

confirmed the indispensable role of light in driving the reaction. It is plausible that the increase 

in the reaction temperature due to intense LED illumination might have accelerated the reaction 

rate, thus contributing to the observed enhancement in the yield of 2a. This observation 

underscores the synergistic effect of light and thermal energy in facilitating the smooth 

transformation. 

Interestingly, when the reaction was performed in the absence of Cs₂CO₃ while maintaining 

other conditions, the desired product 2a was still formed, though in modest yield. This 

highlighted the role of the base in facilitating the reaction and yield of the product (refer to 

Table 3.1, entry 4). Surprisingly, even in the absence of both CeCl₃ and Cs₂CO₃, the reaction 

proceeded to form 2a, albeit in modest yield (35%, Table 3.1, entry 5). This result raised some 

concern about the necessity of CeCl₃ and the proposed Ligand-to-Metal Charge Transfer 

(LMCT) mechanism. 

 

Table 3.1 Optimization studies were conducted for the visible light-mediated C4 unactivated 

C– H functionalization to construct the 3,4-fused spirooxindole framework.[a] 
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Entry Variation from the optimized condition (a) [Yield(b) %] 

1[d] None 70 

2[d] No light NR 

3[d] Reaction in the absence of light at 70 oC. NR 

4[d] Absence of Cs2CO3 48 

5[d] Absence of CeCl3 and Cs2CO3 35 

6[d] Open air instead of inert atmosphere 36 

7[d] Presence of molecular oxygen ND 

Reaction conditions: [a]3-Methyleneoxindole 1a (0.2 mmol, 1 equiv), CeCl₃ (20 mol%), 

Cs₂CO₃ (20 mol%), in MeCN (0.06 M), under Kessil Blue LED (427 nm, 100% intensity, 60–

65 °C with fan off, 2*40 W) in a nitrogen atmosphere. [b]Yields were determined after 

purification by column chromatography. [c]Diastereomeric ratio (>20:1 dr) was analyzed using 

¹H NMR spectroscopy. [d]A.R. grade MeCN was used. NR = No reaction. ND = Not Detected 

 

 

 

Figure 3.2 UV-visible absorption spectra of the reaction mixture in the absence of light 
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In order to understand the reaction mechanism and role of CeCl3, systematic UV-visible 

absorption studies were carried out by recording the spectra of the reaction mixture at 10-

minute intervals over a one-hour period. Notably, no significant changes were observed in the 

absorption maxima of 3-methyleneoxindole 1a, and no new peaks emerged (see Figure 3.2). 

These findings clearly suggested that a single-electron transfer (SET) from CeCl₃ to 1a does 

not occur. Hence, oxidation of Ce(III) to Ce(IV) is an unlikely event during the course of the 

reaction. 

Furthermore, FT-IR spectroscopic analysis of 3-methyleneoxindole 1a, CeCl3, and the mixture 

of 3-methyleneoxindole 1a + CeCl3 showed notable shifts in vibrational frequencies, 

suggesting potential interactions or structural alterations. These observations offer important 

insights into the reaction mechanism and the intermediates involved (See Figures 3.3, 3.4, 3.5). 

Considering these findings and the earlier results highlighting the requirement of CeCl₃, it is 

plausible that CeCl₃ acts as a Lewis acid additive, facilitating the reaction much faster and 

resulting higher yield of the desired product 2a.15 

 

 

Figure 3.3 FT-IR Spectra of 3-methyleneoxindole 1a 
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Figure 3.4 FT-IR Spectra of CeCl3 

 

 

                 Figure 3.5 FT-IR Spectra of 3-methyleneoxindole 1a + CeCl3 
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Table 3.2 Evaluation of various light sources was conducted for the formal [4+2] cycloaddition 

reaction.[a]  

 

 

 

 

 

Entry 1a Light 

(nm) 

Light 

Intensity 

Temp. 

(oC) 

Yield 

(%)[b] 

dr.[c] 

1 1 equiv. 456 50 25 11 >20:1 

2 1 equiv. 440 50 28 15 >20:1 

3 1 equiv. 427 50 30 20 >20:1 

4 1 equiv. 405 50 32 12 >20:1 

5 1 equiv. 2* 456 100 40-45 30 >20:1 

6 1 equiv. 2* 440 100 50-55 59 >20:1 

7 1 equiv. 2* 427 100 60-65 70 >20:1 

8 1 equiv. 2* 405 100 70-75 49 >20:1 

Reaction conditions: [a]3-Methyleneoxindole 1a (0.2 mmol, 1 equiv), CeCl3 (20 mol%), 

Cs2CO3 (20 mol%), in MeCN (0.06 M), using Kessil Blue LED (nm, % intensity, temperature 

°C with fan off). [b]Yields were determined after column chromatography purification. 
[c]Diastereomeric ratio was determined. 

To confirm this, a variety of Lewis acids were screened (see Tables 3.3, entries 1–7). Among 

them, CeCl₃ exhibited the highest efficiency in affording the desired product 2a in the highest 

yield (Table 3.1, entry 1). Later, we also evaluated both organic and inorganic bases. Among 

all, Cs₂CO₃ proved to be the most effective in affording the desired product 2a efficiently. 

Conversely, the use of alternative bases significantly diminished the yield of the product 2a 

(see Tables 3.3, entries 8–13). 
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 Table 3.3 Investigation of acid catalyst, base additive, and solvent for the formal [4+2] 

cycloaddition reaction.[a]  

 

Entry Acidic 

Catalyst 

Basic 

Additives 

Solvent Yield(%)[b] dr.[c] 

1 CeCl3 Cs2CO3 MeCN 70 >20:1 

2 Sc(OTf)3 Cs2CO3 MeCN 42 >20:1 

3 In(OTf)3 Cs2CO3 MeCN 48 >20:1 

4 FeCl3 Cs2CO3 MeCN 36 >20:1 

5 CuCl Cs2CO3 MeCN 20 >20:1 

6 CuCl2 Cs2CO3 MeCN NR - 

7 CeCl3 

(7H2O) 

Cs2CO3 MeCN 44 >20:1 

8 CeCl3 K2CO3 MeCN 59 >20:1 

9 CeCl3 Na2CO3 MeCN 63 >20:1 

10 CeCl3 NaHCO3 MeCN 67 >20:1 

11 CeCl3 DABCO MeCN 49 >20:1 

12 CeCl3 DMAP MeCN NR - 

13 CeCl3 DBU MeCN NR - 

14 CeCl3 Cs2CO3 DCM 56 >20:1 
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15 CeCl3 Cs2CO3 Toluene 48 >20:1 

16 CeCl3 Cs2CO3 CHCl3 60 >20:1 

17 CeCl3 Cs2CO3 THF 62 >20:1 

18 CeCl3 Cs2CO3 MeOH 30 >20:1 

19 CeCl3 Cs2CO3 DMSO 58 >20:1 

20 CeCl3 Cs2CO3 EtOAc 55 >20:1 

21 CeCl3 Cs2CO3 Benzene 60 >20:1 

22 CeCl3 Cs2CO3 H2O NR - 

23d CeCl3 Cs2CO3 MeCN 42 >20:1 

24d CeCl3 - MeCN 26 >20:1 

Reaction conditions: [a]3-Methyleneoxindole 1a (0.2 mmol, 1 equiv), CeCl3 (20 mol%), 

Cs3CO3 (20 mol%) in solvent (0.06 M), with Kessil Blue LED (427 nm, 100% intensity, 60–

65 °C, fan off, 2*40 W) under a nitrogen atmosphere. [b]Yields were determined after column 

chromatography. [c]Diastereomeric ratio analyzed by ¹H NMR spectroscopy. [d] dry MeCN. 

NR= No Reaction. 

Table 3.4 Investigation of reactant ratio for the formal [4+2] cycloaddition reaction[a] 

 

Entry 1a CeCl3 Cs2CO3 Yield (%)[b] dr.[c] 

1 1 equiv 20 mol% 20 mol% 70 >20:1 

2 1 equiv 30 mol% 20 mol% 46 >20:1 

3 1 equiv 10 mol% 20 mol% 36 >20:1 
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4 1 equiv 05 mol% 20 mol% 26 >20:1 

5 1 equiv 20 mol% 10 mol% 30 >20:1 

6 1 equiv 20 mol% 30 mol% 62 >20:1 

Reaction conditions: [a]3-Methyleneoxindole 1a (2 mmol, 1 equiv), CeCl3 (20 mol%), Cs2CO3 

(20 mol%), in MeCN (0.06 M) under Kessil Blue LED light (427 nm, 100% intensity, 60–65 

°C, fan off, 2*40 W) in a nitrogen atmosphere. [b]Yields were measured following purification 

by column chromatography. [c]Diastereomeric ratio was determined using ¹H NMR 

spectroscopy. 

Additionally, in order to evaluate the influence solvent, we screened various solvents and 

among all, acetonitrile proved to be efficient in affording the desired product 2a in the highest 

yield (see Table 3.3, entries 14-24). Later, we also investigated the effect of solvent 

concentration on the outcome of the desired product 2a. The results revealed that both lower 

and higher concentrations adversely affected the yield of 2a. The optimum result was obtained 

in 0.06 M acetonitrile, leading to the highest yield of 2a (see Table 3.5, entries 1–4). 

Table 3.5 Evaluation of solvent Ratio for the formal [4+2] cycloaddition reaction: [a] 

 

Entry 1a MeCN (M) Yield (%)
[b] dr.[c] 

1 1 equiv 0.2 49 >20:1 

2 1 equiv 0.1 45 >20:1 

3 1 equiv 0.06 70 >20:1 

4 1 equiv 0.05 50 >20:1 



77 
 

Reaction conditions: [a]3-Methyleneoxindole 1a (2 mmol, 1 equiv.), CeCl3 (20 mol%), 

Cs3CO3 (20 mol%), in MeCN (varied concentration), under Kessil Blue LED (427 nm, 100% 

intensity, 60–65 °C, fan off, 2*40 W) in a nitrogen atmosphere. [b]Yields were assessed after 

purification via column chromatography. [c]Diastereomeric ratio was analyzed using ¹H NMR 

spectroscopy. 

Furthermore, we varied the loading of both Lewis acid (CeCl3) and base (Cs2CO3) to study the 

impact on the overall transformation. We observed that 20 mol% is optimum to obtain the 

desired product 2a in the highest yield with very high diastereoselectivity (see Table 3.4, entries 

1–6). Interestingly, when the reaction was performed under atmospheric air, the desired product 

2a was obtained in modest yield (Table 3.1, entry 6). However, the reaction under molecular 

oxygen, no product formation was observed (Table 3.1, entry 7). 

Based on these extensive optimizations, the ideal reaction conditions were identified as 3-

methyleneoxindole 1a (0.2 mmol, 1 equiv), CeCl₃ (20 mol%), and Cs₂CO₃ (20 mol%) in 

acetonitrile under blue LED irradiation (427 nm, 2*40 W) in a nitrogen atmosphere, resulting 

in the highest yield of 2a.  

Having obtained the optimized reaction condition, we further investigated the substrate scope 

of different 3-methyleneoxindole derivatives 1b–1af for the [4+2] cycloaddition. Various N- 

protected 3-methyleneoxindole derivatives 1b–1e, as well as unprotected 3-methyleneoxindole 

1f, underwent the reaction efficiently under the established reaction conditions to afford the 

corresponding products 2b–2f in moderate to good yields in excellent diastereoselectivity (see 

Scheme 3.7). Later, we explored the reaction with N-benzyl 3-methyleneoxindole derivatives 

with various substituents on the para- position of the phenyl ring adjacent to carbonyl moiety 

(1g–1p). These substrates successfully furnished the corresponding desired products 2g–2p in 

moderate to good yields in excellent diastereoselectivity (see Scheme 3.7). Notably, the nature 

of substituents on the phenyl group, including electron-donating, and electron-withdrawing 

groups, significantly influenced the yield of 2a (see Scheme 3.7). 

Substrates featuring electron-withdrawing and electron-donating groups at the C-5, C-6, and 

C-7 positions of 3-methyleneoxindoles underwent reactions smoothly by giving the 

corresponding products 2q–2z in moderate to excellent yields with a high degree of 

diastereoselectivity (up to 92%, >20:1 dr) (see Scheme 3.7). N-benzyl 3-methyleneoxindole 

derivatives with ortho-, meta-, and para-substituents on the benzyl ring also provided the 

desired products 2aa–2ad in moderate yields while maintaining excellent diastereoselectivity 

(see Scheme 3.7). 
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However, it was observed that certain N-benzyl 3-alkylidene/arylidene oxindole derivatives 

1ae-1af did not react under the standard conditions and expected desired products 2ae–2af did 

not form (see Scheme 3.7). 

Scheme 3.7 The substrate scope of 3-methyleneoxindole derivatives was explored [a] 
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Standard reaction conditions: [a]3-Methyleneoxindole 1a (0.2 mmol, 1 equiv), CeCl3 (20 

mol%), Cs2CO3 (20 mol%) in MeCN (0.06 M), irradiated with Kessil Blue LED (427 nm, 

100% intensity, 60–65 °C, fan off, 2*40 W) under a nitrogen atmosphere. Diastereomeric ratio 

(>20:1 dr) was determined using ¹H NMR spectroscopy. 

A. Scale-up synthesis of 3,4-fused spirooxindole 

 

 

 

 

 

B. Sunlight-Mediated Synthesis of 3,4-Fused Spirooxindole 

 

 

 

 

Scheme 3.8 Post synthetic transformations of 3,4-fused spirooxindoles 
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To evaluate the practicality of the developed protocol, we successfully carried out the scale-up 

reaction of 1a (1.05 g, 3 mmol) to afford the desired product 2a, in moderate yield with 

excellent diastereoselectivity (see Scheme 3.8A). 

The reaction of 1a was further investigated under the direct exposure of sunlight, leading to the 

formation of the desired product 2a, albeit in modest yield, but with excellent 

diastereoselectivity (40%, see Scheme 3.8B). This demonstrates the potential of sunlight as a 

natural energy source for this transformation though with limited efficiency. 

Further to gain the mechanistic insights, we carried out few control experiments. The radical 

trapping experiments were conducted using TEMPO and BHT as radical scavengers under 

standard reaction conditions (Scheme 3.9).  

A. Radical trapping using TEMPO 

 

 

 

 

 

 

 

B. Radical trapping using BHT 

 

Scheme 3.9 Control experiments 
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In the presence of TEMPO, the desired product 2a was obtained in low yield (20%) along with 

TEMPO-trapped radical intermediates 4a and 5a. Conversely, using BHT, not the desired 

product 2a was formed, but the radical-trapped intermediate 7a was formed, as confirmed by 

HRMS analysis (see Scheme 3.9A and 3.9B).  

The radical trapping experiments strongly suggest the involvement of a radical during the 

course of the reaction. To further investigate, UV-visible spectroscopy was employed. 

Figure 3.6 UV-visible absorption spectra of various forms of the starting material (3-

methyleneoxindole) 1a in acetonitrile (MeCN). The analysis includes: 20 μM starting material 

alone, 20 μM starting material with CeCl3, 20 μM starting material with both CeCl3 and 

Cs2CO3, 20 μM CeCl3 alone, and 20 μM CeCl3 combined with Cs2CO3.  

The UV-visible absorption spectrum of the starting material, 3-methyleneoxindole 1a, revealed 

absorption within the visible range (370-500 nm), providing additional insights into the 

reaction mechanism (Figure 3.6). The UV-visible absorption spectrum of the mixture 

containing 3-methyleneoxindole 2a and CeCl3 displayed absorption within the visible range. 

Subsequently, the spectrum was recorded for a mixture of 3-methyleneoxindole 2a, CeCl3, and 

Cs2CO3. Notably, no significant change or even slight shift in the absorption maxima (370–
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500 nm) was observed (Figure 3.6). These findings suggest that 3-methyleneoxindole 2a and 

CeCl3 likely do not interact via a charge transfer pathway (see Figure 3.6). 

These comparisons provide mechanistic insights into the interaction of the starting material 

with the catalyst and base under reaction conditions. 

 

Scheme 3.10 Proposed plausible mechanism for the [4+2] cycloaddition reaction 

Based on the control experiments, spectroscopic studies and literature precedence,15 a plausible 

reaction mechanism has been proposed (see Scheme 3.10). This mechanistic pathway aims to 

rationalize the observed transformation, integrating key steps supported by experimental 

evidence and established precedents. 

Under photoirradiation, 3-methyleneoxindole 1a generates a radical intermediate I, as 

confirmed by HRMS (Scheme 3.9). This intermediate I may equilibrate with an unstable 
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intermediate II due to the heat generated by light exposure. The intermediate II further interacts 

with CeCl3-activated 3-methyleneoxindole 1a (see Figure 3.3, 3.4,.3.5), forming a diradical 

intermediate III, which is validated by HRMS (Scheme 3.9). Subsequently, intermediate III 

undergoes cyclization, leading to another intermediate IV, which eventually undergoes 

aromatization via deprotonation to afford the target product 2a. 

3.4 Conclusions 

In summary, we have established an efficient visible light-mediated approach for direct 

C4-H functionalization, enabling the synthesis of 3,4-fused spirooxindoles through a formal 

[4+2] cycloaddition of unactivated C4-H 3-methyleneoxindoles. This methodology employs a 

catalytic amount of CeCl3 under basic conditions to afford 3,4-fused spirooxindoles with 

moderate to good yields and exceptional chemo- and regio-selectivity. The protocol proved to 

be scalable and also works under direct sunlight exposure. This straightforward and practical 

strategy holds potential for constructing complex molecular frameworks. 

3.5 Experimental Section 

3.5.1 General 

Unless specified otherwise, all starting materials and reagents were procured from commercial 

sources (Aldrich, TCI, and Alfa Aesar) and utilized without further purification. Thin-layer 

chromatography (TLC) was conducted on silica gel 60 GF254 pre-coated aluminum-backed 

plates (2.5 mm), with visualization achieved under UV light irradiation at 254 nm. Column 

chromatography employed silica gel (100–200 mesh) with a mixture of petroleum ether and 

ethyl acetate as the eluent. NMR spectra were recorded using tetramethylsilane (TMS) as the 

internal reference. Proton NMR (¹H NMR) spectra were acquired at 400 MHz, and carbon 

NMR (¹³C{¹H} NMR) spectra at 100 MHz, utilizing Bruker and Jeol instruments unless stated 

otherwise. Chemical shifts (δ) are reported in parts per million (ppm), relative to CDCl3 for ¹H 

NMR (δ = 7.26 ppm) and for ¹³C{¹H} NMR (δ = 77.16 ppm). For ¹H NMR, data include 

chemical shifts, multiplicity (s = singlet, d = doublet, dd = double doublet, t = triplet, q = 

quartet, br = broad, m = multiplet), coupling constants (J) in Hz, and integration values. Carbon 

NMR spectra were recorded with full proton decoupling, and ¹⁹F NMR spectra were acquired 

at 377 MHz. High-resolution mass spectrometry (HRMS) analyses were performed using an 

ESI-TOF mass analyzer. UV-Visible absorption studies were carried out using a Shimadzu 

UV-2600 spectrophotometer. All photocatalytic reactions were conducted under blue light 

illumination using Kessil PR160L series Blue LEDs. 
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3.5.2 General procedure for the synthesis of 2a (GP1) 

In a dried 10 mL crimp-capped vial equipped with a magnetic stir bar, 3-methyleneoxindole 

1a (0.2 mmol, 1 equiv.), CeCl3 (20 mol%, 0.2 equiv.), and Cs2CO3 (20 mol%, 0.2 equiv.) were 

combined at room temperature. Acetonitrile (0.06 M) was added, and the reaction mixture was 

degassed under a nitrogen atmosphere for 15 minutes with continuous purging. The mixture 

was then exposed to two 427 nm Kessil Blue LED lights (2*40 W, 100% intensity) without 

external cooling, allowing the temperature to stabilize at 60–65 °C as measured by an infrared 

thermometer. Stirring continued under irradiation for 24 hours. Upon completion, confirmed 

by TLC, the solvent was removed under reduced pressure, and the crude product 2a was 

purified via silica gel column chromatography using a gradient of ethyl acetate and petroleum 

ether as the eluent. 

Reaction setup under visible light (Kessil lamp) 

 

 

3.5.3 General procedure for the synthesis of 2a under sunlight 

In a dried 10 mL crimp-capped vial equipped with a magnetic stir bar, 3-methyleneoxindole 

1a (0.2 mmol, 1 equiv), CeCl3 (20 mol%, 0.2 equiv), and Cs2CO3 (20 mol%, 0.2 equiv) were 

combined at room temperature. Acetonitrile (0.06 M) was then added to the mixture, followed 

by degassing under a nitrogen atmosphere with continuous purging for 15 minutes. The 

reaction vial was placed under direct sunlight (approximately 40 °C) for 24 hours, spread over 
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three days (8 hours/day). Upon reaction completion, as monitored by TLC, the solvent was 

removed under reduced pressure, and the resulting crude product was purified by silica gel 

column chromatography using a gradient eluent system of ethyl acetate and petroleum ether. 

Reaction setup under sunlight 

 

                                    Atmospheric Temperature (40 oC) 

3.5.4 Procedure for the synthesis of 2a on mmol scale 

In a 100 mL oven-dried round-bottom flask equipped with a magnetic stir bar, 3-

methyleneoxindole 1a (3 mmol, 1.05 g, 1 equiv), CeCl3 (20 mol%, 0.2 equiv), and Cs2CO3 (20 

mol%, 0.2 equiv) were added at ambient temperature. MeCN (0.06 M) was introduced as the 

solvent, and the reaction mixture was thoroughly degassed under a nitrogen atmosphere for 1 

hour with continuous purging. The mixture was then irradiated using two 427 nm Kessil Blue 

LED lamps (2*40 W, 100% intensity), maintaining a reaction temperature of 60–65 °C 

(monitored via IR thermometer) without external heating (fan turned off). The reaction 

proceeded for 30 hours, after which completion was confirmed by TLC analysis. The solvent 

was evaporated under reduced pressure, and the crude product was subjected to column 

chromatography on silica gel (100–200 mesh) using petroleum ether/ethyl acetate as the eluent 

to isolate the purified product. 
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3.5.5 Procedure for the reaction using TEMPO 

In an oven-dried 10 mL crimp-capped vial equipped with a magnetic stir bar, 3-

methyleneoxindole 1a (0.2 mmol, 1 equiv), CeCl3 (20 mol%, 0.2 equiv), Cs2CO3 (20 mol%, 

0.2 equiv), and TEMPO (2 equiv.) were combined at ambient temperature. MeCN (0.06 M) 

was added as the reaction medium, and the mixture was degassed under a nitrogen atmosphere 

for 15 minutes with continuous purging. The reaction mixture was then irradiated with two 427 

nm Kessil Blue LED lamps (40 W, 100% intensity), maintaining a reaction temperature of 60–

65 °C (monitored using an IR thermometer) without external heating (fan turned off). Despite 

stirring for 24 hours under these conditions, the desired product 2a was obtained with only a 

20% yield, even with an extended reaction time. 
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HRMS spectrum of 4a 

 
                HRMS spectrum of 5a 
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3.5.6 Procedure for the reaction using BHT 

In a 10 mL oven-dried crimp-capped vial equipped with a magnetic stir bar, 3-

methyleneoxindole 1a (0.2 mmol, 1 equiv), CeCl3 (20 mol%, 0.2 equiv), Cs2CO3 (20 mol%, 

0.2 equiv), and BHT (2 equiv) were added at room temperature. MeCN (0.06 M) was 

introduced as the solvent, and the reaction mixture was thoroughly degassed under a nitrogen 

atmosphere for 15 minutes with continuous purging. The reaction was then irradiated using 

two 427 nm Kessil Blue LED lamps (40 W, 100% intensity), maintaining a temperature range 

of 60–65 °C (monitored via IR thermometer) without external heating (fan switched off). 

Despite stirring for 24 hours under these conditions, no formation of the desired product 2a 

was observed, even with prolonged reaction time. 

 

 

 

 

HRMS spectrum of 7a 
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3.5.7 Procedure for UV-Visible absorption spectra without light 

In an oven-dried 10 mL round-bottom flask equipped with a magnetic stir bar, 3-

methyleneoxindole 1a (0.2 mmol, 0.2 equiv), CeCl3 (20 mol%, 0.2 equiv), and Cs2CO3 (20 

mol%, 0.2 equiv) were added at room temperature. MeCN (0.06 M) was introduced, and the 

reaction mixture was degassed under a nitrogen atmosphere for 15 minutes with continuous 

purging. Subsequently, the mixture was stirred while UV-visible absorption spectra were 

recorded at intervals (every 10 minutes) from the initial time point (0 min) up to 1 hour. The 

spectra were captured using a Shimadzu UV-2600 spectrophotometer, ensuring consistent 

reaction progress monitoring. 
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3.6 Experimental Data 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dibenzyl-1,2a,3,4-tetrahydro-2H-spiro[benzo[cd]indole-5,3'-

indoline]-2,2'-dione (2a) 

The compound 2a was prepared following the general procedure 

GP-1. White solid (95 mg, 70% yield, dr >20:1), Rf = 0.5 (petroleum 

ether/EtOAc 75:25), MP: 208-210 °C. 1H NMR (400 MHz, CDCl3): 

δ 8.2 (d, J = 7.6 Hz, 2H), 7.6 – 7.6 (m, 1H), 7.5 (dd, J = 8.3, 6.7 Hz, 

2H), 7.5 – 7.4 (m, 1H), 7.3 – 7.3 (m, 7H), 7.3 – 7.2 (m, 5H), 7.1 (dd, 

J = 7.3, 2.3 Hz, 2H), 7.1 (td, J = 7.6, 1.5 Hz, 1H), 7.0 – 6.9 (m, 2H), 

6.9 (dd, J = 7.5, 1.5 Hz, 1H), 6.6 (d, J = 7.7 Hz, 1H), 6.3 (d, J = 7.8 

Hz, 1H), 6.0 (d, J = 8.1 Hz, 1H), 5.4 (d, J = 10.8 Hz, 1H), 5.1 (d, J = 15.4 Hz, 1H), 5.0 (d, J = 

15.5 Hz, 1H), 4.5 – 4.4 (m, 1H), 4.4 (d, J = 11.3 Hz, 1H), 4.3 (s, 1H), 3.7 (d, J = 15.5 Hz, 1H). 

13C{1H} NMR (100 MHz, CDCl3): δ 201.9, 200.4, 178.2, 175.3, 142.6, 142.4, 138.0, 137.3, 

135.7, 135.5, 133.2, 132.9, 132.8, 131.3, 129.3, 128.8, 128.8, 128.8, 128.8, 128.4, 128.2, 128.0, 

127.8, 127.7, 127.6, 127.3, 126.5, 126.2, 123.4, 119.2, 108.9, 107.5, 56.9, 54.6, 46.6, 44.0, 

43.9, 42.0. HRMS (ESI TOF) m/z calcd. For C46H35N2O4 [M+H]+ 679.2597 found 679.2608.  

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dimethyl-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2b) 

The compound 2b was prepared following the general procedure 

GP-1. White solid (39 mg, 37% yield, dr >20:1), Rf = 0.4 (petroleum 

ether/EtOAc 75:25), MP: 269-271 °C. 1H NMR (400 MHz, CDCl3): 

δ 8.2 – 8.1 (m, 2H), 7.7 – 7.6 (m, 1H), 7.5 (s, 2H), 7.5 – 7.4 (m, 1H), 

7.3 (s, 1H), 7.3 – 7.2 (m, 4H), 7.1 – 7.0 (m, 2H), 7.0 – 6.9 (m, 1H), 

6.7 (d, J = 7.6 Hz, 1H), 6.5 – 6.4 (m, 1H), 6.1 (d, J = 8.0 Hz, 1H), 

5.3 (d, J = 10.9 Hz, 1H), 4.4 (dd, J = 11.9, 10.9 Hz, 1H), 4.2 (d, J = 

11.8 Hz, 1H), 3.2 (s, 3H), 2.8 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 202.2, 200.7, 178.1, 

175.6, 143.5, 143.3, 138.2, 137.4, 133.2, 132.7, 132.7, 131.5, 129.4, 129.0, 128.9, 128.5, 128.2, 

127.9, 126.6, 126.0, 123.5, 119.4, 108.0, 106.5, 57.3, 54.7, 46.6, 41.8, 26.5, 26.4. HRMS (ESI 

TOF) m/z calcd. For C46H35N2O4 [M+H]+ 527.1971 found 527.1974.  

 

(2aR,3S,4S,5R)-1,1'-Diallyl-3,4-dibenzoyl-1,2a,3,4-tetrahydro-2H-spiro[benzo[cd]indole-

5,3'-indoline]-2,2'-dione (2c) 
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The compound 2c was prepared following the general procedure 

GP-1. White solid (72 mg, 62% yield, dr >20:1), Rf = 0.45 

(petroleum ether/EtOAc 75:25), MP: 154-156 °C. 1H NMR (400 

MHz, CDCl3): δ 8.2 – 8.0 (m, 2H), 7.6 – 7.5 (m, 1H), 7.5 (dd, J = 

8.3, 6.8 Hz, 2H), 7.4 – 7.4 (m, 1H), 7.3 – 7.3 (m, 1H), 7.3 (d, J = 1.6 

Hz, 1H), 7.2 (dd, J = 8.2, 7.0 Hz, 2H), 7.1 (d, J = 1.4 Hz, 1H), 7.0 

(ddd, J = 16.1, 7.8, 1.0 Hz, 2H), 6.9 (dd, J = 7.6, 1.3 Hz, 1H), 6.7 (d, 

J = 7.7 Hz, 1H), 6.5 (d, J = 7.8 Hz, 1H), 6.1 (d, J = 8.0 Hz, 1H), 5.8 (ddt, J = 17.2, 10.8, 5.5 

Hz, 1H), 5.4 (ddt, J = 17.4, 10.6, 5.5 Hz, 1H), 5.3 – 5.2 (m, 3H), 5.1 (dd, J = 13.7, 2.4 Hz, 2H), 

4.5 (d, J = 5.4 Hz, 1H), 4.4 (dd, J = 11.9, 10.9 Hz, 1H), 4.2 – 4.1 (m, 2H), 4.0 (ddt, J = 16.0, 

5.6, 1.5 Hz, 1H), 3.5 – 3.4 (m, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 202.0, 200.5, 177.6, 

175.1, 142.6, 142.5, 138.1, 137.4, 133.2, 132.8, 132.8, 131.4, 131.4, 131.1, 129.3, 128.8, 128.8, 

128.4, 128.2, 128.0, 126.4, 126.2, 123.4, 119.1, 117.9, 117.9, 108.8, 107.4, 56.7, 54.6, 46.5, 

42.7, 42.6, 42.0. HRMS (ESI TOF) m/z calcd. For C38H30N2O4 [M+H]+ 579.2283 found 

679.2281.  

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-di(prop-2-yn-1-yl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2d) 

The compound 2d was prepared following the general 

procedure GP-1. White solid (70 mg, 61% yield, dr >20:1), Rf 

= 0.45 (petroleum ether/EtOAc 75:25), MP: 194-196 °C. 1H 

NMR (400 MHz, CDCl3): δ 8.2 – 8.0 (m, 2H), 7.6 – 7.5 (m, 

1H), 7.5 (dd, J = 8.3, 6.8 Hz, 2H), 7.4 – 7.4 (m, 1H), 7.2 – 7.2 

(m, 5H), 7.1 (td, J = 7.9, 1.0 Hz, 1H), 7.0 (td, J = 7.6, 1.0 Hz, 

1H), 7.0 – 6.9 (m, 2H), 6.7 (d, J = 7.8 Hz, 1H), 6.1 (d, J = 8.1 

Hz, 1H), 5.3 (d, J = 10.8 Hz, 1H), 4.6 (dd, J = 17.6, 2.6 Hz, 1H), 4.5 – 4.4 (m, 2H), 4.3 – 4.2 

(m, 1H), 4.2 – 4.1 (m, 1H), 3.4 (dd, J = 17.7, 2.5 Hz, 1H), 2.3 (q, J = 2.6, 2.1 Hz, 1H), 2.1 (t, J 

= 2.5 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 201.8, 200.3, 176.9, 174.2, 141.5, 141.2, 

137.9, 137.2, 133.2, 132.9, 132.6, 131.1, 129.4, 128.9, 128.8, 128.4, 128.1, 128.0, 126.2, 126.0, 

123.8, 119.7, 109.0, 107.8, 76.2, 76.2, 72.6, 72.6, 56.7, 54.5, 46.4, 41.7, 29.5, 29.5. HRMS 

(ESI TOF) m/z calcd. For C38H27N2O4 [M+H]+ 575.1971 found 575.1977.  

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dioctyl-1,2a,3,4-tetrahydro-2H spiro[benzo[cd]indole-

5,3'-indoline]-2,2'-dione (2e) 
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The compound 2e was prepared following the general 

procedure GP-1. Yellow solid (58 mg, 40% yield, dr >20:1), Rf 

= 0.4 (petroleum ether/EtOAc 75:25), MP: 117-119 °C. 1H 

NMR (400 MHz, Chloroform-d): δ 8.2 – 8.0 (m, 2H), 7.6 – 7.5 

(m, 1H), 7.5 (dd, J = 8.3, 6.7 Hz, 2H), 7.4 (t, J = 7.2 Hz, 1H), 

7.3 – 7.1 (m, 5H), 7.0 (dtd, J = 23.6, 7.7, 1.0 Hz, 2H), 6.9 (dd, 

J = 7.6, 1.3 Hz, 1H), 6.7 (d, J = 7.7 Hz, 1H), 6.5 (d, J = 7.8 Hz, 

1H), 6.0 (d, J = 8.1 Hz, 1H), 5.3 (d, J = 10.9 Hz, 1H), 4.4 (dd, J = 11.9, 10.9 Hz, 1H), 4.1 (d, J 

= 11.8 Hz, 1H), 3.8 (dt, J = 14.4, 7.5 Hz, 1H), 3.5 (s, 1H), 3.4 – 3.3 (m, 1H), 2.9 (s, 1H), 1.6 (t, 

J = 7.0 Hz, 2H), 1.4 – 1.1 (m, 22H), 0.9 (td, J = 6.9, 1.4 Hz, 6H). 13C{1H} NMR (100 MHz, 

CDCl3): δ 202.1, 200.7, 177.8, 175.3, 143.0, 142.8, 138.1, 137.4, 133.1, 133.0, 132.7, 131.6, 

129.2, 128.8, 128.8, 128.4, 128.2, 127.9, 126.6, 126.3, 123.1, 118.8, 108.1, 106.6, 56.7, 54.6, 

46.6, 41.9, 40.3, 40.2, 31.8, 31.7, 29.3, 29.3, 29.2, 29.2, 29.1, 29.1, 27.6, 27.1, 26.9, 26.8, 22.6, 

14.1. HRMS (ESI TOF) m/z calcd. For C48H54N2O4 [M+H]+ 723.4162 found 723.4165. 

 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,2a,3,4-tetrahydro-2H-spiro[benzo[cd]indole-5,3'-

indoline]-2,2'-dione (2f) 

The compound 2f was prepared following the general procedure GP-

1. White solid (62 mg, 62% yield, dr >20:1), Rf = 0.35 (petroleum 

ether/EtOAc 75:25), MP: 220-222 °C. 1H NMR (400 MHz, CDCl3): 

δ 8.1 – 8.1 (m, 2H), 8.1 – 8.0 (m, 1H), 7.7 (s, 1H), 7.6 – 7.5 (m, 1H), 

7.5 (dd, J = 8.3, 6.9 Hz, 2H), 7.4 – 7.3 (m, 3H), 7.2 – 7.0 (m, 4H), 

7.0 (d, J = 1.0 Hz, 1H), 6.9 – 6.9 (m, 1H), 6.7 (d, J = 7.6 Hz, 1H), 

6.5 (d, J = 7.8 Hz, 1H), 6.2 (d, J = 8.1 Hz, 1H), 5.3 (d, J = 10.8 Hz, 

1H), 4.4 (dd, J = 11.9, 10.9 Hz, 1H), 4.2 (d, J = 7.5 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): 

δ 201.8, 200.4, 179.9, 177.3, 140.4, 140.2, 138.0, 137.2, 133.2, 132.9, 131.7, 129.4, 128.9, 

128.9, 128.8, 128.4, 128.2, 128.0, 127.2, 126.4, 123.5, 119.3, 109.5, 108.2, 56.7, 54.9, 46.7, 

42.0. HRMS (ESI TOF) m/z calcd. For C32H23N2O4 [M+H]+ 499.1658 found 499.1657.  

 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-fluorobenzoyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2g) 
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The compound 2g was prepared following the general procedure 

GP-1. White solid (80 mg, 56% yield, dr >20:1), Rf = 0.5 

(petroleum ether/EtOAc 75:25), MP: 238-240 °C. 1H NMR (400 

MHz, CDCl3): δ 8.2 – 8.1 (m, 2H), 7.4 – 7.3 (m, 8H), 7.3 (s, 2H), 

7.2 – 7.1 (m, 4H), 7.1 (td, J = 7.7, 1.3 Hz, 1H), 7.0 (tdd, J = 7.6, 

4.7, 1.0 Hz, 2H), 6.9 – 6.8 (m, 3H), 6.6 (d, J = 7.7 Hz, 1H), 6.4 (d, 

J = 7.8 Hz, 1H), 6.0 (d, J = 8.0 Hz, 1H), 5.3 (d, J = 10.6 Hz, 1H), 

5.1 (d, J = 15.4 Hz, 1H), 5.0 (d, J = 15.4 Hz, 1H), 4.5 (d, J = 15.4 Hz, 1H), 4.4 (dd, J = 11.9, 

10.7 Hz, 1H), 4.2 (d, J = 11.8 Hz, 1H), 3.9 (d, J = 15.4 Hz, 1H). 13C{1H} NMR (100 MHz, 

CDCl3): δ 200.3, 198.8, 178.1, 175.3, 167.0 (d, J(C-F) = 38.4 Hz), 164.5 (d, J(C-F) = 38.7 Hz), 

142.5, 142.4, 135.6, 135.3, 134.4 (d, J(C-F) = 2.9 Hz), 133.5 (d, J(C-F) = 2.9 Hz), 132.8, 131.5 (d, 

J(C-F) = 9.5 Hz), 131.1, 130.9 (d, J(C-F) = 9.4 Hz), 129.4, 128.9, 128.9, 128.8, 127.9, 127.9, 

127.6, 127.4, 126.4, 126.2, 123.5, 119.2, 115.6 (d, J(C-F) = 22.0 Hz), 115.2 (d, J(C-F) = 21.9 Hz), 

108.9, 107.6, 56.5, 54.5, 46.5, 44.2, 44.0, 42.1. 19F NMR (377 MHz, CDCl3): δ -104.5, -105.1. 

HRMS (ESI TOF) m/z calcd. For C46H32F2N2O4 [M+H]+ 715.2408 found 715.2411. 

 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-chlorobenzoyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2h) 

The compound 2h was prepared following the general procedure 

GP-1. Orange solid (84 mg, 56% yield, dr >20:1), Rf = 0.50 

(petroleum ether/EtOAc 75:25), MP: 199-201 °C. 1H NMR (400 

MHz, CDCl3): δ 8.1 – 7.9 (m, 2H), 7.5 – 7.4 (m, 2H), 7.4 – 7.3 

(m, 8H), 7.2 (s, 1H), 7.2 – 7.2 (m, 3H), 7.2 – 7.1 (m, 2H), 7.1 (td, 

J = 7.8, 1.3 Hz, 1H), 7.0 (tdd, J = 7.6, 5.5, 1.0 Hz, 2H), 6.9 (dd, J 

= 7.4, 1.3 Hz, 1H), 6.6 (d, J = 7.7 Hz, 1H), 6.4 (d, J = 7.8 Hz, 1H), 

6.0 (d, J = 8.0 Hz, 1H), 5.3 (d, J = 10.6 Hz, 1H), 5.1 (d, J = 15.4 Hz, 1H), 5.0 (d, J = 15.4 Hz, 

1H), 4.5 (d, J = 15.4 Hz, 1H), 4.4 – 4.3 (m, 1H), 4.2 (d, J = 11.9 Hz, 1H), 3.8 (d, J = 15.4 Hz, 

1H). 13C{1H} NMR (100 MHz, CDCl3): δ 200.7, 199.3, 178.1, 175.3, 142.5, 142.5, 139.8, 

139.4, 136.3, 135.6, 135.4, 135.3, 132.8, 131.0, 130.2, 129.6, 129.5, 129.0, 128.9, 128.9, 128.8, 

128.3, 127.9, 127.9, 127.6, 127.4, 126.3, 126.2, 123.5, 119.2, 109.0, 107.7, 56.7, 54.5, 46.5, 

44.2, 44.0, 42.1. HRMS (ESI TOF) m/z calcd. For C46H32Cl2N2O4 [M+H]+ 747.1817 found 

747.1824. 
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(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-bromobenzoyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2i)  

The compound 2i was prepared following the general procedure 

GP-1. Orange solid (100 mg, 60% yield, dr >20:1), Rf = 0.50 

(petroleum ether/EtOAc 75:25), MP: 188-190 °C. 1H NMR (400 

MHz, CDCl3): δ 8.0 – 7.9 (m, 2H), 7.7 – 7.5 (m, 2H), 7.4 – 7.3 

(m, 10H), 7.2 – 7.1 (m, 4H), 7.1 (s, 1H), 7.0 (dd, J = 6.3, 1.1 Hz, 

2H), 6.9 (dd, J = 7.5, 1.3 Hz, 1H), 6.6 (d, J = 7.7 Hz, 1H), 6.4 (d, 

J = 7.8 Hz, 1H), 6.0 (d, J = 8.0 Hz, 1H), 5.3 (d, J = 10.5 Hz, 1H), 

5.1 (d, J = 15.4 Hz, 1H), 5.0 (d, J = 15.4 Hz, 1H), 4.5 (d, J = 15.4 Hz, 1H), 4.4 – 4.2 (m, 2H), 

3.8 (d, J = 15.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 200.9, 199.5, 178.0, 175.3, 142.5, 

142.4, 136.6, 135.8, 135.6, 135.2, 132.7, 131.8, 131.3, 131.0, 130.3, 129.7, 129.5, 129.0, 128.9, 

128.9, 128.6, 128.1, 127.9, 127.9, 127.6, 127.4, 126.3, 126.1, 123.5, 119.2, 109.1, 107.7, 56.7, 

54.5, 46.5, 44.2, 44.0, 42.1. HRMS (ESI TOF) m/z calcd. For C46H32Br2N2O4 [M+H]+ 837.0787 

found 837.0827. 

 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-nitrobenzoyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo [cd]indole-5,3'-indoline]-2,2'-dione (2j) 

The compound 2j was prepared following the general procedure 

GP-1. Light Yellowish solid (77 mg, 50% yield, dr >20:1), Rf = 

0.35 (petroleum ether/EtOAc 75:25), MP: 238-240 °C. 1H NMR 

(400 MHz, CDCl3): δ 8.4 – 8.3 (m, 2H), 8.3 – 8.2 (m, 2H), 8.0 

– 7.9 (m, 2H), 7.3 (ddd, J = 23.3, 9.3, 7.1 Hz, 8H), 7.3 (s, 1H), 

7.3 (s, 1H), 7.2 – 7.1 (m, 3H), 7.0 (tdd, J = 7.9, 3.4, 1.0 Hz, 2H), 

6.9 (dd, J = 7.5, 1.3 Hz, 1H), 6.6 (d, J = 7.8 Hz, 1H), 6.5(d, J = 

7.8 Hz, 1H), 6.0 (d, J = 8.0 Hz, 1H), 5.4 (d, J = 10.7 Hz, 1H), 5.1 (d, J = 15.4 Hz, 1H), 4.9 (d, 

J = 15.2 Hz, 1H), 4.5 (s, 1H), 4.4 (s, 1H), 4.3 (s, 1H), 3.9 (d, J = 15.1 Hz, 1H). 13C{1H} NMR 

(100 MHz, CDCl3): δ 200.9, 199.5, 177.8, 175.1, 150.4, 150.0, 142.6, 142.5, 142.4, 141.5, 

135.4, 134.8, 132.5, 130.5, 129.8, 129.8, 129.5, 129.0, 128.9, 128.9, 128.2, 128.0, 127.7, 127.6, 

126.2, 125.9, 123.8, 123.8, 123.1, 119.2, 109.1, 108.0, 57.3, 54.2, 46.6, 44.3, 44.1, 42.8. HRMS 

(ESI TOF) m/z calcd. For C46H32N4O8 [M+H]+ 769.2298 found 769.2296. 
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(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-(trifluoromethyl)benzoyl)-1,2a,3,4-tetrahydro-

2H-spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2k) 

The compound 2k was prepared following the general 

procedure GP-1. Yellow solid (50 mg, 81% yield, dr >20:1), Rf 

= 0.35 (petroleum ether/EtOAc 75:25), MP: 230-232 °C.1H 

NMR (400 MHz, CDCl3): δ 8.2 (d, J = 8.1 Hz, 2H), 7.8 (d, J = 

8.2 Hz, 2H), 7.5 (d, J = 8.2 Hz, 2H), 7.4 – 7.3 (m, 8H), 7.3 (d, J 

= 1.9 Hz, 2H), 7.1 (ddd, J = 24.4, 7.7, 2.1 Hz, 3H), 7.0 – 6.9 (m, 

2H), 6.9 – 6.8 (m, 1H), 6.6 (d, J = 7.7 Hz, 1H), 6.4 (d, J = 7.8 Hz, 1H), 6.0 (d, J = 8.1 Hz, 1H), 

5.4 (d, J = 10.6 Hz, 1H), 5.1 (d, J = 15.4 Hz, 1H), 5.0 (d, J = 15.4 Hz, 1H), 4.5 (d, J = 15.4 Hz, 

1H), 4.4 (dd, J = 11.7, 10.7 Hz, 1H), 4.3 (d, J = 11.9 Hz, 1H), 3.6 (d, J = 15.3 Hz, 1H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 201.2, 200.0, 177.9, 175.2, 142.5, 142.5, 140.5, 139.9, 135.5, 

135.1, 134.9 – 134.2 (m), 133.9 (dd, J(C-F) = 32.5, 22.0 Hz), 132.5, 130.9, 129.7, 129.2, 129.1, 

128.9, 128.5, 128.0 (d, J = 5.4 Hz), 127.6, 127.4, 126.0, 126.0, 125.6 (q, J(C-F) = 3.6 Hz), 125.2 

– 124.7 (m), 123.7, 122.4, 122.1, 119.2, 109.1, 107.8, 57.6, 54.4, 46.6, 44.1, 44.0, 42.3.  19F 

NMR (377 MHz, CDCl3): δ -63.1, -63.1. HRMS (ESI TOF) m/z calcd. For C48H32F6N2O4 

[M+H]+ 815.2344 found 815.2338. 

(2aR,3S,4S,5R)-4,4'-(1,1'-Dibenzyl-2,2'-dioxo-2,2a,3,4-tetrahydro-1H-

spiro[benzo[cd]indole-5,3'-indoline]-3,4-dicarbonyl)dibenzonitrile (2l) 

The compound 2l was prepared following the general procedure 

GP-1. White solid (70 mg, 48% yield, dr >20:1), Rf = 0.35 

(petroleum ether/EtOAc 75:25), MP: 238-240 °C.1H NMR (400 

MHz, CDCl3): δ 8.2 – 8.1 (m, 2H), 7.8 (d, J = 8.5 Hz, 2H), 7.5 – 

7.4 (m, 2H), 7.4 – 7.3 (m, 10H), 7.2 (dd, J = 6.7, 2.9 Hz, 2H), 7.1 

(dd, J = 7.8, 1.3 Hz, 1H), 7.0 (tdd, J = 7.6, 2.7, 1.0 Hz, 2H), 6.9 

(dd, J = 7.5, 1.2 Hz, 1H), 6.6 (d, J = 7.7 Hz, 1H), 6.5 (d, J = 7.9 

Hz, 1H), 6.0 (d, J = 8.0 Hz, 1H), 5.3 (d, J = 10.5 Hz, 1H), 5.1 (d, J = 15.4 Hz, 1H), 4.9 (d, J = 

15.2 Hz, 1H), 4.5 (d, J = 15.4 Hz, 1H), 4.4 – 4.1 (m, 2H), 3.8 (d, J = 15.2 Hz, 1H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 201.0, 199.5, 177.8, 175.1, 142.6, 142.5, 140.9, 140.0, 135.4, 

134.9, 132.5, 132.4, 131.8, 130.6, 129.8, 129.4, 129.2, 129.0, 128.9, 128.4, 128.2, 128.0, 127.7, 

127.6, 126.1, 125.9, 123.8, 119.1, 118.1, 117.7, 116.5, 116.1, 109.0, 108.0, 57.1, 54.2, 46.6, 
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44.3, 44.1, 42.5. HRMS (ESI TOF) m/z calcd. For C48H32N4O4 [M+H]+ 729.2502 found 

729.2495. 

(2aR,3S,4S,5R)-3,4-Di([1,1'-biphenyl]-4-carbonyl)-1,1'-dibenzyl-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2m) 

The compound 2m was prepared following the general 

procedure GP-1. White solid (113 mg, 68% yield, dr >20:1), 

Rf = 0.40 (petroleum ether/EtOAc 75:25), MP: 265-267 °C. 

1H NMR (400 MHz, CDCl3): δ 8.3 – 8.2 (m, 2H), 7.7 (d, J = 

8.7 Hz, 2H), 7.7 – 7.6 (m, 2H), 7.6 – 7.5 (m, 2H), 7.5 – 7.4 (m, 

11H), 7.3 (d, J = 5.3 Hz, 4H), 7.2 – 7.2 (m, 3H), 7.1 – 7.0 (m, 

3H), 7.0 – 6.9 (m, 3H), 6.6 (d, J = 7.7 Hz, 1H), 6.3 (d, J = 7.8 

Hz, 1H), 6.0 (dd, J = 8.1, 0.6 Hz, 1H), 5.4 (d, J = 10.9 Hz, 1H), 5.2 (d, J = 15.4 Hz, 1H), 5.0 – 

4.9 (m, 1H), 4.6 – 4.4 (m, 2H), 4.3 (s, 1H), 3.7 (d, J = 15.5 Hz, 1H). 13C{1H} NMR (100 MHz, 

CDCl3): δ 201.5, 200.0, 178.4, 175.6, 145.9, 145.6, 142.7, 142.6, 140.4, 139.8, 136.8, 136.0, 

135.8, 135.5, 133.1, 131.4, 129.5, 129.4, 129.2, 129.0, 128.9, 128.9, 128.9, 128.5, 128.1, 127.9, 

127.8, 127.7, 127.5, 127.4, 127.4, 127.4, 127.3, 126.7, 126.6, 126.3, 123.6, 119.4, 109.0, 107.6, 

57.1, 54.8, 46.7, 44.2, 44.0, 42.1. HRMS (ESI TOF) m/z calcd. For C58H42N2O4 [M+H]+ 

831.3223 found 831.3229. 

(2aR,3S,4S,5R)-3,4-Di(2-naphthoyl)-1,1'-dibenzyl-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2n) 

The compound 2n was prepared following the general 

procedure GP-1. White solid (123 mg, 66% yield, dr 

>20:1), Rf = 0.40 (petroleum ether/EtOAc 75:25), MP: 

227-229 °C. 1H NMR (400 MHz, CDCl3): δ 8.9 – 8.6 (m, 

1H), 8.2 (dd, J = 8.6, 1.8 Hz, 1H), 8.1 (d, J = 1.8 Hz, 

1H), 8.0 (dd, J = 8.1, 1.5 Hz, 1H), 8.0 (s, 2H), 7.9 – 7.8 

(m, 1H), 7.8 (dd, J = 8.2, 1.3 Hz, 1H), 7.6 – 7.5 (m, 5H), 

7.3 – 7.3 (m, 5H), 7.2 – 7.1 (m, 4H), 7.0 – 7.0 (m, 3H), 6.9 (s, 3H), 6.6 (d, J = 7.6 Hz, 1H), 6.3 

– 6.1 (m, 1H), 6.0 (d, J = 8.1 Hz, 1H), 5.6 (d, J = 10.9 Hz, 1H), 5.1 (d, J = 15.4 Hz, 1H), 4.7 

(s, 1H), 4.6 (d, J = 1.0 Hz, 1H), 4.5 (d, J = 15.4 Hz, 1H), 4.4 (d, J = 11.8 Hz, 1H), 3.2 (d, J = 

15.5 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 201.7, 200.2, 178.4, 175.4, 142.5, 142.5, 

135.9, 135.8, 135.4, 135.3, 135.2, 134.4, 133.1, 132.6, 131.9, 131.3, 130.6, 130.2, 130.0, 129.7, 

129.3, 128.8, 128.8, 128.6, 128.5, 128.3, 128.3, 127.8, 127.8, 127.8, 127.7, 127.6, 127.6, 127.1, 
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126.8, 126.7, 126.4, 126.2, 124.6, 123.7, 123.4, 119.3, 108.8, 107.5, 57.0, 54.7, 46.7, 43.9, 

43.9, 42.3. HRMS (ESI TOF) m/z calcd. For C54H39N2O4 [M+H]+ 779.2910 found 779.2905. 

 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-methoxybenzoyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2o) 

The compound 2o was prepared following the general 

procedure GP-2. Light Yellow solid (101 mg, 68% yield, dr 

>20:1), Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 166-

168 °C. 1H NMR (400 MHz, CDCl3): δ 8.1 (d, J = 9.0 Hz, 

2H), 7.4 (d, J = 8.8 Hz, 2H), 7.3 – 7.3 (m, 5H), 7.2 (dd, J = 

5.0, 1.8 Hz, 3H), 7.1 – 7.0 (m, 3H), 7.0 – 6.9 (m, 5H), 6.7 (d, 

J = 9.0 Hz, 2H), 6.6 (d, J = 7.7 Hz, 1H), 6.4 (d, J = 7.9 Hz, 

1H), 6.0 (d, J = 8.0 Hz, 1H), 5.3 (d, J = 10.8 Hz, 1H), 5.2 (d, J = 15.4 Hz, 1H), 5.0 (d, J = 15.5 

Hz, 1H), 4.5 – 4.4 (m, 2H), 4.3 (d, J = 11.8 Hz, 1H), 4.0 (s, 1H), 3.9 (s, 3H), 3.8 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 199.9, 198.2, 178.4, 175.5, 163.6, 163.4, 142.4, 142.4, 

135.8, 135.5, 133.1, 131.4, 131.1, 131.1, 130.7, 130.2, 129.2, 128.8, 128.8, 128.6, 127.8, 127.7, 

127.6, 127.3, 126.7, 126.4, 123.3, 119.2, 113.7, 113.2, 108.8, 107.4, 55.8, 55.5, 55.4, 54.8, 

46.5, 44.1, 43.9, 41.8. HRMS (ESI TOF) m/z  calcd. For C48H38N2O6 [M+H]+ 739.2808 found 

739.2801. 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-methylbenzoyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2p) 

The compound 2p was prepared following the general 

procedure GP-1. White solid (71 mg, 50% yield, dr >20:1), Rf 

= 0.50 (petroleum ether/EtOAc 75:25), MP: 137-139 °C. 1H 

NMR (400 MHz, CDCl3): δ 8.1 – 8.0 (m, 2H), 7.3 – 7.3 (m, 

7H), 7.2 (td, J = 4.2, 1.9 Hz, 5H), 7.1 (dd, J = 6.9, 2.7 Hz, 2H), 

7.1 – 7.0 (m, 3H), 6.9 (s, 3H), 6.6 (d, J = 7.7 Hz, 1H), 6.4 (d, J 

= 7.8 Hz, 1H), 6.0 (d, J = 8.0 Hz, 1H), 5.3 (d, J = 10.8 Hz, 1H), 

5.2 (d, J = 15.4 Hz, 1H), 4.9 (d, J = 15.5 Hz, 1H), 4.5 – 4.4 (m, 2H), 4.3 (s, 1H), 3.7 (d, J = 

15.5 Hz, 1H), 2.4 (s, 3H), 2.3 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 201.3, 199.7, 178.3, 

175.5, 144.0, 143.6, 142.5, 142.4, 135.8, 135.6, 135.5, 134.8, 133.1, 131.4, 129.2, 129.2, 128.9, 

128.8, 128.8, 128.6, 128.4, 127.8, 127.7, 127.6, 127.3, 127.3, 126.7, 126.3, 123.4, 119.3, 108.9, 

107.4, 56.4, 54.7, 46.6, 44.1, 43.9, 41.9, 21.8, 21.7. HRMS (ESI TOF) m/z calcd. For 

C48H38N2O4 [M+H]+ 707.2910 found 707.2905. 
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(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dibenzyl-5',7-difluoro-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2q) 

 The compound 2q was prepared following the general procedure 

GP-1. Yellow solid (83 mg, 58% yield, dr >20:1), Rf = 0.50 

(petroleum ether/EtOAc 75:25), MP: 211-213 °C. 1H NMR (400 

MHz, CDCl3): δ 8.2 – 8.1 (m, 2H), 7.6 – 7.4 (m, 6H), 7.4 – 7.3 (m, 

7H), 7.2 (dd, J = 6.0, 1.4 Hz, 3H), 7.1 (dd, J = 7.3, 2.3 Hz, 2H), 6.8 

– 6.7 (m, 3H), 6.6 (dd, J = 8.4, 3.3 Hz, 1H), 6.2 (dd, J = 8.6, 4.1 Hz, 

1H), 5.3 – 5.1 (m, 2H), 4.8 (d, J = 15.9 Hz, 1H), 4.6 – 4.4 (m, 2H), 

4.3 – 4.2 (m, 1H), 3.3 (d, J = 16.0 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 201.5, 199.2, 

176.4, 174.8, 159.2 (d, J(C-F) = 242.6 Hz), 155.2 (d, J(C-F) = 170.6 Hz), 138.5, 138.5, 138.4, 

138.0, 137.9, 137.6 (d, J(C-F) = 37.7 Hz), 135.0 (d, J(C-F) = 73.1 Hz), 133.5, 131.0 (d, J(C-F) = 7.8 

Hz), 129.5, 128.9, 128.9, 128.7, 128.6, 128.3, 128.3, 128.3, 127.6, 127.5, 127.0 (d, J(C-F) = 2.8 

Hz), 120.4 (d, J(C-F) = 12.9 Hz), 115.6 (d, J(C-F) = 12.1 Hz), 115.4 (d, J(C-F) = 11.6 Hz), 113.2 

(d, J(C-F) = 25.0 Hz), 110.0 (d, J(C-F) = 8.0 Hz), 108.9 (d, J(C-F) = 8.1 Hz), 56.6, 53.1, 46.9, 44.1, 

44.0, 41.2. 19F NMR (377 MHz, CDCl3): δ -118.8, -124.5. HRMS (ESI TOF) m/z calcd. For 

C46H32F2N2O4 [M+H]+ 715.2408 found 715.2427. 

 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dibenzyl-5',7-dichloro-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2r) 

The compound 2r was prepared following the general procedure 

GP-1. Orange solid (52 mg, 61% yield, dr >20:1), Rf = 0.50 

(petroleum ether/EtOAc 75:25) MP: 201-203 °C. 1H NMR (400 

MHz, CDCl3): δ 8.3 – 7.8 (m, 2H), 7.6 – 7.5 (m, 4H), 7.5 (dd, J = 

8.3, 6.8 Hz, 2H), 7.4 (t, J = 7.6 Hz, 2H), 7.4 – 7.3 (m, 2H), 7.3 (td, 

J = 6.5, 1.7 Hz, 3H), 7.2 – 7.2 (m, 3H), 7.1 (dq, J = 7.0, 2.4 Hz, 

3H), 7.0 (dd, J = 8.2, 1.0 Hz, 1H), 6.8 (d, J = 2.1 Hz, 1H), 6.6 (d, J 

= 8.2 Hz, 1H), 6.4 (d, J = 8.4 Hz, 1H), 5.2 – 5.1 (m, 2H), 4.5 – 4.4 (m, 3H), 4.3 – 4.2 (m, 1H), 

3.3 (d, J = 15.3 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 201.6, 198.7, 175.9, 174.5, 

141.6, 140.7, 137.7, 137.6, 135.2, 134.3, 133.7, 133.5, 131.1, 130.7, 129.3, 129.0, 129.0, 128.9, 

128.9, 128.6, 128.6, 128.5, 128.5, 128.3, 128.2, 128.0, 127.9, 127.5, 126.0, 125.2, 110.2, 109.4, 

56.9, 55.9, 47.4, 44.3, 44.0, 40.9. HRMS (ESI TOF) m/z  calcd. For C46H32Cl2N2O4 [M+H]+ 

747.1817 found 747.1823. 
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(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dibenzyl-5',7-dibromo-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2s)  

The compound 2s was prepared following the general procedure 

GP-1. Orange solid (114 mg, 68% yield, dr >20:1), Rf = 0.50 

(petroleum ether/EtOAc 75:25), MP: 210-212 °C. 1H NMR (400 

MHz, CDCl3): δ 8.1 – 7.9 (m, 2H), 7.7 – 7.6 (m, 2H), 7.4 – 7.3 (m, 

8H), 7.3 (s, 2H), 7.2 – 7.0 (m, 5H), 7.0 (tdd, J = 7.5, 6.4, 1.0 Hz, 

2H), 6.9 (dd, J = 7.5, 1.3 Hz, 1H), 6.6 (d, J = 7.7 Hz, 1H), 6.4 (d, J 

= 7.8 Hz, 1H), 6.0 (d, J = 8.0 Hz, 1H), 5.3 (d, J = 10.5 Hz, 1H), 5.1 

(d, J = 15.4 Hz, 1H), 5.0 (d, J = 15.4 Hz, 1H), 4.5 (d, J = 15.4 Hz, 1H), 4.3 (d, J = 10.5 Hz, 

1H), 4.2 (d, J = 11.9 Hz, 1H), 3.8 (d, J = 15.4 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 

200.9, 199.5, 178.0, 175.3, 142.5, 142.4, 136.7, 135.8, 135.6, 135.2, 132.7, 131.8, 131.3, 131.0, 

130.3, 129.7, 129.5, 129.0, 128.9, 128.9, 128.6, 128.1, 127.9, 127.9, 127.6, 127.4, 126.2, 126.1, 

123.5, 119.2, 109.1, 107.7, 56.7, 54.5, 46.5, 44.2, 44.0, 42.1. HRMS (ESI TOF) m/z calcd. For 

C46H32 Br2N2O4 [M+H]+ 837.0786 found 837.0768. 

 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-methylbenzoyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2t) 

The compound 2t was prepared following the general procedure 

GP-1. Orange solid (116 mg, 82% yield, dr >20:1), Rf = 0.50 

(petroleum ether/EtOAc 75:25), MP: 207-209 °C. 1H NMR (400 

MHz, CDCl3): δ 8.1 – 8.0 (m, 2H), 7.5 (d, J = 12.4 Hz, 6H), 7.4 

(s, 2H), 7.3 (d, J = 3.1 Hz, 5H), 7.2 – 7.1 (m, 5H), 7.0 – 6.9 (m, 

1H), 6.8 – 6.7 (m, 1H), 6.7 (d, J = 1.7 Hz, 1H), 6.5 (s, 1H), 6.4 (d, 

J = 8.0 Hz, 1H), 5.2 – 5.1 (m, 2H), 4.5 (d, J = 1.2 Hz, 1H), 4.5 – 

4.4 (m, 2H), 4.3 (d, J = 12.0 Hz, 1H), 3.3 (d, J = 15.1 Hz, 1H), 2.3 (s, 3H), 1.3 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 202.5, 199.8, 177.0, 175.2, 140.1, 140.1, 138.2, 138.1, 135.9, 

135.2, 133.3, 133.3, 133.1, 131.5, 130.7, 130.4, 130.1, 129.4, 128.9, 128.9, 128.6, 128.5, 128.5, 

128.4, 128.2, 127.9, 127.8, 127.6, 127.2, 126.2, 108.9, 107.9, 57.9, 56.2, 47.8, 44.1, 43.8, 41.1, 

21.4, 18.1. HRMS (ESI TOF) m/z  calcd. For C48H38N2O4 [M+H]+ 707.2910 found 707.2921. 

 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dibenzyl-7',8-difluoro-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2u)  
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The compound 2u was prepared following the general procedure 

GP-1. White solid (86 mg, 54% yield, dr >20:1), Rf = 0.50 

(petroleum ether/EtOAc 75:25), MP: 210-212 °C. 1H NMR (400 

MHz, CDCl3): δ 8.2 – 8.1 (m, 2H), 7.6 (d, J = 7.4 Hz, 1H), 7.5 – 

7.4 (m, 3H), 7.4 – 7.3 (m, 7H), 7.2 (dd, J = 4.6, 2.4 Hz, 5H), 7.2 

– 7.2 (m, 2H), 7.0 – 6.8 (m, 2H), 6.7 (ddd, J = 11.2, 8.8, 1.0 Hz, 

1H), 6.7 (d, J = 1.2 Hz, 1H), 5.9 (dd, J = 8.8, 3.5 Hz, 1H), 5.3 (d, 

J = 10.8 Hz, 1H), 5.1 (d, J = 15.0 Hz, 1H), 4.9 (d, J = 15.0 Hz, 1H), 4.8 (d, J = 15.0 Hz, 1H), 

4.3 (d, J = 11.1 Hz, 1H), 4.2 (d, J = 11.8 Hz, 1H), 4.0 (dd, J = 14.9, 1.6 Hz, 1H). 13C{1H} NMR 

(100 MHz, CDCl3): δ 201.1, 200.0, 177.8, 174.4, 147.8 (d, J(C-F) = 69.4 Hz), 145.4 (d, J(C-F) = 

69.2 Hz), 137.4 (d, J(C-F) = 77.2 Hz), 136.7 (d, J(C-F) = 20.4 Hz), 133.8 (d, J(C-F) = 2.8 Hz), 133.3 

(d, J(C-F) = 23.2 Hz), 129.4, 129.3, 129.1, 129.1, 128.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.1 

(d, J(C-F) = 1.3 Hz), 128.0, 128.0, 127.8, 127.8, 127.7, 127.7, 124.1 (d, J(C-F) = 6.4 Hz), 122.1 

(d, J(C-F) = 3.2 Hz), 120.3 (d, J (C-F) = 6.4 Hz), 117.9 (d, J(C-F) = 20.9 Hz), 116.9 (d, J(C-F) = 19.5 

Hz), 57.1, 54.2, 46.9, 45.5 (d, J(C-F) = 4.9 Hz), 45.2 (d, J(C-F) = 3.4 Hz), 41.8; 19F NMR (377 

MHz, CDCl3): δ -133.5, -135.3. HRMS (ESI TOF) m/z  calcd. For C46H32F2N2O4 [M+H]+ 

715.2408 found 715.2404. 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dibenzyl-7',8-dimethyl-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2v)  

The compound 2v was prepared following the general 

procedure GP-1. Light Yellowish solid (99 mg, 70% yield, dr 

>20:1), Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 282-284 

°C. 1H NMR (400 MHz, Chloroform-d) δ 8.1 – 8.0 (m, 2H), 7.4 

– 7.3 (m, 7H), 7.2 (td, J = 4.2, 1.9 Hz, 5H), 7.2 – 7.1 (m, 2H), 

7.1 – 7.0 (m, 3H), 7.0 – 6.9 (m, 3H), 6.6 (d, J = 7.7 Hz, 1H), 6.4 

(d, J = 7.8 Hz, 1H), 6.0 (d, J = 8.0 Hz, 1H), 5.3 (d, J = 10.8 Hz, 

1H), 5.2 (d, J = 15.4 Hz, 1H), 4.9 (d, J = 15.5 Hz, 1H), 4.5 – 4.3 (m, 2H), 4.3 (d, J = 11.9 Hz, 

1H), 3.7 (d, J = 15.5 Hz, 1H), 2.4 (s, 3H), 2.3 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 

201.9, 200.7, 179.6, 175.9, 140.9, 140.2, 138.1, 137.7, 137.5, 137.5, 133.1, 133.1, 132.6, 132.6, 

132.3, 131.0, 128.8, 128.8, 128.8, 128.4, 128.2, 127.8, 127.3, 127.3, 126.9, 125.9, 125.9, 124.3, 

123.5, 119.6, 119.6, 118.6, 57.6, 53.8, 46.4, 45.1, 44.6, 42.0, 18.6, 18.0. HRMS (ESI TOF) m/z 

calcd. For C48H38N2O4 [M+H]+ 707.2910 found 707.2909. 

 



101 
 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-dibenzyl-6',7-difluoro-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2w) 

The compound 2w was prepared following the general 

procedure GP-1. White solid (132 mg, 92% yield, dr >20:1), Rf 

= 0.50 (petroleum ether/EtOAc 75:25), MP: 255-257 °C.1H 

NMR (400 MHz, CDCl3): δ 8.2 – 8.1 (m, 2H), 7.6 (d, J = 7.4 

Hz, 1H), 7.5 – 7.4 (m, 3H), 7.4 – 7.3 (m, 11H), 7.2 (d, J = 1.9 

Hz, 1H), 7.1 – 7.0 (m, 2H), 6.9 (dd, J = 8.3, 5.2 Hz, 1H), 6.7 

(ddd, J = 9.3, 8.3, 2.4 Hz, 1H), 6.4 (dd, J = 8.6, 2.0 Hz, 1H), 6.1 

(dd, J = 8.8, 2.3 Hz, 1H), 5.7 (dd, J = 10.1, 2.0 Hz, 1H), 5.3 (d, J = 10.8 Hz, 1H), 5.1 (d, J = 

15.4 Hz, 1H), 4.9 (d, J = 15.5 Hz, 1H), 4.5 – 4.3 (m, 2H), 4.2 (dd, J = 11.8, 2.0 Hz, 1H), 3.6 

(d, J = 15.5 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 201.4, 200.0, 178.1, 175.3, 164.7 

(d, J(C-F) = 64.3 Hz), 162.2 (d, J(C-F) = 65.9 Hz), 144.1 (d, J(C-F) = 11.7 Hz), 143.6 (d, J(C-F) = 

12.4 Hz), 137.4 (d, J(C-F) = 76.0 Hz), 135.0 (d, J(C-F) = 44.9 Hz), 133.8, 133.7, 133.4, 133.2, 

129.0, 129.0, 128.8, 128.5, 128.2, 128.2, 128.1, 128.1, 127.7, 127.5, 127.4, 127.2, 126.0 (d, 

J(C-F) = 3.1 Hz), 121.9 (d, J(C-F) = 2.3 Hz), 110.0 (d, J(C-F) = 22.6 Hz), 105.1 (d, J(C-F) = 24.5 

Hz), 97.8 (d, J(C-F) = 27.7 Hz), 97.2 (d, J(C-F) = 28.9 Hz), 56.5, 54.1, 46.0, 44.3, 44.1, 42.1. 19F 

NMR (377 MHz, CDCl3): δ -109.5, -109.7. HRMS (ESI TOF) m/z calcd. For C46H32F2N2O4 

[M+H]+ 715.2408 found 715.2411. 

 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-chlorobenzoyl)-6',7-difluoro-1,2a,3,4-tetrahydro-

2H-spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2x) 

The compound 2x was prepared following the general 

procedure GP-2. White solid (72 mg, 46% yield, dr >20:1), 

Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 230-232 

°C.1H NMR (400 MHz, CDCl3): δ 8.1 – 7.9 (m, 2H), 7.5 – 

7.4 (m, 2H), 7.4 – 7.3 (m, 3H), 7.3 – 7.3 (m, 7H), 7.2 (d, J = 

8.7 Hz, 2H), 7.1 – 7.1 (m, 2H), 6.8 (dd, J = 8.3, 5.2 Hz, 1H), 

6.7 (ddd, J = 10.7, 8.5, 2.4 Hz, 1H), 6.4 (dd, J = 8.6, 2.0 Hz, 

1H), 6.2 (dd, J = 8.6, 2.3 Hz, 1H), 5.7 (dd, J = 10.1, 1.9 Hz, 1H), 5.3 (d, J = 10.7 Hz, 1H), 5.1 

(d, J = 15.4 Hz, 1H), 4.9 (d, J = 15.4 Hz, 1H), 4.4 (d, J = 15.4 Hz, 1H), 4.3 (t, J = 11.3 Hz, 1H), 

4.2 (dd, J = 11.8, 2.0 Hz, 1H), 3.9 (d, J = 15.4 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 

200.2, 198.8, 177.9, 175.2, 164.8 (d, J(C-F) = 64.4 Hz), 162.3 (d, J(C-F) = 66.4 Hz), 144.0 (d, J(C-

F) = 13.2 Hz), 143.7 (d, J(C-F) = 12.5 Hz), 140.0, 139.9, 136.0, 135.1 (d, J(C-F) = 7.9 Hz), 134.5, 
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133.6 (d, J(C-F) = 9.0 Hz), 130.2, 129.6, 129.1, 129.0, 128.9, 128.6, 128.3, 128.2, 127.7, 127.6, 

127.5, 127.3, 125.7 (d, J(C-F) = 3.1 Hz), 121.6 (d, J(C-F) = 2.3 Hz), 110.2 (d, J(C-F) = 22.6 Hz), 

105.1 (d, J(C-F) = 24.7 Hz), 98.0 (d, J(C-F) = 27.7 Hz), 97.4 (d, J(C-F) = 28.8 Hz), 56.2, 54.1, 46.0, 

44.5, 44.2, 42.2. 19F NMR (377 MHz, CDCl3): δ -108.8, -109.3. HRMS (ESI TOF) m/z calcd. 

For C46H30Cl2F2N2O4 [M+H]+ 783.1629 found 783.1628. 

 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-6',7-difluoro-3,4-bis(4-methylbenzoyl)-1,2a,3,4-

tetrahydro-2H-spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2y) 

The compound 2y was prepared following the general 

procedure GP-1. White solid (94 mg, 62% yield, dr >20:1), 

Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 235-237 

°C.1H NMR (400 MHz, CDCl3): δ 8.1 – 8.0 (m, 2H), 7.4 – 

7.3 (m, 10H), 7.3 (d, J = 2.9 Hz, 2H), 7.1 – 7.0 (m, 4H), 

6.9 (dd, J = 8.3, 5.3 Hz, 1H), 6.7 – 6.6 (m, 1H), 6.3 (dd, J 

= 8.7, 2.0 Hz, 1H), 6.1 (dd, J = 8.7, 2.3 Hz, 1H), 5.7 (dd, J 

= 10.2, 2.0 Hz, 1H), 5.3 (d, J = 10.8 Hz, 1H), 5.1 (d, J = 15.4 Hz, 1H), 4.9 (d, J = 15.5 Hz, 1H), 

4.5 – 4.3 (m, 2H), 4.2 (d, J = 2.0 Hz, 1H), 3.8 (d, J = 15.5 Hz, 1H), 2.4 (s, 3H), 2.4 (s, 3H). 

13C{1H} NMR (100 MHz, CDCl3): δ 200.7, 199.2, 178.2, 175.4, 164.6 (d, J(C-F) = 67.2 Hz), 

162.2 (d, J(C-F) = 68.7 Hz), 144.2, 144.1, 144.0, 143.9, 143.6 (d, J(C-F) = 12.5 Hz), 135.3 (d, J(C-

F) = 6.3 Hz), 134.8, 134.5, 133.9 (d, J(C-F) = 9.9 Hz), 129.3, 129.1, 129.0, 129.0, 128.9, 128.9, 

128.4, 128.1 (d, J(C-F) = 2.6 Hz), 127.6, 127.6, 127.3, 126.1 (d, J(C-F) = 3.1 Hz), 122.0 (d, J(C-F) 

= 2.2 Hz), 109.9 (d, J(C-F) = 22.6 Hz), 105.1 (d, J(C-F) = 24.4 Hz), 97.8 (d, J(C-F) = 27.7 Hz), 97.2 

(d, J(C-F) = 28.8 Hz), 56.0, 54.2, 46.0, 44.4, 44.1, 42.0, 21.8, 21.7. 19F NMR (377 MHz, CDCl3): 

δ -109.8, -109.9. HRMS (ESI TOF) m/z calcd. For C48H36F2N2O4 [M+H]+ 743.2721 found 

743.2713. 

 

(2aR,3S,4S,5R)-1,1'-Dibenzyl-3,4-bis(4-bromobenzoyl)-5',7-dichloro-1,2a,3,4-

tetrahydro-2H-spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2z) 

The compound 2z was prepared following the general procedure GP-1. Orange solid (100 mg, 

55% yield, dr >20:1), Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 240-242 °C.1H NMR 

(400 MHz, CDCl3): 
1H NMR (400 MHz, Chloroform-d) δ 7.9 – 7.8 (m, 2H), 7.7 – 7.6 (m, 2H), 

7.6 – 7.5 (m, 2H), 7.4 (d, J = 8.5 Hz, 2H), 7.4 – 7.3 (m, 5H), 7.2 (dd, J = 5.0, 1.9 Hz, 3H), 7.2 

– 7.1 (m, 3H), 7.1 – 7.0 (m, 1H), 6.8 (d, J = 2.1 Hz, 1H), 6.6 (d, J = 8.2 Hz, 1H), 6.5 (d, J = 8.4 
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Hz, 1H), 5.2 (d, J = 15.5 Hz, 1H), 5.1 (d, J = 10.5 Hz, 1H), 

4.5 (d, J = 15.3 Hz, 1H), 4.4 (d, J = 15.5 Hz, 1H), 4.4 – 

4.3 (m, 1H), 4.3 (d, J = 1.0 Hz,1H), 3.5 (d, J = 15.2 Hz, 

1H); 13C{1H} NMR (100 MHz, CDCl3): δ 200.7, 197.7, 

175.9, 174.4, 141.6, 140.7, 136.3, 136.0, 135.1, 134.0, 

132.0, 131.9, 130.9, 130.8, 130.3, 129.7, 129.2, 129.2, 

129.1, 129.1, 129.0, 128.7, 128.6, 128.5, 128.3, 128.1, 

128.0, 127.5, 126.1, 125.2, 110.2, 109.6, 56.7, 55.8, 47.3, 44.5, 44.0, 41.0. HRMS (ESI TOF) 

m/z calcd. For C46H30 Br2N2O4 [M+H]+ 905.0007 found 905.0015. 

 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-bis(4-methylbenzyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2aa)  

The compound 2aa was prepared following the general 

procedure GP-1. Yellow solid (71 mg, 50% yield, dr 

>20:1), Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 

209-211 °C.1H NMR (400 MHz, CDCl3): δ 8.2 – 8.1 (m, 

2H), 7.6 (d, J = 7.3 Hz, 1H), 7.5 (dd, J = 8.3, 6.7 Hz, 2H), 

7.5 – 7.4 (m, 1H), 7.3 – 7.3 (m, 2H), 7.2 – 7.2 (m, 4H), 

7.1 (d, J = 7.8 Hz, 2H), 7.0 (dd, J = 8.4, 7.0 Hz, 5H), 7.0– 

6.9 (m, 3H), 6.6 (d, J = 7.7 Hz, 1H), 6.3 (d, J = 7.8 Hz, 1H), 6.0 (d, J = 8.1 Hz, 1H),5.4 (d, J = 

10.8 Hz, 1H), 5.1 (d, J = 15.3 Hz, 1H), 4.9 (d, J = 15.4 Hz, 1H), 4.5 – 4.4 (m, 2H), 4.3 (d, J = 

11.8 Hz, 1H), 3.6 (d, J = 15.4 Hz, 1H), 2.3 (s, 3H), 2.3 (s, 3H). 13C{1H} NMR (100 MHz, 

CDCl3): δ 201.9, 200.5, 178.2, 175.3, 142.6, 142.5, 138.0, 137.5, 137.5, 137.3, 133.2, 133.0, 

132.8, 132.8, 132.5, 131.4, 129.5, 129.5, 129.3, 128.8, 128.7, 128.5, 128.2, 128.0, 127.6, 127.3, 

126.6, 126.1, 123.4, 119.2, 108.9, 107.5, 56.9, 54.6, 46.6, 43.8, 43.7, 42.1, 21.1, 21.1. HRMS 

(ESI TOF) m/z  calcd. For C48H38N2O4 [M+H]+ 707.2910 found 707.2907. 

 

(2aR,3S,4S,5R)-4,4'-((3,4-Dibenzoyl-2,2'-dioxo-2,2a,3,4-tetrahydro-1H-

spiro[benzo[cd]indole-5,3'-indoline]-1,1'-diyl)bis(methylene))dibenzonitrile (2ab)  

The compound 2ab was prepared following the general procedure GP-1. White solid (82 mg, 

56% yield, dr >20:1), Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 196-198 °C.1H NMR 

(400 MHz, CDCl3): δ 7.7 – 7.6 (m, 7H), 7.6 – 7.6 (m, 3H), 7.4 (dt, J = 13.3, 7.6 Hz, 3H), 7.3 
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(d, J = 8.2 Hz, 2H), 7.2 (s, 2H), 7.1 – 7.0 (m, 3H), 7.0 (s, 

2H), 6.5 (d, J = 7.8 Hz, 1H), 6.3 – 6.1 (m, 2H), 5.3 (d, J 

=1.4 Hz, 1H), 5.2 (d, J = 16.5 Hz, 1H), 5.1 (s, 1H), 5.0 – 

4.9 (m, 2H), 4.1 (q, J = 7.1 Hz, 1H), 

3.8 (d, J = 15.8 Hz, 1H). 13C{1H} NMR (100 MHz, 

CDCl3): δ 201.3, 197.3, 178.6, 177.5, 143.4, 141.6, 141.3, 

140.6, 136.9, 134.5, 134.2, 133.9, 133.3, 132.8, 132.7, 

131.4, 130.5, 129.2, 128.6, 128.6, 128.3, 128.2, 128.1, 128.0, 127.9, 126.8, 124.1, 118.7, 118.2, 

118.0, 112.1, 111.6, 108.3, 108.3, 70.7, 54.1, 53.5, 50.5, 44.2, 43.9. HRMS (ESI TOF) m/z 

calcd. For C48H32N4O4 [M+H]+ 729.2502 found 729.2507. 

 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-bis(4-bromobenzyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2ac)  

The compound 2ac was prepared following the general 

procedure GP-1. White solid (94 mg, 56% yield, dr 

>20:1), Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 

208-210 °C.1H NMR (400 MHz, CDCl3): δ 8.2 – 8.1 (m, 

2H), 7.6 – 7.6 (m, 1H), 7.5 (ddd, J = 21.6, 7.6, 5.9 Hz, 

5H), 7.4 – 7.3 (m, 2H), 7.3 (d, J = 6.9 Hz, 1H), 7.2 – 7.2(m, 

4H), 7.1 (td, J = 7.7, 1.4 Hz, 1H), 7.0 – 6.9 (m, 4H), 

 6.9 (dd, J = 7.5, 1.4 Hz, 1H), 6.6 (d, J = 7.7 Hz, 1H), 6.3 (d, J = 7.8 Hz, 1H), 6.0 (d, J = 8.0 

Hz, 1H), 5.3 (d, J = 10.8 Hz, 1H), 5.1 (d, J = 15.5 Hz, 1H), 4.9 (d, J = 15.6 Hz, 1H), 4.5 – 4.4 

(m, 2H), 4.3 (s, 1H), 4.1 (d, J = 7.1 Hz, 1H), 3.6 (d, J = 15.6 Hz, 1H). 13C{1H} NMR (100 

MHz, CDCl3): δ 201.7, 200.3, 178.2, 175.3, 142.3, 142.2, 137.9, 137.3, 134.8, 134.6, 133.3, 

133.0, 132.9, 132.0, 131.2, 129.4, 129.3, 129.0, 129.0, 128.9, 128.8, 128.5, 128.2, 128.0, 126.5, 

126.3, 123.7, 121.8, 121.8, 119.3, 108.7, 107.4, 56.7, 54.5, 46.5, 43.5, 43.4, 42.0. HRMS (ESI 

TOF) m/z calcd. For C46H32Br2N2O4 [M+H]+ 837.0786 found 837.0786. 

 

(2aR,3S,4S,5R)-3,4-Dibenzoyl-1,1'-bis(3,5-difluorobenzyl)-1,2a,3,4-tetrahydro-2H-

spiro[benzo[cd]indole-5,3'-indoline]-2,2'-dione (2ad) 

The compound 2ad was prepared following the general procedure GP-1. White solid (69 mg, 

48% yield, dr >20:1), Rf = 0.50 (petroleum ether/EtOAc 75:25), MP: 205-207 °C.1H NMR 

(400 MHz, CDCl3): δ 8.2 – 8.0 (m, 2H), 7.6 (d, J = 7.4 Hz, 1H), 7.5 (dd, J = 8.3, 6.8 Hz, 2H), 



105 
 

7.4 (s, 1H), 7.3 (d, J = 7.5 Hz, 2H), 7.3 – 7.2 (m, 2H), 7.1 

(dd, J = 7.7, 1.5 Hz, 1H), 7.1 – 7.0 (m, 2H), 6.9 (d, J = 1.3 

Hz, 1H), 6.8 (dt, J = 6.2, 2.0 Hz, 2H), 6.8 – 6.6 (m, 4H), 

6.6 (d, J = 7.7 Hz, 1H), 6.3 (d, J = 7.8 Hz, 1H), 6.0 (d, J = 

8.0 Hz, 1H), 5.4 (d, J = 10.8 Hz, 1H), 5.0 (d, J = 15.7 Hz, 

1H), 4.9 (d, J = 15.8 Hz, 1H), 4.5 (d, J = 15.7 Hz, 1H), 4.4 

(dd, J = 11.8, 10.8 Hz, 1H), 4.3 (d, J = 11.8 Hz, 1H), 3.6 

(d, J = 15.8 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): 

δ 201.5, 200.2, 178.2, 175.3, 164.6 (d, J(C-F) = 4.8 Hz), 

164.4 (d, J(C-F) = 5.0 Hz), s162.0, 161.9 (d, J(C-F) = 5.9 Hz), 142.1, 142.0, 139.6 (t, J(C-F) = 8.8 

Hz), 139.4 (t, J(C-F) = 8.8 Hz), 137.8, 137.2, 133.4, 133.0, 132.9, 131.1, 129.6, 129.0, 128.8, 

128.5, 128.2, 128.0, 126.5, 126.5, 123.9, 119.5, 110.7 – 110.2 (m), 110.4 – 108.5 (m),  107.4, 

103.5 (t, J(C-F) = 25.2 Hz), 56.8, 54.5, 46.4, 43.4, 43.3, 42.0. 19F NMR (377 MHz, CDCl3): δ -

108.4 (t, J = 7.9 Hz), -108.6 (t, J = 7.8 Hz). HRMS (ESI TOF) m/z calcd. For C46H30F4N2O4 

[M+H]+ 751.2220 found 751.2212. 
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3.7 Appendix III 1H, 13C spectral data of representative compounds 

 

Compound No. Figure AIII.X Data Page No 

2a Figure AIII.1 and AIII.2 1H and 13C 107 

2h Figure AIII.3 and AIII.4 1H and 13C 108 

2r Figure AIII.5 and AIII.6 1H and 13C 109 

2aa Figure AIII.7 and AIII.8 1H and 13C 110 

3i Figure AIII.9 ORTEP plot 111 
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Figure AIII.1 1H NMR (400 MHz, CDCl3) spectrum of compound 2a 

 

 

Figure AIII.2 13C{1H} NMR (100 MHz, CDCl3) spectrum of compound 2a 
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Figure AIII.3 1H NMR (400 MHz, CDCl3) spectrum of compound 2h 

  

Figure AIII.4 13C{1H} NMR (100 MHz, CDCl3) spectrum of compound 2h 
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Figure AIII.5 1H NMR (400 MHz, CDCl3) spectrum of compound 2r 

  

Figure AIII.6 13C{1H} NMR (100 MHz, CDCl3) spectrum of compound 2r 
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Figure AIII.7 1H NMR (400 MHz, CDCl3) spectrum of compound 2aa

 

Figure AIII.8 13C{1H} NMR (100 MHz, CDCl3) spectrum of compound 2aa 
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Figure AIII.9 An ORTEP diagram showing thermal ellipsoids at a 50% probability level was 

created to represent the structures determined by single-crystal X-ray diffraction analysis of 

compound 2i 
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Abstract 

An expedient transition metal-free oxa-Michael cascade [4+2] annulation has been developed 

for the efficient synthesis of dispiropyrazolone fused tetrahydropyran framework. This atom-

economical method leverages pyrazolonedione-based Morita−Baylis−Hillman (Pyro-MBH) 

alcohol as unique oxa-Michael donors. The reaction enables the rapid assembly of complex 

spiroheterocyclic compounds with two tertiary and two quaternary stereocenters in excellent 

yields in very rapid reaction times (1–2 minute). The protocol also proved to be scalable, and 

the compounds synthesized were utilized for the successful Suzuki coupling reactions, 

showcasing its practicality of the method. 
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Initiated [4+2] Cycloaddition Cascade Between Pyrazoledione-Based Morita–Baylis–

Hillman Alcohols and Arylidene Pyrazolones: A Concise Route to Dispiropyrazolone 

Fused Tetrahydropyrans, Manuscript is ready to be communicated. 



114 
 

 

4.1 Introduction 

The efficient synthesis of spiropyrazolone frameworks, particularly those bearing tertiary and 

quaternary carbon stereocenters, remains a significant challenge in synthetic organic chemistry 

due to the inherent steric hindrance associated with such structures. Achieving precise 

stereochemical control at spirocyclic junctions and adjacent tertiary and secondary carbon 

centers further complicates their construction, necessitating sophisticated and highly controlled 

synthetic approaches. Morita−Baylis−Hillman (MBH) adducts and their derivatives have 

established themselves as versatile intermediates, widely employed in annulation reactions to 

assemble structurally diverse and intricate spirocyclic architectures.1 Morita−Baylis−Hillman 

(Pyro-MBH) carbonates hold particular importance among MBH adducts due to their reactivity 

in diverse [3+2] annulation reactions. Despite their versatility, these annulations generally 

demand prolonged reaction times, spanning anywhere between 12 to 72 h. The underlying 

mechanism involves the in-situ formation of electrophilic salts and zwitterionic allylic ylides, 

driven by Lewis base catalysis, which facilitates the efficient construction of complex 

molecular frameworks.2  

The six-membered dispiropyrazolone frameworks represent key structural motifs prevalent in 

a variety of bioactive compounds (Fig. 4.1b).3 Their unique architecture, featuring heteroatoms 

(Fig. 1b),4 two pyrazolone units (Fig. 4.1b),5 and two spiropyrazolone moieties (Fig. 4.1a)4, in 

addition to dispirocyclic scaffolds (Fig. 4.1a),6 significantly amplifies the biological activity of 

the resulting molecules (Fig. 4.1b). These distinctive features underscore their importance in 

medicinal chemistry as well as their potential for diverse therapeutic applications. 

The deliberate incorporation of pharmacologically relevant scaffolds is a recognized strategy 

in the discovery and design of novel lead compounds. Specifically, the fusion of two spiro-

pyrazolone frameworks to form dispiro cyclic structures presents a promising approach for 

creating architecturally sophisticated and biologically significant molecules. This strategy  
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Figure 4.1 Biologically active compounds and proposed hybrid structures: innovative 

scaffolds for drug development 
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offer a compelling pathway for the identification of possibly new bioactive entities, showcasing 

their potential in advancing therapeutic development (Fig. 4.1c).7 

The synthesis of spiropyrazole and dispiropyrazole frameworks has become a central area of 

focus in contemporary synthetic chemistry owing to their exceptional structural diversity and 

significant biological relevance. Recent progress in this field highlights the development of 

novel and efficient synthetic methodologies, particularly catalytic strategies, and 

multicomponent reaction systems. These innovative approaches aim to enhance synthetic 

versatility and applicability of spiropyrazole frameworks, thereby unlocking their full potential 

in drug discovery and materials science.8 

4.2 Recent developments in the synthesis of dispiropyrazolone  

Several studies have been reported in the literature regarding the synthesis of dispiro 

pyrazolone derivatives through a [3+2] cycloaddition of pyrazolonedione-based 

Morita−Baylis−Hillman (Pyro-MBH) carbonates with various dienophiles. This approach 

facilitates the efficient construction of dispirocyclic frameworks, demonstrating significant 

versatility and applicability in synthetic chemistry. Some of the representative reports have 

been highlighted.  

Guo and co-workers2a have explored a novel approach utilizing 4-(dimethylamino) pyridine 

(DMAP) as a catalyst to achieve [3+2] annulation reaction. This process involves the reaction 

of pyrazoledione-derived Morita–Baylis–Hillman (MBH) carbonates 1 with 2-

arylideneindane-1,3-diones 2, leading to the formation of a diverse array of multifunctional  

 

Scheme 4.1 Synthesis of multifunctional spiropyrazole via DMAP catalyzed [3+2] 

cycloaddition 

spiropyrazole derivatives 3 in modest to excellent yields with a varied diastereoselectivities (16 

to 99%, 3:2 to 20:1 dr). The pyrazoledione-derived Morita–Baylis–Hillman (MBH) carbonates 

1 act as essential substrates in this organocatalyzed transformation, paving the way for the 

synthesis of complex pyrazolinone-containing dispirocyclic compounds 3, which may have 
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potential applications in medicinal chemistry and material science. This work underscores the 

versatility of organocatalysis in constructing intricate molecular architectures (see Scheme 

4.1). 

Han and coworkers2b have successfully synthesized a catalytic asymmetric 

dispiro[pyrazolone–dihydropyrrole–oxindole] framework 6 using a DMAP-derived chiral 

catalyst. This innovative approach utilized a recently developed pyrazolonedione-based 

Morita−Baylis−Hillman (Pyro-MBH) carbonates 4 to afford the desired spirocyclic product 6 

in excellent yields with exceptional stereoselectivities. The proposed transition state analysis 

suggested that intermolecular hydrogen bonding and π–π stacking interactions are critical in 

facilitating the stereoselective transformation. This work highlights the efficiency of the 

DMAP-derived chiral catalysts in asymmetric catalysis and underscores the importance of non-

covalent interactions in directing stereochemical outcome in complex organic transformations. 

Further exploration of these interactions could pave the way for developing more efficient 

catalytic systems in asymmetric synthesis (see Scheme 4.2). 

 

Scheme 4.2 Synthesis of dispiro[pyrazolone–dihydropyrrole–oxindole] via chiral DMAP 

catalyzed [3+2] cycloaddition 

Our research group reported2c a DMAP-catalyzed, highly diastereoselective [3+2] 

cycloaddition utilizing pyrazolonedione-based Morita−Baylis−Hillman (Pyro-MBH) 

carbonates 7 and 3-methyleneoxindole 8 as key substrates (Scheme 4.4). This strategy enables 

the efficient construction of structurally intricate spiropyrazolone-fused oxindoles 9, 

incorporating three contiguous stereocenters with remarkable precision. The methodology 

afforded the spirocyclic frameworks in exceptional yields (up to 98%) with outstanding 

diastereoselectivity (up to 99:1). Furthermore, the synthetic utility of this approach has been 
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demonstrated through subsequent transformations, including Suzuki cross-coupling and 

hydrolysis reactions, thereby expanding the applicability of this protocol (see scheme 4.3). 

Scheme 4.3 Synthesis of spiropyrazolone-fused oxindoles via DMAP catalyzed [3+2] 

cycloaddition 

Wang and coworkers2d have developed a catalytic asymmetric [3+2] cyclization reaction of 

pyrazolonedione-based Morita−Baylis−Hillman (Pyro-MBH) carbonates 10 with arylidenyl 

isoxazolones 11, using a DMAP-derived chiral catalyst. This innovative approach has led to 

the synthesis of dispirocyclic pyrazolones 12 bearing vicinal all-carbon quaternary 

stereocenters within an embedded cyclopentene ring scaffold. Notably, this reaction affords the 

desired products 12 in very good yields (up to 85%) with an excellent stereoselectivity (up to 

20:1 dr) under mild reaction conditions (room temperature, 1 atm). The DMAP-derived chiral 

catalyst used in this reaction is a key component in achieving high levels of stereoselectivity. 

The unique structure and properties of the catalyst enabled the asymmetric [3+2] cyclization 

reaction, resulting in the formation of complex dispirocyclic pyrazolones 12 with high levels 

of stereocontrol.  

This work represents an important advancement in asymmetric catalysis, providing a new and 

efficient method for synthesizing complex molecules with quaternary stereocenters. The mild  

Scheme 4.4 Synthesis of dispiro[pyrazolone–dihydropyrrole–oxindole] via chiral DMAP 

catalyzed [3+2] cycloaddition 
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reaction conditions and excellent stereoselectivities make this method attractive for 

synthesizing complex natural products and biologically active molecules (Scheme 4.4). 

In line with our ongoing efforts to develop novel spirocyclic frameworks, we focused on 

establishing an efficient, atom-economical, and stereoselective strategy for constructing 

spirocyclic architectures via an oxa-Michael-initiated [4+2] annulation cascade. Drawing from 

our extensive experience in the chemistry of pyrazolone-derived Morita–Baylis–Hillman 

(Pyro-MBH) carbonates and alcohols, we identified a significant gap in the literature, 

specifically, the uncharted potential of Pyro-MBH alcohols in cycloaddition reactions. To date, 

no direct application of unprotected Pyro-MBH alcohols in such annulation strategies has been 

reported, highlighting a valuable opportunity for methodological innovation. 

Motivated by this unexplored synthetic route, we investigated the direct [4+2] cycloaddition of 

Pyro-MBH alcohols with arylidene pyrazolones. This chapter presents, for the first time, a 

metal-free and rapid protocol for accessing dispiropyrazolone-fused tetrahydropyrans using 

this novel approach. Remarkably, the reaction proceeds cleanly under mild conditions and 

completes within 1–2 minute, showcasing excellent efficiency and environmental 

compatibility. This methodology represents a significant advancement in the synthesis of 

oxygen-containing spirocyclic systems and opens new avenues for utilizing Pyro-MBH 

alcohols in complex molecule construction. 

4.3 Results and Discussion 

In order to realize the proposed synthetic pathway, oxa-Michael cascade [4+2] annulation 

reaction for accessing the hybrid structure, we commenced with the model optimization 

reaction. In this regard, we commenced with Pyro-MBH alcohol 1a and arylidene pyrazolone 

2a as model substrates. The reaction of compounds 1a and 2a in presence of 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU) as the base (50 mol%) in 1,4-Dioxane at room 

temperature underwent very sluggishly by affording the desired product 3a in poor yield in 

spite of the prolonged reaction time (24 h, 10%, Table 4.1, entry 1). Interestingly, the reaction 

in the presence of other bases such as DMAP, DABCO, PPh₃, and Et₃N did not facilitate the 

formation of 3a (Table 4.1, entries 2−5). 

Later, we screened various inorganic bases (50 mol%) to drive this reaction. Notably, NaHCO₃  

and Na₂CO₃ proved ineffective for driving this annulation reaction between 1a and 2a (Table 

4.1, entries 6 and 7). Interestingly, the reaction worked smoothly in the presence of bases such 

as K₂CO₃, K₃PO₄, Cs₂CO₃, and KOt-Bu to afford the desired product 3a in relatively better 
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yields than organic bases such as DBU (31% to 68%, Table 4.1, entries 8−11). Among all the 

bases screened, potassium tert-butoxide worked more efficiently in forming the desired product 

3a in the highest yield in an extremely rapid time of 1 min. with a very high diastereoselectivity 

(68%, Table 4.1, entry 11). These results indicate that the choice of base plays a crucial role in 

modulating the reaction outcome. 

Encouraged by this initial success, we further screened the reaction by varying the loading of 

KOt-Bu. Interestingly, further increase as well as decrease in the loading of KOt-Bu (100 mol% 

and 20 mol%) furnished the desired product 3a in lower yields, 40% and 54% respectively, and 

also the reaction took more time to complete when compared with 50 mol% of KOt-Bu (Table 

4.1, entries 12−13). These findings indicate that the optimum concentration of the base is very 

important to have a pronounced impact on reaction efficiency and overall yield of the desired 

product 3a.  

Later, we carried out the reaction by screening various solvents while using the KOt-Bu (50 

mol%). Though reaction worked in all solvents screened, however, 1,4-Dioxane proved to be 

most efficient in affording the desired product 3a in the highest yield (Table 4.1, entries 11, 

14−20).  

Later, we carried out the reaction of 1a and 2a in 1,4-Dioxane containing the molecular sieves 

(4Å), and we observed that yield of the desired product dropped significantly (50%, Table 4.1, 

entry 21). This result suggests that moisture (present in the solvent) is critical in influencing 

the overall reaction efficiency. 

Based on the detailed screening, Pyro-MBH alcohol 1a (1 equiv) and arylidene pyrazolone 2a 

(1 equiv), KOt-Bu (50 mol%) in 1,4-Dioxane at room temperature proved to be the optimum 

reaction conditions to access the desired spirocyclic compound 3a via oxa-Michael cascade 

[4+2] annulation reaction (Table 4.1, entry 11).  

Along with spectroscopic analysis, the molecular structure of the desired spirocyclic compound 

3a was unambiguously confirmed by the single-crystal X-ray diffraction analysis.⁹ 

Additionally, the stereochemistry of the major diastereomer (isolated as a single diastereomer) 

was determined to be R, R, R, S, as supported by further analysis (See Scheme 4.5, also see 

Appendix Page-174).  
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Table 2.1 Screening of catalysts and solvents for cycloaddition reaction[a-c] 

 

Entry Base (mol%) solvent time Yieldb (%) 

1 DBU (50) 1,4-Dioxane 24 h 10 

2 DMAP (50) 1,4-Dioxane 24 h NR 

3 DABCO (50) 1,4-Dioxane 24 h NR 

4 PPh3 (50) 1,4-Dioxane 24 h NR 

5 Et3N (50) 1,4-Dioxane 24 h NR 

6 NaHCO₃ (50) 1,4-Dioxane 24 h NR 

7 Na₂CO₃ (50) 1,4-Dioxane 24 h NR 

8 K3PO4 (50) 1,4-Dioxane 24 h 31 

9 K2CO3 (50) 1,4-Dioxane 24 h 33 

10 Cs2CO3 (50) 1,4-Dioxane 40 min. 50 

11 KOt-Bu (50) 1,4-Dioxane 1 min. 68 

12 KOt-Bu (100) 1,4-Dioxane 5 min. 40 

13 KOt-Bu (20) 1,4-Dioxane 10 min. 52 

14 KOt-Bu (50) MeCN 1 min. 48 

15 KOt-Bu (50) Toluene 1 min. 40 

16 KOt-Bu (50) THF 1 min. 58 

17 KOt-Bu (50) CH2Cl2 1 min. 65 

18 KOt-Bu (50) CHCl3 1 min. 56 

19 KOt-Bu (50) ClCH2CH2Cl 1 min. 56 

20 KOt-Bu (50) EtOAC 1 min. 57 

21c KOt-Bu (50) 1,4-Dioxane 15 min. 50 



122 
 

[a]Reaction Conditions:  Unless stated otherwise, reactions were performed using 1a (0.2 

mmol), 2a (0.2 mmol), and the catalyst [50 mol%] in 1.0 mL of the specified solvent at room 

temperature for min. bIsolated yields of 3a. CControl experiment (MS-4 Å used). NR- No 

Reaction 

Further, explored the substrate scope of this cascade annulation reaction under the optimized 

conditions. In this regard, we synthesized starting materials Pyro-MBH alcohols (1b–1f) and 

arylidene pyrazolones (2a–2af) to assess their reactivity and compatibility in accessing the 

desired annulated products (3a–3ak, Scheme 4.5).  

Various substituted Pyro-MBH alcohols (1b-1f), encompassing ethyl, propargyl, tert-butyl, 

methyl, and chloro derivatives, exhibited exceptional reactivity with 2a under the optimized 

reaction conditions by affording the corresponding annulated products (3b–3f) in moderate to 

very good yields (up to 83%, Scheme 4.5). Remarkably, all these transformations were 

accomplished in a rapid reaction time of just 1 minute, thus underscoring the remarkable 

efficiency of the catalytic system (Scheme 4.5). Also, in all the cases, the desired products were 

obtained in very high diastereoselectivity and were isolated as single diastereomers, mostly.   

Later, substituted arylidene pyrazolones (2b–2ab) were explored by treating with the Pyro-

MBH alcohol (1a). Initially, the impact of para-substituents on the phenyl ring of arylidene 

pyrazolones was systematically investigated. Electron-donating para-substituents, including 4-

methyl, 4-isopropyl, 4-(diethylamino), and 3,4-dimethoxy groups (2b-2e), exhibited excellent 

reactivity with 1a, furnishing the corresponding desired products (3g–3j) in moderate to very  

good yields within 2 minute reaction time (up to 74%, Scheme 4.5). Likewise, para-halogen 

substituted derivatives, such as 4-bromo, 4-chloro, and 4-fluoro arylidene pyrazolones (2f-2h), 

reacted efficiently with Pyro-MBH alcohol 1a, to furnish the desired dispiropyrazolone 

products (3k–3m) in moderate yields (61%–63%) in rapid reaction time. Furthermore, 

arylidene pyrazolones having electron-deactivating and electron-withdrawing substituents 

such as benzyloxy (OBn), phenyl (Ph), trifluoromethyl (CF₃), cyano (CN), and 2-naphthyl 

groups (2i-2m) at para position of the phenyl ring exhibited excellent reactivity with 1a to 

afford the corresponding annulated products (3n–3r) in moderate to very good yields (up to 

83%, within 1–2 minute, Scheme 4.5).  

Additionally, substrates featuring ortho- and meta-substituents on the phenyl ring, including 2-

nitro, 2-bromo, 2-chloro, 2-fluoro, 3-chloro, and 3-fluoro derivatives (2n-2s), efficiently 
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participated in the reaction, affording the respective desired products (3s–3x) in modest to good 

yields in rapid time (up to 74%, Scheme 4.5).  

Scheme 4.5 Exploration of substrate scope for the [4+2] annulation reaction[a] 

aReaction conditions: Unless stated otherwise, reactions were performed using Pyro-MBH 

Alcohol 1a-1f (1 equiv, 0.2 mmol), 2a-2af (1 equiv, 0.2 mmol) and KOt-Bu (50 mol%, 0.1 

mmol) in 1,4-Dioxane (1.0 mL) at room temperature for 1–2 min. isolated yields. b Single 

diastereomer. cThermal ellipsoids at the 50% probability level.  

Moreover, arylidene pyrazolones featuring phenyl substitutions at the nitrogen atom, including 

4-methyl, 4-chloro, and 2-chloro derivatives (2t-2v), underwent efficient transformation under 
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the optimized conditions to afford the corresponding products (3y–3aa) in moderate to good 

yields in rapid reaction time 1 min (up to 74%, Scheme 4.5). 

Later, we explored the reactions of hetreoarylidene pyrazolones (2w-2aa) having 

heteroaromatic moieties such as 3-pyridyl, 2-furyl, 3-furyl, 2-thienyl, and 3-thienyl, with Pyro-

MBH alcohol 1a successfully afforded the corresponding annulated products (3ab–3af) in 

modest to good yields in just 2 minute (72%, Scheme 4.5). In contrast, substrates containing 3-

indolyl, imidazolyl, anthracenyl, 4-pyridyl, and 4-hydroxy functionalities (2ab-2af) exhibited 

no reactivity under the annulation conditions, and the expected products (3ag–3ak) were not 

formed (Scheme 4.5). 

These findings underscore the extensive substrate compatibility and the remarkable efficiency 

of the optimized cascade annulation methodology in the stereoselective synthesis of 

dispiropyrazolone derivatives. The resulting dispiropyrazolone fused tetrahydropyran 

derivatives, incorporating a 2-oxane-fused pyrazolone framework (compounds 3a–3ak), were 

successfully synthesized and isolated as single diastereomeric entities (Scheme 4.5). Notably, 

these compounds feature quaternary carbon stereocenters, thus highlighting the precision and 

stereoselectivity of the protocol, that too in a rapid reaction time. The exceptional 

diastereomeric purity observed further highlights the robustness of this approach.  

Subsequently, we explored the reactivity of Pyro-MBH alcohol 1a with structurally diverse 

substrates, including imino-pyrazolone 4a and pyrazolidinedione 5a, under the previously 

optimized reaction conditions. Unfortunately, these transformations were unsuccessful, as no 

conversion was observed and the starting materials were recovered intact, indicating a lack of 

reactivity under the applied conditions (Scheme 4.6). 

Scheme 4.6 Attempts on other alkenes and MBH alcohol[a] 
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aReaction conditions: Unless stated otherwise, reactions were performed using Pyro-MBH 

Alcohol 1a (1 equiv, 0.2 mmol), Alkenes 4a and 5a (1 equiv, 0.2 mmol) and KOt-Bu (50 mol%, 

0.1 mmol) in 1,4-Dioxane (1.0 mL) at room temperature for 24 h. 

To assess the scalability and practicality of this protocol, a gram-scale reaction was performed 

using 1a (1.0 g, 3.65 mmol), potassium tert-butoxide (50 mol%, 1.82 mmol) and 2a (3.65 

mmol) were added at ambient temperature. Remarkably, the transformation was completed 

within 5 minute, affording the desired product 3a (1.28 g, 2.39 mmol) with a consistent yield 

(65%, Scheme 4.7).  

 Scheme 4.7 Large-scale synthesis  

The synthetic versatility of the cycloaddition product was further demonstrated through a 

Suzuki coupling reaction. Specifically, the reaction of dispiropyrazolone fused tetrahydropyran 

3k with 4-methoxyphenyl boronic acid (6a) and phenylboronic acid (8a) was successfully 

carried out in the presence of Pd(PPh₃)₄ and K₃PO₄ at 80 °C. This transformation afforded the 

corresponding products 7a and 9a in good yields of 69% and 64% respectively with excellent 

diastereoselectivity (Scheme 4.8). 
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Scheme 4.8 Synthetic modifications 

A plausible mechanistic pathway has been proposed based on comprehensive literature 

precedents, our experimental data, and corroborative single-crystal X-ray crystallographic 

analysis.9, ¹⁰ The catalytic cycle is initiated by the deprotonation of the Michael donor, Pyro-

MBH alcohol 1a, in the presence of KOt-Bu as a base, generating a reactive nucleophilic 

species I. This intermediate subsequently engages in a Michael addition with arylidene 

pyrazolone 2a, leading to the formation of intermediate II. 

X-ray diffraction data suggest that the Michael addition may proceed via a more energetically 

favored transition state (TS-1), characterized by an unexpected half-chair-like conformation. 

This transition state then undergoes intramolecular cyclization, furnishing the final spirocyclic 

product 3a. The proposed mechanism is consistent with established catalytic paradigms and 

offers a coherent explanation for the observed reactivity and stereochemical outcome. 

Overall, the protocol proved to be operating under mild basic conditions and allowed easy 

access to the formation of complex molecules that contain two tertiary and two quaternary 

stereocenters, which are often challenging to synthesize using traditional methods. The reaction 

showcases remarkable efficiency, allowing for the rapid construction of diverse spirocyclic 
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Scheme 4.9 Proposed reaction mechanism for the [4+2] annulation  

frameworks, which can have significant implications in the fields of medicinal chemistry and 

drug development. Notably, this work marks the first reported synthesis of a spiropyrazolone 

fused 2-oxane scaffold, expanding the repertoire of pyrazolone derivatives available to 

researchers. 

4.4 Conclusions 

In summary, expedient transition metal-free oxa-Michael cascade [4+2] annulation has been 

developed to construct the structurally intricate dispiropyrazolone fused tetrahydropyran 

framework. By employing pyrazolone-derived Morita–Baylis–Hillman alcohols (Pyro-MBH 

alcohol) as innovative oxa-Michael donors, this methodology exhibits remarkable atom 

economy, enabling the simultaneous formation of two tertiary and two quaternary stereocenters 

within an exceptionally short reaction time. It’s very important to highlight that Pyro-MBH 

alcohols were directly used (without protection) for the very first time for accessing 

pyrazolone-based spirocyclic compounds. Moreover, the method proved to be scalable on a 
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gram scale, and the synthesized compounds have been explored for post-synthetic 

modifications by exploring the Suzuki coupling reaction. The protocol avoids the use of any 

expensive reagents or catalysts and efficiently constructs the complex spirohetreocyclic 

scaffold with high diastereoselectivity.  

4.5 Experimental Section 

4.5.1 General 

All starting materials and reagents were procured from commercial vendors (Aldrich, TCI, and 

Alfa Aesar) and utilized as received without additional purification unless stated otherwise. 

Reactions were carried out in flame-dried reaction vessels. Commercial-grade solvents were 

employed for the reaction. Analytical Reagent grade (AR)-grade 1,4-Dioxane was used. Thin-

layer chromatography (TLC) was performed on silica gel 60 GF254 aluminum-backed plates 

(2.5 mm thickness), and compounds were visualized under ultraviolet (UV) light at a 

wavelength of 254 nm. Column chromatography utilized silica gel (100–200 mesh), with 

petroleum ether and ethyl acetate as the mobile phase. Nuclear magnetic resonance (NMR) 

spectra were recorded using tetramethylsilane (TMS) as an internal standard. For ¹H NMR, 

spectra were acquired at 400 MHz, while ¹³C{¹H} NMR spectra were recorded at 100 MHz 

using Bruker or Neo instruments unless otherwise noted. Chemical shifts (δ) are reported in 

parts per million (ppm) relative to the residual solvent peak of CDCl₃ (δ = 7.26 ppm for ¹H 

NMR, δ = 77.16 ppm for ¹³C{¹H} NMR). The multiplicity of ¹H NMR signals is described as 

follows: singlet (s), doublet (d), double doublet (dd), triplet (t), quartet (q), broad (br), or 

multiplet (m), with coupling constants (J) reported in hertz (Hz) alongside integration values. 

¹³C{¹H} NMR spectra were fully proton decoupled. ¹⁹F NMR spectra were acquired at 377 

MHz. High-resolution mass spectrometry (HRMS) analyses were performed using an 

electrospray ionization time-of-flight (ESI-TOF) instrument. Single-crystal X-ray diffraction 

data were collected using Enraf-Nonius CAD4-MV31 and Bruker Kappa APEXII 

diffractometers. Crystal structure 3a was obtained by slow evaporation of a 9:1 

dichloromethane and ethyl acetate mixture. 

4.5.2 General procedure for the synthesis of Pyro-MBH alcohols 1a−1f 

A mixture of pyrazolodione (1 mmol) and methyl acrylate (1.1 mmol) in tetrahydrofuran 

(THF, 3 mL) was introduced to 1,4-diazabicyclo[2.2.2]octane (DABCO, 2 mmol) at ambient 

temperature. Upon completion of the reaction, the solvent was removed under reduced 

pressure. The resulting crude product was purified via column chromatography on silica gel, 
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employing a gradient of ethyl acetate and hexanes as the eluent, to yield the MBH alcohol as 

the purified product. 

4.5.3 General procedure for the synthesis of arylidene pyrazolone derivatives 2a–2af 

A solution of pyrazolones (1.1 equiv) in acetic acid (20 mL) was combined with benzaldehydes 

(1.0 equiv) and sodium acetate (1.1 equiv). The reaction mixture was heated under reflux for 

30 minute, followed by dilution with ethyl acetate (20 mL). The resulting mixture was extracted 

with ethyl acetate (3 × 20 mL), and the combined organic layers were dried over anhydrous 

sodium sulfate (Na₂SO₄). After removing the solvent under reduced pressure, the crude product 

was purified via column chromatography on silica gel using a 98:2 hexane/ethyl acetate eluent, 

yielding the target compounds 2a–2af in quantitative yields. 
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4.5.4 General procedure for the synthesis of Tetrahydro-dispiro[indolinone-3,2′-pyran-

5′,4″-pyrazolone] scaffolds (3a–3ak) 

An oven-dried 10 mL glass reaction vessel was loaded with Pyrazoledione-derived Morita–

Baylis–Hillman (Pyro-MBH) alcohol (1a–1f, 1 equiv, 0.2 mmol), potassium tert-butoxide (50 

mol%, 0.1 mmol), and arylidene pyrazolones (2a–2af, 1 equiv, 0.2 mmol). 1,4-Dioxane (1 mL) 

was then added to the reaction mixture. The reaction was stirred at ambient temperaturefor 1–

2 minute. Upon completion, the solvent was removed under reduced pressure. The resulting 

residue was purified by silica gel column chromatography using a hexane/ethyl acetate 

gradient, yielding the desired products (3a–3ak). 

 

4.5.5 Procedure for the synthesis of 3a on mmol scale 

A solution of Morita-Baylis-Hillman alcohol 1a (1 equiv, 3.65 mmol) in 20 mL of 1,4-Dioxane 

was prepared, to which arylidene pyrazolone 2a (1 equiv, 3.65 mmol) and potassium tert-

butoxide (50 mol%, 1.82 mmol) were added at ambient temperature. The reaction mixture was 

stirred for 5 minute, with progress monitored by thin-layer chromatography (TLC). Upon 

completion, the solvent was removed under reduced pressure. The resulting residue was 
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purified by silica gel column chromatography, using a 20% ethyl acetate/hexane eluent, to yield 

the desired product 3a as a white solid in 65% yield (1.28 g, 2.39 mmol). 

4.5.6 Procedure for the Synthesis of 7a 

A solution of 3k (1.0 equiv, 0.081 mmol) in toluene (1 mL) and water (0.3 mL) was prepared 

at room temperature. To this mixture, methoxyphenylboronic acid 6a (1.5 equiv, 0.12 mmol), 

Pd(PPh₃)₄ (0.06 equiv, 0.005 mmol), and K₃PO₄ (2.5 equiv, 0.20 mmol) were added 

sequentially under a nitrogen atmosphere. The reaction was heated to 80 °C and stirred for 12 

hours. After completion, the mixture was cooled to room temperature, filtered through a Celite 

bed, and the solvent was removed under reduced pressure. The crude product was purified by 

column chromatography on silica gel using a 78:22 hexane/ethyl acetate mixture, yielding 

product 7a. 

 

4.5.7 Procedure for the Synthesis of 9a 

A solution of 3k (1.0 equiv, 0.081 mmol) in toluene (1 mL) and water (0.3 mL) was prepared 

at room temperature. To this, phenylboronic acid 8a (1.5 equiv, 0.122 mmol), Pd(PPh₃)₄ (0.06 

equiv, 0.005 mmol), and K₃PO₄ (2.5 equiv, 0.20 mmol) were added sequentially under a 

nitrogen atmosphere. The reaction mixture was heated to 80 °C and stirred for 12 hours. Upon 

completion, the reaction was cooled to room temperature, filtered through a Celite bed, and the 

solvent was removed under reduced pressure. The resulting residue was purified by column 
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chromatography (silica gel 100–200 mesh), yielding the desired compound 9a as a white solid 

(32 mg, 64% isolated yield, >20:1 dr). 

 

4.6 Experimental Data 

Methyl 2-(4-hydroxy-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate 

(1a)  

The compound 1a was synthesized following the standard procedure 

outlined in Section 4.5.2, with a reaction duration of 6 hours, resulting in an 

82% yield (225 mg). Purification was achieved via column chromatography 

on silica gel (SiO₂) using a solvent mixture of 25% ethyl acetate in hexanes. 

The product was obtained as a white solid. Its identity was confirmed by 1H and 13C{1H} NMR 

spectroscopy and high-resolution mass spectrometry (HRMS). The melting point was 

determined to be 161–163 °C. 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 2H), 7.5 – 7.3 (m, 

2H), 7.2 (t, J = 7.4 Hz, 1H), 6.6 (s, 1H), 6.4 (s, 1H), 4.2 (s, 1H), 3.7 (s, 3H), 2.0 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 171.9, 164.5, 159.1, 137.7, 136.0, 130.0, 128.9, 125.4, 119.1, 79.2, 

52.5, 13.0. HRMS (ESI TOF) m/z calcd. For C14H14N2O4 [M+Na]+ 297.0851 found 297.0850. 

Ethyl 2-(4-hydroxy-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate (1b) 

The compound 1b was synthesized following the standard procedure 

outlined in Section 4.5.2, with a reaction duration of 6 hours, resulting in 

a 71% yield (205 mg). Purification was achieved via column 

chromatography on silica gel (SiO₂) using a solvent mixture of 25% ethyl 

acetate in hexanes. The product was obtained as a white solid. Its identity 

was confirmed by 1H and 13C{1H} NMR spectroscopy and high-resolution 

mass spectrometry (HRMS). The melting point was determined to be 107–109 °C. 1H NMR 

(400 MHz, CDCl3): δ 7.9 – 7.8 (m, 2H), 7.4 – 7.3 (m, 2H), 7.2 (td, J = 7.4, 1.2 Hz, 1H), 6.6 (d, 

J = 1.8 Hz, 1H), 6.4 (d, J = 1.5 Hz, 1H), 4.6 (s, 1H), 4.3 – 3.9 (m, 2H), 2.1 – 2.0 (m, 3H), 1.2 

– 1.1 (m, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 172.1, 163.9, 159.5, 137.7, 136.2, 130.2, 

128.9, 125.3, 118.9, 79.3, 61.6, 13.9, 12.9. HRMS (ESI TOF) m/z calcd. For C15H16N2O4 

[M+H]+ 311.1007 found 311.1009.  
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Prop-2-yn-1-yl 2-(4-hydroxy-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-

yl)acrylate (1c) 

The compound 1c was synthesized following the standard procedure 

outlined in Section 4.5.2, with a reaction duration of 6 hours, resulting in 

a 74% yield (220 mg). Purification was achieved via column 

chromatography on silica gel (SiO₂) using a solvent mixture of 25% ethyl 

acetate in hexanes. The product was obtained as a brown sticky solid. Its 

identity was confirmed by 1H and 13C{1H} NMR spectroscopy and high-

resolution mass spectrometry (HRMS).   1H NMR (400 MHz, DMSO-d6): δ 7.8 – 7.7 (m, 2H), 

7.5 – 7.4 (m, 2H), 7.2 – 7.2 (m, 1H), 6.1 (s, 1H), 5.7 (s, 1H), 4.6 – 4.5 (m, 2H), 3.6 (t, J = 2.5 

Hz, 1H), 3.4 (s, 1H), 2.1 (s, 3H). 13C{1H} NMR (100 MHz, DMSO-d6): δ 171.5, 169.9, 165.4, 

161.3, 138.0, 136.5, 129.4, 125.4, 118.8, 78.7 (d, J = 2.0 Hz), 78.4 – 78.2 (m), 77.8, 52.8, 13.8. 

HRMS (ESI TOF) m/z  calcd. For C14H14N2O4 [M+H]+ 299.1032 found 299.1034. 

Tert-butyl 2-(4-hydroxy-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)acrylate 

(1d)  

The compound 1d was synthesized following the standard procedure 

outlined in Section 4.5.2, with a reaction duration of 6 hours, resulting in 

a 73% yield (230 mg). Purification was achieved via column 

chromatography on silica gel (SiO₂) using a solvent mixture of 25% ethyl 

acetate in hexanes. The product was obtained as a white solid. Its identity 

was confirmed by 1H and 13C{1H} NMR spectroscopy and high-

resolution mass spectrometry (HRMS). The melting point was determined to be 116–118 °C. 

1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 2H), 7.4 – 7.3 (m, 2H), 7.2 – 7.1 (m, 1H), 6.6 (d, 

J = 0.8 Hz, 1H), 6.3 (d, J = 0.8 Hz, 1H), 5.2 (s, 1H), 2.0 (s, 3H), 1.3 (s, 9H). 13C{1H} NMR 

(100 MHz, CDCl3): δ 172.3, 163.0, 160.2, 137.9, 137.1, 130.0, 128.8, 125.1, 118.7, 82.9, 79.3, 

27.9, 12.9. HRMS (ESI TOF) m/z calcd. For C17H20N2O4 [M+Na]+ 339.1320 found 339.1320.                                                                      

Methyl 2-(4-hydroxy-3-methyl-5-oxo-1-(p-tolyl)-4,5-dihydro-1H-pyrazol-4-yl)acrylate 

(1e)  

The compound 1e was synthesized following the standard procedure outlined in Section 4.5.2, 

with a reaction duration of 6 hours, resulting in a 78% yield (225 mg). Purification was 
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achieved via column chromatography on silica gel (SiO₂) using a solvent 

mixture of 25% ethyl acetate in hexanes. The product was obtained as a 

white solid. Its identity was confirmed by 1H and 13C{1H} NMR 

spectroscopy and high-resolution mass spectrometry (HRMS). The melting 

point was determined to be 188–190 °C. 1H NMR (400 MHz, CDCl3): δ 7.7 

– 7.6 (m, 2H), 7.2 – 7.1 (m, 2H), 6.6 (s, 1H), 6.4 (s, 1H), 4.9 (s, 1H), 3.7 (s, 

3H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 172.0, 

164.5, 159.4, 136.0, 135.2, 135.2, 130.3, 129.4, 119.3, 79.3, 52.4, 21.0, 

12.9. HRMS (ESI TOF) m/z calcd. For C15H16N2O4 [M+Na]+ 311.1007 found 311.1032. 

Methyl 2-(1-(4-chlorophenyl)-4-hydroxy-3-methyl-5-oxo-4,5-dihydro-1H-pyrazol-4-

yl)acrylate (1f) 

The compound 1f was synthesized following the standard procedure 

outlined in Section 4.5.2, with a reaction duration of 6 hours, resulting in 

a 75% yield (230 mg). Purification was achieved via column 

chromatography on silica gel (SiO₂) using a solvent mixture of 25% ethyl 

acetate in hexanes. The product was obtained as a white solid. Its identity 

was confirmed by 1H and 13C{1H} NMR spectroscopy and high-resolution 

mass spectrometry (HRMS). The melting point was determined to be 115–

117 °C. 1H NMR (400 MHz, CDCl3): δ 7.8 (dd, J = 8.8, 1.6 Hz, 2H), 7.5 – 

7.3 (m, 2H), 6.6 (d, J = 1.2 Hz, 1H), 6.4 (s, 1H), 4.2 (s, 1H), 3.7 (s, 3H), 2.0 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3)) δ 170.6, 163.1, 158.1, 134.9, 134.5, 129.1, 128.8, 127.6, 118.7, 77.8, 

51.1, 11.6. HRMS (ESI TOF) m/z calcd. For C15H16N2O4 [M+Na]+ 331.0461 found 331.0456. 

Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,7,10 triphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3a) 

Product 3a was synthesized following the general experimental procedure 4.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) Alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolone 2a (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient temperature for 1 minute. Upon 
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completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica 

gel using 20% ethyl acetate in hexanes as the eluent. The purified 

product, 3a, identified as Methyl (5R,7R,8R,14S)-1,12-dimethyl-

4,9-dioxo-3,7,10-triphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate, 

was obtained as a white solid in a yield of 73 mg (68%) as a 

single diastereomer. The structure was confirmed through spectroscopic methods, including 1H 

NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed 

a melting point of 185–188 °C and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 8.0 – 7.9 (m, 2H), 7.9 – 7.8 (m, 2H), 7.4 (dt, 

J = 8.7, 7.6 Hz, 4H), 7.3 – 7.1 (m, 5H), 7.1 – 7.1 (m, 2H), 6.1 (s, 1H), 4.2 (dd, J = 13.1, 4.3 Hz, 

1H), 2.4 (d, J = 10.3 Hz, 1H), 2.3 (s, 3H), 2.3 (d, J = 14.4 Hz, 1H), 2.0 (s, 3H), 1.3 (s, 3H). 

13C{1H} NMR (100 MHz, CDCl3): δ 174.0, 170.7, 168.4, 161.1, 156.9, 137.7, 137.6, 135.7, 

128.9, 128.9, 128.4, 128.3, 125.4, 125.0, 124.2, 119.1, 118.1, 83.2, 80.0, 74.7, 58.0, 38.6, 27.5, 

25.5, 15.0, 14.7. HRMS (ESI TOF) m/z calcd. For C31H28N4O5 [M+H]+ 537.2138 found 

537.2140. 

Ethyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,7,10-triphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3b) 

Product 3b was synthesized following the general experimental 

procedure 4.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1b (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrazolone 2a (1.0 

equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was added 

to the tube. The reaction mixture was stirred at ambient 

temperature for 1 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 20% ethyl acetate 

in hexanes as the eluent. The purified product, 3b, identified as Methyl (Ethyl (5R,7R,8R,14S)-

1,12-dimethyl-4,9-dioxo-3,7,10-triphenyl-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25] 

tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow solid in a yield of 67 mg 

(61%) as a single diastereomer. The structure was confirmed through spectroscopic methods, 
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including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The 

compound displayed a melting point of 167–169 °C and a TLC retention factor (Rf) of 0.5 

(silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.9 (m, 2H), 7.9 

– 7.8 (m, 2H), 7.4 (ddd, J = 8.7, 7.3, 5.0 Hz, 4H), 7.2 – 7.2 (m, 5H), 7.2 – 7.1 (m, 2H), 6.1 (s, 

1H), 4.3 (dd, J = 11.6, 5.7 Hz, 1H), 4.2 – 4.0 (m, 2H), 2.4 – 2.4 (m, 2H), 2.3 (s, 3H), 2.0 (s, 

3H), 1.0 (t, J = 7.1 Hz, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.9, 170.6, 169.3, 160.9, 

156.9, 137.6, 137.6, 135.5, 128.9, 128.9, 128.4, 128.3, 125.5, 125.3, 124.2, 119.1, 118.4, 79.9, 

75.0, 62.0, 57.9, 38.4, 25.5, 15.0, 14.7, 13.7. HRMS (ESI TOF) m/z calcd. For C32H30N4O5 

[M+H]+ 551.2294 found 551.2299. 

Prop-2-yn-1-yl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,7,10-triphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3c) 

Product 3c was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1c (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), and 

arylidene pyrazolone 2a (1.0 equiv, 0.2 mmol). Subsequently, 

1,4-Dioxane (1 mL) was added to the tube. The reaction 

mixture was stirred at ambient temperature for 1 minute. Upon completion, the solvent was 

removed under reduced pressure, and the residue was purified by column chromatography on 

silica gel using 20% ethyl acetate in hexanes as the eluent. The purified product, 3c, identified 

as Prop-2-yn-1-yl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,7,10-triphenyl-6-oxa-2,3,10,11 

tetraazadispiro [4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a gray sticky 

solid in a yield of 77 mg (69%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.9 (m, 2H), 7.8 – 7.8 (m, 2H), 7.4 (dt, 

J = 8.7, 7.7 Hz, 4H), 7.2 – 7.2 (m, 5H), 7.2 – 7.1 (m, 2H), 6.1 (s, 1H), 4.7 (dd, J = 15.4, 2.5 Hz, 

1H), 4.5 (dd, J = 15.4, 2.5 Hz, 1H), 4.4 (dd, J = 12.0, 5.4 Hz, 1H), 2.5 – 2.4 (m, 2H), 2.3 (s, 

3H), 2.3 (t, J = 2.5 Hz, 1H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.8, 170.3, 

168.6, 160.8, 156.4, 137.6, 137.4, 135.4, 129.0, 128.8, 128.4, 128.4, 125.5, 125.3, 124.2, 119.1, 
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118.9, 79.7, 76.0, 75.9, 75.0, 57.8, 53.2, 38.2, 25.5, 15.0, 14.7. HRMS (ESI TOF) m/z calcd. 

For C33H28N4O5 [M+Na]+ 583.1957 found 583.1943.                                                                                                  

Tert-butyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,7,10-triphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3d)  

Product 3d was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1d (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), and 

arylidene pyrazolone 2a (1.0 equiv, 0.2 mmol). Subsequently, 

1,4-Dioxane (1 mL) was added to the tube. The reaction 

mixture was stirred at ambient temperature for 1 minute. Upon completion, the solvent was 

removed under reduced pressure, and the residue was purified by column chromatography on 

silica gel using 20% ethyl acetate in hexanes as the eluent. The purified product, 3d, identified 

as Tert-butyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,7,10-triphenyl-6-oxa-2,3,10,11-

tetraazadispiro [4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow 

solid in a yield of 81 mg (70%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 185–187 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 8.0 – 7.9 (m, 

2H), 7.9 – 7.8 (m, 2H), 7.4 (dt, J = 8.7, 7.6 Hz, 4H), 7.3 – 7.1 (m, 5H), 7.1 – 7.1 (m, 2H), 6.1 

(s, 1H), 4.2 (dd, J = 13.1, 4.3 Hz, 1H), 2.4 (d, J = 10.3 Hz, 1H), 2.3 (s, 3H), 2.3 (d, J = 14.4 

Hz, 1H), 2.0 (s, 3H), 1.3 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3): δ 174.0, 170.7, 168.4, 

161.1, 156.9, 137.7, 137.6, 135.7, 128.9, 128.9, 128.4, 128.3, 125.4, 125.0, 124.2, 119.1, 118.1, 

83.2, 80.0, 74.7, 58.0, 38.6, 27.5, 25.5, 15.0, 14.7. HRMS (ESI TOF) m/z calcd. For 

C34H34N4O5 [M+H]+ 579.2607 found 579.2600. 

Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-7,10-diphenyl-3-(p-tolyl)-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3e)  

Product 3e was synthesized following the general experimental procedure 4.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1e (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 
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and arylidene pyrazolone 2a (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. The 

reaction mixture was stirred at ambient temperature for 1 

minute. Upon completion, the solvent was removed under 

reduced pressure, and the residue was purified by column 

chromatography on silica gel using 20% ethyl acetate in 

hexanes as the eluent. The purified product, 3e, identified as 

purified by column chromatography (SiO2, 20% EtOAc 

/hexanes) to afford 3e, Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-7,10-diphenyl-3-(p-

tolyl)-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was 

obtained as a light yellow solid in a yield of 87 mg (79%) as a single diastereomer. The structure 

was confirmed through spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, 

and X-ray crystallographic analysis. The compound displayed a melting point of 194–196 °C 

and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 

MHz, CDCl3): δ 7.8 (dd, J = 8.5, 1.4 Hz, 2H), 7.8 – 7.7 (m, 2H), 7.5 – 7.3 (m, 2H), 7.2 (td, J = 

6.5, 5.5, 2.4 Hz, 6H), 7.1 – 7.1 (m, 2H), 6.1 (s, 1H), 4.3 (dd, J = 10.1, 7.3 Hz, 1H), 3.6 (s, 3H), 

2.4 – 2.4 (m, 2H), 2.3 (s, 3H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 

173.9, 170.4, 169.8, 160.8, 156.9, 137.6, 135.5, 135.1, 135.1, 129.5, 129.0, 128.4, 128.3, 125.4, 

124.2, 119.0, 118.8, 79.8, 75.0, 57.9, 52.8, 38.8, 25.6, 21.0, 15.0, 14.7. HRMS (ESI TOF) m/z 

calcd. For C32H30N4O5 [M+Na]+ 573.2114 found 573.2113. 

Methyl (5R,7R,8R,14S)-3-(4-chlorophenyl)-1,12-dimethyl-4,9-dioxo-7,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3f) 

Product 3f was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1f (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), and 

arylidene pyrazolone 2a (1.0 equiv, 0.2 mmol). Subsequently, 

1,4-Dioxane (1 mL) was added to the tube. The reaction 

mixture was stirred at ambient temperature for 1 minute. 

Upon completion, the solvent was removed under reduced pressure, and the residue was 

purified by column chromatography on silica gel using 20% ethyl acetate in hexanes as the 
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eluent. The purified product, 3f, identified as Methyl (5R,7R,8R,14S)-3-(4-chlorophenyl)-1,12-

dimethyl-4,9-dioxo-7,10-diphenyl-6-oxa-2,3,10,11 tetraazadispiro [4.2.48.25] tetradeca-1,11-

diene-14-carboxylate, was obtained as a light red solid in a yield of 95 mg (83%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods, including 1H NMR, 

13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 211–213 °C and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.4 – 7.3 (m, 4H), 7.2 – 7.2 

(m, 4H), 7.2 – 7.1 (m, 2H), 6.1 (s, 1H), 4.3 (dd, J = 12.0, 5.3 Hz, 1H), 3.6 (s, 3H), 2.4 – 2.4 (m, 

2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.8, 170.5, 169.7, 160.7, 

157.3, 137.5, 136.1, 135.4, 130.5, 129.0, 129.0, 128.4, 128.4, 125.5, 124.2, 119.7, 119.0, 79.9, 

75.1, 57.8, 52.8, 38.8, 25.5, 15.0, 14.7. HRMS (ESI TOF) m/z calcd. For C31H27ClN4O5 

[M+Na]+ 593.1568 found 593.1568. 

Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-7-(p-tolyl)-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3g) 

Product 3g was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), and 

arylidene pyrazolone 2b (1.0 equiv, 0.2 mmol). Subsequently, 

1,4-Dioxane (1 mL) was added to the tube. The reaction 

mixture was stirred at ambient temperature for 2 minute. Upon completion, the solvent was 

removed under reduced pressure, and the residue was purified by column chromatography on 

silica gel using 20% ethyl acetate in hexanes as the eluent. The purified product, 3g, identified 

as Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-7-(p-tolyl)-6-oxa-

2,3,10,11-tetraazadispiro [4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was obtained as a 

light yellow solid in a yield of 80 mg (73%) as a single diastereomer. The structure was 

confirmed through spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-

ray crystallographic analysis. The compound displayed a melting point of 165-167 °C and a 

TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, 

CDCl3): δ 7.8 (ddd, J = 10.9, 8.8, 1.2 Hz, 4H), 7.4 (ddd, J = 8.6, 7.4, 3.6 Hz, 4H), 7.2 – 7.1 (m, 

2H), 7.0 (s, 4H), 6.1 (s, 1H), 4.3 (dd, J = 10.4, 6.9 Hz, 1H), 3.6 (s, 3H), 2.4 – 2.3 (m, 2H), 2.3 
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(s, 3H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.9, 170.5, 169.8, 161.0, 

157.0, 138.0, 137.6, 137.5, 132.4, 129.0, 129.0, 128.9, 125.4, 125.4, 124.1, 119.1, 118.7, 79.9, 

75.0, 57.9, 52.8, 38.7, 25.5, 21.1, 15.0, 14.7. HRMS (ESI TOF) m/z calcd. For C32H30N4O5 

[M+H]+ 551.2293 found 551.2292. 

Methyl (5R,7R,8R,14S)-7-(4-isopropylphenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-

oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3h) 

Product 3h was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 

equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrazolones 2c (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to the 

tube. The reaction mixture was stirred at ambient 

temperature for 2 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 20% ethyl acetate 

in hexanes as the eluent. The purified product, 3h, identified as Methyl (5R,7R,8R,14S)-7-(4-

isopropylphenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was obtained as a yellow solid 

in a yield of 86 mg (74%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 173-175 °C and a TLC retention factor 

(Rf) of 0.5 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 

4H), 7.4 (ddd, J = 8.6, 7.4, 5.7 Hz, 4H), 7.2 – 7.2 (m, 2H), 7.1 – 7.0 (m, 4H), 6.1 (s, 1H), 4.3 

(dd, J = 9.8, 7.5 Hz, 1H), 3.6 (s, 3H), 2.9 – 2.7 (m, 1H), 2.4 – 2.4 (m, 2H), 2.3 (s, 3H), 2.0 (s, 

3H), 1.2 (dd, J = 6.9, 1.9 Hz, 6H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.9, 170.5, 169.9, 

161.0, 157.0, 149.0, 137.6, 137.5, 132.8, 128.9, 128.9, 126.4, 125.4, 125.3, 124.2, 119.1, 118.7, 

79.9, 75.0, 57.8, 52.8, 38.7, 33.7, 25.6, 23.8, 15.0, 14.7. HRMS (ESI TOF) m/z calcd. For 

C34H34N4O5 [M+Na]+ 601.2426 found 601.2424. 

Methyl (5R,7R,8R,14S)-7-(4-(diethylamino)phenyl)-1,12-dimethyl-4,9-dioxo-3,10-

diphenyl-6-oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate 

(3i) 
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Product 3i was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2d (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

2 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 30% ethyl acetate in hexanes as 

the eluent. The purified product, 3i, identified as Methyl (5R,7R,8R,14S)-7-(4-

(diethylamino)phenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was obtained as a sticky red 

solid in a yield of 78 mg (65%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a TLC retention factor (Rf) of 0.3 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 2H), 7.7 – 7.6 (m, 2H), 7.4 (t, J 

= 7.9 Hz, 2H), 7.3 (t, J = 7.9 Hz, 2H), 7.2 (dt, J = 14.6, 7.4 Hz, 2H), 7.1 (d, J = 8.7 Hz, 2H), 

6.5 (d, J = 8.8 Hz, 2H), 6.0 (s, 1H), 3.7 (s, 3H), 3.5 (d, J = 7.5 Hz, 2H), 3.2 (ddt, J = 18.4, 14.8, 

7.4 Hz, 4H), 2.5 (s, 3H), 2.3 (s, 3H), 2.3 – 2.2 (m, 1H), 1.0 (t, J = 7.0 Hz, 6H). 13C{1H} NMR 

(100 MHz, CDCl3): δ 172.1, 169.3, 168.9, 159.8, 157.0, 147.8, 137.5, 128.8, 128.7, 126.8, 

126.8, 125.3, 125.3, 121.1, 119.5, 119.0, 111.3, 77.6, 74.9, 58.2, 52.8, 44.2, 39.7, 26.7, 19.3, 

13.1, 12.4. HRMS (ESI TOF) m/z calcd. For C35H37N5O5 C35H37N5O5 [M+H]+ 608.2873 found 

608.2875. 

Methyl (5R,7R,8R,14S)-7-(3,4-dimethoxyphenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-

6-oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3j) 

Product 3j was synthesized following the general experimental procedure 4.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2e (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient temperature for 2 minute. Upon 

completion, the solvent was removed under reduced pressure, and the residue was purified by 
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column chromatography on silica gel using 20% ethyl acetate 

in hexanes as the eluent. The purified product, 3j, identified 

as Methyl (5R,7R,8R,14S)-7-(3,4-dimethoxyphenyl)-1,12-

dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-

carboxylate, was obtained as a red solid in a yield of 80 mg 

(66%) as a single diastereomer. The structure was confirmed 

through spectroscopic methods, including 1H NMR, 13C{1H} 

NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a melting point 

of 179-181 °C and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl acetate/hexanes). 

1H NMR (400 MHz, CDCl3): δ 7.9 (td, J = 8.2, 1.2 Hz, 4H), 7.4 (ddd, J = 8.6, 7.4, 5.7 Hz, 4H), 

7.2 (d, J = 3.3 Hz, 2H), 6.8 (s, 1H), 6.7 (d, J = 8.4 Hz, 1H), 6.5 (d, J = 2.0 Hz, 1H), 6.0 (s, 1H), 

4.3 (dd, J = 12.3, 5.1 Hz, 1H), 3.8 (s, 3H), 3.6 (s, 3H), 3.5 (s, 3H), 2.5 – 2.4 (m, 2H), 2.3 (s, 

3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 174.0, 170.5, 169.8, 161.1, 157.0, 148.8, 

148.7, 137.6, 137.5, 129.0, 129.0, 127.7, 125.4, 125.3, 118.7, 118.7, 116.4, 110.7, 107.2, 80.0, 

75.2, 58.0, 55.8, 55.5, 52.8, 38.8, 25.3, 15.1, 14.7. HRMS (ESI TOF) m/z calcd. For 

C33H32N4O7 [M+H]+ 597.2349 found 597.2352. 

Methyl (5R,7R,8R,14S)-7-(4-bromophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-

oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3k) 

Product 3k was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 

equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrazolones 2f (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to 

the tube. The reaction mixture was stirred at ambient 

temperature for 2 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 20% ethyl acetate 

in hexanes as the eluent. The purified product, 3k, identified as purified by column 

chromatography (SiO2, 20% EtOAc /hexanes) to afford 3k, Methyl (5R,7R,8R,14S)-7-(4-

bromophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro 
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[4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow solid in a yield 

of 75 mg (61%) as a single diastereomer. The structure was confirmed through spectroscopic 

methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The 

compound displayed a melting point of 173-175 °C and a TLC retention factor (Rf) of 0.5 

(silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.8 (ddt, J = 11.1, 8.6, 

1.2 Hz, 4H), 7.4 (ddd, J = 8.6, 7.3, 4.6 Hz, 4H), 7.4 (d, J = 8.6 Hz, 2H), 7.2 (d, J = 7.7 Hz, 2H), 

7.1 – 6.9 (m, 2H), 6.0 (s, 1H), 4.3 (dd, J = 12.2, 5.2 Hz, 1H), 3.6 (s, 3H), 2.4 – 2.3 (m, 2H), 2.3 

(s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.6, 170.4, 169.6, 160.5, 156.8, 

137.4, 134.6, 131.6, 129.0, 129.0, 129.0, 125.9, 125.6, 125.5, 122.4, 119.0, 118.7, 79.9, 74.6, 

57.7, 52.8, 38.7, 25.5, 15.0, 14.7. HRMS (ESI TOF) m/z calcd. For C31H27BrN4O5 [M+H]+ 

615.1243 found 615.1248. 

Methyl (5R,7R,8R,14S)-7-(4-chlorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3l) 

Product 3l was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 

equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrazolones 2g (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to 

the tube. The reaction mixture was stirred at ambient 

temperature for 2 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 20% ethyl acetate 

in hexanes as the eluent. The purified product, 3l, identified as Methyl (5R,7R,8R,14S)-7-(4-

chlorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro 

[4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow solid in a yield 

of 78 mg (63%) as a single diastereomer. The structure was confirmed through spectroscopic 

methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The 

compound displayed a melting point of 173-175 °C and a TLC retention factor (Rf) of 0.5 

(silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.4 

(ddd, J = 8.6, 7.4, 4.2 Hz, 4H), 7.2 (dd, J = 8.0, 6.1 Hz, 4H), 7.1 – 7.0 (m, 2H), 6.1 (s, 1H), 4.3 

(dd, J = 12.3, 5.1 Hz, 1H), 3.6 (s, 3H), 2.4 – 2.3 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR 
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(100 MHz, CDCl3): δ 173.6, 170.4, 169.6, 160.5, 156.8, 137.4, 134.2, 134.0, 129.0, 129.0, 

129.0, 128.7, 125.7, 125.6, 125.5, 119.0, 118.7, 79.9, 74.6, 57.7, 52.8, 38.7, 25.5, 15.0, 14.7. 

HRMS (ESI TOF) m/z calcd. For C31H27ClN4O5 [M+H]+ 571.1748 found 571.1748. 

Methyl (5R,7R,8R,14S)-7-(4-fluorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3m) 

 Product 3m was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 

equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrazolones 2h (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to 

the tube. The reaction mixture was stirred at ambient 

temperature for 2 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 20% ethyl acetate 

in hexanes as the eluent. The purified product, 3m, identified as Methyl (5R,7R,8R,14S)-7-(4-

fluorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro 

[4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow solid in a yield 

of 80 mg (63%) as a single diastereomer. The structure was confirmed through spectroscopic 

methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The 

compound displayed a melting point of 172-174 °C and a TLC retention factor (Rf) of 0.5 

(silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.4 

(ddd, J = 8.5, 7.3, 2.6 Hz, 4H), 7.3 – 7.2 (m, 2H), 7.1 – 7.1 (m, 2H), 7.0 – 6.9 (m, 2H), 6.1 (s, 

1H), 4.3 (dd, J = 12.1, 5.3 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.4 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 

13C{1H} NMR (100 MHz, CDCl3): δ 173.7, 170.5, 169.7, 160.6, 156.9, 137.5, 137.4, 129.0 (d, 

J(C-F)  = 1.1 Hz), 129.0 (d, J(C-F) = 0.8 Hz), 126.1, 126.0, 125.6, 125.5, 119.0 (d, J(C-F) = 1.0 Hz), 

118.7 (d, J(C-F) = 0.6 Hz), 115.6, 115.3, 79.9, 74.7, 57.8, 52.8, 38.7, 25.4, 15.0, 14.7.  19F NMR 

(377 MHz, CDCl3): δ -113.1. HRMS (ESI TOF) m/z calcd. For C31H27FN4O5 [M+H]+ 555.2043 

found 555.2041. 

Methyl (5R,7S,8R,14R)-7-(4-(benzyloxy)phenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-

6-oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3n) 
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Product 3n was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 

equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrazolones 2i (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to 

the tube. The reaction mixture was stirred at ambient 

temperature for 1 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 25% ethyl acetate 

in hexanes as the eluent. The purified product, 3n, identified as Methyl (5R,7S,8R,14R)-7-(4-

(benzyloxy)phenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow 

solid in a yield of 77 mg (60%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 172-174 °C and a TLC retention factor 

(Rf) 0.4 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 

4H), 7.5 – 7.3 (m, 9H), 7.2 – 7.1 (m, 2H), 7.1 – 7.0 (m, 2H), 6.9 – 6.8 (m, 2H), 6.0 (s, 1H), 5.0 

(s, 2H), 4.3 (dd, J = 11.0, 6.4 Hz, 1H), 3.6 (s, 3H), 2.4 – 2.3 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 

13C{1H} NMR (100 MHz, CDCl3): δ 173.9, 170.6, 169.8, 161.0, 158.6, 157.0, 137.6, 137.5, 

136.7, 129.0, 128.9, 128.6, 128.0, 127.7, 127.5, 125.5, 125.4, 125.4, 119.0, 118.7, 114.7, 79.9, 

75.0, 70.0, 57.9, 52.8, 38.7, 29.7, 15.1, 14.7. HRMS (ESI TOF) m/z calcd. For C38H34N4O6 

[M+Na]+ 665.2375 found 665.2374. 

Methyl (5R,7R,8R,14S)-7-([1,1'-biphenyl]-4-yl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-

oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3o) 

Product 3o was synthesized following the general experimental procedure 4.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2j (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient temperature for 1 minute. Upon 
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completion, the solvent was removed under reduced 

pressure, and the residue was purified by column 

chromatography on silica gel using 25% ethyl acetate 

in hexanes as the eluent. The purified product, 3o, 

identified as Methyl (5R,7R,8R,14S)-7-([1,1'-

biphenyl]-4-yl)-1,12-dimethyl-4,9-dioxo-3,10-

diphenyl-6-oxa-2,3,10,11-tetraazadispiro 

[4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was 

obtained as a light yellow solid in a yield of 88 mg (72%) as a single diastereomer. The structure 

was confirmed through spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, 

and X-ray crystallographic analysis. The compound displayed a melting point of 223-225 °C 

and a TLC retention factor (Rf) of 0.4 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 

MHz, CDCl3): δ 7.9 (tt, J = 8.6, 1.2 Hz, 4H), 7.5 – 7.5 (m, 2H), 7.5 – 7.4 (m, 8H), 7.3 (d, J = 

7.3 Hz, 1H), 7.2 – 7.2 (m, 4H), 6.1 (s, 1H), 4.3 (dd, J = 10.7, 6.7 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.4 

(m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.9, 170.5, 169.8, 

160.8, 157.0, 141.1, 140.3, 137.6, 137.5, 134.5, 129.0, 129.0, 128.8, 127.5, 127.0, 127.0, 125.5, 

125.4, 124.7, 119.1, 118.7, 79.9, 74.9, 57.9, 52.8, 38.8, 25.6, 15.1, 14.7. HRMS (ESI TOF) m/z 

calcd. For C37H32N4O5 [M+Na]+ 635.2270 found 635.2263.                                                                                                                

Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-7-(4-

(trifluoromethyl)phenyl)-6-oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-

14-carboxylate (3p)  

Product 3p was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL 

glass reaction tube was charged with pyrazoledione-

derived Morita–Baylis–Hillman (Pyro-MBH) alcohol 

1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 

mol%, 0.1 mmol), and arylidene pyrazolones 2k (1.0 

equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 

was added to the tube. The reaction mixture was stirred at ambient temperature for 1 minute. 

Upon completion, the solvent was removed under reduced pressure, and the residue was 

purified by column chromatography on silica gel using 25% ethyl acetate in hexanes as the 

eluent. The purified product, 3p, identified Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-
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3,10-diphenyl-7-(4-(trifluoromethyl)phenyl)-6-oxa 2,3,10, 11 -

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow 

solid in a yield of 88 mg (73%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 122-124 °C and a TLC retention factor 

(Rf) 0.4 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.8 (ddd, J = 

10.5, 8.1, 1.2 Hz, 4H), 7.5 (d, J = 8.2 Hz, 2H), 7.5 – 7.4 (m, 4H), 7.3 – 7.2 (m, 4H), 6.1 (s, 1H), 

4.3 (dd, J = 12.5, 4.9 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.4 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 173.5, 170.4, 169.5, 160.3, 156.7, 139.6 – 139.4 (m), 137.5 – 137.3 

(m), 130.6 (d, J(C-F) = 32.8 Hz), 129.1, 129.0, 129.0, 128.9, 125.7, 125.6 – 125.4 (m), 124.8 – 

124.6 (m), 119.0, 118.9, 118.7, 79.9, 74.5, 57.7, 52.9, 38.7, 25.6, 14.9, 14.7.  19F NMR (377 

MHz, CDCl3): δ -62.7. HRMS (ESI TOF) m/z calcd. For C32H27F3N4O5 [M+Na]+ 627.1831 

found 627.1815. 

Methyl (5R,7R,8R,14S)-7-(4-cyanophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3q) 

Product 3q was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL 

glass reaction tube was charged with pyrazoledione-

derived Morita–Baylis–Hillman (Pyro-MBH) alcohol 

1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 

mol%, 0.1 mmol), and arylidene pyrazolones 2l (1.0 

equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 

was added to the tube. The reaction mixture was stirred 

at ambient temperature for 1 minute. Upon completion, the solvent was removed under reduced 

pressure, and the residue was purified by column chromatography on silica gel using 25% ethyl 

acetate in hexanes as the eluent. The purified product, 3q, identified as Methyl (5R,7R,8R,14S)-

7-(4-cyanophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro 

[4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a white solid in a yield of 93 

mg (83%) as a single diastereomer. The structure was confirmed through spectroscopic 

methods including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The 

compound displayed a melting point of 213-215 °C and a TLC retention factor (Rf) of 0.4 

(silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.6 
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– 7.5 (m, 2H), 7.5 – 7.4 (m, 4H), 7.3 – 7.2 (m, 4H), 6.1 (s, 1H), 4.3 (dd, J = 13.1, 4.2 Hz, 1H), 

3.6 (s, 3H), 2.5 – 2.3 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 

173.3, 170.3, 169.4, 160.0, 156.6, 140.7, 137.3, 137.3, 132.3, 129.1, 129.0, 125.8, 125.6, 125.1, 

118.9, 118.7, 118.2, 112.5, 79.9, 74.4, 57.7, 52.9, 38.7, 25.5, 15.0, 14.7. HRMS (ESI TOF) m/z 

calcd. For C32H27N5O5 [M+H]+ 562.2090 found 562.2098. 

Methyl (5R,7R,8R,14S)-1,12-dimethyl-7-(naphthalen-2-yl)-4,9-dioxo-3,10-diphenyl-6-

oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3r) 

Product 3r was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 

equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrazolones 2m (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to the 

tube. The reaction mixture was stirred at ambient 

temperature for 2 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 25% ethyl acetate 

in hexanes as the eluent. The purified product, 3r, identified as Methyl (5R,7R,8R,14S)-1,12-

dimethyl-7-(naphthalen-2-yl)-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro 

[4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a white solid in a yield of 60 

mg (51%) as a single diastereomer. The structure was confirmed through spectroscopic 

methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The 

compound displayed a melting point of 246-248 °C and a TLC retention factor (Rf) of 0.4 

(silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 6H), 7.6 

– 7.5 (m, 2H), 7.5 – 7.4 (m, 3H), 7.3 (tdd, J = 8.2, 3.2, 1.6 Hz, 3H), 7.2 – 7.1 (m, 3H), 6.8 (s, 

1H), 4.7 (dd, J = 13.6, 3.1 Hz, 1H), 3.6 (s, 3H), 2.5 (t, J = 13.8 Hz, 1H), 2.4 (s, 3H), 2.4 (d, J = 

3.1 Hz, 1H), 1.9 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 174.2, 170.6, 170.1, 160.4, 157.1, 

137.5, 137.3, 133.4, 132.0, 129.2, 129.2, 128.9, 128.9, 128.7, 128.6, 126.4, 125.9, 125.3, 124.2, 

123.4, 123.0, 119.1, 118.7, 79.8, 72.1, 58.1, 52.8, 38.3, 26.3, 15.2, 14.6. HRMS (ESI TOF) m/z 

calcd. For C35H30N4O5 [M+H]+ 587.2294 found 587.2288. 

Methyl (5R,7R,8R,14S)-1,12-dimethyl-7-(2-nitrophenyl)-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3s)  
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Product 3s was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2n (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

1 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 25% ethyl acetate in hexanes as 

the eluent. The purified product, 3s, identified as Methyl (5R,7R,8R,14S)-1,12-dimethyl-7-(2-

nitrophenyl)-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25] tetradeca-

1,11-diene-14-carboxylate, was obtained as a light yellow solid in a yield of 44 mg (38%) as a 

single diastereomer. The structure was confirmed through spectroscopic methods, including 1H 

NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed 

a melting point of 235-237 °C and a TLC retention factor (Rf) of 0.4 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 (ddt, J = 14.8, 8.1, 1.1 Hz, 4H), 7.8 (dd, 

J = 8.1, 1.4 Hz, 1H), 7.7 (dt, J = 8.0, 1.1 Hz, 1H), 7.6 (d, J = 1.4 Hz, 1H), 7.5 – 7.3 (m, 5H), 

7.2 (dd, J = 7.4, 3.3 Hz, 2H), 6.7 (s, 1H), 4.7 (dd, J = 13.5, 2.9 Hz, 1H), 3.6 (s, 3H), 2.5 (t, J = 

13.8 Hz, 1H), 2.3 (s, 3H), 2.3 – 2.2 (m, 1H), 1.8 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 

173.3, 170.1, 169.9, 159.2, 156.6, 147.4, 147.4, 137.5, 132.4, 130.6, 129.5, 128.9, 128.9, 127.9, 

125.5, 125.4, 125.0, 119.1, 118.7, 79.3, 70.9, 57.5, 52.8, 37.5, 26.8, 15.2, 14.4. HRMS (ESI 

TOF) m/z calcd. For C31H27N5O7 [M+H]+ 582.1988 found 582.1982. 

Methyl (5R,7S,8R,14S)-7-(2-bromophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3t) 

Product 3t was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2o (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 
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The reaction mixture was stirred at ambient temperature for 1 minute. Upon completion, the 

solvent was removed under reduced pressure, and the residue was purified by column 

chromatography on silica gel using 20% ethyl acetate in hexanes as the eluent. The purified 

product, 3t, identified as Methyl (5R,7S,8R,14S)-7-(2-bromophenyl)-1,12-dimethyl-4,9-dioxo-

3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25] tetradeca-1,11-diene-14-

carboxylate, was obtained as a white solid in a yield of 73 mg (59%) as a single diastereomer. 

The structure was confirmed through spectroscopic methods, including 1H NMR, 13C{1H} 

NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a melting point 

of 258-260 °C and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl acetate/hexanes). 

1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.6 (dd, J = 7.9, 1.7 Hz, 1H), 7.5 – 7.3 (m, 

5H), 7.3 – 7.3 (m, 1H), 7.2 – 7.1 (m, 3H), 6.3 (s, 1H),  4.7 (dd, J = 13.5, 2.8 Hz, 1H), 3.6 (s, 

3H), 2.5 (t, J = 13.7 Hz, 1H), 2.3 (s, 3H), 2.3 (dd, J = 13.9, 2.8 Hz, 1H), 1.9 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 173.8, 170.4, 170.1, 159.3, 156.9, 137.9, 137.5, 136.4, 133.4, 

129.9, 128.9, 128.9, 128.3, 126.7, 125.3, 125.2, 120.7, 118.8, 118.7, 79.3, 73.4, 57.2, 52.7, 

37.5, 26.9, 15.4, 14.4. HRMS (ESI TOF) m/z calcd. For C31H27BrN4O5 [M+H]+ 615.1243 found 

615.1243. 

Methyl (5R,7S,8R,14S)-7-(2-chlorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3u) 

Product 3u was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2p (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

1 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 20% ethyl acetate in hexanes as 

the eluent. The purified product, 3u, identified as Methyl (5R,7S,8R,14S)-7-(2-chlorophenyl)-

1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25 ]tetradeca-

1,11-diene-14-carboxylate, was obtained as a white solid in a yield of 72 mg (63%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods, including 1H NMR, 
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13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 229-231 °C and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.6 (dd, J = 7.6, 1.7 Hz, 

1H), 7.4 (tt, J = 7.3, 1.7 Hz, 4H), 7.3 – 7.1 (m, 5H), 6.3 (s, 1H), 4.6 (dd, J = 13.5, 2.8 Hz, 1H), 

3.6 (s, 3H), 2.5 (t, J = 13.7 Hz, 1H), 2.3 (s, 3H), 2.3 (dd, J = 14.0, 2.9 Hz, 1H), 1.8 (s, 3H). 

13C{1H} NMR (100 MHz, CDCl3): δ 173.8, 170.4, 170.1, 159.4, 156.9, 137.8, 137.5, 134.6, 

131.3, 129.9, 129.6, 128.9, 128.9, 127.8, 126.2, 125.3, 125.2, 118.8, 118.6, 79.4, 71.7, 57.1, 

52.8, 37.6, 26.8, 15.2, 14.4. HRMS (ESI TOF) m/z calcd. For C31H27ClN4O5 [M+H]+ 571.1748 

found 571.1743. 

Methyl (5R,7S,8R,14S)-7-(2-fluorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3v) 

Product 3v was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2q (1.0 equiv, 0.200 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

1 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 20% ethyl acetate in hexanes as 

the eluent. The purified product, 3v, identified as Methyl (5R,7S,8R,14S)-7-(2-fluorophenyl)-

1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25] tetradeca-

1,11-diene-14-carboxylate, was obtained as a white solid in a yield of 73 mg (66%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods, including 1H NMR, 

113C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 213-215 °C and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.5 – 7.5 (m, 1H), 7.4 – 7.3 

(m, 4H), 7.3 – 7.2 (m, 3H), 7.1 (td, J = 7.6, 1.2 Hz, 1H), 6.9 (ddd, J = 10.7, 8.2, 1.2 Hz, 1H), 

6.3 (s, 1H), 4.5 (dd, J = 12.8, 3.9 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.3 (m, 2H), 2.3 (s, 3H), 1.9 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.5, 170.4, 169.8, 160.0 (d, J(C-F) = 49.3 Hz), 157.3 

(d, J(C-F) = 85.6 Hz), 137.7, 137.5, 130.0, 129.9, 129.0, 128.9, 126.8 (d, J(C-F) = 3.8 Hz), 125.4, 
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125.2, 123.9 (d, J(C-F) = 3.3 Hz), 123.6, 123.5, 118.9 (d, J(C-F) = 41.5 Hz), 115.5 (d, J(C-F) = 21.3 

Hz), 79.5, 70.2, 57.1, 52.8, 38.2, 26.2, 14.8, 14.5. HRMS (ESI TOF) m/z calcd. For 

C31H27FN4O5 [M+H]+ 555.2043 found 555.2038. 

Methyl (5R,7R,8R,14S)-7-(3-chlorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3w) 

Product 3w was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2r (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

1 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 20% ethyl acetate in hexanes as 

the eluent. The purified product, 3w, identified as Methyl (5R,7R,8R,14S)-7-(3-chlorophenyl)-

1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25] tetradeca-

1,11-diene-14-carboxylate, was obtained as a light yellow solid in a yield of 84 mg (74%) as a 

single diastereomer. The structure was confirmed through spectroscopic methods, including 1H 

NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed 

a melting point of 229-231 °C and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.4 (ddd, J = 8.5, 7.3, 2.8 

Hz, 4H), 7.2 – 7.2 (m, 4H), 7.1 (d, J = 7.8 Hz, 1H), 6.9 (d, J = 0.9 Hz, 1H), 6.1 (s, 1H), 4.3 (dd, 

J = 12.4, 4.9 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.4 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR 

(100 MHz, CDCl3): δ 173.6, 170.4, 169.6, 160.5, 156.8, 137.5, 137.4, 137.4, 134.6, 129.8, 

129.0, 129.0, 128.6, 125.7, 125.5, 124.6, 122.4, 119.2, 118.7, 79.9, 74.4, 57.7, 52.9, 38.8, 25.5, 

15.0, 14.7. HRMS (ESI TOF) m/z calcd. For C31H27ClN4O5 [M+H]+ 571.1748 found 571.1751. 

Methyl (5R,7R,8R,14S)-7-(3-fluorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3x) 

Product 3x was synthesized following the general experimental procedure 4.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 
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(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium 

tert-butoxide (50 mol%, 0.1 mmol), and arylidene 

pyrazolones 2s (1.0 equiv, 0.200 mmol). Subsequently, 1,4- 

Dioxane (1 mL) was added to the tube. The reaction mixture 

was stirred at ambient temperature for 1 minute. Upon 

completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on 

silica gel using 20% ethyl acetate in hexanes as the eluent. The purified product, 3x, identified 

as Methyl (5R,7R,8R,14S)-7-(3-fluorophenyl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro [4.2.48.25] tetradeca-1,11-diene-14-carboxylate , was obtained as a 

light yellow solid in a yield of 77 mg (69%) as a single diastereomer. The structure was 

confirmed through spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-

ray crystallographic analysis. The compound displayed a melting point of 204-06 °C and a 

TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, 

CDCl3): δ 7.9 – 7.8 (m, 4H), 7.5 – 7.4 (m, 4H), 7.3 – 7.1 (m, 3H), 6.9 (dd, J = 5.4, 3.6 Hz, 2H), 

6.8 – 6.8 (m, 1H), 6.1 (s, 1H), 4.3 (dd, J = 11.8, 5.5 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.4 (m, 2H), 2.3 

(s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.6, 170.4, 169.6, 162.7 (d, J(C-F) = 

246.9 Hz), 160.5, 156.8, 138.0 (d, J(C-F) = 7.5 Hz), 137.4, 130.2 (d, J(C-F) = 8.2 Hz), 129.0, 

129.0, 129.0, 125.6, 125.5, 119.9 (d, J(C-F) = 3.1 Hz), 119.1, 118.7, 115.3 (d, J(C-F) = 21.0 Hz), 

111.7 (d, J(C-F) = 23.5 Hz), 79.9, 74.3, 57.7, 52.8, 38.7, 25.6, 15.0, 14.7. 19F NMR (377 MHz, 

CDCl3): δ -111.7. HRMS (ESI TOF) m/z calcd. For C31H27FN4O5 [M+H]+ 555.2043 found 

555.2042. 

Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,7-diphenyl-10-(p-tolyl)-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3y)  

Product 3y was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol),  potassium tert-butoxide (50 mol%, 0.1 mmol), and 

arylidene pyrazolones 2t (1.0 equiv, 0.2 mmol). Subsequently, 

1,4-Dioxane (1 mL) was added to the tube. The reaction 

mixture was stirred at ambient temperature for 1 minute. Upon 
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completion, the solvent was removed under reduced pressure and the residue was purified by 

column chromatography on silica gel using 20% ethyl acetate in hexanes as the eluent. The 

purified product, 3y, identified as Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,7-

diphenyl-10-(p-tolyl)-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25]tetradeca-1,11-diene-14-

carboxylate, was obtained as a light yellow solid in a yield of 75 mg (68%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods, including 1H NMR, 

13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 192-194 °C and a TLC retention factor (Rf) of 0.5 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 2H), 7.7 – 7.6 (m, 2H), 7.4 – 

7.4 (m, 2H), 7.2 – 7.2 (m, 6H), 7.1 – 7.1 (m, 2H), 6.1 (s, 1H), 4.3 (dd, J = 11.1, 6.2 Hz, 1H), 

3.6 (s, 3H), 2.4 – 2.4 (m, 2H), 2.4 (s, 3H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, 

CDCl3): δ 173.7, 170.6, 169.8, 160.7, 157.0, 137.5, 135.5, 135.2, 135.1, 129.5, 129.0, 128.4, 

128.3, 125.4, 124.2, 119.1, 118.7, 79.9, 75.0, 57.8, 52.8, 38.8, 25.5, 21.0, 15.0, 14.7. HRMS 

(ESI TOF) m/z calcd. For C32H30N4O5 [M+H]+ 551.2294 found 551.2294. 

Methyl (5R,7R,8R,14S)-10-(4-chlorophenyl)-1,12-dimethyl-4,9-dioxo-3,7-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3z) 

Product 3z was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol),  potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2u (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. The 

reaction mixture was stirred at ambient temperature for 1 

minute. Upon completion, the solvent was removed under 

reduced pressure, and the residue was purified by column chromatography on silica gel using 

20% ethyl acetate in hexanes as the eluent. The purified product, 3z, identified as Methyl 

(5R,7R,8R,14S)-10-(4-chlorophenyl)-1,12-dimethyl-4,9-dioxo-3,7-diphenyl-6-oxa-2,3,10,11-

tetraazadispiro [4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow 

solid in a yield of 84 mg (74%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 192-194 °C and a TLC retention factor 
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(Rf) of 0.5 (silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 

4H), 7.4 – 7.3 (m, 4H), 7.2 – 7.2 (m, 4H), 7.1 – 7.1 (m, 2H), 6.1 (s, 1H), 4.3 (dd, J = 10.8, 6.6 

Hz, 1H), 3.6 (s, 3H), 2.4 – 2.4 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, 

CDCl3): δ 173.8, 170.5, 169.7, 161.1, 156.9, 137.5, 136.2, 135.1, 130.5, 129.0, 129.0, 128.4, 

128.4, 125.4, 124.1, 120.0, 118.7, 79.8, 75.0, 58.0, 52.8, 38.7, 25.5, 15.0, 14.7. HRMS (ESI 

TOF) m/z calcd. For C31H27ClN4O5 [M+H]+ 571.1748 found 571.1747. 

Methyl (5R,7R,8R,14S)-10-(2-chlorophenyl)-1,12-dimethyl-4,9-dioxo-3,7-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3aa)  

Product 3aa was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2v (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

1 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 20% ethyl acetate in hexanes as 

the eluent. The purified product, 3aa, identified as the mixture was purified by column 

chromatography (SiO2, 20% EtOAc /hexanes) to afford 3aa, Methyl (5R,7R,8R,14S)-10-(2-

chlorophenyl)-1,12-dimethyl-4,9-dioxo-3,7-diphenyl-6-oxa-2,3,10,11-tetraazadispiro 

[4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a light yellow solid in a yield 

of 86 mg (75%) as a single diastereomer. The structure was confirmed through spectroscopic 

methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The 

compound displayed a melting point of 203-205 °C and a TLC retention factor (Rf) of 0.5 

(silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 2H), 7.5 

– 7.5 (m, 1H), 7.4 – 7.3 (m, 9H), 7.2 (d, J = 3.2 Hz, 1H), 7.2 (d, J = 7.4 Hz, 1H), 6.1 (s, 1H), 

4.3 (dd, J = 12.1, 5.3 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.4 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 174.3, 170.5, 169.8, 160.9, 157.0, 137.5, 135.6, 134.0, 131.9, 

130.6, 130.0, 129.0, 128.5, 128.5, 128.4, 127.6, 125.4, 124.6, 118.7, 79.9, 74.7, 56.5, 52.8, 

38.7, 25.6, 15.0, 14.7. HRMS (ESI TOF) m/z calcd. For C31H27ClN4O5 [M+H]+ 571.1748 found 

571.1743. 
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Methyl (5R,7R,8R,14S)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-7-(pyridin-3-yl)-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3ab) 

Product 3ab was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2w (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

2 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 20% ethyl acetate in hexanes as 

the eluent. The purified product, 3ab, identified as mixture was purified by column 

chromatography (SiO2, 25% EtOAc /hexanes) to afford 3ab, Methyl (5R,7R,8R,14S)-1,12-

dimethyl-4,9-dioxo-3,10-diphenyl-7-(pyridin-3-yl)-6-oxa-2,3,10,11-tetraazadispiro 

[4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was obtained as a red solid in a yield of 77 

mg (72%) as a single diastereomer. The structure was confirmed through spectroscopic 

methods, including 1H NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The 

compound displayed a melting point of 197-199 °C and a TLC retention factor (Rf) of 0.4 

(silica gel, 30% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 8.6 – 8.4 (m, 2H), 7.9 

– 7.8 (m, 4H), 7.4 – 7.3 (m, 5H), 7.2 – 7.1 (m, 3H), 6.1 (s, 1H), 4.3 (dd, J = 12.7, 4.7 Hz, 1H), 

3.6 (s, 3H), 2.5 – 2.4 (m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 

173.3, 170.4, 169.5, 160.2, 156.7, 149.9, 145.9, 137.4, 137.3, 132.1, 131.2, 129.0, 129.0, 125.7, 

125.6, 123.1, 119.0, 118.7, 79.9, 73.6, 57.6, 52.9, 38.7, 25.4, 15.0, 14.7. HRMS (ESI TOF) m/z 

calcd. For C30H27N5O5 [M+H]+ 538.2090 found 538.2089.                                                                                                     

Methyl (5R,7S,8R,14S)-7-(furan-2-yl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3ac) 

Product 3ac was synthesized following the general experimental procedure 4.5.4. An oven-

dried 10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–

Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrazolones 2x (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 

was added to the tube. The reaction mixture was stirred at ambient temperature for 2 minute. 
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Upon completion, the solvent was removed under reduced 

pressure, and the residue was purified by column 

chromatography on silica gel using 25% ethyl acetate in 

hexanes as the eluent. The purified product, 3ac, identified as 

Methyl (5R,7S,8R,14S)-7-(furan-2-yl)-1,12-dimethyl-4,9-

dioxo-3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro 

[4.2.48.25] tetradeca-1,11-diene-14-carboxylate, was 

obtained as a white solid in a yield of 27 mg (26%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods including 1H NMR, 

13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 260-262 °C and a TLC retention factor (Rf) of 0.4 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.8 (ddd, J = 10.0, 8.7, 1.2 Hz, 4H), 7.4 (dt, J 

= 8.6, 7.2 Hz, 4H), 7.3 (s, 1H), 7.3 – 7.2 (m, 2H), 6.3 – 6.2 (m, 2H), 6.1 (d, J = 0.9 Hz, 1H), 

4.2 (dd, J = 12.1, 5.4 Hz, 1H), 3.6 (s, 3H), 2.4 – 2.3 (m, 2H), 2.3 (s, 3H), 2.2 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 173.0, 169.5, 169.5, 161.0, 156.7, 147.8, 143.2, 137.4, 129.0, 

128.9, 128.9, 125.5, 125.3, 119.0, 118.8, 110.3, 108.5, 79.8, 71.0, 56.0, 52.8, 38.8, 25.4, 15.0, 

14.6. HRMS (ESI TOF) m/z calcd. For C29H26N4O6 [M+Na]+ 549.1749 found 549.1752. 

Methyl (5R,7R,8R,14S)-7-(furan-3-yl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3ad) 

Product 3ad was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2y (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

2 minute. Upon completion, the solvent was removed under reduced pressure, and the resulting 

crude product was subjected to extraction using dichloromethane (DCM). The organic layer 

was concentrated under reduced pressure, and the residue was purified by column 

chromatography on silica gel using 25% ethyl acetate in hexanes as the eluent. The purified 

product, 3ad, identified as Methyl (5R,7R,8R,14S)-7-(furan-3-yl)-1,12-dimethyl-4,9-dioxo-
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3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25] tetradeca-1,11-diene-14-

carboxylate, was obtained as a light yellow solid in a yield of 46 mg (44%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods, including 1H NMR, 

13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 242-244 °C and a TLC retention factor (Rf) of 0.4 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.4 (ddd, J = 8.6, 7.4, 1.3 

Hz, 4H), 7.3 – 7.3 (m, 2H), 7.2 (dd, J = 7.4, 2.1 Hz, 2H), 6.0 (d, J = 2.0 Hz, 1H), 6.0 (s, 1H), 

4.2 (dd, J = 13.1, 4.5 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.3 (m, 2H), 2.3 (s, 3H), 2.1 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3): δ 173.3, 170.6, 169.6, 161.2, 156.9, 143.8, 139.0, 137.6, 137.5, 

129.0, 129.0, 125.5, 125.4, 120.6, 118.9, 118.7, 107.2, 79.9, 70.8, 56.8, 52.8, 38.8, 25.2, 15.0, 

14.7. HRMS (ESI TOF) m/z calcd. For C29H26N4O6 [M+Na]+ 549.1749 found 549.1751. 

Methyl (5R,7S,8R,14S)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-7-(thiophen-2-yl)-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3ae) 

Product 3ae was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2z (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

2 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 25% ethyl acetate in hexanes as 

the eluent. The purified product, 3ae, identified as Methyl (5R,7S,8R,14S)-1,12-dimethyl-4,9-

dioxo-3,10-diphenyl-7-(thiophen-2-yl)-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25] tetradeca-

1,11-diene-14-carboxylate, was obtained as a light yellow solid in a yield of 67 mg (62%) as a 

single diastereomer. The structure was confirmed through spectroscopic methods, including 1H 

NMR, 13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed 

a melting point of 222-224 °C and a TLC retention factor (Rf) of 0.4 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 2H), 7.8 – 7.7 (m, 2H), 7.4 (dtd, 

J = 14.5, 7.4, 1.9 Hz, 4H), 7.2 – 7.1 (m, 3H), 6.9 – 6.8 (m, 2H), 6.4 (d, J = 0.9 Hz, 1H), 3.7 (s, 

3H), 3.5 – 3.4 (m, 2H), 2.5 (s, 3H), 2.3 (s, 3H), 2.3 – 2.2 (m, 1H). 13C{1H} NMR (100 MHz, 
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CDCl3): δ 171.5, 169.0, 168.7, 159.4, 156.7, 137.5, 137.4, 137.3, 128.9, 128.9, 126.8, 125.4, 

125.4, 125.3, 125.0, 119.1, 119.0, 77.7, 72.2, 57.9, 52.9, 39.6, 26.8, 19.3, 13.0. HRMS (ESI 

TOF) m/z calcd. For C29H26N4O5S [M+H]+ 543.1702 found 543.1700. 

Methyl (5R,7S,8R,14S)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-7-(thiophen-3-yl)-6-oxa-

2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (3af) 

Product 3af was synthesized following the general 

experimental procedure 4.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1a (1.0 equiv, 

0.2 mmol) potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrazolones 2aa (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 

2 minute. Upon completion, the solvent was removed under reduced pressure, and the residue 

was purified by column chromatography on silica gel using 25% ethyl acetate in hexanes as 

the eluent. The purified product, 3af, identified as Methyl (5R,7S,8R,14S)-1,12-dimethyl-4,9-

dioxo-3,10-diphenyl-7-(thiophen-3-yl)-6-oxa-2,3,10,11-tetraazadispiro [4.2.48.25] tetradeca-

1,11-diene-14-carboxylate, was obtained as a white solid in a yield of 77 mg (71%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods, including 1H NMR, 

13C{1H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 228-230 °C and a TLC retention factor (Rf) of 0.4 (silica gel, 30% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 (dt, J = 8.7, 1.2 Hz, 4H), 7.5 – 7.4 (m, 

4H), 7.3 – 7.2 (m, 3H), 7.1 (dt, J = 2.8, 1.2 Hz, 1H),  6.7 (dd, J = 5.1, 1.4 Hz, 1H), 6.1 (d, J = 

1.1 Hz, 1H), 4.3 (dd, J = 12.2, 5.2 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.3 (m, 2H), 2.3 (s, 3H), 2.0 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.6, 170.6, 169.7, 161.1, 156.9, 137.6, 137.5, 

136.2, 129.0, 129.0, 126.7, 125.5, 125.4, 123.7, 120.8, 118.9, 118.7, 79.9, 73.4, 57.2, 52.8, 

38.8, 25.4, 14.8, 14.7. HRMS (ESI TOF) m/z calcd. For C29H26N4O5S [M+H]+ 543.1702 found 

543.1710. 

Methyl (5R,7R,8R,14S)-7-(4'-methoxy-[1,1'-biphenyl]-4-yl)-1,12-dimethyl-4,9-dioxo-

3,10-diphenyl-6-oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-

carboxylate (7a) 
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Product 7a was synthesized following the general procedure 

4.5.6 A solution of compound 3k (1.0 equiv, 0.81 mmol) in 

a mixture of toluene (1 mL) and water (0.3 mL) was 

prepared at room temperature. Methoxy phenylboronic acid 

6a (1.5 equivs, 0.12 mmol), Pd(PPh₃)₄ (0.06 equiv, 0.005 

mmol), and K₃PO₄ (2.5 equiv, 0.20 mmol) were added 

sequentially under a nitrogen atmosphere. The reaction 

mixture was heated to 80 °C and stirred at this temperature for 12 hours. Upon completion, the 

reaction was cooled to room temperature and passed through a Celite bed for filtration. The 

filtrate was concentrated under reduced pressure to remove the solvent. The resulting crude 

product was purified by column chromatography on silica gel using 22% ethyl acetate in 

hexanes as the eluent, affording product 7a as a white solid (36 mg, 69% yield, single 

diastereomer). The structure of 7a, identified as methyl (5R,7R,8R,14S)-7-(4'-methoxy-[1,1'-

biphenyl]-4-yl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11-

tetraazadispiro[4.2.4².2⁵]tetradeca-1,11-diene-14-carboxylate, was confirmed by ¹H NMR, 

13C{1H} NMR, and HRMS analyses. The compound exhibited a melting point of 178–180 °C 

and a TLC retention factor (Rf) value of 0.4 (30% ethyl acetate in hexanes on silica gel). 1H 

NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 4H), 7.5 – 7.4 (m, 8H), 7.2 – 7.1 (m, 4H), 7.0 – 6.9 

(m, 2H), 6.1 (s, 1H), 4.3 (dd, J = 10.5, 6.8 Hz, 1H), 3.8 (s, 3H), 3.6 (s, 3H), 2.5 – 2.4 (m, 2H), 

2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.9, 170.5, 169.8, 160.9, 159.3, 

157.0, 140.7, 137.6, 137.5, 133.8, 132.8, 129.0, 129.0, 128.0, 126.6, 125.5, 125.4, 124.6, 119.1, 

118.7, 114.2, 79.9, 75.0, 57.9, 55.4, 52.8, 38.8, 25.6, 15.1, 14.7. HRMS (ESI TOF) m/z calcd. 

For C38H34N4O6 [M+Na]+ 665.2375 found 665.2374. 

Methyl (5R,7R,8R,14S)-7-([1,1'-biphenyl]-4-yl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-

oxa-2,3,10,11-tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate (9a) 

Product 9a was synthesized following the general 

procedure 4.5.7 A solution of compound 3k (1.0 equiv, 0.81 

mmol) in a mixture of toluene (1 mL) and water (0.3 mL) 

was prepared at room temperature. phenylboronic acid 8a 

(1.5 equiv, 0.12 mmol), Pd(PPh₃)₄ (0.06 equivs, 0.005 

mmol), and K₃PO₄ (2.5 equivs, 0.20 mmol) were added 

sequentially under a nitrogen atmosphere. The reaction 
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mixture was heated to 80 °C and stirred at this temperature for 12 hours. Upon completion, the 

reaction was cooled to room temperature and passed through a Celite bed for filtration. The 

filtrate was concentrated under reduced pressure to remove the solvent. The resulting crude 

product was purified by column chromatography on silica gel using 18% ethyl acetate in 

hexanes as the eluent, affording product 9a as a white solid (32 mg, 64% yield, single 

diastereomer). The structure of 9a, identified as Methyl (5R,7R,8R,14S)-7-([1,1'-biphenyl]-4-

yl)-1,12-dimethyl-4,9-dioxo-3,10-diphenyl-6-oxa-2,3,10,11 

tetraazadispiro[4.2.48.25]tetradeca-1,11-diene-14-carboxylate, was confirmed by ¹H NMR, 

13C{1H} NMR, and HRMS analyses. The compound exhibited a melting point of 222–224 °C 

and a TLC retention factor (Rf) value of 0.5 (30% ethyl acetate in hexanes on silica gel). 1H 

NMR (400 MHz, CDCl3): δ 7.9 (tt, J = 8.6, 1.2 Hz, 4H), 7.6 – 7.5 (m, 2H), 7.5 – 7.4 (m, 8H), 

7.3 (s, 1H), 7.2 – 7.1 (m, 4H), 6.1 (s, 1H), 4.3 (dd, J = 10.7, 6.7 Hz, 1H), 3.6 (s, 3H), 2.5 – 2.4 

(m, 2H), 2.3 (s, 3H), 2.0 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 173.9, 170.5, 169.8, 

160.8, 157.0, 141.1, 140.3, 137.6, 137.5, 134.5, 129.0, 129.0, 128.8, 127.5, 127.0, 127.0, 125.5, 

125.4, 124.7, 119.1, 118.7, 79.9, 74.9, 57.9, 52.8, 38.8, 25.6, 15.1, 14.7. HRMS (ESI TOF) m/z 

calcd. For C37H32N4O5 [M+Na]+ 635.2270 found 635.2269. 
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4.7 Appendix IV 1H, 13C spectral data of representative compounds 

 

 

Compound No. Figure AII.X Data Page No 

1a Figure AIV.1 and AIV.2 1H and 13C 163 

3a Figure AIV.3 and AIV.4 1H and 13C 164 

3e Figure AIV.5 and AIV.6 1H and 13C 165 

3aa Figure AIV.7 and AIV.8 1H and 13C 166 

3ab Figure AIV.9 and AIV.10 1H and 13C 167 

7a Figure AIV.11 and AIV.12 ORTEP plot 168 

3a Figure AII.13 ORTEP plot 169 
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Figure AIV.1 1H NMR spectrum of 1a, CDCl3, 400 MHz  

   

Figure AIV.2 13C{1H} NMR spectrum of 1a, CDCl3, 100 MHz 
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Figure AIV.3 1H NMR spectrum of 3a, CDCl3, 400 MHz 

 

Figure AIV.4 13C{1H} NMR spectrum of 3a, CDCl3, 100 MHz 
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Figure AIV.5 1H NMR spectrum of 3e, CDCl3, 400 MHz 

 

Figure AIV.6 13C{1H} NMR spectrum of 3e, CDCl3, 100 MHz 
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Figure AIV.7 1H NMR spectrum of 3aa, CDCl3, 400 MHz  

 

Figure AIV.8 13C{1H} NMR spectrum of 3aa, CDCl3, 100 MHz 
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Figure AIV.9 1H NMR spectrum of 3ab, CDCl3, 400 MHz 

 

Figure AIV.10 13C{1H} NMR spectrum of 3ab, CDCl3, 100 MHz 
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Figure AIV.11 1H NMR spectrum of 7a, CDCl3, 400 MHz 

 

Figure AIV.12 13C{1H} NMR spectrum of 7a, CDCl3, 100 MHz 



169 
 

 

Figure AIV.13 An ORTEP diagram showing thermal ellipsoids at a 50% probability level 

was created to represent the structures determined by single-crystal X-ray diffraction analysis 

of compound 3a. 
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Abstract 

A novel and efficient metal-free oxa-Michael cascade [4+2] annulation strategy has been 

established for the direct synthesis of spiropyrazolone pyrrolidinedione fused tetrahydropyran 

framework. This atom-economic transformation utilizes pyrazoledione-derived Morita–

Baylis–Hillman (Pyro-MBH) alcohol as specialized oxa-Michael donors, facilitating the 

construction of structurally complex spiroheterocyclic products with remarkable 

stereocontrol. Notably, the reaction generates two contiguous tertiary and two quaternary 

stereocenters in a single step, delivering the desired products in excellent yields of up to 87%. 

The protocol exhibits a rapid conversion rate, completing in a very short reaction time (5–20 

min) under mild reaction conditions.  

 

 

 

Sabale, A. S.; Khandeparkar, M.; Pattanaik, S.; Bhat. R. G Efficient Synthesis of 

Spiropyrazolone Pyrrolidinediones Fused Tetrahydropyran via Base-Induced [4+2] 

Cycloaddition, Manuscript under preparation. 
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5.1 Introduction 

Spiropyrazolone is a significant structural motif that has garnered attention in pharmaceutical 

and medicinal chemistry due to its diverse range of applications in drug development. 

Characterized by its unique bicyclic structure, spiropyrazolone has become integral to the 

design of various biologically active compounds. This structural framework is frequently found 

in various therapeutic agents, particularly those targeting cancer, where it demonstrates 

potential as an anti-tumor agent.1 Additionally, spiropyrazolone derivatives have shown 

efficacy as inhibitors against specific phosphodiesterases, including type-4 phosphodiesterases, 

which are crucial in regulating cellular signalling pathways.2 Moreover, some spiropyrazolone 

compounds have been identified as inhibitors of TbrPDEB1, an enzyme implicated in the 

pathology of certain diseases.3 The ability of spiropyrazolone to interact with biological 

systems underscores its versatility and importance in developing novel therapeutic strategies. 

Its presence in drugs that combat a range of conditions highlights the significance of this 

structural motif in contemporary medicinal chemistry.4                                                       

Figure 5.1 Bioactive molecules containing spiropyrazolone and spiropyrrolidinediones 

skeletone   

Likewise, the spiropyrrolidinediones scaffold is a prominent structural motif frequently 

encountered in biologically active molecules. Based on the available literature, its presence 
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imparts significant pharmacological properties due to its rigid, cyclic framework, which 

facilitates selective interactions with biological targets. Spiropyrrolidinediones-containing 

compounds exhibit a broad spectrum of bioactivities, including anticancer, antimicrobial, 

antiviral, and anti-inflammatory effects. Furthermore, the scaffold’s conformational restriction 

often enhances receptor binding affinity and metabolic stability. As a result, 

spiropyrrolidinediones derivatives serve as essential building blocks in the design and 

development of therapeutic agents across various therapeutic domains (see Figure 5.1).5 As a 

result, the design and development of novel synthetic methods for constructing spiro-

pyrazolone fused pyrrolidinediones frameworks has emerged as a highly appealing and useful 

topic within the synthetic research community.  

Base-mediated annulation reactions serve as highly efficient synthetic methodologies for the 

construction of spiropyrazole scaffolds. These transformations facilitate the formation of 

structurally intricate frameworks through regioselective and stereoselective bond-forming 

processes. Their utility in modern organic synthesis is underscored by their ability to generate 

complex molecular architectures with significant pharmaceutical and biological relevance.2, 6 

The incorporation of a spiropyrazolone moiety into a spiropyrrolidinediones framework 

represents a compelling synthetic approach, given the increasing interest in hybrid molecular 

architectures. In recent years, the fusion of distinct pharmacologically significant scaffolds has 

emerged as a highly effective strategy for the rational design and development of novel 

bioactive compounds. This approach leverages individual core structures' synergistic biological 

properties, enhancing their therapeutic potential and broadening their applicability in drug 

discovery.7 Considering this perspective, the integration of spiropyrazolones and 

spiropyrrolidinones frameworks presents a highly promising strategy for synthesizing 

structurally diverse and architecturally intriguing spiro-heterocyclic compounds. This 

approach holds significant potential for discovering novel bioactive molecules, as these hybrid 

structures may exhibit enhanced pharmacological properties. The rational design of these fused 

scaffolds not only expands the chemical space of spirocyclic systems but also facilitates the 

identification of lead compounds with improved therapeutic efficiency. 

5.2 Recent advances in the synthesis of spiropyrazolone and spiropyrrolidinediones 

scaffolds  

Spiropyrazolone and spiropyrrolidinediones, both naturally derived and synthetically 

engineered, exhibit a broad spectrum of significant biological activities. Due to their 
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pharmacological relevance, extensive research efforts have been directed toward the 

construction of these spirocyclic frameworks with high regio-, diastereo-, and 

enantioselectivity over the past few decades. Various advanced methodologies have been 

developed for the efficient synthesis of spiropyrazolone and spiropyrrolidinones; some of the 

representative examples are highlighted. 

In 2024, Maddani and coworkers8 introduced an efficient approach for the synthesis of 

spiropyrazolone-tetrahydrofurans 3 and spiropyrazolone-tetrahydropyrans 5 through a base-

mediated cascade ipso-cyclization of unsaturated pyrazolones 1 with haloalcohols 2 and 4 

(Scheme 5.1). This strategy is distinguished by its rapid reaction kinetics, broad substrate 

scope, excellent product yields, and mild reaction conditions, eliminating the requirement for 

any transition metal catalysts. Furthermore, the synthetic utility of this methodology was 

validated on a gram scale, demonstrating its practicality while maintaining high product yields. 

 

Scheme 5.1 Synthesis of spiropyrazolone-tetrahydrofurans and spiropyrazolone-

tetrahydropyrans via base-mediated cyclization reaction 

In 2024, Maddani and coworkers9 developed an efficient and practical strategy for the synthesis 

of spiropyrazolone–pyrrolidinones 8 through a NaH-mediated cascade ipso-cyclization of 

unsaturated pyrazolones 6 with 2-chloro-N-phenylacetamides 7. This transition metal-free 

approach enables the construction of highly functionalized spiropyrazolone–pyrrolidinones in 

good yields. The methodology is distinguished by several key advantages, including the use of 

stable substrates, operational simplicity, and enhanced atom and step economy. Moreover, its 

synthetic applicability has been successfully validated on a gram scale, ensuring high product 

yields and demonstrating its practical utility (Scheme 5.2). 
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Scheme 5.2 Synthesis of spiropyrazolone-tetrahydrofurans via base-mediated cyclization 

reaction between unsaturated pyrazolones with 2-chloro-N-phenylacetamides 

In 2023, Chen and coworkers10 reported an innovative asymmetric [4+2] cycloaddition of 2-

methylidenetrimethylene carbonate 10 with pyrrolidinedione-derived substrates 9, enabling the 

synthesis of functionalized tetrahydropyran-fused spirocyclic framework 11 via palladium 

catalysis. This methodology facilitates the formation of enantioenriched spiropyrrolidinedione 

featuring adjacent quaternary and tertiary stereocenters with remarkable efficiency, achieving 

yields of desired products up to 96% and enantiomeric excesses (ee) as high as 99%. 

Furthermore, the synthetic utility of the obtained products has been demonstrated through 

subsequent transformations, leading to the construction of pharmaceutically relevant β₂,₂-

amino acids and β-lactams. Additionally, a comprehensive mechanistic investigation has been 

conducted to elucidate the underlying reaction pathways. 

 

Scheme 5.3 Synthesis of spiropyrrolidinediones via Pd-mediated cyclization reaction between 

2-methylidenetrimethylene carbonate with pyrrolidone-derived substrates 

Nonetheless, several existing synthetic approaches for constructing spiropyrazolone and 

spiropyrrolidinone frameworks depend on transition metal catalysts and stoichiometric bases. 

These requirements pose limitations in terms of cost, sustainability, and operational simplicity. 

Consequently, the development of a transition metal-free, highly efficient, and more practical 
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synthetic strategy for accessing structurally diverse spiropyrazolones and spiropyrrolidinones 

remains a highly desirable objective and a significant synthetic challenge as well. 

Based on our continuous interest in spiroheterocycles and experience in constructing the 

spiroheterocyclic compounds, we hypothesized that Pyro-MBH alcohol and arylidene 

pyrrolidinediones may undergo [4+2] annulation in the presence of a suitable base and reaction 

conditions to afford the spiropyrazolone pyrrolidinediones fused tetrahydropyran as a hybrid 

molecule.  

In this chapter, we have disclosed an expedient transition metal-free oxa-Michael cascade [4+2] 

annulation strategy to directly construct the spiropyrazolone pyrrolidinediones fused 

tetrahydropyran framework using commercially viable and easily available potassium tert-

butoxide.  

5.3 Results and Discussion 

To validate the proposed synthetic route to access a hybrid molecule via oxa-Michael cascade 

[4+2] annulation, we commenced with Pyro-MBH alcohol 1a and arylidene pyrrolidinediones 

2a as model substrates. To begin with, we carried out the reaction of 1a and 2a using 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU, 50 mol%) as the base in 1,4-Dioxane as the solvent 

under ambient reaction conditions. However, even after prolonged reaction time (24 h), the 

reaction progressed very sluggishly to afford the desired product 3a in very poor yield (5%, 

Table 5.1, entry 1). 

Later, we screened different organic bases such as DMAP, DABCO, PPh3, and Et3N, and all 

them were not successful in affording the desired products (Table 5.1 entries 2–5). Though the 

reaction worked in the presence of DMAP, it afforded the product 3a in very poor or negligible 

yield (5%, Table 5.1 entry 2), while the other organic bases did not even promote the formation 

of 3a.  

We switched our focus to evaluating a few inorganic bases. The reaction of 1a and 2a in 1,4-

Dioxane using bases (50 mol%) such as K2CO3, K3PO4, Cs2CO3, and KOt-Bu proved to be 

promising by affording the desired product 3a in modest to very good yields (40% to 86%, 

Table 5.1, entries 6–9). Among all the inorganic bases screened, KOt-Bu proved to be most 

efficient in terms of affording 3a in the highest yield in a very rapid time of 5 min (Table 5.1, 

entry 9). These findings highlight the pivotal role of base and their selection in governing the 

efficiency and outcome of the transformation. Further, increasing the loading of KOt-Bu (100 

mol%) resulted in a decreased yield of compound 3a (68%, Table 5.1, entry 10). Whereas, 
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lowering the amount of KOt-Bu (20 mol%) led to a reduction in the yield of 3a in taking 

relatively longer time for the completion (62%, Table 5.1, entry 11). These observations 

highlight the critical influence of base concentration on reaction efficiency, where excessive 

and insufficient amounts adversely affect the yield (Table 5.1, entries 10–11). 

Table 5.1 Screening of catalysts and solvents for cycloaddition reaction[a-b] 

 

Entry Base (mol%) Solvent Time Yieldb (%) 

1 DBU (0.5) 1,4-Dioxane  24 h 5 

2 DMAP (0.5) 1,4-Dioxane  24 h 5 

3 DABCO (0.5) 1,4-Dioxane  24 h NR 

4 Et3N (0.5) 1,4-Dioxane  24 h NR 

5 PPh3 (0.5) 1,4-Dioxane  24 h NR 

6 K2CO3 (0.5) 1,4-Dioxane  24 h 40 

7 K3PO4 1,4-Dioxane  4 h 55 

8 Cs2CO3 1,4-Dioxane  4 h 60 

9 KOt-Bu (0.5)  1,4-Dioxane  5 min. 86 

10 KOt-Bu (0.2)  1,4-Dioxane  20 min. 62 

11 KOt-Bu (1.0)  1,4-Dioxane  5 min. 68 

12 KOt-Bu (0.5)  MeCN 5 min. 72 

13 KOt-Bu (0.5)  CH2Cl2 5 min. 72 

14 KOt-Bu (0.5)  CHCl3 5 min. 67 

15 KOt-Bu (0.5)  Toluene 5 min. 62 

16 KOt-Bu (0.5)  EtOAC 5 min. 64 
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17 KOt-Bu (0.5)  ClCH2CH2Cl 5 min. 70 

18 KOt-Bu (0.5)  THF 5 min. 68 

19 KOt-Bu (0.5)  DMF 5 min. 64 

[a]Reaction Conditions:  Unless stated otherwise, reactions were performed using 1a (0.2 

mmol), 2a (0.2 mmol), and the catalyst [50 mol%] in 1.0 mL of the specified solvent at room 

temperature for min. bIsolated yields of 3a.  

Later, we carried out a comprehensive investigation solvent effect by screening different 

solvents while maintaining KOt-Bu as base (50 mol%). Though reactions in all the solvents 

such as MeCN, DCM, CHCl3, toluene, ethyl acetate, DCE, THF, DMF worked, however, 1,4-

Dioxane proved to be most advantageous in affording the desired product 3a in the highest 

yield (Table 5.1, entries 9, 12–19). Building upon these results, the optimal reaction conditions 

were determined to be 50 mol% KOt-Bu in 1,4-Dioxane at ambient temperature, offering the 

most suitable environment for investigating the substrate scope of the oxa-Michael cascade 

[4+2] annulation reaction (Table 1, entry 9). 

Based on the systematic screening, Pyro-MBH alcohol 1a (1 equiv) and arylidene 

pyrrolidinediones 2a (1 equiv), KOt-Bu (50 mol%) in 1,4-Dioxane at ambient temperature 

proved to be optimized reaction conditions for oxa-Michael cascade [4+2] annulation to obtain 

the desired product 3a (Table 1, entry 9). 

Having obtained the optimized reaction conditions, we further explored the substrate scope of 

the [4+2] cascade annulation reaction. In this regard, we synthesized a diverse range of 

substituted Pyro-MBH alcohols (1b–1e) and arylidene pyrazolones (2a–2t) to evaluate their 

reactivity and compatibility in forming the desired annulated frameworks. A diverse array of 

substituted Pyro-MBH alcohols having including ethyl, tert-butyl, methyl, and chloro moieties 

(1b-1e) reacted smoothly with 2a under the optimized conditions to afford the corresponding 

annulated products (3b–3e) in modest to moderate yields (up to 59%, Scheme 5.4). 

Remarkably, these transformations were completed in a very short time of 5-20 minutes, 

highlighting the exceptional catalytic efficiency of the system (Scheme 5.4). 

The optimized reaction conditions were further applied to a broad range of substituted arylidene 

pyrrolidinediones (2b–2t). A systematic investigation was conducted to assess the electronic 

influence of para-substituents on the phenyl ring. arylidene pyrrolidinediones having electron- 

donating substituents at the para-position of the phenyl ring (4-methyl and 4-dimethoxy 

groups, 2b-2c) displayed excellent reactivity with 1a under the optimized reaction condition to 
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Scheme 5.4 Investigation of Substrate Scope for the [4+2] Annulation Reaction[a]  
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aReaction conditions: Unless stated otherwise, reactions were performed using Pyro-MBH 

Alcohol 1a-1e (1 equiv, 0.2 mmol), 2a-2t (1 equiv, 0.2 mmol) and KOt-Bu (50 mol%, 0.1 

mmol) in 1,4-Dioxane (1.0 mL) at room temperature for 5-20 min. isolated yields. b Single 

diastereomer. cThermal ellipsoids at the 50% probability level.  

afford the corresponding products (3f–3g) in moderate to very good yields in very short 

reaction time in 5 mins (up to 71%, Scheme 5.4). Similarly, arylidene pyrrolidinediones having 

para-halogens (4-bromo, 4-chloro, and 4-fluoro, 2d-2f) efficiently underwent annulation with 

Pyro-MBH alcohol 1a, affording the desired dispiropyrazolone products (3h–3j) in moderate 

to very yields in short reaction time and were isolated as as a single diastereomer (up to 80%, 

Scheme 5.4). 

Moreover, arylidene pyrrolidinediones (2g-2i) featuring electron-deficient para-substituents, 

such as cyano (CN), trifluoromethyl (CF3), and 1-naphthyl groups, exhibited exceptional 

reactivity with 1a, affording the corresponding annulated products (3k–3m) in moderate to 

very good yields in 5-20 minutes and were isolated as a single diastereomer (up to 83%, 

Scheme 5.4). Furthermore, substrates bearing ortho- and meta-substituents (3-methyl, 3-

methoxy, 3-bromo, 3-chloro, 3-fluoro, 3-nitro, 2-methyl, 2-methoxy 2-o-allyl, 2-bromo, 2-

chloro, and 2-fluoro) on the phenyl ring (2j-2t) reacted smoothly with 1a and demonstrated 

excellent compatibility under the optimized reaction conditions to afford the desired 

corresponding products (3n–3x) in modest to very good yields and they were isolated as a 

single diastereomer (up to 87%,  Scheme 5.4). 

The structural identity of the target compound 3r was unequivocally confirmed through single-

crystal X-ray diffraction analysis. Furthermore, detailed stereochemical investigation 

established the configuration of the predominant diastereomer as R, S, R, R, corroborated by 

comprehensive analytical studies (Scheme 5.4). Based on analogy stereochemistry of the other 

compounds was proposed.11 

These results highlight the broad substrate scope and outstanding efficiency of the optimized 

cascade [4+2] annulation strategy for the stereoselective synthesis of spiropyrazolone 

pyrrolidinediones fused tetrahydropyran derivatives. The synthesized spiropyrazolone 

pyrrolidinediones fused tetrahydropyran incorporating a 2-oxane-fused pyrazolone core 

(compounds 3a–3x), were successfully obtained and isolated as single diastereomeric entities 

(Scheme 5.4). Notably, these compounds possess quaternary carbon stereocenters, 

demonstrating the exceptional precision and stereoselectivity of this synthetic methodology.  
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Furthermore, the high diastereomeric purity observed underscores the robustness of this 

approach in maintaining strict stereochemical control throughout the transformation. 

Based on the literature precedents and experimental observations,11, 12 a plausible mechanistic 

pathway has been proposed (Scheme 5.5). The reaction commences with the deprotonation of 

the Pyro-MBH alcohol 1a, facilitated by KOt-Bu, generating a highly reactive nucleophilic 

species I that acts as a Michael donor. This nucleophile subsequently engages in a Michael 

addition with arylidene pyrrolidinediones 2a, proceeding through a transition state  

 

 

Scheme 5.5 Proposed reaction mechanism for the [4+2] annulation 

characterized by an expectedly chair conformation (Transition State I), as corroborated by 

single-crystal X-ray diffraction analysis. The subsequent intramolecular cyclization event leads 

to the formation of the annulated product 3a. This mechanistic proposal is in accordance with 

established catalytic cycles and offers a coherent explanation for the observed experimental 

outcomes. 

5.4 Conclusion 

In summary, an expedient protocol for the oxa-Michael cascade [4+2] annulation has been 

developed for the synthesis of structurally complex spiropyrazolone pyrrolidinedione fused 

tetrahydropyran derivatives. Utilizing pyrazolone-derived Morita–Baylis–Hillman (Pyro-

MBH) Alcohols as oxa-Michael donors, this strategy demonstrates exceptional atom economy, 

facilitating the concurrent formation of two tertiary and two quaternary stereocenters within a 
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remarkably short reaction time of 5–20 minutes. Also, the protocol utilized the Pyro-MBH 

alcohols has been successfully utilized without the need for any protection or deprotection.  

 

5.5 Experimental Section 

5.5.1 General 

All starting materials and reagents were procured from commercial vendors (Aldrich, TCI, and 

Alfa Aesar) and utilized as received without additional purification unless stated otherwise. 

Reactions were carried out in flame-dried reaction vessels. Commercial-grade solvents were 

employed for the reaction. Analytical Reagent grade (AR)-grade 1,4-Dioxane was used.  Thin-

layer chromatography (TLC) was performed on silica gel 60 GF254 aluminum-backed plates 

(2.5 mm thickness), and compounds were visualized under ultraviolet (UV) light at a 

wavelength of 254 nm. Column chromatography utilized silica gel (100–200 mesh), with 

petroleum ether and ethyl acetate as the mobile phase. Nuclear magnetic resonance (NMR) 

spectra were recorded using tetramethylsilane (TMS) as an internal standard. For ¹H NMR, 

spectra were acquired at 400 MHz, while ¹³C{¹H} NMR spectra were recorded at 100 MHz 

using Bruker or Neo instruments unless otherwise noted. Chemical shifts (δ) are reported in 

parts per million (ppm) relative to the residual solvent peak of CDCl₃ (δ = 7.26 ppm for ¹H 

NMR, δ = 77.16 ppm for ¹³C{¹H} NMR). The multiplicity of ¹H NMR signals is described as 

follows: singlet (s), doublet (d), double doublet (dd), triplet (t), quartet (q), broad (br), or 

multiplet (m), with coupling constants (J) reported in hertz (Hz) alongside integration values. 

¹³C{¹H} NMR spectra were fully proton decoupled. ¹⁹F NMR spectra were acquired at 377 

MHz. High-resolution mass spectrometry (HRMS) analyses were performed using an 

electrospray ionization time-of-flight (ESI-TOF) instrument. Single-crystal X-ray diffraction 

data were collected using Enraf-Nonius CAD4-MV31 and Bruker Kappa APEXII 

diffractometers. Crystal structure 3r was obtained by slow evaporation of a 1:1 

dichloromethane and ethyl acetate mixture. 

5.5.2 General procedure for the synthesis of Pyro-MBH alcohols 1a−1e 

A mixture of pyrazolodione (1 mmol) and methyl acrylate (1.1 mmol) in tetrahydrofuran (THF, 

3 mL) was introduced to 1,4-diazabicyclo[2.2.2]octane (DABCO, 2 mmol) at ambient 

temperature. Upon completion of the reaction, the solvent was removed under reduced 

pressure. The resulting crude product was purified via column chromatography on silica gel, 
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employing a gradient of ethyl acetate and hexanes as the eluent, to yield the MBH alcohol as 

the purified product. 

 

 

 

 

 

 

 

5.5.3 General procedure for the synthesis of pyrrolidinediones derivatives 2a-2t 13 

 

 

Step 1: A mixture of benzylamine (660.0 mmol, 70.7 g, 1.0 equiv), ethyl acrylate (660.0 mmol, 

70.3 mL, 1.0 equiv) in EtOH (150 mL) was stirred at room temperature for 16 h. Diethyl oxalate 

(66.0 mmol, 90 mL, 0.1 equiv) and freshly-made sodium ethoxide solution in EtOH (generated 

from 20.0 g of sodium metal, 880.0 mmol, in 300 mL EtOH, 1.3 equiv) were added. The 

mixture was heated at 80 °C for 2 hours and then cooled to solidify. The volatiles were removed 

in vacuo. The crude product was diluted with H2O (600 mL) and the pH of the mixture to 1 by 
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adding conc. HCl. The mixture was subjected to filtration to afford Adduct as a white solid 

(135 g, yield 78%). 

Step 2: To a solution of the above Adduct (2.0 g, 7.7 mmol, 1.0 equiv) in 20 mL EtOH / 20% 

HCl, 60 mL was added corresponding benzaldehyde (8.5 mmol, 1.1 equiv). The mixture was 

stirred at 110 ºC for 5 hours. After cooling down to ambient temperature, the aqueous layer 

was decanted. The obtained chunky solid was collected and further recrystallized from 

EtOAc to generate enones 2a-2t as a yellow solid.  

5.5.4 General procedure for the synthesis of spiropyrazolone pyrrolidinediones fused 

tetrahydropyran scaffolds (3a–3x) 

 

 

An oven-dried 10 mL glass reaction vessel was loaded with pyrazoledione-derived Morita–

Baylis–Hillman (Pyro-MBH) alcohol (1a–1e, 1 equiv, 0.2 mmol), potassium tert-butoxide (50 

mol%, 0.1 mmol), and arylidene pyrrolidinediones (2a–2t, 1 equiv, 0.2 mmol). 1,4-Dioxane (1 

mL) was then added to the reaction mixture. The reaction was stirred at ambient temperature 

for 5–20 minutes. Upon completion, the solvent was removed under reduced pressure. The 

resulting residue was purified by silica gel column chromatography using a hexane/ethyl 

acetate gradient, yielding the desired products (3a–3x). 
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5.6 Experimental Data 

Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3,7-diphenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3a)  

Product 3a was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was charged 

with pyrazoledione-derived Morita–Baylis–Hillman (Pyro-MBH) 

alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrrolidinediones 2a (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. The reaction 

mixture was stirred at ambient temperature for 5 minute. Upon 

completion, the solvent was removed under reduced pressure, and the residue was purified by 

column chromatography on silica gel using 50% ethyl acetate in hexanes as the eluent. The 

purified product 3a, identified as Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-

3,7-diphenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate, was 

obtained as a white solid in a yield of 95 mg (86%) as a single diastereomer. The structure was 

confirmed through spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-

ray crystallographic analysis. The compound displayed a melting point of 232–234 °C and a 

TLC retention factor (Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, 

CDCl3): δ 7.8 – 7.7 (m, 2H), 7.4 – 7.3 (m, 2H), 7.3 – 7.3 (m, 2H), 7.3 – 7.1 (m, 5H), 7.1 (dt, J 

= 7.3, 1.5 Hz, 2H), 6.9 – 6.8 (m, 2H), 6.1 (s, 1H), 4.5 – 4.2 (m, 2H), 3.7 (d, J = 11.2 Hz, 1H), 

3.6 (s, 3H), 3.5 (t, J = 13.6 Hz, 1H), 3.3 (d, J = 11.2 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 

2.2 (s, 3H), 2.1 – 2.0 (m, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 200.1, 169.0, 168.8, 158.6, 

156.9, 137.4, 135.1, 133.9, 129.1, 128.9,128.8, 128.8, 128.1, 128.0, 125.6, 125.4, 118.9, 77.1, 

73.5, 52.9, 48.3, 47.5, 47.0, 40.7, 29.0, 13.0. HRMS (ESI TOF) m/z calcd. For C32H29N3O6 

[M+Na]+ 574.1953 found 574.1958. 

Ethyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3,7-diphenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3b) 

Product 3b was synthesized following the general experimental procedure 5.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1b (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrrolidinediones 2a (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 

was added to the tube. The reaction mixture was stirred at ambient temperature for 20 minute. 
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Upon completion, the solvent was removed under reduced pressure, and 

the residue was purified by column chromatography on silica gel using 

50% ethyl acetate in hexanes as the eluent. The purified product 3b, 

identified as Ethyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-

3,7-diphenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-

carboxylate, was obtained as a sticky white solid in a yield of 31 mg 

(27%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a TLC retention factor (Rf) 0.5 (silica gel, 50% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.8 (d, J = 8.1 Hz, 2H), 7.5 – 7.3 (m, 5H), 7.2 

– 7.1 (m, 4H), 7.1 (d, J = 7.5 Hz, 2H), 6.8 (d, J = 7.2 Hz, 2H), 6.1 (s, 1H), 4.5 – 4.2 (m, 2H), 

4.1 – 4.0 (m, 2H), 3.7 (d, J = 11.1 Hz, 1H), 3.5 (t, J = 13.7 Hz, 1H), 3.3 (d, J = 11.2 Hz, 1H), 

2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.1 Hz, 1H), 1.1 (t, J = 7.1 Hz, 

3H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 200.1, 168.7, 168.5, 158.6, 157.0, 137.4, 135.2, 

133.9, 129.1, 128.9, 128.8, 128.8, 128.1, 128.0, 125.6, 125.3, 118.7, 77.1, 73.5, 62.2, 48.3, 

47.6, 47.0, 40.7, 29.0, 13.8, 13.0. HRMS (ESI TOF) m/z calcd. For C33H31N3O6 [M+H]+ 

566.2291 found 566.2292. 

Tert-butyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3,7-diphenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3c) 

Product 3c was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman (Pyro-

MBH) alcohol 1c (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 

mol%, 0.1 mmol), and arylidene pyrrolidinediones 2a (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to the tube. The 

reaction mixture was stirred at ambient temperature for 5 minute. 

Upon completion, the solvent was removed under reduced pressure, and the residue was 

purified by column chromatography on silica gel using 50% ethyl acetate in hexanes as the 

eluent. The purified product 3c, identified as Tert-butyl (5R,7S,8R,14R)-10-benzyl-1-methyl-

4,11,12-trioxo-3,7-diphenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-

carboxylate (3c) was obtained as a white solid in a yield of 70 mg (59%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods including 1H NMR, 

¹³C{¹H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 
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melting point of 249-251 °C and a TLC retention factor (Rf) 0.5 (silica gel, 50% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 2H), 7.4 (td, J = 7.3, 1.8 Hz, 

3H), 7.3 – 7.3 (m, 2H), 7.3 – 7.1 (m, 4H), 7.1 – 7.0 (m, 2H), 6.9 – 6.7 (m, 2H), 6.1 (s, 1H), 4.5 

– 4.3 (m, 2H), 3.7 (d, J = 11.2 Hz, 1H), 3.5 (t, J = 13.7 Hz, 1H), 3.3 (d, J = 11.2 Hz, 1H), 2.8 

(dd, J = 13.5, 4.1 Hz, 1H), 2.2 (s, 3H), 2.0 (dd, J = 13.8, 4.2 Hz, 1H), 1.3 (s, 9H). ¹³C{¹H} NMR 

(100 MHz, CDCl3): δ 200.3, 168.6, 167.3, 158.7, 157.5, 137.5, 135.3, 133.9, 129.1, 128.9, 

128.8, 128.7, 128.1, 128.0, 125.6, 125.2, 118.5, 83.8, 77.4, 73.5, 48.3, 47.7, 47.0, 41.3, 28.9, 

27.6, 13.0. HRMS (ESI TOF) m/z calcd. For C35H35N3O6 [M+H]+ 594.2604 found 594.2606. 

Methyl (5R,7S,8R,14R)-10-benzyl-3-(4-chlorophenyl)-1-methyl-4,11,12-trioxo-7-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3d) 

Product 3d was synthesized following the general 

experimental procedure 5.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived 

Morita–Baylis–Hillman (Pyro-MBH) alcohol 1d (1.0 

equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 

mmol), and arylidene pyrrolidinediones 2a (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to the tube. The reaction mixture was 

stirred at ambient temperature for 5 minute. Upon completion, the solvent was removed under 

reduced pressure, and the residue was purified by column chromatography on silica gel using 

50% ethyl acetate in hexanes as the eluent. The purified product, 3d, identified as Methyl 

(5R,7S,8R,14R)-10-benzyl-3-(4-chlorophenyl)-1-methyl-4,11,12-trioxo-7-phenyl-6-oxa-

2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3d), was obtained as a white 

solid in a yield of 67 mg (57%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 265–267 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.8 – 7.7 (m, 

2H), 7.4 – 7.3 (m, 4H), 7.3 – 7.2 (m, 4H), 7.1 (dd, J = 7.2, 1.9 Hz, 2H), 6.8 (dt, J = 6.7, 1.5 Hz, 

2H), 6.1 (s, 1H), 4.5 – 4.2 (m, 2H), 3.7 (d, J = 11.2 Hz, 1H), 3.6 (s, 3H), 3.5 (t, J = 13.7 Hz, 

1H), 3.3 (d, J = 11.2 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.2 

Hz, 1H). ¹³C{¹H}  NMR (100 MHz, CDCl3): δ 200.0, 169.0, 168.7, 158.5, 157.1, 136.0, 135.0, 

133.8, 130.5, 129.1, 128.9, 128.9, 128.9, 128.1, 128.0, 125.6, 119.9, 77.1, 73.6, 52.9, 48.4, 

47.5, 47.0, 40.7, 29.0, 13.0. HRMS (ESI TOF) m/z calcd. For C32H28ClN3O6 [M+H]+ 586.1745 

found 586.1744. 
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Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-7-phenyl-3-(p-tolyl)-6-oxa-

2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3e) 

Product 3e was synthesized following the general 

experimental procedure 5.5.4. An oven-dried 10 mL glass 

reaction tube was charged with pyrazoledione-derived Morita–

Baylis–Hillman (Pyro-MBH) alcohol 1d (1.0 equiv, 0.2 

mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), and 

arylidene pyrrolidinediones 2a (1.0 equiv, 0.2 mmol). 

Subsequently, 1,4-Dioxane (1 mL) was added to the tube. The 

reaction mixture was stirred at ambient temperature for 5 minute. Upon completion, the solvent 

was removed under reduced pressure, and the residue was purified by column chromatography 

on silica gel using 50% ethyl acetate in hexanes as the eluent. The purified product, 3e, 

identified as Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-7-phenyl-3-(p-tolyl)-

6-oxa-2,3,10 triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3e), was obtained as a 

white solid in a yield of 61 mg (53%) as a single diastereomer. The structure was confirmed 

through spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray 

crystallographic analysis. The compound displayed a melting point of 233–235 °C and a TLC 

retention factor (Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): 

δ 7.7 – 7.6 (m, 2H), 7.3 – 7.3 (m, 2H), 7.3 – 7.1 (m, 6H), 7.1 (dt, J = 7.1, 1.5 Hz, 2H), 6.8 (dt, 

J = 6.7, 1.6 Hz, 2H), 6.1 (s, 1H), 4.4 (d, J = 14.8 Hz, 1H), 4.3 (d, J = 14.7 Hz, 1H), 3.7 (d, J = 

11.2 Hz, 1H), 3.6 (s, 3H), 3.5 (t, J = 13.6 Hz, 1H), 3.3 (d, J = 11.2 Hz, 1H), 2.9 (dd, J = 13.6, 

4.2 Hz, 1H), 2.3 (s, 3H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, 

CDCl3): δ 200.1, 169.0, 168.6, 158.6, 156.8, 135.2, 135.2, 134.9, 133.9, 129.4, 129.1, 128.8, 

128.8, 128.1, 128.0, 125.6, 119.0, 77.2, 73.5, 52.9, 48.3, 47.5, 47.0, 40.7, 29.0, 21.0, 12.9. 

HRMS (ESI TOF) m/z calcd. For C33H31N3O6 [M+H]+ 566.2291 found 566.2293. 

Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3-phenyl-7-(p-tolyl)-6-oxa-

2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3f) 

Product 3e was synthesized following the general experimental procedure 5.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrrolidinediones 2b (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 
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was added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was 

removed under reduced pressure, and the residue was purified by 

column chromatography on silica gel using 50% ethyl acetate in 

hexanes as the eluent. The purified product 3f, identified as Methyl 

(5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3-phenyl-7-(p-

tolyl)-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-

carboxylate (3f) was obtained as a white solid in a yield of 80 mg (71%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods including 1H NMR, 

¹³C{¹H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 233–235 °C and a TLC retention factor (Rf) 0.5 (silica gel, 50% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 2H), 7.4 – 7.3 (m, 2H), 7.3 – 

7.3 (m, 1H), 7.3 (s, 2H), 7.2 – 7.1 (m, 1H), 7.0 (d, J = 8.0 Hz, 2H), 6.9 (d, J = 8.2 Hz, 2H), 6.9 

– 6.8 (m, 2H), 6.1 (s, 1H), 4.4 (d, J = 14.7 Hz, 1H), 4.3 (d, J = 14.7 Hz, 1H), 3.8 (d, J = 11.1 

Hz, 1H), 3.6 (s, 3H), 3.5 (t, J = 13.6 Hz, 1H), 3.3 (d, J = 11.1 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 

Hz, 1H), 2.3 (s, 3H), 2.2 (s, 3H), 2.1 (dd, J = 13.6, 4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, 

CDCl3): δ 200.1, 169.1, 168.8, 158.6, 156.9, 138.4, 137.4, 133.9, 132.1, 129.5, 128.9, 128.9, 

128.1, 128.1, 125.5, 125.4, 119.0, 77.1, 73.5, 52.9, 48.4, 47.5, 47.0, 40.7, 29.0, 21.2, 12.9. 

HRMS (ESI TOF) m/z calcd. For C33H31N3O6 [M+H]+ 566.2291 found 566.2295. 

Methyl (5R,7S,8R,14R)-10-benzyl-7-(4-methoxyphenyl)-1-methyl-4,11,12-trioxo-3-

phenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3g) 

Product 3g was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2c (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was 

removed under reduced pressure, and the residue was purified by column chromatography on 

silica gel using 50% ethyl acetate in hexanes as the eluent. The purified product, 3g, Methyl 

(5R,7S,8R,14R)-10-benzyl-7-(4-methoxyphenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-
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2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3g), was obtained as a white 

solid in a yield of 72 mg (62%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 214–216 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.8 (dd, J = 8.8, 

1.2 Hz, 2H), 7.4 – 7.3 (m, 2H), 7.3 (d, J = 4.3 Hz, 2H), 7.2 (d, J = 2.0 Hz, 1H), 7.2 – 7.1 (m, 

1H), 7.0 – 6.9 (m, 2H), 6.9 – 6.8 (m, 2H), 6.8 – 6.7 (m, 2H), 6.1 (s, 1H), 4.5 (d, J = 14.7 Hz, 

1H), 4.3 (d, J = 14.7 Hz, 1H), 3.8 (s, 3H), 3.7 (d, J = 11.2 Hz, 1H), 3.6 (s, 3H), 3.5 (t, J = 13.6 

Hz, 1H), 3.3 (d, J = 11.2 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.6, 

4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 200.2, 169.0, 168.8, 159.7, 158.6, 156.9, 

137.4, 133.9, 129.0, 128.9, 128.1, 128.0, 127.1, 126.8, 125.4, 119.0, 114.2, 77.2, 73.3, 55.2, 

52.9, 48.4, 47.6, 47.0, 40.7, 29.0, 12.9. HRMS (ESI TOF) m/z calcd. For C33H31N3O7 [M+H]+ 

582.2240 found 582.2242. 

Methyl (5R,7S,8R,14R)-10-benzyl-7-(4-bromophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3h) 

Product 3h was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2d (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was 

removed under reduced pressure, and the residue was purified by column chromatography on 

silica gel using 50% ethyl acetate in hexanes as the eluent. The purified product 3h, Methyl 

(5R,7S,8R,14R)-10-benzyl-7-(4-bromophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-

2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3h), was obtained as a white 

solid in a yield of 77 mg (61%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 234–236 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 

2H), 7.4 – 7.3 (m, 5H), 7.3 – 7.2 (m, 2H), 7.2 (s, 1H), 6.9 – 6.8 (m, 4H), 6.1 (s, 1H), 4.7 (d, J 
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= 14.5 Hz, 1H), 4.1 (d, J = 14.6 Hz, 1H), 3.7 (d, J = 11.6 Hz, 1H), 3.6 (s, 3H), 3.5 (t, J = 13.6 

Hz, 1H), 3.3 (d, J = 11.3 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 

4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3) δ 200.1, 168.9, 168.7, 158.4, 156.7, 137.3, 

134.1, 133.7, 131.9, 129.1, 128.9, 128.3, 128.0, 127.2, 125.5, 122.8, 118.9, 77.3, 73.0, 52.9, 

48.5, 47.1, 46.7, 40.7, 29.1, 13.0. HRMS (ESI TOF) m/calcd. For C32H28BrN3O6 [M+H]+ 

630.1240 found 630.1242. 

Methyl (5R,7S,8R,14R)-10-benzyl-7-(4-chlorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3i) 

Product 3i was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2e (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 50% ethyl acetate 

in hexanes as the eluent. The purified product 3i, Methyl (5R,7S,8R,14R)-10-benzyl-7-(4-

chlorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3i), was obtained as a white solid in a 

yield of 76 mg (65%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 231–233 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.8 – 7.7 (m, 

2H), 7.4 – 7.3 (m, 5H), 7.2 (d, J = 7.4 Hz, 1H), 7.1 – 7.1 (m, 2H), 7.0 – 6.9 (m, 2H), 6.9 – 6.8 

(m, 2H), 6.1 (s, 1H), 4.7 (d, J = 14.5 Hz, 1H), 4.1 (d, J = 14.6 Hz, 1H), 3.7 (d, J = 12.0 Hz, 

1H), 3.6 (s, 3H), 3.5 (s, 1H), 3.3 (d, J = 11.3 Hz, 1H), 2.9 (s, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 

4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 200.0, 168.9, 168.7, 158.4, 156.7, 137.3, 

134.6, 133.8, 133.5, 129.1, 129.0, 128.9, 128.3, 128.0, 126.9, 125.5, 118.9, 77.2, 72.9, 52.9, 

48.5, 47.2, 46.8, 40.7, 29.1, 13.0. HRMS (ESI TOF) m/z calcd. For C32H28ClN3O6 [M+H]+ 

586.1745 found 586.1747. 
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Methyl (5R,7S,8R,14R)-10-benzyl-7-(4-fluorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3j) 

Product 3j was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 2f 

(1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was 

removed under reduced pressure, and the residue was purified by column chromatography on 

silica gel using 50% ethyl acetate in hexanes as the eluent. The purified product 3j, Methyl 

(5R,7S,8R,14R)-10-benzyl-7-(4-fluorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-

2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3j), was obtained as a white 

solid in a yield of 91 mg (80%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 247–249 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 

2H), 7.4 – 7.3 (m, 2H), 7.3 – 7.2 (m, 3H), 7.2 (s, 1H), 7.0 (dd, J = 8.7, 5.2 Hz, 2H), 6.9 – 6.8 

(m, 4H), 6.1 (s, 1H), 4.6 (d, J = 14.5 Hz, 1H), 4.2 (d, J = 14.6 Hz, 1H), 3.7 (d, J = 11.2 Hz, 

1H), 3.6 (s, 3H), 3.5 (t, J = 13.6 Hz, 1H), 3.3 (d, J = 11.2 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 

1H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 200.1, 

168.9, 168.7, 162.5 (d, J(C-F) = 248.2 Hz), 158.4, 156.7, 137.3, 133.9, 130.8 (d, J(C-F) = 3.3 Hz), 

129.1, 128.9, 128.3, 128.1, 127.4 (d, J(C-F) = 8.2 Hz), 125.5, 118.9, 115.8 (d, J(C-F) = 21.6 Hz), 

77.1, 73.0, 52.9, 48.4, 47.4, 46.8, 40.7, 29.0, 12.9. 19F NMR (377 MHz, CDCl3): δ -112.2. 

HRMS (ESI TOF) m/z calcd. For C32H28FN3O6 [M+H]+ 570.2040 found 570.2044. 

Methyl (5R,7S,8R,14R)-10-benzyl-7-(4-cyanophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3k) 

Product 3k was synthesized following the general experimental procedure 5.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrrolidinediones 2g (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 



193 
 

was added to the tube. The reaction mixture was stirred at ambient 

temperature for 10 minute. Upon completion, the solvent was 

removed under reduced pressure, and the residue was purified by 

column chromatography on silica gel using 50% ethyl acetate in 

hexanes as the eluent. The purified product 3k, Methyl 

(5R,7S,8R,14R)-10-benzyl-7-(4-cyanophenyl)-1-methyl-

4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3k) was obtained as a white solid in a 

yield of 88 mg (76%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 143–145 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.8 – 7.8 (m, 

2H), 7.4 – 7.3 (m, 4H), 7.3 – 7.3 (m, 3H), 7.2 (d, J = 7.5 Hz, 1H), 7.1 – 7.0 (m, 2H), 6.9 – 6.8 

(m, 2H), 6.1 (s, 1H), 4.7 (d, J = 14.3 Hz, 1H), 4.0 (d, J = 14.3 Hz, 1H), 3.6 (s, 3H), 3.6 (d, J = 

11.3 Hz, 1H), 3.5 (t, J = 13.7 Hz, 1H), 3.4 (d, J = 11.4 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 

2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.2 Hz, 1H). ¹³C{¹H}  NMR (100 MHz, CDCl3): δ 199.7, 168.7, 

168.5, 158.1, 156.5, 140.0, 137.2, 133.8, 132.3, 129.2, 128.9, 128.6, 128.3, 126.3, 125.6, 118.9, 

118.1, 112.7, 77.2, 72.8, 53.0, 48.5, 47.1, 46.6, 40.6, 29.1, 13.0. HRMS (ESI TOF) m/z calcd. 

For C33H28N4O6 [M+H]+ 577.2087 found 577.2089. 

Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3-phenyl-7-(4-

(trifluoromethyl)phenyl)-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-

carboxylate (3l) 

Product 3l was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2h (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 20 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 50% ethyl acetate 

in hexanes as the eluent. The purified product 3l, Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-
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4,11,12-trioxo-3-phenyl-7-(4-(trifluoromethyl)phenyl)-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3l) was obtained as a white solid in a 

yield of 103 mg (83%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 192–194 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 

2H), 7.5 – 7.3 (m, 4H), 7.3 – 7.3 (m, 1H), 7.3 – 7.2 (m, 3H), 7.1 (d, J = 8.1 Hz, 2H), 6.9 – 6.8 

(m, 2H), 6.2 (s, 1H), 4.7 (d, J = 14.5 Hz, 1H), 4.1 (d, J = 14.5 Hz, 1H), 3.6 (s, 3H), 3.6 (s, 1H), 

3.5 (t, J = 13.6 Hz, 1H), 3.3 (d, J = 11.3 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.2 (s, 3H), 2.1 

(dd, J = 13.7, 4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 199.8, 168.8, 168.6, 158.2, 

156.6, 139.2 – 138.9 (m), 133.6, 131.0, 130.6, 129.1, 128.9, 128.9, 128.4, 128.1, 126.3, 125.7 

(q, J(C-F) = 3.5 Hz), 125.6, 119.0, 77.1, 73.0, 53.0, 48.4, 47.2, 46.6, 40.7, 29.3, 13.0. 19F NMR 

(377 MHz, CDCl3): δ -62.6. HRMS (ESI TOF) m/z calcd. For C33H28F3N3O6 [M+H]+ 619.1930 

found 619.1932. 

Methyl (5R,7R,8R,14R)-10-benzyl-1-methyl-7-(naphthalen-1-yl)-4,11,12-trioxo-3-

phenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3m) 

Product 3m was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2i (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 50% ethyl acetate 

in hexanes as the eluent. The purified product 3m, Methyl (5R,7R,8R,14R)-10-benzyl-1-

methyl-7-(naphthalen-1-yl)-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3m) was obtained as a white solid in a 

yield of 64 mg (53%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 256–258 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 (d, J = 8.5 
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Hz, 1H), 7.9 – 7.7 (m, 4H), 7.6 – 7.4 (m, 3H), 7.4 – 7.3 (m, 6H), 7.2 – 7.1 (m, 1H), 7.0 (s, 1H), 

7.0 – 6.9 (m, 2H), 4.3 (d, J = 14.6 Hz, 1H), 4.1 – 3.9 (m, 2H), 3.7 (t, J = 13.8 Hz, 1H), 3.7 (s, 

3H), 3.3 (d, J = 11.1 Hz, 1H), 3.0 (dd, J = 13.7, 4.2 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.8, 4.2 

Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 199.3, 169.1, 169.0, 158.2, 156.8, 137.3, 134.0, 

133.7, 131.1, 129.8, 129.3, 129.1, 128.9, 128.8, 128.4, 128.3, 127.1, 126.4, 125.5, 124.5, 123.7, 

123.6, 119.1, 77.5, 69.1, 52.9, 48.4, 48.3, 47.3, 41.0, 29.4, 13.1. HRMS (ESI TOF) m/z  calcd. 

For C36H31N3O6 [M+H]+ 602.2291 found 602.2293. 

Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3-phenyl-7-(m-tolyl)-6-oxa-

2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3n) 

Product 3n was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 2j 

(1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 50% ethyl acetate 

in hexanes as the eluent. The purified product 3n, Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-

4,11,12-trioxo-3-phenyl-7-(m-tolyl)-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-

carboxylate (3n), was obtained as a white solid in a yield of 70 mg (62%) as a single 

diastereomer. The structure was confirmed through spectroscopic methods, including 1H NMR, 

¹³C{¹H} NMR, HRMS, and X-ray crystallographic analysis. The compound displayed a 

melting point of 234–236 °C and a TLC retention factor (Rf) 0.5 (silica gel, 50% ethyl 

acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.7 – 7.6 (m, 2H), 7.3 – 7.3 (m, 2H), 7.3 – 

7.2 (m, 4H), 7.2 – 7.1 (m, 2H), 7.1 (dt, J = 7.1, 1.5 Hz, 2H), 6.8 (dt, J = 6.7, 1.6 Hz, 2H), 6.1 

(s, 1H), 4.4 (d, J = 14.7 Hz, 1H), 4.3 (d, J = 14.7 Hz, 1H), 3.7 (d, J = 11.2 Hz, 1H), 3.6 (s, 3H), 

3.5 (t, J = 13.6 Hz, 1H), 3.3 (d, J = 11.2 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.3 (s, 3H), 

2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 199.1, 169.1, 

169.0, 158.7, 156.8, 137.4, 135.6, 134.1, 133.3, 131.9, 129.1, 128.9, 128.9, 128.5, 128.4, 125.9, 

125.5, 125.4, 119.1, 77.4, 69.3, 52.9, 48.5, 48.2, 47.0, 40.9, 29.4, 19.8, 12.9. HRMS: (ESI TOF) 

m/z calcd for C33H31N3O6 [M + H]+ 566.2291, found 566.2293. 
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Methyl (5R,7S,8R,14R)-10-benzyl-7-(3-methoxyphenyl)-1-methyl-4,11,12-trioxo-3-

phenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3o) 

Product 3o was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2k (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 50% ethyl acetate 

in hexanes as the eluent. The purified product 3o, Methyl (5R,7S,8R,14R)-10-benzyl-7-(3-

methoxyphenyl) 1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3o), was obtained as a white solid in a 

yield of 88 mg (76%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 234–236 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes). 1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 

2H), 7.4 – 7.3 (m, 2H), 7.3 (ddd, J = 10.5, 7.6, 5.9 Hz, 3H), 7.2 (dt, J = 14.2, 7.7 Hz, 2H), 6.8 

(ddd, J = 24.6, 7.9, 2.0 Hz, 3H), 6.7 – 6.5 (m, 2H), 6.1 (s, 1H), 4.5 (d, J = 14.7 Hz, 1H), 4.3 (d, 

J = 14.7 Hz, 1H), 3.7 (d, J = 11.2 Hz, 1H), 3.7 (s, 3H), 3.6 (s, 3H), 3.5 (t, J = 13.6 Hz, 1H), 3.3 

(d, J = 11.2 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.2 Hz, 1H). 

¹³C{¹H} NMR (100 MHz, CDCl3): δ 200.3, 169.0, 168.8, 159.7, 158.7, 156.9, 137.4, 136.7, 

133.9, 130.0, 129.0, 128.9, 128.1, 128.0, 125.4, 119.0, 117.8, 114.4, 111.1, 77.1, 73.4, 55.2, 

52.9, 48.4, 47.5, 47.1, 40.7, 29.0, 13.0. HRMS: (ESI TOF) m/z calcd for C33H31N3O7 [M + H]+ 

582.2040, found 582.2044. 

Methyl (5R,7R,8R,14R)-10-benzyl-7-(3-bromophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3p) 

Product 3p was synthesized following the general experimental procedure 5.5.4. An oven-dried 

10 mL glass reaction tube was charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 mol%, 0.1 mmol), 

and arylidene pyrrolidinediones 2l (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 
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was added to the tube. The reaction mixture was stirred at 

ambient temperature for 5 minute. Upon completion, the solvent 

was removed under reduced pressure, and the residue was 

purified by column chromatography on silica gel using 50% 

ethyl acetate in hexanes as the eluent. The purified product 3p, 

Methyl (5R,7R,8R,14R)-10-benzyl-7-(3-bromophenyl)-1-

methyl-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3p), was obtained as a white solid in a 

yield of 45 mg (36%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 252–254 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 

2H), 7.4 – 7.4 (m, 3H), 7.3 – 7.3 (m, 4H), 7.2 – 7.1 (m, 1H), 7.1 (t, J = 7.9 Hz, 1H), 6.9 – 6.8 

(m, 3H), 6.1 (s, 1H), 4.5 (d, J = 14.7 Hz, 1H), 4.3 (d, J = 14.7 Hz, 1H), 3.7 (s, 1H), 3.6 (s, 3H), 

3.5 (t, J = 13.7 Hz, 1H), 3.3 (d, J = 11.3 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.2 (s, 3H), 

2.1 (dd, J = 13.7, 4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 199.9, 168.8, 168.6, 158.5, 

156.7, 137.5, 137.3, 133.8, 132.0, 130.4, 129.2, 128.9, 128.4, 128.4, 127.8, 125.5, 124.8, 123.1, 

119.0, 77.2, 72.8, 52.9, 48.5, 47.4, 46.9, 40.7, 29.1, 13.0. HRMS (ESI TOF) m/z calcd. For 

C32H28BrN3O6 [M+H]+ 630.1240 found 630.1244. 

Methyl (5R,7S,8R,14R)-10-benzyl-7-(3-chlorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3q) 

Product 3q was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2m (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 

was added to the tube. The reaction mixture was stirred at 

ambient temperature for 5 minute. Upon completion, the solvent was removed under reduced 

pressure, and the residue was purified by column chromatography on silica gel using 50% ethyl 

acetate in hexanes as the eluent. The purified product 3q, Methyl (5R,7S,8R,14R)-10-benzyl-

7-(3-chlorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-
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triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3q), was obtained as a white solid in a 

yield of 53 mg (45%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 228–230 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 

2H), 7.4 – 7.3 (m, 5H), 7.3 – 7.1 (m, 4H), 6.9 – 6.8 (m, 3H), 6.1 (s, 1H), 4.5 (d, J = 14.7 Hz, 

1H), 4.3 (d, J = 14.7 Hz, 1H), 3.7 (s, 1H), 3.6 (s, 3H), 3.5 (t, J = 13.7 Hz, 1H), 3.3 (d, J = 11.3 

Hz, 1H), 2.9 (dd, J = 13.6, 4.2 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.2 Hz, 1H).¹³C{¹H} 

NMR (100 MHz, CDCl3): δ 199.9, 168.8, 168.6, 158.5, 156.7, 137.3, 137.3, 134.9, 133.8, 

130.1, 129.1, 129.1, 129.0, 128.9, 128.4, 127.8, 125.5, 124.3, 119.0, 77.1, 72.8, 52.9, 48.5, 

47.3, 46.9, 40.7, 29.1, 13.0. HRMS (ESI TOF) m/z calcd. For C32H28ClN3O6 [M+H]+ 586.1745 

found 586.1749. 

Methyl (5R,7S,8R,14R)-10-benzyl-7-(3-fluorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3r) 

Product 3r was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2n (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) 

was added to the tube. The reaction mixture was stirred at 

ambient temperature for 5 minute. Upon completion, the solvent was removed under reduced 

pressure, and the residue was purified by column chromatography on silica gel using 50% ethyl 

acetate in hexanes as the eluent. The purified product 3r, Methyl (5R,7S,8R,14R)-10-benzyl-7-

(3-fluorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3r), was obtained as a white solid in a 

yield of 99 mg (87%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 250–252 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 

2H), 7.4 – 7.3 (m, 2H), 7.3 (dtd, J = 14.4, 5.5, 2.2 Hz, 3H), 7.2 – 7.1 (m, 2H), 6.9 (td, J = 8.4, 

2.6 Hz, 1H), 6.9 – 6.7 (m, 4H), 6.1 (s, 1H), 4.6 (d, J = 14.7 Hz, 1H), 4.2 (d, J = 14.6 Hz, 1H), 
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3.7 (d, J = 11.3 Hz, 1H), 3.6 (s, 3H), 3.5 (s, 1H), 3.3 (d, J = 11.3 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 

Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.7, 4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 199.9, 

168.9, 168.6, 162.7 (d, J(C-F) = 247.6 Hz), 157.6 (d, J(C-F) = 173.6 Hz), 137.8, 137.7, 137.3, 

133.8, 130.5 (d, J(C-F) = 8.3 Hz), 129.1, 128.9, 128.3, 128.0, 125.5, 121.7 (d, J(C-F) = 3.0 Hz), 

118.9, 115.8 (d, J(C-F) = 20.9 Hz), 112.7 (d, J(C-F) = 23.0 Hz), 72.8, 72.8, 52.9, 48.4, 47.3, 46.8, 

40.7, 29.1, 13.0. 19F NMR (377 MHz, CDCl3): δ -110.4. HRMS: (ESI TOF) m/z calcd for 

C32H28FN3O6 [M + H]+ 570.2040, found 570.2042. 

Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-7-(3-nitrophenyl)-4,11,12-trioxo-3-phenyl-6-

oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3s) 

Product 3s was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 

mmol), and arylidene pyrrolidinediones 2o (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to the 

tube. The reaction mixture was stirred at ambient temperature for 20 minute. Upon completion, 

the solvent was removed under reduced pressure, and the residue was purified by column 

chromatography on silica gel using 50% ethyl acetate in hexanes as the eluent. The purified 

product 3s, Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-7-(3-nitrophenyl)-4,11,12-trioxo-3-

phenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3s), was obtained 

as a white solid in a yield of 76 mg (64%) as a single diastereomer. The structure was confirmed 

through spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray 

crystallographic analysis. The compound displayed a melting point of 192–194 °C and a TLC 

retention factor (Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR (400 MHz, CDCl3): δ 

8.1 – 8.0 (m, 1H), 7.9 (t, J = 2.0 Hz, 1H), 7.9 – 7.7 (m, 2H), 7.4 – 7.3 (m, 3H), 7.3 – 7.1 (m, 

5H), 6.9 – 6.8 (m, 2H), 6.2 (s, 1H), 4.8 (d, J = 14.3 Hz, 1H), 4.0 (d, J = 14.3 Hz, 1H), 3.7 (d, J 

= 1.7 Hz, 3H), 3.6 (s, 1H), 3.6 – 3.4 (m, 2H), 3.0 (dd, J = 13.6, 3.9 Hz, 1H), 2.3 (s, 3H), 2.2 

(dd, J = 13.8, 4.1 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 199.9, 168.7, 168.6, 158.1, 

156.7, 148.1, 137.2, 137.2, 133.8, 132.4, 129.6, 128.9, 128.9, 128.5, 128.1, 125.6, 123.8, 120.3, 

119.0, 77.2, 72.4, 53.0, 48.5, 47.1, 46.5, 40.6, 29.1, 13.1. HRMS: (ESI TOF) m/z calcd for 

C32H28N4O8 [M + H]+ 597.1985, found 597.1989. 
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Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3-phenyl-7-(o-tolyl)-6-oxa-

2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3t) 

Product 3t was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman (Pyro-

MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-butoxide (50 

mol%, 0.1 mmol), and arylidene pyrrolidinediones 2p (1.0 equiv, 0.2 

mmol). Subsequently, 1,4-Dioxane (1 mL) was added to the tube. 

The reaction mixture was stirred at ambient temperature for 5 minute. 

Upon completion, the solvent was removed under reduced pressure, and the residue was 

purified by column chromatography on silica gel using 50% ethyl acetate in hexanes as the 

eluent. The purified product 3t, Methyl (5R,7S,8R,14R)-10-benzyl-1-methyl-4,11,12-trioxo-3-

phenyl-7-(o-tolyl)-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3t), 

was obtained as a white solid in a yield of 56 mg (50%) as a single diastereomer. The structure 

was confirmed through spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, 

and X-ray crystallographic analysis. The compound displayed a melting point of 255–257 °C 

and a TLC retention factor (Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR (400 MHz, 

CDCl3): δ 7.8 – 7.7 (m, 2H), 7.4 – 7.3 (m, 5H), 7.2 – 7.1 (m, 3H), 7.1 (ddd, J = 7.5, 4.8, 2.0 

Hz, 3H), 7.0 (d, J = 1.5 Hz, 1H), 6.4 (s, 1H), 4.5 (d, J = 14.5 Hz, 1H), 4.2 (d, J = 14.6 Hz, 1H), 

4.1 (d, J = 11.1 Hz, 1H), 3.6 (s, 3H), 3.6 (s, 1H), 3.3 (d, J = 11.2 Hz, 1H), 2.9 (dd, J = 13.6, 4.2 

Hz, 1H), 2.2 (s, 6H), 2.0 (dd, J = 13.7, 4.2 Hz, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 199.1, 

169.1, 169.0, 158.7, 156.8, 137.4, 135.6, 134.1, 133.3, 131.9, 129.1, 128.9, 128.9, 128.5, 128.4, 

125.9, 125.5, 125.3, 119.1, 77.4, 69.3, 52.9, 48.5, 48.2, 47.0, 40.9, 29.4, 19.8, 12.9. HRMS: 

(ESI TOF) m/z calcd for C33H31N3O6 [M + H]+ 566.2291, found 566.2293. 

Methyl (5R,7S,8R,14R)-7-(2-(allyloxy)phenyl)-10-benzyl-1-methyl-4,11,12-trioxo-3-

phenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3u) 

Product 3u was synthesized following general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 

2q (1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 
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added to the tube. The reaction mixture was stirred at ambient temperature for 5 minute. Upon 

completion, the solvent was removed under reduced pressure, and the residue was purified by 

column chromatography on silica gel using 50% ethyl acetate in hexanes as the eluent. The 

purified product 3u, Methyl (5R,7S,8R,14R)-7-(2-(allyloxy)phenyl)-10-benzyl-1-methyl-

4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate 

(3u), was obtained as a white solid in a yield of 72 mg (59%) as a single diastereomer. The 

structure was confirmed through spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, 

HRMS, and X-ray crystallographic analysis. The compound displayed a melting point of 152–

154 °C and a TLC retention factor (Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR 

(400 MHz, CDCl3): δ 7.8 – 7.8 (m, 2H), 7.4 – 7.3 (m, 3H), 7.3 – 7.3 (m, 4H), 7.2 (dd, J = 7.7, 

1.7 Hz, 1H), 7.2 – 7.1 (m, 1H), 7.0 (dd, J = 6.5, 2.8 Hz, 2H), 6.9 (t, J = 7.5 Hz, 1H), 6.8 (d, J = 

8.3 Hz, 1H), 6.2 (s, 1H), 6.1 (dddd, J = 16.8, 10.6, 6.0, 4.7 Hz, 1H), 5.4 – 5.2 (m, 2H), 4.6 – 

4.4 (m, 3H), 3.7 – 3.6 (m, 2H), 3.6 (s, 3H), 3.6 (s, 1H), 3.1 (d, J = 10.5 Hz, 1H), 2.9 (dd, J = 

13.9, 4.1 Hz, 1H), 2.2 (s, 3H), 2.0 (dd, J = 14.0, 4.2 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 

197.3, 169.3, 168.6, 159.5, 156.9, 154.6, 137.5, 134.2, 133.0, 129.7, 129.0, 128.8, 128.4, 128.1, 

126.1, 125.3, 124.1, 120.4, 119.0, 117.7, 111.3, 69.0, 68.5, 52.8, 48.1, 48.0, 47.9, 41.2, 31.6, 

27.6, 13.0. HRMS: (ESI TOF) m/z calcd for C35H33N3O7 [M + H]+ 608.2397, found 608.2399. 

Methyl (5R,7R,8R,14R)-10-benzyl-7-(2-bromophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3v) 

Product 3v was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 2r 

(1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 50% ethyl acetate 

in hexanes as the eluent. The purified product 3u, Methyl (5R,7R,8R,14R)-10-benzyl-7-(2-

bromophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3v), was obtained as a white solid in a 

yield of 84 mg (67%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 
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analysis. The compound displayed a melting point of 249–251 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 

2H), 7.5 – 7.5 (m, 1H), 7.4 – 7.3 (m, 5H), 7.3 (s, 1H), 7.2 – 7.2 (m, 2H), 7.1 (ddd, J = 9.9, 6.8, 

3.0 Hz, 4H), 6.5 (s, 1H), 4.5 (d, J = 14.4 Hz, 1H), 4.2 – 3.9 (m, 2H), 3.6 (s, 1H), 3.6 (s, 3H), 

3.3 (d, J = 11.1 Hz, 1H), 2.9 (s, 1H), 2.2 (s, 3H), 2.0 (dd, J = 13.8, 4.2 Hz, 1H). ¹³C{¹H} NMR 

(100 MHz, CDCl3): δ 197.9, 169.0, 168.6, 158.8, 156.6, 137.4, 134.6, 134.3, 134.1, 130.5, 

129.1, 128.9, 128.6, 128.4, 127.7, 127.3, 125.4, 122.2, 119.0, 77.3, 71.7, 52.9, 48.5, 48.3, 47.2, 

40.9, 28.9, 13.0. HRMS (ESI TOF) m/z calcd. For C32H28BrN3O6 [M+H]+ 630.1240 found 

630.1240. 

Methyl (5R,7R,8R,14R)-10-benzyl-7-(2-chlorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3w) 

Product 3w was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 2s 

(1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 5 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 50% ethyl acetate 

in hexanes as the eluent. The purified product 3w, Methyl (5R,7R,8R,14R)-10-benzyl-7-(2-

chlorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3w), was obtained as a white solid in a 

yield of 53 mg (45%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 295–297 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR (400 MHz, CDCl3): δ 7.9 – 7.8 (m, 

2H), 7.4 – 7.3 (m, 6H), 7.3 (d, J = 3.2 Hz, 1H), 7.2 – 7.2 (m, 2H), 7.1 – 7.0 (m, 3H), 6.5 (s, 

1H), 4.5 (d, J = 14.5 Hz, 1H), 4.1 (d, J = 14.5 Hz, 1H), 4.0 (d, J = 11.1 Hz, 1H), 3.7 (d, J = 

13.8 Hz, 1H), 3.6 (s, 3H), 3.3 (d, J = 11.1 Hz, 1H), 2.9 (dd, J = 13.8, 4.2 Hz, 1H), 2.2 (s, 3H), 

2.1 – 2.0 (m, 1H). ¹³C{¹H} NMR (100 MHz, CDCl3): δ 197.9, 169.0, 168.6, 158.8, 156.6, 137.3, 

134.1, 133.0, 132.3, 130.8, 130.1, 129.1, 128.9, 128.6, 128.4, 127.4, 126.8, 125.4, 119.0, 77.2, 
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69.9, 52.9, 48.4, 48.1, 47.2, 40.9, 28.8, 13.0. HRMS (ESI TOF) m/z  calcd. For C32H28ClN3O6 

[M+H]+ 586.1745 found 586.1747. 

Methyl (5R,7R,8R,14R)-10-benzyl-7-(2-fluorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-

6-oxa-2,3,10-triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3x) 

Product 3x was synthesized following the general experimental 

procedure 5.5.4. An oven-dried 10 mL glass reaction tube was 

charged with pyrazoledione-derived Morita–Baylis–Hillman 

(Pyro-MBH) alcohol 1a (1.0 equiv, 0.2 mmol), potassium tert-

butoxide (50 mol%, 0.1 mmol), and arylidene pyrrolidinediones 2t 

(1.0 equiv, 0.2 mmol). Subsequently, 1,4-Dioxane (1 mL) was 

added to the tube. The reaction mixture was stirred at ambient 

temperature for 20 minute. Upon completion, the solvent was removed under reduced pressure, 

and the residue was purified by column chromatography on silica gel using 50% ethyl acetate 

in hexanes as the eluent. The purified product 3x, Methyl (5R,7R,8R,14R)-10-benzyl-7-(2-

fluorophenyl)-1-methyl-4,11,12-trioxo-3-phenyl-6-oxa-2,3,10-

triazadispiro[4.2.48.25]tetradec-1-ene-14-carboxylate (3x), was obtained as a white solid in a 

yield of 82 mg (72%) as a single diastereomer. The structure was confirmed through 

spectroscopic methods, including 1H NMR, ¹³C{¹H} NMR, HRMS, and X-ray crystallographic 

analysis. The compound displayed a melting point of 274–276 °C and a TLC retention factor 

(Rf) 0.5 (silica gel, 50% ethyl acetate/hexanes).1H NMR (400 MHz, CDCl3): δ 7.9 – 7.7 (m, 

2H), 7.4 – 7.3 (m, 5H), 7.3 (d, J = 2.7 Hz, 2H), 7.2 – 7.1 (m, 2H), 7.1 – 6.9 (m, 4H), 6.2 (s, 

1H), 4.5 – 4.2 (m, 2H), 3.9 (d, J = 11.2 Hz, 1H), 3.6 (s, 3H), 3.6 (s, 1H), 3.3 (d, J = 11.2 Hz, 

1H), 2.9 (dd, J = 13.7, 4.1 Hz, 1H), 2.2 (s, 3H), 2.1 (dd, J = 13.8, 4.2 Hz, 1H). ¹³C{¹H} NMR 

(100 MHz, CDCl3): δ 197.9, 169.0, 168.6, 159.0 (d, J(C-F) = 249.7 Hz), 157.7 (d, J(C-F) = 181.1 

Hz), 137.4, 134.0, 130.6 (d, J(C-F) = 8.5 Hz), 129.1, 128.9, 128.4, 128.3, 127.7 (d, J(C-F) = 3.5 

Hz), 125.4, 124.4 (d, J(C-F) = 3.5 Hz), 122.4, 122.3, 118.9, 116.3 (d, J(C-F) = 22.1 Hz), 69.5, 

52.9, 48.4, 47.7, 47.4, 47.4, 40.7, 28.7, 12.9. 19F NMR (377 MHz, CDCl3): δ -109.4 – -113.3 

(m). HRMS: (ESI TOF) m/z calcd for C32H28FN3O6 [M + H]+ 570.2040, found 570.2046. 
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5.7 Appendix V 1H, 13C, 19F spectral data of representative compounds 

 

 

Compound No. Figure AII.X Data Page No 

3a Figure AV.1 and AV.2 1H and 13C 205 

3e Figure AIV.3 and AIV.4 1H and 13C 206 

3f Figure AIV.5 and AIV.6 1H and 13C 207 

3n Figure AIV.7 and AIV.8 1H and 13C 208 

3u Figure AIV.9 and AIV.10 1H and 13C 209 

3v Figure AIV.11, AIV.12 and 

AIV.13 

1H, 13C and 19F 210 

3a Figure AII.14 ORTEP plot 211 
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Figure AV.1 1H NMR spectrum of 3a, CDCl3, 400 MHz  

 

Figure AV.2 13C{1H} NMR spectrum of 3a, CDCl3, 100 MHz 
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Figure AV.3 1H NMR spectr um of 3e, CDCl3, 400 MHz 

 

Figure AV.4 13C{1H} NMR spectrum of 3e, CDCl3, 100 MHz 
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Figure AV.5 1H NMR spectrum of 3f, CDCl3, 400 MHz 

 

Figure AV.6 13C{1H} NMR spectrum of 3f, CDCl3, MHz 
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Figure AV.7 1H NMR spectrum of 3n, CDCl3, 400 MHz 

 

Figure AV.8 13C{1H} NMR spectrum of 3n, CDCl3, MHz 
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Figure AV.9 1H NMR spectrum of 3u, CDCl3, 400 MHz 

 

Figure AV.10 13C{1H} NMR spectrum of 3u, CDCl3, MHz 
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Figure AV.11 1H NMR spectrum of 3x, CDCl3, 400 MHz 

 

Figure AV.12 13C{1H} NMR spectrum of 3x, CDCl3, MHz 
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Figure AV.13 19F NMR spectrum of 3x, CDCl3, 377 MHz 

 

Figure AV.14 An ORTEP diagram showing thermal ellipsoids at a 50% probability level was 

created to represent the structures determined by single-crystal X-ray diffraction analysis of 

compound 3r 
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Summary 

 

Spiroheterocycles consisting of pyrazolone and isatin scaffolds represent a pivotal class of 

molecular architecture, and they are prevalent in many known bioactive compounds. These 

intricate frameworks have captured the attention of synthetic organic as well as medicinal 

chemists due to their pronounced pharmacological profiles, including antimicrobial, 

anticancer, antiviral, and anti-inflammatory activities. The strategic construction of such 

complex spirocyclic systems hinges fundamentally on carbon–carbon bond-forming 

transformations that constitute the bedrock of modern organic synthesis. Through meticulous 

tuning as well as modulating the reactivity and selectivity, these bond-forming reactions enable 

the elegant fusion of pyrazolone and isatin cores into architecturally sophisticated 

spiroheterocyclic frameworks. These structurally novel and functionally potent molecular 

entities will be of great interest. Among the numerous methodologies available, the Morita–

Baylis–Hillman (MBH) reaction stands out as an exceptionally powerful tool due to its ability 

to generate densely functionalized compounds with broad synthetic utility and versatility. 

These MBH adducts are uniquely positioned as synthetic intermediates, offering rich 

functionality and reactivity, making them ideal precursors for the development of a wide array 

of biologically relevant molecules, including carbocyclic and heterocyclic structures. 

In recent years, a new class of MBH-derived intermediates has emerged, pyrazolonedione-

derived MBH carbonates. These entities have demonstrated remarkable synthetic potential, 

particularly in the realm of organocatalytic and base-catalyzed transformations. This thesis 

greatly focuses on harnessing the reactivity of MBH derivatives to develop novel, efficient 

pathways to synthesize spiropyrazolone-based frameworks with structural complexity and 

potential biological relevance. 

A series of spiroheterocycles has been synthesized using the MBH carbonates by exploring 

both tertiary amine catalysis and base-mediated strategies. The synthesis of some of the 

following spiroheterocycles has been achieved. 

 Spirooxindole-pyrazolone fused cyclopentenes, constructed through a highly efficient 

[3+2] annulation between pyrazolonedione-derived MBH carbonates and 3-

methyleneoxindoles under organocatalytic conditions. 

 Dispiropyrazolone fused tetrahydropyrans and spiropyrazolone pyrrolidinediones  
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 fused tetrahydropyran, achieved via [4+2] annulation reactions using pyrazoledione- 

derived Morita–Baylis–Hillman (Pyro-MBH) alcohol and arylidenepyrazolones or 

arylidenepyrrolidinediones under base catalysis. 

Furthermore, an innovative visible-light-promoted [4+2] cycloaddition was explored to 

directly functionalize the inert C4 position of 3-methyleneoxindoles. This method allowed for 

the successful construction of 3,4-fused spirooxindole systems, adding a new dimension to the 

synthetic utility of these substrates under mild and environmentally benign conditions. The 

thesis mainly exploited the untapped potential of pyrazolonedione-derived MBH carbonates as 

multi-faceted building blocks. These designed catalytic protocols -both thermal and 

photochemical pathways led to a diverse collection of highly functionalized spirocyclic 

compounds. These complex structures hold a great promise for future applications in medicinal 

chemistry and materials science. 

 

Figure: An exploration of spiroheterocycle synthesis through the reaction between Pyro-MBH 

adducts and 3-methyleneoxindole under various conditions 
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Abstract A DMAP-catalyzed, highly diastereoselective, [3+2] cyc-
loaddition of pyrazolone-derived Morita–Baylis–Hillman carbonates to
3-methyleneoxindoles has been developed. A variety of structurally di-
verse and complex spiropyrazolone-fused oxindoles bearing three con-
tiguous chiral centers have been synthesized in high yields (up to 98%)
and with excellent diastereoselectivities (up to 99:1). Moreover, the
synthetic potential of this protocol has been demonstrated by perform-
ing a Suzuki coupling reaction.
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The construction of spiro carbocyclic/heterocyclic struc-

tures has received enormous attention from synthetic and

medicinal-chemistry researchers in recent decades.1 The

three-dimensional complex structures of spirocyclic frame-

works help to improve their physicochemical properties,

such as their metabolic stability, aqueous solubility, and li-

pophilicity, compared with the corresponding monocyclic

structures.2 Among the polyfunctional spirocyclic com-

pounds, spirocyclopentane–pyrazolones and spirocyclo-

pentane–oxindoles have attracted considerable interest in

the area of organosynthetic and pharmaceutical research,

due to their varied biological activities (Figure 1). For exam-

ple, the spiropyrazolone–cyclopentane compound I acts as

a peroxisome proliferator-activated receptor  antagonist.3

In addition, spiro compound II and III show inhibitory ac-

tivities against type-4 phosphodiesterases.4 The spirocyclo-

pentane–oxindoles citrinadin A (IV) and spirotryprostatin B

(V) have been reported as natural products.5 Moreover, the

spirooxindole compound VI exhibits p53/Mdm2-inhibitory

activity.6

Merging or combining various pharmacologically rele-

vant scaffolds is emerging as one of the most popular and

effective strategies for designing and developing new bio-

logically active compounds.7 In view of this, a merger of

spiropyrazolone and spirooxindole skeletons to construct

structurally diverse and interesting spiroheterocyclic com-

pounds might be an effective approach for producing prom-

ising compounds. Recently, compound VII, which exhibits

human liver carboxylestarase-inhibitory activity, has been

successfully synthesized by using this combinatorial ap-

proach.8

The synthesis of spirocyclic compounds bearing hetero-

cyclic frameworks such as an oxindole or pyrazolone scaf-

fold is of great importance, especially in modern drug-dis-

covery research programs. Owing to the importance of

these frameworks, many elegant protocols have been devel-

oped for the construction of spirooxindole–pyrazolone

molecules under organocatalytic conditions.9 In 2013, the

Wang group developed a bifunctional thiourea-catalyzed

asymmetric [3+2] annulation of 3-isothiocyanatooxindoles

with unsaturated pyrazolones to synthesize spiropyra-

zolone–oxindole molecules.10 In the following year, Yuan

and co-workers reported a similar strategy for the synthesis

of spirooxindole–pyrazolones derivatives under quinine ca-

talysis.11 In 2015, the Du group reported a Michael/alkyla-

tion cascade reaction of arylidenepyrazolones with 3-chlo-

rooxindoles for the construction of spiropyrazolone–cyclo-

propane–oxindole scaffolds.12 In 2018, Wang and Zou

collaboratively developed an asymmetric [3+2] cycloaddi-

tion protocol for the synthesis of spiropyrazolone-fused ox-

indole compounds by using 4-isothiocyanatopyrazolones

and isatin-derived ketimines substrates.8 Recently, several

organocatalytic transformations that use various isatin-

based scaffolds and novel pyrazolones or unsaturated pyra-
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zolones derivatives as synthons for the synthesis of spiropy-

razolones-fused spirooxindoles have been successfully de-

veloped by the research groups of Liu and Zhou;13 Du;14

Wang and Yuan;15 Zhong;16 Zhan, Li, and Han;17 and Chen,18

as well as by ourselves.19

Despite these recent advances in synthesizing spiropyr-

azolone-fused oxindole derivatives, few methods have been

described for the synthesis of a spirocyclic molecule bear-

ing three different scaffolds, such as pyrazolone, oxindole,

and cyclopentene, in a diastereoselective manner.16 In this

regard, there is a high demand for the development of an

effective one-pot protocol to access polyfunctionalized spi-

rocyclic pyrazolones and oxindoles, a challenging task from

the point of view of synthetic organic chemistry.

As part of our continuing interest in the synthesis of spi-

rocyclic compound and our ongoing research on cycloaddi-

tion reactions of isatin-based Morita–Baylis–Hillman

(MBH) carbonates,19a,b,20 we became interested in the syn-

thesis of spirooxindole-fused pyrazolone molecules.

In recent years, isatin-derived MBH carbonates have

been effectively used as three-carbon synthons to synthe-

size polyfunctional heterospirocyclic compounds.21 Recent-

ly, pyrazolone-based MBH carbonates have emerged as ver-

satile precursors to access spiropyrazolone scaffolds.17,22

Similarly, 3-methyleneoxindole derivatives have proven to

be valuable synthons in cycloaddition reactions for con-

structing the structurally diverse spirocyclic oxindole moi-

eties. The versatile reactivity of these compounds has pro-

vided a new platform for developing a wide range of syn-

thetic compounds and building blocks, including bioactive

molecules.23

In this regard, we hypothesized that a spiropyrazolone–

oxindole scaffold could be obtained by the cycloaddition re-

action of a pyrazolone-based Morita-Baylis-Hillman car-

bonate and a 3-methyleneoxindole in the presence of a

suitable Lewis base catalyst. Here, we report a DMAP-cata-

lyzed, highly diastereoselective, [3+2] annulation of pyra-

zolone-based MBH carbonates with a 3-methyleneoxindole

to give diverse spiropyrazolone–oxindole derivatives bear-

ing vicinal quaternary spirocenters.

To validate our hypothesis, we performed a model reac-

tion of the pyrazolone-derived MBH carbonate 1a with

(3E)-1-methyl-3-(2-oxo-2-phenylethylidene)indolin-2-one

(2a) in the presence of DABCO (20 mol%) as a catalyst in di-

chloromethane (DCM) at room temperature. To our delight,

the reaction delivered the -regioselective [3+2] annulation

product 3a in 30% yield and with excellent diastereoselec-

tivity (>20:1 dr; Table 1, entry 1).

To enhance the yield of 3a, we treated 1a and 2a inde-

pendently with PPh3 (20 mol%) or DBU (20 mol%) as a cata-

lyst (, entries 2 and 3); surprisingly, we did not observe any

product formation, even after a prolonged reaction time. In-

terestingly, in the presence of 20 mol% of DMAP as a cata-

lyst, the expected [3+2] annulation product 3a was ob-

tained in 90% yield with an excellent diastereoselectivity

(entry 4). Encouraged by this result, we focused on achiev-

ing an asymmetric version of this -regioselective [3+2] an-

nulation reaction. In this regard, we screened several chiral

tertiary amine catalysts (entries 5–8). We did not observe

any product formation in the presence of the cinchona-de-

rived catalyst C1, even after prolonged reaction time (entry

5). Next, we employed the chiral DMAP-derived catalysts

C2–C4 to obtain the corresponding optically pure product

Figure 1  Representative examples of bioactive compounds with spirooxindole and spiropyrazolone scaffolds
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3a. Pleasingly, the [3+2] annulation product 3a was formed

with all these catalysts; however, the enantioselectivity

was poor in all cases (ee = 15–23%; entries 6–8).

Unfortunately, our various attempts to achieve enanti-

oselectivity did not succeed despite screening the reaction

with various chiral catalysts under a range of reaction con-

ditions [see the Supporting Information (SI) for more de-

tails]. Considering the importance of the spiropyrazolone

and spirooxindole scaffolds, we decided to explore a diaste-

reoselective version of this -regioselective [3+2] annula-

tion reaction. Furthermore, to optimize the reaction condi-

tions, we screened various solvents (chloroform, acetoni-

trile, tetrahydrofuran, N,N-dimethylformamide, ethyl

acetate, toluene, chlorobenzene, methanol, ethanol, and

propanol) (Table 1, entries 9–18). Among the solvents

screened, chloroform was found to be advantageous for the

desired transformation, affording the spirooxindole–pyra-

zolone 3a in 92% yield and with an excellent diastereoselec-

tivity (>20:1 dr; entry 9). A reduction in the catalyst loading

furnished compound 3a in 78% yield, but the diastereose-

lectivity remained unchanged (entry 19). Based on the cat-

alyst and solvent screening, the MBH carbonate of pyra-

zolone 1a (1 equiv), (3E)-1-methyl-3-(2-oxo-2-phenyle-

thylidene)indolin-2-one (2a; 1.2 equiv), and DMAP (20

Table 1  Optimization of the Reaction Conditionsa

Entry Catalyst (mol%) Solvent Time (h) Yieldb (%) drc eed (%)

1 DABCO (20) DCM 36 30 >20:1 –

2 PPh3 (20) DCM 72 NRe – –

3 DBU (20) DCM 72 NR – –

4 DMAP (20) DCM 24 90 >20:1 –

5 C1 (20) DCM 72 NR – –

6 C2(20) DCM 24 65 >20:1 15

7 C3 (20) DCM 24 68 >20:1 21

8 C4 (20) DCM 24 73 >20:1 23

9 DMAP (20) DCM 24 92 >20:1 –

10 DMAP (20) MeCN 24 81 >20:1 –

11 DMAP (20) THF 24 80 >20:1 –

12 DMAP (20) DMF 24 82 >20:1 –

13 DMAP (20) EtOAc 24 85 >20:1 –

14 DMAP (20) toluene 24 87 >20:1 –

15 DMAP (20) PhCl 24 89 >20:1 –

16 DMAP (20) MeOH 24 85 >20:1 –

17 DMAP (20) EtOH 24 78 >20:1 –

18 DMAP (20) PrOH 24 84 >20:1 –

19 DMAP (15) CHCl3 24 78 >20:1 –

a Reaction conditions: 1a (0.094 mmol), 2a (0.112 mmol), catalyst, solvent (2.0 mL).
b Isolated yield after column chromatography.
c Determined by 1H NMR.
d Determined by HPLC with a chiral stationary phase.
e NR = no reaction.
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mol%) in chloroform were found to provide the optimal re-

action conditions for the desired [3+2] cycloaddition reac-

tion to give spiropyrazolone-fused oxindole derivatives.

To explore the substrate scope of the [3+2] annulation

reaction, we first synthesized various pyrazolone-based

MBH carbonates 1a–c and 3-methyleneoxindoles deriva-

tives 2a–v. Under the optimized reaction conditions, the

pyrazolone MBH carbonates 1a–c reacted efficiently with

the 3-methyleneoxindoles 2a–v to afford the corresponding

spiropyrazolone oxindole derivatives 3a–x in good to excel-

lent yields (up to 98%) and with very high diastereoselectiv-

ities (dr 99:1) (Scheme 1). Note that all the substrates

smoothly underwent a [3+2] annulation to afford the corre-

sponding spiropyrazolone–oxindole derivatives bearing

vicinal quaternary spirocenters under the optimized reac-

tion conditions. Neither electron-donating nor weakly elec-

Scheme 1  Substrate scope of pyrazolone-derived MBH carbonates and 3-methyleneoxindoles. Reaction conditions: 1a (0.094 mmol), 2a (0.112 mmol), 
DMAP (20 mol%), CHCl3, 24 h, rt. Isolated yields after column chromatograph are reported; the dr values were determined by 1H NMR.
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tron-deactivating groups (Br, Cl, F) on the 3-methyleneoxin-

doles 2 affected the yield and diastereoselectivity of the de-

sired spirooxindole products. Also, N-allyl- and N-benzyl-

protected 3-methyleneoxindoles reacted smoothly to fur-

nish the spirooxindole-fused pyrazolones in high yields and

with high diastereoselectivities. Furthermore, the molecu-

lar structure of product 3p was unambiguously established

by single-crystal X-ray diffraction analysis (see SI).24

Encouraged by these results, we planned to employ

MBH carbonates of isatin to construct spirooxindole–pyra-

zolone derivatives through a [3+2] cycloaddition reaction.

To the best of our knowledge, till date there is no report on

the use of arylidene pyrazolone for the synthesis of spiroo-

xindole fused pyrazolone compounds bearing adjacent qua-

ternary spirocenters. In this regard, we synthesized the

MBH carbonates of isatin 4a–e. Next, we treated these isat-

in-based MBH carbonates with the arylidene pyrazolone 5a

under similar reaction conditions (Scheme 2). To our de-

light, all the reactions proceeded smoothly to afford the

corresponding highly functionalized spiropyrazolone-fused

oxindoles 6a–e in excellent yields (up to 98%) and with high

diastereoselectivities (dr 91:9 to 99:1). The molecular

structure of compound 6b was established unambiguously

by single-crystal X-ray diffraction analysis.24 The structures

of all other products were deduced by analogy and from

spectroscopic data.

To demonstrate the practicality of this [3+2] annulation

protocol, a millimolar-scale reaction was performed by us-

ing pyrazolone-derived MBH carbonate 1a and the 3-meth-

yleneoxindole 2a under the optimal conditions. Gratifying-

ly, the reaction afforded the corresponding spirooxindole 3a

in 82% yield (Scheme 3).

Scheme 3  Scaled-up synthesis

Next, a Suzuki coupling was performed with compound

6b to demonstrate the synthetic potential of the cycloaddi-

tion reaction. The reaction of phenylboronic acid (7) with

the spirooxindole-fused pyrazolone 6b in the presence of

Pd(PPh3)4 and K3PO4 at 80 °C furnished the product 8a in

80% yield and with a high diastereoselectivity (Scheme 4a).

Next, treatment of compound 6d with 1:1 v/v TFA–DCM af-

forded the corresponding carboxylic acid derivative 9a in

94% yield (Scheme 4b).

Scheme 4  Synthetic transformations

On the basis of our experimental results and previous

reports in the literature,17,19b,d,20,22,26 a plausible catalytic cy-

cle for [3+2] cycloaddition reaction is proposed (Scheme 5).

Nucleophilic attack by DMAP on the pyrazolone-derived

MBH carbonate 1a generates the corresponding quaternary

ammonium salt A together with a tert-butoxide anion and

carbon dioxide. Next, the Brønsted base (tert-butoxide) ab-

stracts an acidic proton to generate an allylic nitrogen ylide.

Subsequently, this reacts with the 3-methyleneoxindole 2a

through the -position to form the corresponding interme-

diate B, which undergoes an intramolecular Michael addi-

tion to afford the corresponding cyclic intermediate C. Fi-

nally, a 1,3-proton shift delivers intermediate D, which sub-

sequently forms the spirooxindole product 3a with

regeneration of the catalyst.

Scheme 2  Substrate scope of isatin-derived MBH carbonates and un-
saturated pyrazolones. Reaction conditions: 4 (0.115 mmol), 5a (0.138 
mmol), DMAP (20 mol%), CHCl3, 2 h, rt. Isolated yields after column 
chromatography are reported. The dr values were determined by 1H 
NMR.
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In summary, we have developed a highly efficient [3+2]

annulation reaction between MBH carbonates of pyrazolo-

nes with 3-methyleneoxindoles under mild conditions.26

DMAP served as an effective catalyst for the construction of

highly functionalized and medicinally relevant spirohetero-

cyclic compounds. Spirooxindole–pyrazolone-fused cyclo-

pentene derivatives containing two vicinal spiro quaternary

centers have been successfully synthesized in high yields

and with excellent diastereoselectivities.
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mL), and the mixture was stirred at rt for 12 h. When the reac-

tion was complete (TLC), the solvent was evaporated under

reduced pressure and the crude product was directly purified
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EtOAc (70:30)] to give a brown solid; yield: 45 mg (92%, 99:1
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123.4, 119.7, 108.6, 67.2, 65.0, 53.8, 53.0, 26.9, 15.9. HRMS (ESI

TOF): m/z [M + H]+ calcd for C31H26N3O5: 520.1872; found:

520.1876.
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DirectAccess to3,4-FusedSpirooxindolesThrough
Visible-Light-DrivenDiasterioselective [4+2]Cyclizationof
3-MethyleneOxindoles
Abhijeet S. Sabale,[a] Anindita Bhowmick,[a] Saswata Pattanaik,[a] Onkar S. Bankar,[a]

and Ramakrishna G Bhat*[a]

A visible light-mediated strategy has been developed to synthe-
size diastereoselective 3,4-fused spirooxindoles via formal [4+2]
cycloaddition of 3-methylene oxindoles without the need of pre-
functionalization. The 3-methylene oxindoles, when exposed to
visible light in the presence of catalytic amount of CeCl3 under
alkaline conditions, afforded the complex 3,4-fused spirooxin-

dole framework with four contiguous chiral centers. The protocol
proved to be highly chemo- and regio-selective by affording
3,4-fused spirooxindoles in moderatetogood yields. The protocol
also works smoothly under the direct exposure of sunlight. It has
been demonstrated that the method is also scalable on gram
quantity.

1. Introduction

The 3,4-fused indole and oxindole skeleton is a common
structural motif in many drugs, natural products, and
pharmaceuticals.[1] This specific arrangement of atoms
within the fused indole and oxindole scaffold is known to
exhibit significant biological activity. Notable compounds
featuring this structural framework include lysergic acid,[2]

rugulovasine A,[3] chanoclavine-I,[4] dehydrobufotenine,[5]

chuangxinmycin,[6] hapalindole U,[7] ammosamide B, and its
analogs[1d,g] (see Figure 1). Given the biological importance of
this scaffold, considerable efforts have been directed towards the
construction of this scaffold and also compounds derived from
this framework have been utilized in drug discovery process.[8]

Consequently, the development of novel synthetic methods
to access intricate 3,4-fused indole and oxindole frameworks
remains highly desirable.[9]

Various strategies have been employed to synthesize bio-
logically important molecules containing 3,4-fused indole and
oxindole frameworks with six-membered ring. Fujii, Ohno and
co-workers reported an efficient one-step total synthesis of (+)-
lysergic acid using a palladium-catalyzed domino cyclization
of 4-halo indole derivatives of allenic amides (Scheme 1A).[10]

Similarly, Fukuyama and co-workers achieved the total synthesis
of lysergic acid through a palladium-catalyzed cyclization at
an elevated temperature (100 °C) to access 3,4-substituted
indoline.[2a] Murakami and co-workers accomplished the enan-
tioselective total synthesis of optically active chanoclavine-I,

[a] A. S. Sabale, A. Bhowmick, S. Pattanaik, O. S. Bankar, R. G Bhat
Department of Chemistry, Indian Institute of Science Education and
Research (IISER) Pune, Dr. Homi Bhabha Road, Pashan, Pune, Maharashtra
411008, India
E-mail: rgb@iiserpune.ac.in

Supporting information for this article is available on the WWW under
https://doi.org/10.1002/ajoc.202500424

an ergot alkaloid, using a palladium-catalyzed intramolecular
cyclization (Heck reaction) at an elevated temperature (100 °C)
(Scheme 1B).[4] Buchwald and co-worker disclosed the syn-
thesis of tetrahydropyrroloquinolines via a palladium-catalyzed
intramolecular cyclization at 200 °C to construct the 3,4-fused
indoline core (Scheme 1C).[5a] Fenical and co-worker reported
the total synthesis of ammosamide B, which required pre-
functionalization at the C4 position at an elevated temperature
(100 °C) (Scheme 1D).[1d] Similarly, Sun, Wang and co-workers
accomplished the total synthesis of ammosamide B using a
palladium-catalyzed cyclization at 110 °C to access 3,4-substituted
oxindoles (Scheme 1E).[1g]

All these methods involve the initial activation of the 4-
halo group by palladium, followed by its subsequent addition
to the double bond to achieve the desired 3,4-indole or
oxindole skeleton. However, these approaches mostly rely on
pre-functionalized substrates to facilitate cyclization at the C4
position. Furthermore, to our knowledge, no existing methods
enable the direct C–H functionalization of the unactivated C4
position at room temperature without pre-functionalization. This
challenge arises primarily from the low reactivity of the C4–
H bond toward electrophiles, thus making it difficult for the
efficient cyclization.[11]

Additionally, some of the earlier methods reported for
synthesizing 3,4-fused oxindoles using the 3-methylene oxindole
as a model substrate present notable limitation. These methods
rely on traditional [4+2] cycloaddition, and they often require
high temperatures, also exhibit a limited substrate scope, require
environmentally hazardous solvents like acetic anhydride/DMF,
and also afforded the products in lower yields.[12] Some of
these drawbacks underscore the need to develop alternative,
sustainable, more efficient, and versatile synthetic approaches.

Starting from a single substrate, constructing a complex
molecule such as a 3,4-fused spirooxindole has not yet been
explored, particularly under visible light. Developing a more
straightforward approach to construct the 3,4-fused spirooxin-
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Figure 1. Natural products with 3,4-fused indole, oxindole, and
spirooxindole skeletons

dole framework at room temperature remains highly desir-
able and challenging. Additionally, 3,3-substituted spirooxindole
frameworks have been extensively synthesized due to their
significant biological activity (Figure 1).[13]

Herein, we report a visible light-mediated direct synthesis of
a 3,4-fused spirooxindole framework featuring a six-membered
ring using the 3-methylene oxindole as the key substrate
(Scheme 1F).[14]

2. Results and Discussion

Based on the available literature, we planned to explore a
visible-light-driven approach using a ligand-to-metal charge
transfer (LMCT) complex to construct a 3,4-fused spirooxindole
framework. We hypothesized that the 3-methylene oxindole
could interact with cerium chloride (CeCl3) to facilitate
LMCT-driven cyclization under visible light, involving an
electron transfer from Ce(III) to Ce(IV). To investigate this,
we began with N-benzyl 3-methylene oxindole 1a as a model
substrate, synthesized according to a reported procedure.[15]

The reaction of 1a in the presence of CeCl3 (20 mol%) and
cesium carbonate in acetonitrile, when exposed to 456 nm
blue LED light (Kessil lamp) under an inert atmosphere,
afforded the desired product 2a, albeit in very low yield
of 11% (see Supporting Information S11; Table S1, entry
1).

We then screened various LEDs with different wavelengths
and intensities (see Supporting Information S11; Table S1, entries
2–4). Among them, the blue LED (427 nm, 50% intensity, 20 W)
proved more efficient, affording the desired product 2a in a
moderate yield (20%). Interestingly, when the reaction of 1a was
conducted under the illumination of two blue LEDs (2 × 427 nm,

2* 40W) while maintaining the other optimized conditions, the
yield of 2a significantly increased (70%, Table 1, entry 1; see also
Supporting Information S11;Table S1, entries 5–8).

However, under these conditions, the reaction temperature
raised to 60–65 °C. To investigate whether the temperature
influenced the reaction outcome, we performed the reaction
of 1a at elevated temperature (up to 70 °C) in the absence
of light (Table 1, entry 3). Surprisingly, no desired product
2a was obtained, even after a prolonged reaction time. This
result clearly indicates that temperature alone does not drive
the reaction, and light is essential for the transformation. We
strongly believe that the increase in the reaction temperature
due to the high intensity of the LEDs may have enhanced
the reaction rate, thereby contributing to the improved yield
of 2a.

Interestingly, when the reaction was carried out in the
absence of Cs2CO3 while maintaining the other conditions, the
desired product 2a was obtained in moderate yield, indicating
the essential role of the base (see Table 1, entry 4). Surprisingly,
the reaction in the absence of both CeCl3 and Cs2CO3 still
afforded the product 2a, albeit in moderate yield (see Table 1,
entry 5). This observation raised concerns regarding the role of
CeCl3 and the earlier presumed LMCT pathway.

To gain further mechanistic insights, we conducted system-
atic UV–visible absorption studies. The UV–visible absorption
spectra of the reaction mixture were recorded at 10-min intervals
over a period of one hour in the absence of light. Notably,
no change was observed in the absorption maxima of the 3-
methylene oxindole 1a, and no new absorption peaks appeared
(see Figure 2B; Supporting Information S8–S9; Figure S2). This
suggests that a single-electron transfer (SET) process may not be
occurring from CeCl3 to 1a via the oxidation of Ce(III) to Ce(IV).

Additionally, FT-IR spectroscopic analysis revealed signifi-
cant changes in the vibrational frequencies, indicating possible
interactions or structural modifications. These findings provide
valuable insights into the reaction mechanism and the nature of
the intermediates formed (see Supporting Information S9 and
S10; S3–S5). Based on these results and our previous observation
regarding the necessity of CeCl3, we proposed that CeCl3 likely
functions as a Lewis acid additive.[16]

To validate this assumption, we screened various Lewis
acids (see Supporting Information S11–S12; Table S2, entries
1–7). Among them, CeCl3 proved to be the most effective
catalyst by affording the desired product 2a in the highest yield
(Table 1, entry 1). Subsequently, we evaluated both organic and
inorganic bases, among all Cs2CO3 emerged as the most efficient
base, providing 2a in a higher yield. In contrast, other bases
significantly reduced the yield of the product 2a (see Supporting
Information S11–S12; Table S2, entries 8–13).

Furthermore, we investigated the effect of different solvents,
and among all, acetonitrile proved to be most advantageous
by furnishing the 2a in higher yield (see Supporting Infor-
mation S11–S12; Table S2, entries 14–24). We also assessed the
influence of solvent concentration on the reaction outcome.
Both lower and higher concentrations led to a decline in the
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Scheme 1. Visible light-mediated direct access to biologically important compounds containing 3,4-fused spirooxindoles.

yield of 2a. Notably, the reaction proceeded most efficiently
at a concentration of 0.06 M in acetonitrile, by providing 2a
in highest yield (see Supporting Information S13; Table S4,
entries 1–4).

We also investigated the effect of acidic and basic additives
loading on the outcome of the yield of 2a (see Supporting
Information S12 and S13; Table S3, entries 1–6). Interestingly, when
the reaction was conducted in the presence of atmospheric

Asian J. Org. Chem. 2025, 0, e202500424 (3 of 7) © 2025 Wiley-VCH GmbH
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Table 1. Optimization studies of the visible light-mediated C-4 unactivated
C–H functionalization to synthesize 3,4-fused spirooxindole skeleton.a

Entry Variation from the Optimized Conditiona) Yieldb) %2a

1d) None 70

2d) No light NR

3d) Reaction in the absence of light at 70 °C. NR

4d) Absence of Cs2CO3 48

5d) Absence of CeCl3 and Cs2CO3 35

6d) Open air instead of inert atmosphere 36

7d) Presence of molecular oxygen ND

Reaction conditions: a) 3-Methylene oxindole 1a (0.2 mmol, 1 equiv.),
CeCl3 (20 mol %), Cs2CO3 (20 mol%), in MeCN (0.06 M), Kessil Blue LED
(427 nm with 100% intensity temperature around 60–65 °C, switching
the fan off, 2* 40W), nitrogen atmosphere. b) Yields are obtained
after purification over column chromatography. c) Diastereomeric ratio
determined by 1H NMR spectroscopy (we observed > 20:1 dr). d) A.R.
grade ACN was used. NR = No reaction. ND = Not detected.

air, the desired product 2a was obtained in modest yield (see
Table 1, entry 6). In contrast, the reaction did not proceed in
the presence of molecular oxygen (see Table 1, entry 7). Based
on comprehensive screening, the optimal reaction conditions
were determined to be the 3-methylene oxindole 1a (0.2 mmol,
1 equiv.), CeCl3 (20 mol%), and Cs2CO3 (20 mol%) in acetonitrile
under the irradiation of blue LEDs (2 × 427 nm, 2* 40W) in an
inert atmosphere, affording the desired product 2a in the highest
yield.

After determining the optimum reaction conditions, we
explored the substrate scope for the [4+2] cycloaddition of the
3-methylene oxindole derivatives 1b–1ad. Various N-protected
3-methylene oxindole derivatives (1b–1e), as well as the unpro-
tected 3-methylene oxindole 1f, reacted under the optimized

conditions to afford the corresponding products (2b–2f) in
moderate to good yields with excellent diastereoselectivity (see
Scheme 2). Next, we examined N-benzyl 3-methylene oxindole
derivatives with different substituents on the phenyl ring of
the arylethylidene moiety (1g–1p). These reactions furnished
the desired products (2g–2p) in moderate to good yields,
also with excellent diastereoselectivity (see Scheme 2). Notably,
the presence of electron-donating, electron-withdrawing, and
deactivating groups on the phenyl ring significantly influ-
enced the yield of 2a. Furthermore, the 3-methylene oxin-
doles with substituents at the C-5, C-6, and C-7 positions
reacted smoothly, delivering the corresponding products (2q–
2z) in moderate to excellent yields with a high degree of
diastereoselectivity (up to 92%, >20:1 dr) (see Scheme 2).
Additionally, ortho-, meta-, and para-substituted N-benzyl 3-
methylene oxindole derivatives (2aa–2ad) provided the desired
products in moderate yields with excellent diastereoselectivity
(Scheme 2).

However, a few N-benzyl 3-alkylidene/arylidene oxindole
derivatives did not react under the standard reaction condition
and the desired products (2ae–2af) were not obtained. This lack
of reactivity is likely due to the low stability of the radicals
formed during the course of the reaction, which may have
hindered the reaction progress and prevented the formation of
the cyclized products (see Scheme 2).

To evaluate the practicality of the protocol, we conducted
the reaction of 1a on a larger scale (1.05 g) under the standard
conditions to obtain the desired product 2a in a moderate yield
with excellent diastereoselectivity (58% yield; see Scheme 3A;
Supporting Information S7–S8). Furthermore, we explored the
reaction of 1a under the direct exposure of sunlight to obtain the
desired product 2a, albeit in a lower yield (40%; see Scheme 3B;
Supporting Information S3).

To gain mechanistic insights into the transformation, we
conducted radical trapping experiments using TEMPO and BHT
as radical scavengers while maintaining the standard reaction
conditions. In the presence of TEMPO, the desired product 2a
was obtained in a poor yield (20%) along with the formation
of TEMPO-trapped radical intermediates (5a, 6a) (confirmed by
HRMS, see Scheme 4A). When BHT was used as a radical
scavenger, the desired product 2a was not obtained, and the

Figure 2. UV–visible absorption spectra of starting material and reaction mixture: (A) UV–visible absorption of different forms of starting material (SM)
3-methylene oxindole in ACN. 20 μM starting material (SM) 3-methylene oxindole+CeCl3, 20 μM starting material (SM) 3-methylene
oxindole+CeCl3+Cs2CO3, 20μM only CeCl3, 20μM CeCl3+Cs2CO3 (B) UV–visible absorption spectra of the reaction mixture without light.
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Scheme 2. The substrate scope of 3-methylene oxindoles derivatives[a] Standard reaction conditions: [a]3-Methylene oxindole 1 (0.2 mmol, 1 equiv.), CeCl3
(20 mol%), Cs2CO3 (20 mol%), in MeCN (0.06 M), Kessil Blue LED (427 nm with 100% intensity temperature around 60–65 °C, switching the fan off, 2*40W),
nitrogen atmosphere, diastereomeric ratio determined by 1H NMR spectroscopy (we observed > 20:1 dr).

radical-trapped intermediate 8a was detected (confirmed by
HRMS; see Scheme 4B).

These radical trapping experiments indicate a radical path-
way in this reaction (see Scheme 4; Supporting Information
S4–S7). To gain further insights into the reaction mechanism,
we conducted UV–visible spectroscopic studies. The UV–visible
absorption spectrum of the starting material, the 3-methylene
oxindole 1a, showed absorption within the visible region (370–
500 nm). Similarly, the UV–visible absorption of a mixture of the
3-methylene oxindole and CeCl3 also remained within the visible
range (Figure 2A).

Subsequently, we recorded the UV–visible absorption
spectrum of a mixture containing the 3-methylene oxindole
1a, CeCl3, and Cs2CO3. Interestingly, no significant change
or a slight shift in the absorption maxima (370–500 nm)
was observed. These results indicate that the 3-methylene
oxindole and CeCl3 likely do not interact with each other
through any charge transfer pathway (see Figure 2A; Supporting
Information S8; Figure S1). The UV visible absorption spectra
of the reaction mixture were recorded (10 min interval
over 1 h, in the absence of light) and we did not see
any changes in the absorption maxima of 3-methylene
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A. Gram Scale Synthesis of 3,4-Fused Spirooxindole
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Ph

O
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40% yield, >20:1 dr

(>20:1 dr)

Scheme 3. Gramscale and sunlightmediated synthesis of 3–4 Fused
Spirooxindoles

oxindole 1a thus indicating that SET single-electron transfer
(SET) process may not be occurring between CeCl3_and 1a
(Figure 2B, see Supporting Information S8-S9; Figure S2 for
details).

A plausiblecatalytic cycle has been proposed based on prior
literature as well as on our experimental findings (Scheme 5).
Upon photoirradiation, the 3-methylene oxindole 1a generates
a radical intermediate I, as confirmed by HRMS (see Supporting
Information S4–S7; Scheme 4). Due to the heat generated from
light exposure, intermediate I may exist in equilibrium with a
relatively unstable intermediate II. Subsequently, this intermedi-
ate undergoes a radical-mediated C–H functionalization with the
CeCl3-activated 3-methylene oxindole 1a, an interaction further
corroborated by FT-IR analysis (see Supporting Information
S9–S10; Figure S3–S5). This step leads to the formation of
a diradical intermediate III, further validated by HRMS (see
Supporting Information S4–S7; Scheme 4). Further, intermediate
III undergoes cyclization to afford an intermediate IV. Eventually,
the intermediate IV undergoes aromatization via deprotonation
to afford the desired product 2a.

In summary, we have developed a visible light-mediated
direct C4–H functionalization strategy to access 3,4-fused
spirooxindoles via a formal [4+2] cycloaddition of unactivated
C4–H 3-methylene oxindoles. This approach employed a catalytic
amount of CeCl3 under alkaline conditions to access the 3,4-
fused spirooxindole with contiguous chiral centers in, moderate
to good yields with excellent chemo- and regio-selectivity. The
protocol proved to be scalable on a gram quantity and is also
effective under the direct exposure of sunlight. This simple and
practical strategy offers potential application for constructing
complex molecular architectures.

Scheme 4. Radical Trapping experiments Standard reaction conditions: [a]3-Methylene oxindole 1a (0.2 mmol, 1 equiv.), CeCl3 (20 mol%), Cs2CO3 (20 mol%),
in MeCN (0.06 M), Kessil Blue LED (427 nm with 100% intensity temperature around 60–65 °C, switching the fan off, 2* 40W), nitrogen atmosphere,
diastereomeric ratio determined by 1H NMR spectroscopy (we observed > 20:1 dr). ND = Not detected.

Asian J. Org. Chem. 2025, 0, e202500424 (6 of 7) © 2025 Wiley-VCH GmbH
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Scheme 5. Plausible Mechanism of the transformation

Supporting Information

The reaction optimization tables, the procedure for the reaction,
the series of control experiments, the Sunlight synthesis proce-
dure, characterization data for all new compounds, and copies
of 1H, 13C{1H}, and 19F{1H} NMR spectra (PDF). Data for the crystal
structure reported in this manuscript have been deposited at
the Cambridge Crystallographic Data Centre (CCDC) under the
deposition number CCDC 2394305 (compound 2i).
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Access to highly enantioselective and
diastereoselective spirooxindole dihydrofuran
fused pyrazolones†

Prakash K. Warghude, Abhijeet S. Sabale and Ramakrishna G. Bhat *

A tertiary amine catalyzed highly diastereoselective and enantioselective [3 + 2] annulation between

Morita–Baylis–Hillman (MBH) carbonates derived from isatin and pyrazolone 4,5-diones has been devel-

oped. A series of structurally diverse and multifunctional spirooxindole dihydrofuran fused pyrazolone

derivatives with two adjacent quaternary spirocenters has been achieved in excellent yields with good to

excellent enantioselectivity. Further synthetic utility of this protocol has been successfully demonstrated

by employing the bromo derivative of spirooxindole dihydrofuran fused pyrazolone to Suzuki coupling.

Introduction

Among the various spirocyclic compounds,1 heterocyclic spiro-
oxindole is an important structural scaffold, widely present in
numerous natural products and clinical pharmaceuticals.
Compounds containing this scaffold exhibit a wide range of
biological activities.2 Particularly, spirooxindole containing
two vicinal quaternary spirocenters is known to exhibit notable
biological activities.3 Therefore, considerable efforts have been
focused on the development of highly efficient and practical
methods for the synthesis of various carbocyclic and hetero-
cyclic spirooxindole architectures with structural diversity and
complexity.4 Among the various heterocyclic spirooxindoles,
spirooxindolyl five-membered oxaheterocycles have drawn
attention in asymmetric synthesis due to their presence in a
variety of natural and synthetic bioactive compounds
(Fig. 1a).5 There are a few elegant methods available in the lit-
erature for the preparation of the spirooxindole-dihydrofuran
framework.6 Some of the methods include transition-metal
mediated cyclization,6a–c ceric ammonium nitrate catalyzed
[3 + 2] oxidative cycloaddition,6d intramolecular Friedel–Crafts
reaction,6e dimethyl sulfide catalyzed Baylis–Hillman annula-
tion,6f reductive [1 + 4] annulation,6g iodide-mediated reac-
tion,6h and tandem Michael-cyclization.6i However, the
number of protocols to access spirooxindole-dihydrofuran in a
catalytic and enantioselective fashion is very limited in the lit-

erature.7 Hence, the development of more effective and cata-
lytic protocols for the enantioselective synthesis of spirooxin-
dole and its derivatives is in high demand and challenging.

On the other hand, pyrazolones and their derivatives rep-
resent a unique class of five membered aza-heterocycles. They
have attracted the attention of synthetic chemists in recent
years due to their potential utility as pharmacologically active
agents, photographic couplers, chelating agents and synthetic
scaffolds in medicinal chemistry.8 In particular, spiropyrazo-
lone scaffolds bearing contiguous stereocenters fused with
different carbocyclic and heterocyclic units such as cyclo-
hexane, cyclopentane and oxindole exhibit significant biologi-
cal activity.9 Compound I containing a spirocyclic pyrazolone
skeleton is known to act as an antibacterial agent,9a whereas
the spiropyrazolone derivative II and III are known inhibitors
of type-4-phospodiesterase.9b,c In addition, compound IV con-

Fig. 1 Natural products containing the spiro-scaffold and precursors to
access spirooxindole dihydrofuran pyrazolones.

†Electronic supplementary information (ESI) available. CCDC 1967741. For ESI
and crystallographic data in CIF or other electronic format see DOI: 10.1039/
d0ob00007h

Department of Chemistry, Main Building, Indian Institute of Science Education and

Research (IISER)-Pune, Dr. Homi Bhabha Road, Pashan, Pune, 411008 Maharashtra,

India. E-mail: rgb@iiserpune.ac.in
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taining both oxindole and pyrazolone scaffolds shows anti-
cancer activity (Fig. 1b).9d

As a consequence, great efforts have been devoted to the
diastereoselective and enantioselective construction of the
spiropyrazolone framework in the last decade.10 However, the
number of reports on the catalytic enantioselective synthesis
of bis-spirocyclic compounds containing pyrazolone and oxi-
ndole scaffolds are very limited in the literature.11 Thus, the
development of a highly efficient strategy for the construction
of structurally diverse spirooxindole fused pyrazolone scaffolds
in an enantiomerically pure form is highly desirable (Fig. 1).

Recently, the [3 + 2] cycloaddition reaction of Morita–
Baylis–Hillman carbonate (MBH) has emerged as an easy and
powerful strategy for building multi-functionalized spiro-
carbo-/spirohetero-cyclic compounds.12 In this realm, isatin
derived MBH adducts have been successfully employed as
three carbon synthons in different annulation reactions for the
construction of five membered fused carbo/hetero cyclic spiro-
oxindole molecules.13 Similarly, pyrazolone 4,5-dione deriva-
tives have been employed for various organocatalytic trans-
formations in recent years.14

However, interestingly the cycloaddition of pyrazolone 4,5-
dione at the electrophilic C-4 position has not been reported
to date. In this context, we envisioned that enantiomerically
enriched spirooxindole dihydrofuran fused pyrazolone com-
pounds can be achieved by the organocatalytic asymmetric
[3 + 2] cycloaddition reaction. Herein, we wish to report a chiral
Lewis base catalyzed [3 + 2] cycloaddition reaction of isatin
derived MBH carbonates with pyrazolone 4,5-diones for the
construction of biologically relevant novel spirooxindole
dihydrofuran pyrazolone derivatives containing two vicinal
quaternary spirocenters.

Results and discussion

In order to validate the hypothesis, initially we performed a
model reaction between isatin derived MBH carbonate 1a and
pyrazolone 4,5-dione 2a in the presence of the catalyst
4-dimethyl amino pyridine C1 (20 mol%) (DMAP) in dichloro-
methane (DCM) at room temperature. To our delight, the reac-
tion was completed within 2 h to furnish the corresponding
[3 + 2] cycloaddition product 3a in excellent yield with excellent
diastereoselectivity (Table 1, entry 1). Inspired by this initial
result we turned our attention to achieve an enantioselective
version of this protocol. In this regard, we synthesized and
screened different chiral DMAP based organocatalysts for the
desired transformation. We observed that the reactions per-
formed in the presence of catalysts C2, C3 and C4 at room
temperature proceeded smoothly to afford the corresponding
[3 + 2] annulation product 3a in good to excellent yield with
very high diastereoselectivity; however, the enantiomeric
excess was found to be poor (Table 1, entries 2–4). Further low-
ering of the reaction temperature (−20 °C) did not have any
significant change in the enantioselectivity (Table 1, entry 5).
We surmised that the lack of enantioselectivity was probably

due to the insufficient spatial interaction between the chiral
DMAP derived organocatalyst with either the MBH carbonate
or with pyrazolone 4,5-dione. In order to validate this and to
establish better stereointeraction, we planned to explore
quinine based organocatalysts. Initially, we examined the
racemic reaction using 20 mol% of 1,4-diazabicyclo[2.2.2]
octane (DABCO) C5 as a catalyst in DCM at room temperature.

Gratifyingly, the expected [3 + 2] cycloaddition product 3a
was formed in moderate yield with very high diastereo-
selectivity (Table 1, entry 6). Encouraged by this initial result,
we screened different quinine based catalysts β-isoquinidine
C6, β-isocinchonine C7 and α-isocinchonidine C8 to optimize
the reaction. The [3 + 2] annulation reaction in the presence of
catalyst C6 proceeded smoothly to afford the desired product
3a in moderate yield with good enantiomeric excess (Table 1,
entry 7), while we observed that the catalysts C7 and C8 proved
to be not advantageous for the desired transformation
(Table 1, entries 8 and 9). In order to investigate the catalytic
efficiency, we further screened some more catalysts containing
free hydroxyl group and a bi-functional thiourea catalyst (see

Table 1 Optimization of the reaction conditionsa,b,c,d,e, f

Entry Cat. Solvent
Temp
(°C)

Time
(h)

Yieldb

(%) drc
eed

(%)

1 C1 CH2Cl2 rt 2 95 >20 : 1 —
2 C2 CH2Cl2 rt 12 95 >20 : 1 36
3 C3 CH2Cl2 rt 12 88 >20 : 1 42
4 C4 CH2Cl2 rt 12 75 >20 : 1 40
5 C3 CH2Cl2 −20 16 86 >20 : 1 40
6 C5 CH2Cl2 rt 12 62 >20 : 1 —
7 C6 CH2Cl2 rt 30 58 >20 : 1 70
8 C7 CH2Cl2 rt 30 50 >20 : 1 30
9 C8 CH2Cl2 rt 30 48 >20 : 1 20
10 C6 CH2Cl2 0 30 60 >20 : 1 79
11 C6 CH2Cl2 −20 36 66 >20 : 1 89
12 C6 CH2Cl2 −40 72 60 >20 : 1 95
13 C6 Toluene −20 30 58 >20 : 1 86
14 C6 CHCl3 −20 36 52 >20 : 1 75
15 C6 CH3CN −20 24 60 >20 : 1 78
16 C6 THF −20 20 75 >20 : 1 93
17e C6 THF −20 50 58 >20 : 1 90
18 f C6 THF −20 72 50 >20 : 1 84

a Reaction conditions: Unless otherwise noted, the reactions were
carried out with 1a (0.15 mmol, 50 mg), 2a (0.15 mmol, 22 mg), Cat.
(20 mol%) in 1.0 mL of solvent at a specified temperature for the speci-
fied time. b Isolated yield after column chromatography. cDetermined
by 1H NMR. d Enantiomeric excess of the major diastereoisomer was
determined by HPLC using the chiral stationary phase. e 15 mol% C6.
f 10 mol% C6.
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Appendix-I, page S3, ESI†). However, the reactions did not
proceed in the presence of any of these catalysts.

Though the catalyst C6 was found to be satisfactory, further
optimization was needed to enhance the enantioselectivity.
After various attempts, we planned to lower the reaction temp-
erature as we had obtained good enantioselectivity at room
temperature with catalyst C6. The reaction at 0 °C resulted in a
marginal increase in the yield and enantioselectivity of 3a
(Table 1, entry 10). It is very important to note that further low-
ering the reaction temperature to −20 °C afforded the corres-
ponding [3 + 2] annulation product 3a in good yield (66%
yield) with very high diastereoselectivity (>20 : 1 dr) and
enantioselectivity (>89% ee) (Table 1, entry 11). However, we
observed that further reduction in the reaction temperature
(−40 °C) proved to be not beneficial as the reaction proceeded
sluggishly (Table 1, entry 12). Subsequently, we examined the
effects of various solvents such as toluene, CHCl3, acetonitrile
and THF to achieve better selectivity and yield (Table 1, entries
13–16). Based on our observation THF was found to be the
optimal solvent for the desired transformation to afford the
compound 3a in very good yield with high enantioselectivity
(Table 1, entry 16). Later, in order to evaluate the efficiency of
the catalyst over the desired transformation, we further
lowered the catalyst (C6) loading (15 to 10 mol%). This
resulted in a significant reduction of the yield 3a with a mar-
ginal reduction in enantioselectivity (Table 1, entries 17 and
18). Based on exhaustive screening, isatin derived MBH car-
bonate 1a (1 equiv.), pyrazolone 4,5-dione (1 equiv.) and
β-isoquinidine C6 (20 mol%) in THF at −20 °C proved to be
the optimal reaction conditions for the desired [3 + 2]
cyclization.

Having obtained the optimum reaction conditions, we then
explored the substrate scope for the synthesis of novel spiro-
oxindole dihydrofuran pyrazolone derivatives via asymmetric
[3 + 2] cycloaddition. To begin with we synthesized various isatin
based MBH carbonates (1a–1m) and substituted pyrazolone
4,5-diones (2a–2f ).14

Having synthesized different substrates we investigated the
substrate scope of various MBH carbonates (1a–1m) with pyra-
zolone 4,5-dione 2a under the optimized reaction conditions.
We observed that all the MBH carbonates (1a–1m) reacted
smoothly with 2a to afford the corresponding spirooxindole
dihydrofuran pyrazolones (3a–3m) in excellent yields (up to
96%) with excellent diastereoselectivity and very high enantio-
selectivity (>20 : 1 dr, up to 92% ee; see Scheme 1).

We observed that, the electron-donating (CH3, OCH3) as
well as electron-withdrawing (Br, Cl, F, I, NO2) substituents at
different positions on the aryl ring of MBH carbonates were
compatible under the optimum reaction conditions. Also,
N-protected allyl and benzyl groups on MBH carbonates
reacted smoothly to furnish the spirooxindole dihydofuran
pyrazolones in excellent yields with high enantioselectivity and
diastereoselectivity (Scheme 1). Moreover, different ester-
substituted Morita–Baylis–Hillman carbonates underwent the
[3 + 2] annulation reaction easily to give the corresponding
products (3l, 3m) in excellent yields with high stereoselectivity

(Scheme 1). Very importantly, we observed that recrystalliza-
tion further enhances the optical purity of the product as the
recrystallization of compound 3l enhanced the enantio-
selectivity from 90% ee to >99% ee (Scheme 1).

Later, we investigated the substrate scope of various pyrazo-
lone 4,5-diones (2b–2f ) with a few MBH carbonates (1a, 1j, 1k,
1l, 1m) under the standard optimum reaction conditions
(Scheme 2).

Gratifyingly, the reactions proceeded smoothly to afford the
corresponding [3 + 2] annulation products 3n–3y in very good
to excellent yields (88–94%) with very high diastereoselectivity
(>20 : 1 dr) and good to excellent enantioselectivity (88–98%
ee, Scheme 2).

It is very important to note that the reactions of C-3 aryl
substituted pyrazolone 4,5-diones (2b and 2c) proceeded
smoothly to afford the corresponding desired spirooxindole
dihydrofuran pyrazolones (3n, 3o, 3p and 3q) in excellent
yields (up to 93%) with very high diastereoselectivity (>20 : 1
dr) and enantioselectivity (up to 97% ee), while the reaction of
3-isopropyl-1-phenyl-1H-pyrazole-4,5-dione 2f with MBH car-
bonates (1a, 1j, 1l) afforded the corresponding products (3u,
3v, 3w) in very good yields (up to 90%) with very good stereo-
selectivity (>20 : 1 dr, up to 88% ee). It is significant to note

Scheme 1 Substrate scope for isatin derived MBH-carbonates.a–d

Reaction conditions: aUnless otherwise mentioned, all the reactions
were carried out with 1 (1 equiv.), 2 (1 equiv.), Cat. C6 (20 mol%) in
1.0 mL of solvent at a specified temperature for the specified time.
bIsolated yield after column chromatography. cDiastereomeric ratio was
determined by 1H NMR. dEnantiomeric excess was determined by HPLC
using the chiral stationary phase.
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that the aryl moiety substituted at the C-3 position of pyrazo-
lone 4,5-diones afforded the desired products in higher stereo-
selectivity in comparison with the aliphatic group substituted
at the C-3 position. Our repeated attempts to synthesize
N-alkyl pyrazolone 4,5-dione derivatives were unsuccessful.
The molecular structure of compound 3a was established
unambiguously using single-crystal X-ray diffraction analysis
and it was established as 2R,3S (Scheme 1).15

Based on previous literature reports12,13 and our experi-
mental observation the plausible catalytic cycle for the asym-
metric cycloaddition reaction is depicted in Scheme 3.

Initially, the catalytic cycle is initiated by the nucleophilic
attack of the chiral tertiary amine catalyst on 1 to form the
corresponding quaternary ammonium salt I by liberating
carbon dioxide and tert-butoxide. This intermediate I further
reacts with the in situ generated tert-butoxide to form a reactive
allylic nitrogen ylide II intermediate. Then the C-4 position of
pyrazolone 4,5-dione 2 is attacked by the intermediate II (via
γ-position) to give the corresponding intermediate III.
Subsequently the intermediate III undergoes intramolecular
cyclization to form compound 3 and regenerates the catalyst to
complete the catalytic cycle.

In order to demonstrate the synthetic potential of this pro-
tocol, Suzuki coupling was performed on compound 3d
(Scheme 4). The reaction of methoxyphenyl boronic acid 4a
with 3d in the presence of Pd(PPh3)4 and K3PO4 at 80 °C furn-

ished the corresponding product 5ad in high enantioselectivity
and diastereoselectivity (91% ee, >20 : 1).

Conclusions

In summary, we have developed a highly diastereoselective and
enantioselective [3 + 2]-annulation between isatin-derived
Morita–Baylis–Hillman adducts and pyrazolone 4,5-diones to
access enantiopure spirooxindole dihydrofuran fused pyrazo-
lones. In the presence of a tertiary amine catalyst, a wide range
of highly functionalized spirooxindole dihydrofuran fused pyr-
azolones containing two vicinal spiro-quaternary chiral centers
were successfully obtained with excellent stereoselectivity.
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Scheme 2 Substrate scope for pyrazolone 4,5-diones.a–d Reaction
conditions: aUnless otherwise mentioned, all the reactions were carried
out with 1 (1 equiv.), 2 (1 equiv.), Cat. C6 (20 mol%) in 1.0 mL of solvent
at a specified temperature for the specified time. bIsolated yield after
column chromatography. cDiastereomeric ratio was determined by
1H NMR. dEnantiomeric excess was determined by HPLC using the chiral
stationary phase.

Scheme 3 Proposed catalytic cycle for the asymmetric [3 + 2] cyclo-
addition reaction.

Scheme 4 Application-Suzuki coupling reaction.
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An easy and practical approach to access
multifunctional cylcopentadiene- and
cyclopentene-spirooxindoles via [3 + 2]
annulation†

Prakash K. Warghude, a Abhijeet S. Sabale,a Ruchi Dixit,b,c Kumar Vanka b,c and
Ramakrishna G. Bhat *a

A highly regioselective [3 + 2] annulation of Morita–Baylis–Hillman (MBH) carbonates of isatin with

aurone/thioaurone is developed. Spiroheterocycles such as spirooxindole cyclopentadiene and spirooxin-

dole fused hydroxy cyclopentene derivatives are constructed in one pot by exploring the reactivity of

Lewis bases. Combined experimental and density functional theory (DFT) calculations offered an insight

into the reaction mechanism.

Introduction

The construction of multifunctional spirocyclic frameworks is
of great interest in the field of asymmetric synthesis.1 More
importantly, spirooxindole scaffolds have received great atten-
tion, due to their presence in numerous natural products and
pharmaceutical compounds.2,3 Their unique three-dimen-
sional structure and potential pharmacological significance
has paved the way for the development of effective methods
for the synthesis of molecules containing spiro-carbocyclic
and spiro-heterocyclic oxindole scaffolds.4 Among the carbo-
cyclic oxindoles, the spirocyclopentane oxindole skeleton
exists in a variety of naturally occurring bioactive compounds
such as notoamide A, (−)-paraherquamide A and cyclopiamine
B (Fig. 1).5 Due to their biological significance, enormous
efforts have been focused on the racemic and enantioselective
synthesis of the spirocyclic architecture.4 Though there are
many elegant reports on the synthesis of spirocarbocylic
scaffolds, the synthesis of densely functionalized spirocyclo-
pentadiene oxindole derivatives is rare in the literature.6 In
2011, Chen and co-workers reported the asymmetric synthesis
of spirocyclic 2-oxindoles incorporating a cyclopentadiene

motif using Morita–Baylis–Hillman carbonates of isatins with
propargyl sulfones under β-ICD catalysis.6a Later, the same
group developed the chiral tertiary-amine catalyzed enantio-
selective [3 + 2] annulation of Morita–Baylis–Hillman carbon-
ates of isatins with nitroolefins to construct spirooxindole
cyclopentadiene.6b In a recent article, Cui and Chen reported
the enantioselective synthesis of spiro-cyclopentene/cyclopen-
tadiene-oxindoles through an asymmetric [3 + 2] cycloaddition
of isatin-derived MBH carbonates and β,γ-unsaturated α-keto
esters.6c

Recently, isatin based Morita–Baylis–Hillman (MBH) car-
bonates have emerged as versatile and useful building blocks
for the synthesis of highly functionalized spirocyclic oxindole
architectures.7 The basic approach in this process involved the
nucleophilic attack of a Lewis base (tertiary amine or phos-
phine) on MBH carbonates of isatin to generate a highly reac-
tive 1,3-dipole namely a zwitterionic allylic ylide in situ. This
allylic ylide further undergoes diverse annulation reactions

Fig. 1 Natural products containing spirooxindole and spirocyclic
benzofuranones.

†Electronic supplementary information (ESI) available. CCDC 2067873, 2067874,
2067877 and 2067878. For ESI and crystallographic data in CIF or other elec-
tronic format see DOI: 10.1039/d1ob00514f
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4338 | Org. Biomol. Chem., 2021, 19, 4338–4345 This journal is © The Royal Society of Chemistry 2021

Pu
bl

is
he

d 
on

 2
1 

A
pr

il 
20

21
. D

ow
nl

oa
de

d 
by

 I
nd

ia
n 

In
st

itu
te

 o
f 

Sc
ie

nc
e 

E
du

ca
tio

n 
&

 R
es

ea
rc

h 
Pu

ne
 o

n 
6/

20
/2

02
5 

12
:5

1:
17

 P
M

. 

View Article Online
View Journal  | View Issue

www.rsc.li/obc
http://orcid.org/0000-0002-6822-9755
http://orcid.org/0000-0001-7301-7573
http://orcid.org/0000-0002-7739-9553
http://crossmark.crossref.org/dialog/?doi=10.1039/d1ob00514f&domain=pdf&date_stamp=2021-05-13
https://doi.org/10.1039/d1ob00514f
https://pubs.rsc.org/en/journals/journal/OB
https://pubs.rsc.org/en/journals/journal/OB?issueid=OB019019


with different electrophilic substrates to give structurally
unique spirooxindole derivatives.8

Spirocyclic benzofuranones are privileged structural motifs
found in natural and synthetic molecules that have remarkable
biological properties (Fig. 1).9 Griseofulvin is an orally active
antifungal medication used to treat different types of dermato-
phytoses.9a The spiro[benzofuran-2,1′-isobenzofuran]-3,3-dione
is active against type B influenza virus.9b In addition, the spiro-
cyclohexane benzofuran-3-one core belongs to the polyketide
leptosphaerin C class, exhibiting antifungal activity.9c

Surprisingly, in spite of high biological significance, the
number of reports on the synthesis of spirocyclic benzofura-
nones are limited in the literature.10

Therefore, the development of an effective and practical
method is in high demand. The key precursor for the prepa-
ration of spirocyclic benzofuranones is 2-benzylidenebenzo-
furan-3(2H)-one (aurone) that is also present in a number of
natural and synthetic products.11 The class of aurones are easy
to prepare and their derivatives have been employed in various
cycloaddition reactions to construct complex spirohetero-
cycles.12 In 2014, Zhao and co-workers disclosed the NHC cata-
lyzed asymmetric [3 + 2] annulation of aurone and
α,β-unsaturated aldehydes to access spiroheterocycles.12a

Likewise, other research groups have explored similar
approaches of [3 + 2] and [3 + 4] cycloaddition reactions of
aurones utilizing asymmetric NHC catalysis.12b,c Later, Li and
Cheng reported the enantioselective [4 + 2] cycloaddition of
allenoates with 2-olefinic benzofuran-3-ones in the presence of
a chiral Lewis base catalyst.12d Recently, Lan, Ullah and Lu
developed the regiodivergent [3 + 2] annulation of aurones and
allenoates under chiral dipeptide phosphine catalysis.12e

Despite these recent advances in annulation reactions, the
cycloaddition of aurones with MBH carbonates of isatin has
rarely been explored.12f Similarly, thioaurone, the sulphur ana-
logue of aurone, is also utilized as an excellent electrophilic
substrate for various cycloaddition reactions.13

In this context, we envisioned that aurones and thioaurones
could be employed as suitable C2 synthons in [3 + 2] annula-
tion with MBH carbonates of isatin to construct structurally
diverse and multi-functionalized spiro fused carbopentacyclic
scaffolds using a suitable Lewis base organocatalyst. Herein,
we report the one pot synthesis of spirooxindole cyclopenta-
diene and spirooxindole fused hydroxy cyclopentene deriva-
tives in a practical manner.

Results and discussion

In order to validate the hypothesis, we commenced with the
reaction of MBH carbonate 1a and aurone 2a as model sub-
strates in the presence of DMAP (20 mol%) in dichloro-
methane at room temperature. Interestingly, the reaction
afforded the unexpected spiro cyclopentadiene oxindole 3a in
65% yield and the anticipated compound 3a′ was not obtained
(Table 1, entry 1). A literature survey revealed that the synthesis
of the spirocyclopentadiene scaffold has been rarely

attempted.6 In this regard, we planned further optimization of
reaction conditions. Several attempts of enantioselective syn-
thesis of spiro cyclopentadiene oxindole 3a using 1a and 2a in
the presence of a chiral DMAP derived catalyst did not work
under various reaction conditions (see the ESI, Appendix I,
page S5†). Later, we switched our attention to screen chiral
quinine based organocatalysts. Unfortunately, even these cata-
lysts did not afford the desired product (see the ESI, Appendix
I, page S5†). After exhaustive screening with various chiral cata-
lysts and reaction conditions we focussed our attention further
on optimizing the reaction conditions for the racemic syn-
thesis of spirooxindole cyclopentadiene 3a. The reaction of 1a
and 2a in the presence of PPh3 as a catalyst did not afford the
desired product 3a even after prolonged reaction time (Table 1,
entry 2). Later, we turned our attention towards tertiary amine
catalysts for the desired transformation. The independent reac-
tions of 1a and 2a in the presence of 1,4-diazabicyclo[2.2.2]
octane (DABCO) and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)
afforded the spirooxindole cyclopentadiene 3a in 40% and
55% yields, respectively (Table 1, entries 3 and 4). Based on
the initial results, DMAP proved to be a suitable catalyst for
the desired transformation. In order to optimize the reaction
conditions further, we screened different solvents such as
chloroform, toluene, ethyl acetate, THF and acetonitrile in the
presence of 20 mol% of DMAP (Table 1, entries 5–9). Among
all, acetonitrile proved to be the optimum solvent by providing
the desired product 3a in 76% yield (Table 1, entry 9). Further
reduction in catalyst loading (15 mol% DMAP) drastically
lowered the yield of spirooxindole 3a (40%, Table 1, entry 10).
We observed that lowering the reaction temperature to 0 °C
significantly lowered the yield of 3a (30%, Table 1, entry 11).
Based on the screening, MBH carbonate 1a (1 equiv.), aurone
(1.2 equiv.) and DMAP (20 mol%) in acetonitrile proved to be

Table 1 Optimization of the reaction conditionsa,b,c

Entry Catalyst (mol %) Solvent Time (h) Yieldb (%)

1 DMAP (20) CH2Cl2 24 65
2 PPh3 (20) CH2Cl2 48 NR
3 DABCO (20) CH2Cl2 24 40
4 DBU (20) CH2Cl2 24 55
5 DMAP (20) CHCl3 24 68
6 DMAP (20) Toluene 24 70
7 DMAP (20) Ethyl acetate 24 72
8 DMAP (20) THF 24 68
9 DMAP (20) CH3CN 24 76
10 DMAP (15) CH3CN 24 40
11c DMAP (20) CH3CN 24 30

a Reaction conditions: the reactions were carried out with 1a
(0.115 mmol, 40 mg), 2a (0.138 mmol, 31 mg), and Cat. (20 mol%) in
2.0 mL of solvent at room temperature for the specified time. b Isolated
yield after purification by column chromatography. c Reaction at 0 °C.
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the optimum reaction conditions for [3 + 2] annulation fol-
lowed by ring opening to access the desired product 3a.

After establishing the optimum reaction conditions, we
explored the substrate scope for the synthesis of new spiro-
oxindole cyclopentadiene derivatives via [3 + 2] cycloaddition.
To begin with, we synthesized various isatin based MBH carbo-
nates8g (1a–1j) and substituted aurones10g (2a–2t). Having
obtained different substrates, we further investigated the sub-
strate scope of various MBH carbonates (1a–1j) with aurone 2a
under the optimized reaction conditions. We observed that all
the MBH carbonates (1a–1j) reacted smoothly with aurone 2a
to furnish the corresponding spirooxindole cyclopentadienes
(3a–3j) in very good yields (up to 82%, see Scheme 1). We
observed that all the reactions proceeded smoothly irrespective
of the electron-donating (CH3 and OCH3) and electron-de-
activating/withdrawing (Br, Cl, F, and NO2) nature of substitu-
ents at different positions on the aryl ring of MBH carbonates.
Likewise, N-allyl and N-benzyl protected MBH carbonates (1i
and 1j) reacted smoothly to furnish the spirooxindole cyclo-
pentadienes 3i and 3j in 60% and 40% yield, respectively
(Scheme 1). Furthermore, the molecular structure of com-
pound 3a was established unambiguously using single-crystal
X-ray diffraction analysis.18

After the initial success, we further investigated the sub-
strate scope of various aurones (2b–2s) with MBH carbonate 1a
under the standard reaction conditions (Scheme 2).
Gratifyingly, all the reactions proceeded smoothly to afford the
corresponding [3 + 2] annulation products 3j–3at in moderate
to good yields (50–81%, Scheme 2). It is important to note that
both electron donating (CH3 and OCH3) and electron de-
activating/withdrawing (F, Cl, Br, CF3, CN, and NO2) groups at
the meta and para-positions of aurones were found to be suit-
able substrates for the desired transformation to afford 3k–3r
in moderate to good yields (63–81%, Scheme 2). To our sur-
prise, ortho-substituted aurones (2k–2m) furnished the bis-
spirocyclic compounds 3t’–3v′ (with the benzofuran-3(2H)-one
ring intact) in moderate yields (up to 54%) under optimized
reaction conditions (Scheme 2). Also, the molecular structure
of compound 3v′ was established unambiguously using single-

crystal X-ray diffraction analysis.19 Later, we observed that reac-
tion at elevated temperature (up to 70 °C) delivered the spiro-
cyclopentadienes 3t–3w (benzofuran-3(2H)-one ring opened
products) in moderate to good yields (up to 72%). However,
the substrate containing a relatively less bulky and more elec-
tron deactivating fluoro group (2i) at the ortho position of
aurone furnished the spirooxindole cyclopentadiene product
3s (benzofuran-3(2H)-one ring opened product) in good yield
at room temperature (74%, Scheme 2), while the disubstituted
aurones reacted smoothly to afford the products (3x–3z) in
moderate yields (up to 64%, Scheme 2). Moreover, the sub-
strates containing heteroaryl moieties such as furyl and
thienyl moieties gave the corresponding products 3ar and 3as
in satisfactory yields (51% and 50%, Scheme 2). However, the
alkyl substituted derivative 2t did not work under the opti-
mized reaction conditions (Scheme 2).

Based on the experimental results, previous literature
reports7,8 and quantum chemical calculations that we have
carried out, the plausible catalytic cycle is depicted in

Scheme 1 Substrate scope for isatin derived MBH-carbonates.
Reaction conditions: the reactions were carried out with MBH carbonate
of isatin 1 (0.115 mmol), aurone 2a (0.138 mmol), and DMAP (20 mol%)
in 2.0 mL of MeCN at room temperature; Isolated yield after column
chromatography. 50 mol% DMAP.

Scheme 2 Substrate scope of aurones. Reaction conditions: the reac-
tions were carried out with MBH carbonate of isatin 1a (0.115 mmol),
aurone 2 (0.138 mmol), and DMAP (20 mol%) in 2.0 mL of MeCN at
room temperature; isolated yield after column chromatography; spiro-
cyclopentene compounds (benzofuran-3(2H)-one ring intact) formed at
room temperature; 20 mol% DMAP at 50 °C or 100 mol% DMAP;
100 mol% DMAP at 70 °C; 50 mol% DMAP at 70 °C; 30 mol% DMAP at
70 °C. DMAP: 100 mol%.
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Scheme 3. Computational calculations have been performed
using density functional theory (DFT) at the PBE/TZVP level of
theory. Based on these findings it is proposed that initially,
the nucleophilic DMAP attacks on the MBH carbonate 1a to
form the quaternary ammonium salt I with the evolution of
carbon dioxide and tert-butoxide. This process is found to be
thermodynamically unstable (ΔG = 12.7 kcal mol−1). The
in situ generated tert-butoxide in turn abstracts a proton from
the quaternary ammonium salt I to give an allylic nitrogen
ylide I′. Subsequently, ylide I′ reacts with the aurone 2c to
generate an intermediate II (reaction free energy ΔG =
−20.0 kcal mol−1). This intermediate cyclizes via a highly
favourable (ΔG = −31.0 kcal mol−1) intramolecular Michael
addition to afford the corresponding intermediate III by elimi-
nating DMAP. Furthermore, DMAP abstracts the proton from
intermediate III leading to the formation of the phenoxide
intermediate IV via ring opening. Finally, this intermediate
furnishes the desired compound 3l via protonation and regen-
eration of DMAP to complete the catalytic cycle.

Earlier we had observed that unlike para-substituted deriva-
tives, ortho-substituted aurones (MeO, Br, and Cl) required an
elevated temperature to form the corresponding spirooxindole
cyclopentadienes 3t–3v. In order to understand this obser-
vation, we also calculated the transition states and thus the
barriers, for both the cases from intermediate III to intermedi-
ate IV (see the ESI, Fig. 4a and 4b, page S13, 14†). It was
observed that the ortho-substituted aurone has a 1.2 kcal
mol−1 higher energy barrier than the para derivative.
Furthermore, the turnover frequency (TOF) values indicate that
the mechanism with the para-substituted aurone is approxi-
mately 6.4 times more efficient than that with the ortho-substi-
tuted aurone (see the ESI, Appendix II, page S11†).

Thioaurone, 2-arylidenebenzo[b]thiophen-3(2H)-one, is a
sulphur analogue of aurone and its derivatives have been used
in photoswitchable materials14 and dyes,15 and also thioaur-
ones show cytotoxic activity against the HeLa cell line.16 In

addition, thioaurones have been effectively used as Michael
acceptors in different cycloaddition reactions.13 Interestingly,
the application of thioaurone in Morita–Baylis–Hillman chem-
istry has not been explored yet. Also, the synthesis of sulfur
analogues of bioactive spirocyclic aurones may be of great
interest due to their biological relevance. In this regard, we
became interested in exploring the synthesis of thioaurones
(sulfur analogues of aurones) via [3 + 2] annulation reaction.
In order to explore the synthesis of spirocyclic benzothiofura-
nones, we prepared a series of (Z)-2-benzylidenebenzo[b]thio-
phen-3(2H)-ones (2aa–2ah) following a reported procedure.20

Initial attempts to synthesize the desired spirocyclic benzothio-
furanones (4a′) were unsuccessful under the optimized reac-
tion conditions explored for the synthesis of spirocyclic cyclo-
pentadiene derivatives 3 (Table 2, entry 1). To our dismay, we
did not observe any desired product (4a′) formation with the
increase in DMAP loading (50 mol%) even after prolonged
reaction time (Table 2, entry 2). Interestingly, the stoichio-
metric amount of DMAP (100 mol%) furnished an unantici-
pated spirooxindole fused benzo[b]thiophen-3(2H)-one 4a in
30% yield with high diastereoselectivity (>20 : 1) and we did
not observe the target compound 4a′ (Table 2, entry 3). The
bis-spiro compound 4a with three contiguous chiral centres
with a tertiary hydroxyl group is an unusual and complex
scaffold to build from the synthesis point of view. Also, this
non-natural and multifunctional bis-spirocyclic hybrid com-
pound containing a useful skeleton such as cyclopentene,
isatin and benzothiofuranone may be of greater biological sig-
nificance. This result prompted us to take further interest in
optimizing the reaction conditions. The reaction in the pres-
ence of 1,4-diazabicyclo[2.2.2]octane (DABCO) gave the desired
product 4a in 10% yield (Table 2, entry 4).

Scheme 3 Proposed reaction mechanism for the formation of spiro-
oxindole cyclopentadiene.

Table 2 Optimization of the reaction conditionsa,b,c,d,e

Entry Base (mol%) Solvent Time (h) drc Yieldb (%)

1 DMAP (20) CH3CN 72 — NR
2 DMAP (50) CH3CN 72 — NR
3 DMAP (100) CH3CN 48 >20 : 1 30
4 DABCO (100) CH3CN 72 >20 : 1 10
5 DBU (100) CH3CN 24 >20 : 1 56
6 DBU (100) CHCl3 24 >20 : 1 40
7 DBU (100) Toluene 24 >20 : 1 42
8 DBU (100) THF 48 >20 : 1 20
9 DBU (100) DMF 36 >20 : 1 50
10d DBU (100) CH3CN 24 >20 : 1 52
11e DBU (100) CH3CN 48 >20 : 1 20
12 DBU (50) CH3CN 72 >20 : 1 30

a Reaction conditions: the reactions were carried out with MBH car-
bonate 1a (0.115 mmol), thioaurone 2aa (0.138 mmol), and a base
(0.115 mmol) in 2.0 mL of MeCN at room temperature. b Isolated yield
after column chromatography. cDetermined by 1H NMR. d At 70 °C.
e At 0 °C.
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Gratifyingly, 1,8-diazabicyclo (5.4.0)undec-7-ene (DBU) in
acetonitrile at room temperature afforded the desired spiro-
oxindole 4a in 56% yield (Table 2, entry 5). Among all the sol-
vents screened acetonitrile proved to be the optimum solvent
for the desired transformation (Table 2, entries 6–9). Further
increase in the reaction temperature did not improve the yield
of spirooxindole 4a (Table 2, entry 10), while the lowering of
the reaction temperature (0 °C) significantly reduced the yield
of 4a (20%, Table 2, entry 11). We observed that reduction in
the loading of DBU (50 mol%) resulted in a lower yield of
spirooxindole 4a (Table 1, entry 12). Based on the screening,
MBH carbonate 1a (1 equiv.), thioaurone (1.2 equiv.) and DBU
(100 mol%) in acetonitrile proved to be the optimum reaction
conditions for [3 + 2] annulation to access spirooxindole fused
benzo[b]thiophen-3(2H)-one 4a.

Having standardised the optimum reaction conditions, we
explored the substrate scope for the generality of the protocol.
The reaction of various MBH carbonates of isatin (1a–1i) with
different thioaurones (2aa–2ha) afforded the corresponding
[3 + 2] annulation-hydroxylation products (4a–4i) in moderate
yields with high diastereoselectivity (up to 56%, >20 : 1,
Scheme 4). We observed that, both electron-donating (CH3,
OCH3) and electron deactivating/withdrawing (Br, Cl, F, and
NO2) substituents at different positions on the aryl ring of
MBH carbonates did not have a significant effect on the yield
and reaction time. However, the trend of an insignificant vari-
ation in the yields of 4a–4h was probably due to the stereoelec-
tronic effect of substituted functional groups. Likewise, N-allyl
protected MBH carbonate 1i reacted smoothly to furnish the
corresponding spirooxindole fused benzo[b]thiophen-3(2H)-
one 4i in 46% yield (Scheme 4).

Later, we investigated the substrate scope of various
thioaurones (2ba–2ha) with MBH carbonate 1a under the stan-
dard reaction conditions (Scheme 4). Gratifyingly, all the reac-
tions proceeded smoothly to afford the corresponding [3 + 2]
annulation-hydroxylation products 4j–4p in moderate yields
(up to 54%, Scheme 4). Even the reaction of a thioaurone
derivative with a 3,4-disubstituted aryl group with 1a
proceeded smoothly to furnish the desired product 4p
(Scheme 4). It is important to note that substrates containing
electron-donating/-withdrawing groups at the para and
meta-positions of the aryl moiety of thioaurones reacted
smoothly, while the ortho-substituted and heteroaryl thioaur-
ones did not react under the optimized reaction conditions.
We observed that all the spirooxindole fused benzo[b]thio-
phen-3(2H)-ones (4a–4p) were obtained with high diastereo-
selectivity (>20 : 1 dr). Furthermore, the molecular structure of
compound 4a was established unambiguously using single-
crystal X-ray diffraction analysis.21 Based on analogy and other
spectroscopic data, the structures of all other products were
deduced.

Furthermore, we carried out control experiments to under-
stand the plausible mechanistic pathway of [3 + 2] annulation-
hydroxylation reaction (Scheme 5). The addition of the radical
scavenger 2,2,6,6-tetramethylpiperidinooxy (TEMPO) or buty-
lated hydroxytoluene (BHT) under standard conditions did not
inhibit the reaction and 4a was obtained in 52% and 50%
yield, respectively. These experimental results ruled out the
involvement of a free-radical intermediate in this transform-
ation. When we performed the reaction under an inert atmo-
sphere, a trace amount of 4a was obtained, thus supporting
the essential requirement of molecular oxygen for this trans-
formation. In order to gain further insight into the source of
oxygen incorporation, we performed the labelling experiment
using 18O2. We observed the incorporation of labelled oxygen
in the desired product 4aa, thus supporting the essential role

Scheme 4 Substrate scope of MBH carbonates and thioaurones.
Reaction conditions: the reactions were carried out with MBH carbonate
1a (0.115 mmol), thioaurone 2aa (0.138 mmol), and DBU (0.115 mmol) in
2.0 mL of MeCN at room temperature. Isolated yield after column
chromatography. Diastereomeric ratio >20 : 1 in all cases and deter-
mined by 1H NMR. DBU: 2.0 equiv. Scheme 5 Control experiments.
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of oxygen in the desired transformation (confirmed by HRMS,
see the ESI, page S7†).

In accordance with previous reports8 and based on our
experimental results, and quantum chemical calculations
(DFT-PBE/TZVP level of theory) a plausible mechanism is
described in Scheme 6. The reaction is initiated by the nucleo-
philic attack of DBU on MBH carbonate 1a to generate qua-
ternary ammonium salt A with the liberation of CO2 and tert-
butoxide. As the intermediate A is relatively thermo-
dynamically unstable (ΔG = 10 kcal mol−1) it reacts with the
in situ generated tert-butoxide to form an ylide. Then thioaur-
one 2aa quickly reacts with the in situ generated ylide via
favourable α-regioselective attack22 to give intermediate B with
a reaction free energy ΔG = −16.6 kcal mol−1. Furthermore, the
intermediate B undergoes intramolecular cyclization (ΔG =
−7.0 kcal mol−1) to form the spirocyclic intermediate C. Then
this spirocyclic intermediate C undergoes a 1,3 proton shift to
give the highly reactive intermediate D.8c This undergoes facile
conversion to afford the corresponding spirocyclic intermedi-
ate E (ΔG = −21.9 kcal mol−1; confirmed by HRMS, ESI, page
S8†) by the elimination of DBU. Subsequently, the enolate
intermediate F is formed during the course of reaction by the
abstraction of an acidic proton by DBU.

The anionic intermediate F further reacts with oxygen (air)
to give the peroxide anionic intermediate G, which in turn
quickly abstracts the acidic proton (alpha to ester) from inter-
mediate E to form the hydroperoxide intermediate H along
with the generation of intermediate F. This reaction step
proved to be highly facile as is evident from the reaction free

energy value (ΔG = −20.4 kcal mol−1). Finally, the enolate F
attacks on the weak peroxide bond of a highly reactive inter-
mediate H to furnish the final product 4a.17

Conclusions

In summary, we have developed a protocol for the synthesis of
cyclopentadiene- and cyclopentene-spirooxindole derivatives
in a practical manner. We have successfully employed aurones
and thioaurones as suitable C2 synthons in [3 + 2] annulation
with MBH carbonates of isatin to construct structurally diverse
and multi-functionalized spiro fused carbopentacyclic
scaffolds using a suitable Lewis base. The structurally similar
aurone and thioaurone showed different reactivities under
different bases to afford spirooxindole fused cyclopentadiene
and spirooxindole fused hydroxy cyclopentene derivatives,
respectively. The experimental findings were further corrobo-
rated by DFT calculations to support the probable mechanism
of the annulation reaction.
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The Reactivity of Acceptor-Acceptor Diazo Pyrazolones with Allyl
Thioethers under Visible Light: Access to Homoallyl Sulfides,
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ABSTRACT: The novel reactivity of a less selective and more
reactive acceptor-acceptor kind of diazo pyrazolone (DIPOL) has
been explored under visible light for the first time. We have
successfully demonstrated the reaction of DIPOL and different allyl
thioethers under blue light to construct a wide variety of products
including a pesticidal analogue exclusively in excellent chemo-
selectivity in good to excellent yields. Moreover, possible side
products emanating from ketene were not observed. This protocol
works smoothly in an environmentally benign solvent under inert
free conditions. The practicality of the protocol has been extended to
a photoflow reaction, and also, the reaction works smoothly under
the direct exposure of sunlight.

The pyrazolone framework is a privileged structural motif
and has been widely utilized in dyes as well as bioactive

and pharmaceutical compounds due to its versatility and
applicability in diverse fields.1,2 This interesting scaffold is
known to exhibit anti-inflammatory, antitumor, neuroprotec-
tive, antibacterial, antifungal, and antipyretic properties, and
the newer pyrazalone derivatives have garnered a lot of interest
in the pharmaceutical sector (Figure 1).3 Spiropyrazolone
derivatives are known to elicit anti-HIV properties, and they
are also proven type-4 phosphodiesterase inhibitors (Figure
1).4

Likewise, diazo compounds are also known for their versatile
reactivity to access different useful scaffolds in organic
synthesis.5 In particular, the cyclic diazo compounds have
received special attention, as they are capable of showcasing
intra/intermolecular reactivity under different catalytic con-
ditions. Cyclic diazo compounds have been explored for C−H
bond functionalization, cycloaddition, and rearrangement
reactions, etc.6 Surprisingly, the acceptor-acceptor cyclic
diazo pyrazolone scaffold and its reactivity have been rarely

explored through transition metal catalysis (Scheme 1A).7

Moreover, the reactivity of diazo pyrazolones (DIPOL) under
the irradiation of visible light or photolysis to generate carbene
is unknown in the literature (Scheme 1A).8

The Doyle-Kirmse (D-K) reaction of diazo compounds and
allylic sulfides under transition metal catalysis is known to
furnish products via [2,3]-sigmatropic rearrangement of allyl
sulfonium ylides formed in situ. Generating the allyl sulfonium
ylides efficiently via D-K reaction is very useful and has been
explored to construct bioactive compounds and natural
products.9 The D-K reaction has been extensively studied on
different types of donor,10 acceptor,11 and donor−acceptor12

diazo compounds (Scheme 1B). However, to the best of our
knowledge, none of the acceptor-acceptor classes of diazo
compounds have been explored for the D-K reaction until date
probably due to their reactivity (Scheme 1C).

Recently, Xiao and Gryko have independently reported the
visible-light-mediated D-K reaction with allyl phenyl sulfide
and propargyl phenyl sulfide to access the [2,3]-sigmatropic
rearrangement D-K reaction (Scheme 1D).13 However, these
interesting and elegant protocols rely on halogenated solvent,
inert atmosphere, and a super stoichiometric amount of allyl
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Figure 1. Functionalized pyrazolone and spiropyrazolone.
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thioethers and require a portion-wise addition of acceptor−
donor diazo compound.

Owing to the importance of pyrazolones, we hypothesized
that acceptor-acceptor diazo compounds such as DIPOLs may
react under visible light. We believed that visible light of a

suitable wavelength may assist dinitrogen extrusion to form a
carbene intermediate, which in turn may undergo a D-K
reaction with various allyl thioethers to furnish pyrazolone
derivatives.14

Scheme 1. Carbene Surrogates and Their Reactivity under Visible Light Diazo Pyrazolones (DIPOL)

Table 1. Optimization Studies of the Visible-Light-Mediated Doyle-Kirmse Reactiona

Entry Deviations from tested conditionsa Yieldb (%) of 3aa

1 None 28(26)
2d ACN 60
3d 427 nm blue LEDs 68
4d No light, 82 °C NR
5d 427 nm, AgSbF6 86
6d 427 nm, Cu(ACN)4PF6 93(91)
7d No light, Cu(ACN)4PF6, 82 °C NR

aReaction conditions: DIPOL 1a (0.2 mmol, 1.0 equiv), allyl phenyl sulfide 2a (0.24 mmol, 1.2 equiv), EtOAc (c = 0.2 M), irradiated with blue
LEDs (60 W) at room temperature (27 °C), 16 h. bYields of 3aa were determined by 1H NMR spectroscopic analysis of the reaction mixture using
1,3,5-trimethoxybenzene as the internal standard. cIsolated yield of the products was given in the parentheses. dA. R. grade ACN was used. NR =
No reaction.
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In order to validate our hypothesis, we commenced with a
model reaction of diazo edaravone (DEDA) 1a and allyl
phenyl sulfide 2a in EtOAc under the irradiation of blue LED
light (60 W). Gratifyingly the reaction afforded the desired
product 3aa in modest yield (26%, Table 1, Entry 1).
Interestingly, we did not observe any rearrangement products
emanating through ketene. Encouraged by the initial result, we
carried out further optimization by screening different solvents
(see SI, Table S1, page 11). Among all, ACN proved to be the
most advantageous to afford the desired product 3aa in
moderate yield (60%, Table 1, Entry 2). Halogenated solvents
(DCM, CHCl3) and polar aprotic solvents with nucleophilic
sites such as THF or 1,4-dioxane proved to be incompatible
(see SI, and Table S1). The reaction in polar protic solvents
(H2O, MeOH, EtOH) worked very sluggishly to afford the
desired product in poor yields (up to 14%, 30 h, see SI Table
S1). Later, we screened different light sources of specific
wavelength, and among all, 427 nm blue LEDs proved to be
the best for the efficient transformation to obtain the desired
product 3aa in higher yield in lesser time at rt (Table 1, Entry
3). The reaction in the absence of light (at room temperature
as well at an elevated temperature of 82 °C) did not afford the
desired product 3aa (Table 1, Entry 4). Surprisingly, among all
the additives, silver and copper salts enhanced the yield of 3aa
significantly (Table 1, Entries 5, 6). To confirm the exact role
of a copper complex whether it acts as an additive or as a
catalyst (which may form a copper-carbenoid with 1a), we
performed the reaction of 1a and 2a in the presence of
Cu(ACN)4PF6 from rt to 82 °C (absence of light) in ACN
(Table 1, Entry 7).

However, the reaction did not afford 3aa, thus ruling out the
formation of copper carbenoids, if any (thermal process).
Based on the exhaustive screening, 1a (1 equiv), allyl phenyl
sulfide 2a (1.2 equiv), and Cu(ACN)4PF6 (10 mol%) in ACN
under blue LEDs (427 nm) at room temperature proved to be
the optimum conditions to access 3aa (Table 1, Entry 6).

Having optimized the reaction conditions so as to generalize
the protocol, we explored the diverse substrate scope of allyl
thioether (Scheme 2). In this regard, we synthesized a variety
of thioethers 2b−2q having saturated, unsaturated, cyclic, and
acyclic groups. Initially, we focused on para-substituted-aryl
sulfides and, upon treatment with DEDA 1a under the
optimized reaction conditions, successfully furnished the
corresponding rearrangement products 3ab−3af (up to 91%,
Scheme 2). It is observed that the electron donating as well as
electron withdrawing substituents on allyl phenyl sulfide
furnish corresponding products 3ab (91%) and 3ac (29%) in
excellent and modest yield respectively. This may be due to the
influence of the electronic factor on the varied nucleophilicity
of the sulfur atom. The allyl sulfide having deactivating groups
(F, Cl, and Br) also worked well to afford the desired products
(3ad−3af) (up to 88%). The heteroaromatic, benzylic, and
cyclohexyl, long-chain-alkyl-derived allyl sulfides afforded the
desired products (3ag, 3aj, 3ak, 3al), while the 4-pyridyl (2h)-
and 2-imidazolyl (2i)-derived allyl sulfides did not react
probably due to the lesser nucleophilic reactivity of sulfur
(Scheme 2).

Allyl thioether containing terminal alkenes (2m−2o) also
worked smoothly to furnish the corresponding products 3am−
3ao in very good yields (up to 86%). Gratifyingly, we did not
observe any cyclopropanation side products emanating from
the reaction of carbene and alkene. The phenyl propargyl
thioether (2p) worked well to give the corresponding 3ap in

excellent yield (up to 91%). However, allyl phenyl ether 2q
under optimized conditions did not react to afford desired 3aq
(Scheme 2).

Later, we synthesized a variety of diazo pyrazolones (1a−1r)
and explored their reactivity. Substrates containing substituents
on N1 of DIPOL upon treatment with allyl phenyl sulfide 2a
afforded the corresponding desired products 3ba−3da in
moderate to excellent yields (Scheme 3). Variation in the

Scheme 2. Substrate Scope of Allyl Thioethers

Scheme 3. Substrate Scope of Diazopyrazolone
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outcome of yields is attributed to the ability to stabilize the
negative charge of the ylide species during the course of the
reaction. Aryl, heteroaryl substituents on C3 of N-phenyl diazo
edaravone reacted smoothly with allyl phenyl sulfide 2a to
afford the corresponding desired products 3ea−3la in
moderate to good yields (up to 76%, Scheme 3). Gratifyingly,
bulky naphthyl derivatives as well as dioxalane-derived
substrates tolerated the reaction conditions well (3ka, 3la).
More importantly, unprotected as well as protected pyrazolone
derivatives reacted smoothly with 2a to afford the correspond-
ing products (3ma−3pa) in good to very good yields (up to
80%, Scheme 3). It is important to highlight that many
bioactive scaffolds need a free NH group for hydrogen bonding
for eliciting the bioactivity, and the protocol effectively avoided
protection-deprotection as a proof of concept.

Encouraged by the initial success of the D-K reaction on the
novel pyrazolone scaffold, we planned to synthesize a range of
intriguing molecules by executing the double D-K reaction by
strategically utilizing the long chain diallyl disulfides. In this
regard, we synthesized various long-chain diallyl disulfides
(2r−2u). Interestingly, the reaction of DEDA (2 equiv) with
different diallyl disulfides (2r−2u) afforded the corresponding
desired products (3ar−3au) in good to very good yields at rt
(up to 80%) under standard conditions (Scheme 4).

Pyrazolone as well as thiopyran derivatives are known for
their potent bioactivities.3 Also, interestingly, pyrazolone fused
thiopyrans (spiropyrazolone - shown in Figure 1, Scheme 5)
are known as potent pesticides.4 Encouraged by the success
obtained through this protocol, we further planned to
synthesize a few spiropyrazolones in one pot under visible
light conditions. Gratifyingly, model substrates 1a and 2m

under the reaction conditions afforded the desired product
3am in good yield (84%). Later, 3am under Grubbs metathesis
conditions afforded the desired spiropyrazolone 4am in 85%
yield (see SI, Page S7).

Inspired by this success, we planned to execute this reaction
in one pot using a parallel synthesizer Illumin8 (450 nm blue
LEDs).15 In this regard, different DIPOLs (1a−1c, 1e, 1f, 1i,
1l), diallyl sulfide 2m, and copper catalyst (10 mol%) were
loaded in seven different reaction vessels of Illumin8 and were
irradiated by blue LEDs (450 nm, 1.5−2 h, monitored by
TLC). Afterward, the Grubbs II catalyst (10 mol%) was added
to the crude reaction mixture and stirred for 3 h at an elevated
temperature without irradiation of light. To our delight, we
obtained the corresponding spiropyrazolone products by
achieving the D-K reaction and ring closing metathesis in
one pot (4am−4cm, 4em, 4fm, 4im, 4lm) in moderate to
good yields (Scheme 5).

In order to examine the chemoselectivity of this trans-
formation, we synthesized the substrate 2v (having both O-allyl
thio- and S-allyl ether moieties) that has two potential sites to
form either a sulfur ylide or an oxygen ylide. Interestingly, the
reaction of 2v with DEDA 1a under the optimized reaction
conditions furnished the corresponding 3av exclusively as a
sole product (86% yield, Scheme 6a). This clearly indicated

that sulfur ylide is more favorable and preferred over oxygen
ylide, possibly due to the higher electronegativity of the oxygen
atom that makes the oxygen ylide relatively less stable.

Later, we synthesized compound 2w in order to examine the
competitive reaction between the Doyle-Kirmse and [2,3]-
Stevens reaction. The reaction of 1a and 2w exclusively favored
the D-K reaction over the [2,3]-sigmatropic reaction to furnish
desired product 3aw in higher yield (80% yield, Scheme 6b).

After successfully exploring the novel synthetic protocol for
achieving the D-K reaction on newer diazo scaffold, we became
intrigued in studying blue-light-induced carbene formation
under continuous-flow conditions for further application. Flow
chemistry is particularly well-suited for performing photo-
chemical transformations due to the small channel diameters
and large reaction surface area enhancing the penetration of
photons into the reaction solution. In this regard, we carefully
examined the photoflow reaction of the protocol in gram
quantity. Unlike the traditional batch process (an average
reaction time of 4.5 h), the coil reactor enabled quantitative
conversion of DEDA 1a (same light source as in the batch
Process, 427 nm) to afford the corresponding desired product
3am in excellent yield in a shorter reaction time (2 h, 90%,
Scheme 7a, see SI for details). This result clearly highlights the
potential of continuous flow processes for reaction intensifi-

Scheme 4. Double Doyle-Kirmse Rearrangement

Scheme 5. One Pot Synthesis of Spiropyrazolone

Scheme 6. Chemoselectivity: D-K vs Stevens Reaction
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cation. This application provides access to reaction parameters
that are not attainable in conventional batch chemistry.

Further in order to explore the late-stage application of this
protocol, 3am (1.55 g) was subjected to the ring closing
metathesis to obtain the compound 4am in excellent yield
(Scheme 7b). This upon treatment with m-CPBA afforded the
corresponding sulfoxidation product 5a in a 58% yield
(Scheme 7b). Later, we explored the reaction of 1a and 2m
under direct exposure of sunlight while maintaining other
optimized reaction conditions (Scheme 7c). Interestingly, we
obtained desired product 3am in good yield (70%).

In order to have some insights into the reaction pathway, we
performed a series of control experiments, and a plausible
mechanism is proposed (Scheme 8).

We have also carried out UV−visible studies and HPLC and
FT-IR studies to understand the role of copper salt as a catalyst
or additive and radical trapping experiment to study the nature
of the reaction pathway (see SI for details). Based on the
observation and available literature precedence, we propose 1a
undergoes photolysis to generate the singlet carbene, which
further reacts with 2a to afford the 3aa via [2,3]-sigmatropic
rearrangement, and the copper salt may be acting like a Lewis
acid additive, not as a catalyst.

In summary, we have successfully demonstrated novel
reactivity of an acceptor−acceptor diazo compound such as
DIPOL under visible light irradiation to achieve the Doyle-
Kirmse reaction. The bench-stable diazo pyrazolones have
been effectively employed for the double Doyle-Kirmse

reaction to access bis-allyl sulfides and spiropyrazolones
under visible light. The established protocol demonstrated a
wide substrate scope and a good functional group tolerance.
The application of the protocol was further demonstrated on a
continuous-flow setup, and the reaction also works under the
direct exposure of sunlight. The method gives access to
construct the bioactive pyrazolone fused thiopyran scaffold and
pesticide analogue framework. The protocol is also proven to
be scalable.
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ABSTRACT: Unexplored reactivity of acceptor-acceptor kind of 
diazo pyrazolones (DIPOLs) has been effectively explored for 
the synthesis of novel bench stable sulfonium ylides and alkoxy 
pyrazoles. Umpolung reactivity of DIPOL with α-thioesters/ke-
tones has been successfully tapped under ruthenium catalysis 
to achieve oxa-[2,3]-sigmatropic rearrangement. Important 
feature of this protocol is the exploration of tunable reactivity 
of DIPOL towards different thioethers to access stable sul-
fonium ylides as well as alkoxy pyrazoles. The protocol has 
demonstrated a wide functional group tolerance, excellent chemo- and regio-selectivity, and efficient rearrangement involv-
ing the carbonyl motif. As an application flow chemistry has been explored by using coil reactor as well continuous stir tank 
reactor for achieving the gram scale synthesis.   

Diazo compounds have been utilized as useful synthetic 
precursors in organic synthesis for various synthetic trans-
formations.1 Decomposition of diazo compounds by a tran-
sition-metal catalyst has been widely used as an effective 
tool to generate reactive carbene intermediate for achieving 
different novel synthetic strategies.2 Based on the substitu-
tion patterns on the diazo group, these compounds are pri-
marily categorized into three types: acceptor-only, accep-
tor-acceptor, and donor-acceptor type compounds.3 The 
substituents on the diazo group significantly influence both 
the stability and reactivity of diazo compounds, which in 
turn affects their behavior in various transformations.4 Due 
to notable differences in stability and reactivity profiles, ac-
ceptor-acceptor diazo compounds have been less exten-
sively studied compared to donor-acceptor diazo com-
pounds. Particularly, cyclic acceptor-acceptor diazo com-
pounds derived from pyarazolone scaffold are seldom ex-
plored in the literature due to its reactive nature.5 Interest-
ingly, there are many biologically active compounds that 
have pyarazolone/alkoxy pyrazoles backbone (see Figure 
1) and usually these useful compounds have been synthe-
sized using conventional synthetic approaches. 6  

Figure 1. Functionalized Pyrazolone and Alkoxypyrazole 

Diazo compounds as surrogates of carbenes have been ex-
plored efficiently for a range of transformations, including 
sigmatropic rearrangements that involve nitrogen, sulfur 
and selenium ylides formed in situ.7 In particular, sulfur 

ylides have gained significant interest due to their stability 
Scheme 1. Carbene surrogates and their reactivity under 
Ruthenium catalysis.  

and they show diverse reactivity leading to various interest-
ing and useful rearrangements. Some of the well-known sig-
matropic rearrangements are Doyle−Kirmse8 reaction and 
Stevens9 reaction that are known to proceed via [2,3] and 
[1,2]-sigmatropic rearrangements respectively. Usually, 
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these rearrangements need allyl/alkyl sulfides as reacting 
partners under metal catalysis. Interestingly, α-thiocar-
bonyl compounds in presence of Rh(II)-carbenoids lead to 
[2,3]-sigmatropic rearrangement via 1,3 - proton shift. Also, 
different diazo compounds (varied electronic property) re-
act differently with α-thiocarbonyl compounds to furnish 
interesting products. Wang and co-workers explored the 
thio Sommelet−Hauser rearrangement by treating the do-
nor-acceptor diazo compounds with α-thiocarbonyl com-
pounds under rhodium catalysis (Scheme 1Ai).10 Interest-
ingly, Anbarasan and co-workers observed the oxa-2,3-sig-
matropic rearranged products when treated the acyclic ac-
ceptor-acceptor diazo compound with α-thiocarbonyl com-
pounds under rhodium catalysis (Scheme 1Bii).11 

 
Table 1. Optimization Studies of the Sulfonium Ylide and 
Alkoxy Pyrazole Formation reaction. [a] 

 

aReaction conditions: DIPOL 1a (0.2 mmol, 1.0 equiv.), thioether 
ester 2a (0.24 mmol, 1.2 equiv.), Rh2(OAc)4 (3 mol %), EtOAc (c = 
0.1 M), at room temperature (27 °C), 12 h. bYields of 3aa were de-
termined by 1H NMR spectroscopic analysis of the reaction mixture 
using 1,3,5-trimethoxybenzene as the internal standard. c1a (1.2 
equiv.), 2a (1.2 equiv.), RuCl2(p-cymene)2 (10 mol%) in EtOAc (0.1 
M). Isolated yield of the products was given in the parentheses. NR 
= No reaction. 

 
However, these interesting protocols are limited to flexible 
acyclic diazo compounds and, they rely on elevated temper-
ature and halogenated solvent. Looking at the reactivity pat-
terns of different diazo compounds, it would be highly chal-
lenging and desirable to examine the reactivity of DIPOLs 
(acceptor-acceptor) under metal catalysis as they have been 
rarely studied in the literature. Owing to the importance of 
pyrazolone scaffold, challenging reactivity of DIPOLs and 
also inspired by earlier reports we hypothesized that 
DIPOLs could undergo reaction with thiocarbonyl com-
pounds to generate the corresponding sulfonium ylide in-
termediate in situ under suitable metal catalysis. The sul-
fonium ylide may eventually favour the sigmatropic rear-
rangement to offer the corresponding alkoxy pyrazole scaf-
fold. However, the proposed hypothesis has a few chal-
lenges to overcome based on the literature survey. Also, the 
formation of sulfur ylide from DIPOLs are also not known in 
literature thus making it difficult to predict the outcome of 
the products based on the hypothesis. Also, there are not 
many reports associated with reactivity of acceptor-accep-
tor cyclic diazo carbonyl compounds such as DIPOLs via 
metal-carbenoid reactivity. Finally, mechanistically, oxygen 
of the pyrazolone amide is relatively more nucleophilic and 

it may pose hurdle for the proposed umpolung reactivity to 
obtain the desired transformation (Scheme 2Bi, 2Bii). As 
there are no reports of cyclic as well as acyclic amide con-
taining diazo compounds, it demands a detailed and system-
atic investigation. In order to evaluate our hypothesis, we 
commenced with a model reaction using diazo edaravone 
(DEDA) 1a (1.0 equiv.) and thioether ester 2a (1.5 equiv.) 
in the presence of Rh2(OAc)4 at ambient temperature. The 
reaction did not work even under the prolonged reaction 
time (48 h) and both the substrates 1a and 2a were intact 
(Table 1, Entry 1). Later, we carried out the reaction of 1a 
and 2a in presence of Rh2(OAc)4 at an elevated temperature 
(78 °C, Table 1, Entry 2). Surprisingly, we isolated sulfonium 
ylide 3aa albeit in lower yield (34%) and the anticipated 
alkoxy pyrazole derivative 4aa′ was not formed (Table 1, 
Entry 2). After gleaning through the literature, we learned 
that the sulfonium ylide 3aa obtained is unknown in the lit-
erature.  
 
Scheme 2. Substrate Scope of Thioethers Estersa    

 

 
 
In order to study and explore the reactivity of this new sul-
fonium ylide of DEDA, we further planned to optimize the 
reaction conditions so as to obtain the new sulfonium ylide 
efficiently. We screened different rhodium catalysts such as 
[Rh2(TFA) 4] and [Rh2(esp)2] at room temperature. How-
ever, reaction did not work even under prolonged reaction 
time (see ESI, Table S1). Later, we screened different ruthe-
nium catalysts such as [RuCl2(p-cymene)2], 
[Ru(PPh3)3(CO)H2], [Ru(Phen)3]Cl2, etc. at room tempera-
ture (see ESI, Table S1). Surprisingly, [RuCl2(p-cymene)2] (3 
mol%) efficiently catalyzed the reaction of DEDA 1a (1.0 
equiv.) and thioether ester 2a (1.5 equiv.) at room temper-
ature to furnish the desired sulfonium ylide 3aa in good 
yield (70%, 12 h, Table 1 Entry 3). The reaction under 

Sr.No Deviation from tested 
condition 

Time 
(h) 

Yieldb(%)
3aa 

Yieldb(%)
4aa 

1          None 48 NR - 

2 Rh2(OAc)4 at 78°C 12 34 - 
3 RuCl2(p-cymene)2 12 70(68) - 
4 RuCl2(p-cymene)2 48 68 - 
5 RuCl2(p-cymene)2 at 

78 0C 
12 60 - 

6c RuCl2(p-cymene)2 6 82(80) - 
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prolonger reaction time as well as at an elevated tempera-
ture did not afford the product 4aa (Table 1 Entry 4, 5). 
Among all the catalysts screened, [RuCl2(p-cymene)2] 
proved to be efficient for this transformation.  Later, we 
screened the reaction in various solvents such as polar pro-
tic, aprotic, nucleophilic and non-nucleophilic solvents (See 
ESI, Table S2). Among all, ethyl acetate (EtOAc) proved to be 
advantageous for the efficient transformation. Based on the 
systematic screening (See ESI, Table S3, S4), 1a (1 equiv.), 
2a (1.2 equiv.), [RuCl2(p-cymene)2] (10 mol %) in ethyl ac-
etate at room temperature proved to be optimum reaction 
condition to obtain the stable sulfonium ylide 3aa.  
 
Scheme 3. Substrate Scope of Diazopyrazolonea 

       
Having standardized the optimum reaction condition, we 
planned to explore the substrate scope and, in this regard, 
we synthesized a variety of aryl, heteroaryl, acyclic and cy-
clic alkyl derived thioether esters. The reaction of DEDA 1a 
with methyl, ethyl and t-butyl thioether esters (2a-2c) un-
der the optimum reaction condition afforded the corre-
sponding desired products (3aa-3ac) in good yields (up to 
80%). Aryl thioether esters having containing electron do-
nating, electron withdrawing and electron deactivating sub-
stituents on phenyl group (2d-2j) worked smoothly under 
the optimum reaction conditions to furnish the correspond-
ing products (3ad-3aj) in moderate to good yields (up to 
83%, Scheme 2). Heteroaryl derived thioether esters such 
as 2-furyl, 2- pyridyl (2k-2l) derivatives reacted with 1a 
smoothly to afford the corresponding sulfonium ylides 
(3ak-3al) in moderate yields (up to 61%). However, the 4-
pyridyl thioether ester did not furnish the desired product 
3am probably owing to instability due to its electronic na-
ture. Cyclohexyl and long chain alkyl derived thioether es-
ters reacted sluggishly with 1a to furnish the corresponding 
sulfonium ylides 3an, 3ao in lower yields (up to 28%). In 
order extend the generality and practicality of this protocol, 

we synthesized a variety of diazo pyrazolones (DIPOLs) 
such as N-aryl and C-4 substituted DIPOLs (1b-1p). To 
begin with we studied the reactivity of N-aryl DIPOL having 
electron-donating as well as deactivating groups (Me, Cl, 
Naphthyl) (1b-1e) with 2a under optimum reaction condi-
tion furnished the corresponding products (3ba-3ea) in 
moderate to good yields (up to 74%, Scheme 3). Further 
DIPOLs substituted with C4 phenyl group having electron 
donating as well as electron withdrawing substituents (1f-
1i) upon treatment with thioether ester 2a afforded the cor-
responding products (3fa-3ia) in moderate yields (up to 
64% yield, Scheme 3). 
 
Scheme 4. Substrate Scope of Thioethers ketonea 

 
 
However, DIPOL with o-ethoxy phenyl group 1i did not re-
act probably due to the steric hindrance. DIPOL having C4-
phenyl substituted with electron deactivating groups 1j and 
1k react smoothy to obtained corresponding product 3ja 
and 3ka respectively. Some of other DIPOLs having 2-thio-
nyl 1l, and bulkier naphthyl 1m reacted smoothly with 2a 
under the reaction conditions to furnish the corresponding 
products (3la,3ma) in moderate to good yields (up to 62%, 
Scheme 3). The DIPOLs having benzodioxolane 1n and pro-
tecting group free substrates (1o-1p, NH free) under opti-
mum reaction conditions did not react at all (Scheme 3).  
Probably, unlike DEDA 1a the free N-H in pyrazolone may 
be destabilizing the sulfonium ylide.  
    In order to enhance the generality of the protocol further, 
we planned replace the thioether ester 2a with thioether 
ketone 2a′. Surprisingly, the reaction of DEDA 1a with thi-
oether ketone 2a′ under optimum reaction condition of-
fered the alkoxy pyrazole product 5aa′ unexpectedly in 
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moderate yield (62% yield). Excited as well as intrigued by 
this result, we planned to explore the diverse substrate 
scope of DIPOLs to so to investigate the reactivity pattern 
(Scheme 4). We explored the reaction of a variety of DIPOLs 
(1a−1n) having different N-arenes as well as alkyl/arene 
substituents at C4 position with thioether ketone 2a′ under 
optimum reaction conditions. C4 methyl substituted and N- 
arene substituted DIPOLs (1b, 1d and 1e) reacted smoothly 
with thioether ketone 2a′ to furnish corresponding alkoxy 
pyrazole products 5ba′, 5da′ and 5ea′ respectively in mod-
erate yields (up to 66 %). 

Scheme 5. Control Experiments 

          
        Different N-aryl groups and aryl/heteroaryl groups at 
C-4 position of DIPOLs (1f-1n) reacted smoothly with thi-
oether ketone 2a′ to afford the corresponding products 
(5af′- 5an′) in good yields (Scheme 4).  
        We observed that DIPOLs with C-4 phenyl group with 
electron donating groups reacted smoothly to afford the de-
sired alkoxy pyrazoles in relatively in higher yields than 
that of C4-phenyl substituted with electron deactivating 
groups (Scheme 4). Whereas, C4-phenyl ring having ortho-
ethoxy substituent DIPOL (1i) did not react under the opti-
mum reaction condition probably due to the steric hin-
drance thus limiting the rearrangement. However, bulkier 
substituents such as naphthyl and benzodioxanyl at C4 po-
sition of DIPOLs reacted with 2a′ to afford the desired prod-
ucts albeit in moderate yields (up to 60%, Scheme 4). Later, 

in order to study the substrate scope of thioether ketones, 
we synthesized a variety of thioether ketones (2b′-2f′) hav-
ing electron donating, electron deactivating and bulkier 
substituents. We observed that all the thioether ketones 
upon reaction with DEDA (1a) under optimum reaction 
condition furnished the desired alkoxy pyrazoles (5ab′-
5af′) in moderate yields (up to 62%, Scheme 4).  

Intrigued by the interesting results especially looking at the 
tunable reactivity of DIPOLs furnishing diverging products, 
we became interested in exploring the mechanistic insights 
in detail. In this regard, we explored a series of control ex-
periments (Scheme 5). 
        To begin with we studied the stability and the reactivity 
of sulfides towards DEDA. The reaction of diphenyl sulfide 
2p and methyl phenyl sulfide 2q with DEDA 1a under opti-
mum reaction conditions afforded the corresponding prod-
ucts (3ap, 3aq) in moderate yields (up to 68%, Scheme 5Ai, 
5Aii). Interestingly, dimethyl sulfide 2r did not react with 
the DEDA 1a and the desired product was not obtained in 
trace even after prolonged reaction time. (up to 4h, Scheme 
5Aiii). Also, dimethyl sulfoxide 2s did not react with DEDA 
1a under optimized reaction conditions thus clearly indicat-
ing that the role of phenyl group for providing the stability 
to the sulfonium ylides (Scheme 5Aiv).  
       In order to understand the role of subsistent on phenyl 
group of 1 and its electronic effect on the overall transfor-
mation, we synthesized the electron rich p-methoxy phenyl 
substituted DIPOL 1h (higher electron donating ability). 
Surprisingly, 1h upon reaction with 2a under standard re-
action condition afforded corresponding sulfonium ylide 
3ha along with the alkoxy pyrazole derivative 4ha though 
in modest yield (Scheme 5B). We believed that electron-do-
nating methoxy group on the DIPOLs decreases the stability 
of the sulfonium ylide through cross resonance, thereby 
leading to oxa- [2,3] sigmatropic rearrangement via 1,3-
proton transfer. This presumption is further supported by 
the exclusive formation of product 3ha (see Scheme 3) 
wherein we did not observe any product emanating from 
oxa-[2,3] sigmatropic rearrangement due electron deac-
tivating nature of CF3 group. Further we hypothesized that 
electronic factors in turn influence the acidity of protons 
and the pKa also vary with the temperature. In this regard, 
we carried the reaction of 1a and 2a at an elevated temper-
ature while maintaining the other standard conditions. In-
terestingly, we obtained the corresponding alkoxy pyrazole 
derivative 4fa exclusively in modest yield along with insep-
arable side products (Scheme 5C). Later, we synthesized 
thioether amide 2t as well as thioether nitrile 2u and 
treated them with 1a to obtain the corresponding the sul-
fonium ylides 3at, 3au exclusively (Scheme 5D). These re-
sults indicate that higher acidity of protons in thioether ke-
tones favored the facile 1,3-proton transfer to afford the 
corresponding alkoxy pyrazoles. While the thioether es-
ters/amides/nitrile disfavor the facile 1,3-proton transfer 
probably due to lower acidity of protons compared to thi-
oether ketones. Later, in order to examine the competitive 
reactivity of the sulfonium ylide versus the N-H insertion re-
action, we synthesized compound 2v a known bioactive 
scaffold 12 and subjected it to the reaction with 1a. We ob-
tained the corresponding sulfonium ylide product 3av in 
74% exclusively and we did not observe N-H insertion prod-
uct even in trace.  
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        Based on the control experiments and literature prece-
dence9f,11 the plausible reaction mechanism has been de-
picted in Scheme 6. DEDA 1a in presence of RuCl₂(p-cy-
mene)₂ forms a ruthenium carbenoid intermediate I. This 
intermediate further reacts with thioether 2 to generate the 
corresponding sulfonium ylide II in situ which further leads 
to intermediate III by the regeneration of the catalyst. 
 
Scheme 6. Plausible Mechanism of the Transformation  

Depending on the reactivity of thioethers, in situ generated 
intermediate III further affords either stable sulfonium 
ylide 3 or alkoxypyarazole 5. The intermediate III derived 
from thioether ketones undergoes 1,3-proton shift to form 
intermediate IV which subsequently forms the desired 
alkoxy pyrazole 5 via oxa-[2,3]-sigmatropic rearrangement.  
         To explore the late-stage applications, substrate 5aa′ 
was treated with m-CPBA at 0 °C to obtain the correspond-
ing mono-sulfoxide product 6aa′ in 76% yield (Scheme 7). 
We also, synthesized the corresponding sulfone product 
7aa′ starting from the sulfoxide 6aa′ using m-CPBA (80%, 
Scheme 7). To further demonstrate the synthetic potential 
of this strategy, we carried out the flow synthesis on a gram 
scale using both a coil reactor as well as a continuous 
stirred-tank reactor after optimization (Scheme 7Bi, 7Bii; 
see more details in the ESI). 
 
Scheme 7. Late Stage and Flow Synthesis.  

         In summary, we have successfully demonstrated novel 

reactivity of acceptor–acceptor diazo compound such as 

DIPOL under ruthenium catalysis to achieve novel class of 

sulfonium ylides and alkoxy pyrazole. These novel class of 

bench-stable sulfonium ylides have been effectively em-

ployed for the further application such as sulfoxidation, 

gram scale synthesis under flow chemistry as well. The es-

tablished protocol demonstrated a wide substrate scope 

and good functional group tolerance. The also method gave 

an access to construct the bioactive alkoxy pyrazole. We 

have successfully explored the tunable reactivity of DIPOL 

with different thioether derivatives to access useful com-

pounds.  
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