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SYNOPSIS 

(This thesis has been organized into seven chapters) 

 

Chapter 1. A brief introduction to directed C-H bond functionalization’s: 

Abstract: The transition metal-catalyzed C-H bond activation has enabled useful 

retrosynthetic disconnections using inert C-H bonds (Scheme 1). Nevertheless, reactions 

in this field are still dominated by precious 4d or 5d metals using strong coordination. 

Extensive use of heavy metals is not sustainable as it raises several problems, such as 

limited resources, high cost, and environmental impact. Therefore, 3d transition metal-

catalyzed C-H functionalization through weak chelation is gaining immense attention.  

 

Scheme 1: Schematic representation of transition-metal catalyzed directed C-H 

functionalization 

It is a highly sustainable approach because it is less expensive, eco-friendly, and 

commonly available directing groups such as aldehyde, ketone, and ester could be used. 

Moreover, the weakly coordinating directing group is easily removable or modifiable, 

which considerably enhances the synthetic scope. 

 

Chapter 2. Cobalt catalyzed hydroarylation of Michael acceptors with indolines 

directed by a weakly coordinating functional group: 

Abstract: The cobalt(III) catalyzed hydroarylation of Michael acceptors using 

indolines, selectively at the C-7 position, has been reported. For the selective C-7 

functionalization of indoline, we have used a weakly coordinating amide carbonyl 

group. During the process of optimization, we also discovered the unusual co-catalytic 

activity of zinc triflate in the C–H functionalization reaction. Hydroarylation of 

unprotected maleimide using indolines was a challenging substrate and had never been 

accomplished before, and we were able to achieve this with our methodology in good 

yields. 
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Scheme 2: Cobalt(III)-catalyzed selective C(7)-alkylation of indoline. 

 

Chapter 3. Cobalt-Catalyzed One-Step Access to Pyroquilon and C-7 Alkenylation of 

Indoline with Activated Alkenes Using Weakly Coordinating Functional Groups: 

Abstract: A new strategy for the C(7)-H functionalization of indoline derivatives using 

first-row transition-metal cobalt has been demonstrated wherein the pivaloyl group acts 

as a weakly coordinating directing group. Biologically important pyroquilon 

(tetrahydropyroquinolinone) derivatives have been synthesized in a one-pot manner 

through selective C(7)-H functionalization and concomitant cyclization.  

 
Scheme 3: Cobalt(III)-catalyzed selective synthesis of pyroquilon and C(7)-olefination of 

indoline. 

In this process, aromatic C–H and amidic C–N bonds are cleaved, and new C–C and C–

N bonds are formed step-economically. Further, selective C(7)-H alkenylation of 

indoline derivatives has also been accomplished using activated alkenes by varying the 

reaction conditions. 

 

Chapter 4. Cobalt-Catalyzed Regioselective Direct C-4 Alkenylation of 3-

Acetylindole with Michael Acceptors Using a Weakly Coordinating Functional 

Group: 

Abstract: Herein, we disclosed the first report on the selective C(4)–H functionalization 

of 3-acetylindole derivatives using first-row transition metal cobalt, where an acetyl 

group is acting as a weakly coordinating directing group. Selective C(4)–H 

functionalization has been achieved using diverse Michael acceptors (acrylate and 

maleimide) simply by switching the additive from copper acetate to silver carbonate.  
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Scheme 4: Cobalt(III)-catalyzed regioselective C(4)-olefination of 3-acetyl indole. 

 

Further, the formation of a cobaltacycle intermediate was also detected through HRMS 

for mechanistic insight. 

 

Chapter 5. Breaking the Trend: Insight into Unforeseen Reactivity of Alkynes in 

Cobalt-Catalyzed Weak Chelation-Assisted Regioselective C(4)–H Functionalization of 

3-Pivaloyl Indole: 

Abstract: The unique reactivity of diphenylacetylene has been uncovered through weak 

chelation-assisted cobalt-catalyzed regioselective C(4)–H activation of 3-pivolyl indole. 

α-Hydroxy ketone and α, β-unsaturated ketone derivatives have been synthesized in 

good yields from indole and alkynes.  

 
Scheme 5: Cobalt(III)-catalyzed regioselective C(4)-α-hydroxy ketone 3-acetyl indole. 

 

Notably, the indole C(4)–H-functionalized α,β-unsaturated ketone product was obtained 

with high stereo- and regioselectivity simply by changing the coupling partner from 

symmetrical alkynes to unsymmetrical aromatic-aliphatic alkynes. Most importantly, 

trifluoroethanol is the sole water source for this conversion. Quantitative detection of 

bis(2,2,2-trifluoroethyl) ether from dry trifluoroethanol through 19F NMR and LCMS 

studies indirectly confirms the in-situ formation of water.  

 

Chapter 6. Cobalt-Catalyzed Decarbonylative Ipso C-C Bond Functionalization via 

Weak Coordination: An Approach Towards Indole-Acyloins and Its Photophysical 

Studies: 
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Abstract: Selective functionalization of indole C3-C bond with 

aromatic/heteroaromatic 1,2-diketones has been uncovered for the first time. Earth crust 

abundant first-row transition metal cobalt-catalyst has been demonstrated as an effective 

catalyst for this unusual transformation. Furthermore, using easily available weakly 

coordinating groups such as ketone and ester were found to be effective.  

 
Scheme 6: Cobalt(III)-catalyzed regioselective C(3)C-ipso bond functionalization of indole. 

 

The in-situ generation of water from hexafluoro-2-propanol and removal of the 

pivaloyl/ester group in a decarbonylative manner at a lower temperature is the key 

feature of this methodology. 

 

Chapter 7a. Unveiling the Reactivity of Cobalt(III)-catalyst Towards Regioselective 

Hydroarylation of 1,6 Diyne via Weak-chelation Assisted C-H Bond Activation: 

Abstract: Herein, we report the reactivity of cobalt(III)-catalyst towards hydro-

arylative functionalization of 1,6 diyne, which was never explored before. The N-aryl γ-

lactam is the prime substrate that undergoes ortho-(sp2)-H bond activation.  

 
Scheme 7: Cobalt(III)-catalyzed regioselective hydroarylation of 1,6-diyne using weak 

chelation. 

 

The reaction mechanism reveals the in-situ formation of a six-membered cobaltacycle 

which undergoes further functionalization with 1,6 diyne.  

 

Chapter 7b. Weak-chelation assisted cobalt-catalysed C-H bond activation: A 

sustainable approach towards regioselective ethynylation of N-aryl γ-lactam: 

Abstract: The sustainable C-H bond functionalization of N-aryl γ-lactam has been 

achieved in highly regioselective manner. In this protocol, earth-abundant cobalt(III)-
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catalyst was found to be effective, triggering the C-H metallation using a weakly 

coordinating lactam group. Herein, the ortho-(sp2)-H ethynylation has been obtained 

regioselectively.   

 

 
Scheme 8: Cobalt(III)-catalyzed regioselective ethynylation of N-aryl γ-lactam. 

 

However, the parallel kinetic isotope experiment suggests that the C-H bond activation 

is involved in the rate-determining step. Moreover, the synthetic utility of ethynylated 

N-aryl γ-lactam has been demonstrated for many useful transformations. 
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Chapter 1 

Introduction to directed C-H bond activation 

 

1.1 ABSTRACT 

The transition metal-catalyzed C-H bond functionalization strategy has opened 

up a wide range of opportunities to develop organic transformations in a step and atom-

economical manner. The use of earth-abundant 3d transition metals further translates 

these transformations into a cost-effective as well as eco-friendly approach. The 

selective C-H bond activation could be achieved by utilizing the proximal directing 

group present in a molecule. In this regard, strongly chelating N-directing groups (8-

aminoquinoline, pyrimidine, pyridine) were well explored. However, the use of readily 

available and weakly coordinating O-directing groups (aldehyde, ketone, ester 

substituted amide) are underdeveloped. Thus, synthetic transformations that utilize 

earth abundance 3d transition metal catalysts along with easily available weakly 

coordinating directing groups are highly sustainable, especially for the large-scale 

production of chemicals in industries.  

1.2  INTRODUCTION  

Synthesis of organic molecules that have applications in medicine and agriculture 

is of great value to human life1. The classical organic synthesis relies on functional 
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group manipulations through multiple steps. One of the major drawbacks of the 

multistep approach is that it takes a lot of time and energy and generates a lot of wasteful 

by-products.2 Then, cross-coupling reactions became more popular in organic synthesis 

on account of operational simplicity and easy adaptability in industries3. In cross-

coupling reactions, the C(sp2)-X bonds can be transformed into C-C bonds using 

appropriate metal-catalyzed coupling methods (Kumada coupling, Heck reaction, 

Sonogashira coupling, Negishi coupling, Stille cross-coupling, Suzuki reaction, etc).4 

However, these cross-coupling reactions have some inherent limitations, such as (i) the 

requirement of pre-functionalized substrates, (ii) compounds having C(sp3)-X bonds 

with a β-hydrogen cannot undergo coupling reactions. As opposed to pre-functionalized 

substrates (C-X) the use of the C-H bond as a functional group for synthetic 

transformations is an attractive proposition. It prevents lengthy functional group 

interconversions and significantly reduces the generation of wasteful by-products.  

In this regard, the transition metal-catalyzed C-H bond activation and 

functionalization have gained enormous significance.5 However, at the beginning of 

this century, the inert C–H bond functionalization reaction through metal-catalyzed C–

H bond activation almost seemed very difficult to achieve. Some of the significant 

challenges associated with C–H bond activation are (i) low reactivity,6 (ii) higher bond 

dissociation energies (BDE), and (iii) the generally non-polar nature of the isolated C–

H bonds.7 However, over the last two decades, it has become one of the most explored 

areas in catalysis, thus broadening the scope of organometallic and synthetic chemistry.8 

Furthermore, metal-catalyzed C–H functionalization has emerged as a powerful tool, as 

it provides easy access to the synthesis of valuable carbon-carbon (C–C) and carbon-

hetero (e.g., C–N, C–O) bonds.9 This approach is not only useful for the synthesis of 
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complex molecular entities but also contributes to a paradigm shift in the way chemists 

think about chemical reactivity and chemical synthesis.10 The common pathways 

through which selective C–H functionalization operates are represented in figure 1.1.11  

 

Figure 1.1. Basic modes of catalytic transition metal-catalyzed C-H bond activation. 

In the oxidative pathway, the oxidatively addition of the metal into the inert C–H bond 

through agostic interaction results in the formation of the C–M bond. Generally, 

transition metals with low oxidation state favours oxidative addition pathways toward 

C-H activation (Figure 1.1a). Further, the metal with a high oxidation state prefers to 

follow the electrophilic pathway, where the C-M bond has been generated through 

electrophilic metalation into the C-H bond (Figure 1.1b). Also, the C-M bond could be 

generated through concerted metallation followed by a deprotonation pathway. 

Generally, high valent late transition metals favours this transformation (Figure 1.1c). 

After the generation of the C-M bond through these catalytic pathways, it further 
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transformed into new C–C, C–N, or C–X bonds in the presence of appropriate coupling 

partners.  

 

 

Figure 1.2. Well-explored transition metals in C-H activation and their cost. 

Noble metals, such as ruthenium,12 palladium,13 rhodium,14 and iridium15 have been 

extensively used for C–H bond functionalizations. However, these metals have high 

costs and low natural abundance, making them less sustainable (Figure 1.2).16  Hence, 

using first-row 3d-transition metals offers an economical and sustainable alternative to 

their higher congeners. The high natural abundance of the first-row transition metals 

renders the catalytic process cost-effective. The number of publications in the 

advancement of C–H bond functionalizations by exploiting 3d metals is depicted in 

Figure 1.3.17 Among the 3d metals, cobalt has emerged as a versatile and efficient metal-
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catalyst for C–H activation, where both low and high valent cobalt catalysts have been 

employed. The reactivity of cobalt is comparable to that of 2nd and 3rd-row metal 

catalysts.18 

 

Figure 1.3. 3d-transition metals in C-H bond functionalization. 

However, cobalt significantly differs in spin-orbit couplings and electronegativity from 

those of 4d or 5d homologue catalysts.19 Furthermore, cobalt is a less electronegative 

metal among the group IX elements. This translates into a more nucleophilic 

organometallic intermediate.20 Thus, some unprecedented reactions have been 

uncovered in cobalt-catalyzed C–H functionalizations (e.g., for the nucleophilic attack 

of the C–Co intermediate on electrophilic sites after the C–H activation step).21 Also, 

cobalt is underdeveloped and isoelectronic with rhodium, which is well explored in C-

H activation, so it can also lead to good reactivity and unusual transformation. Therefore, 

we have chosen a cobalt catalyst to study its reactivity toward C-H/C-C bond 

functionalization.22 Critical challenges in this chemistry are the selective C–H 

functionalization in the presence of several C–H bonds.23 Thus, the ubiquitous nature 

of the C–H bonds in organic molecules makes it necessary to distinguish between 

similar but inequivalent sites. The selectivity issue has been addressed by directing 

groups that can coordinate with the metal and assist in activating the proximal C–H 
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bond.24 Traditionally, the C–H bond functionalizations have been accomplished by 

utilizing strongly coordinating atoms, such as nitrogen (e.g., pyrimidine, pyridine, 

aminoquinoline, oxazoline), which are well known as strong σ-donors (Scheme 1.1).25  

Scheme 1.1. C-H functionalization via strongly coordinating directing group. 

 

Due to strong coordination, the metalation step is easier; therefore, this method was 

well utilized in C-H activation. However, further functionalization requires a high 

energy barrier to give the product (Figure 1.4).22 Most importantly, the N-coordinating 

directing groups have to be installed on the substrate before the C–H functionalization 

step. Also, often N-coordinating directing groups cannot be modifiable, so their removal 

requires harsh reaction conditions.  

Scheme 1.2. C-H functionalization via weakly coordinating directing group. 

 

In contrast, cyclometalation using O-coordinating directing groups (e.g., aldehyde, 

ketones, carboxylic acids, ester, and amides) is a better approach, which has been less 

studied (Scheme 1.2). The advantage of weak coordination is the formation of a 

thermodynamically less stable cobaltacycle resulting from the weak σ-donor nature of 

the oxygen atom, which can easily undergo further functionalizations (Figure 1.4).22  
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Figure 1.4. Energy profile diagram: strong vs. weak coordination assisted C-H bond 

activation. 

Another advantage of this approach is the synthetic availability of the weakly 

coordinating functional groups, such as aldehydes, ketones, carboxylic acids, and esters, 

which are mostly part of the substrate or can be easily modified after functionalization.26  

The combination of 3d transition metal and weakly coordinating directing group 

are more sustainable approaches toward C-H bond functionalization (Figure 1.5). 

Because 3d transition metals are abundantly present in the earth's crust and weakly 

coordinating directing groups are easily modifiable and often part of organic molecules, 

reducing synthetic steps such as installation and removal of directing groups. 
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Figure 1.5. Sustainable approach towards olefination of the arene.16,22 

The well-explored transition metal-catalyzed olefination has been depicted in Figure 

1.5, wherein the combination of 4d and 5d transition metals along with strongly 

coordinating directing group pyridine are less sustainable as it is non-modifiable. This 

could also be achieved by utilizing 3d transition metal with a weakly coordinating 

directing group that is highly sustainable in terms of the metal catalyst and versatility 

of the directing group. 

1.3. LITRATURE SURVEY 

Further literature survey shows that there are only a limited number of reports 

on cobalt-catalyzed C–H bond functionalizations by utilizing weakly coordinating 

directing groups. Thus, we have segregated the developed examples of cobalt-catalyzed 

C–H bond functionalization assisted through weak coordination.  
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(i) Aldehyde-directed C-H bond activation: 

Aldehyde is one of the commonly available functional groups in organic molecules. As 

a functional group, it has some basic challenges, such as it can easily get oxidized to 

acid. Also, the aldehydic C-H bond could be activated using transition metal; despite 

having these challenges, aldehyde has been utilized as a weakly coordinated directing 

group.  

Scheme 1.3. Cobalt-catalyzed cyclization of enynes via aldehyde directed C-H bond 

activation. 

 

In this series, Cheng et al. reported cobalt-catalyzed hydroarylation and acylation 

reaction of enynes 1 with aldehydes 2, affording functionalized pyrrolidines 3 and 

dihydrofurans 4 in high chemo and stereoselectivity (Scheme 1.3).27 A switchable C–H 

bond functionalization was observed depending on changing the ligands dppen to dppp. 

Further, In 2016, Yoshikai et al. demonstrated cobalt-catalyzed annulation 7 of 

salicylaldehydes 5  with alkynes 6.28  
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Scheme 1.4. Cobalt-catalyzed annulation of salicylaldehydes utilizing alkyne. 

 

Depending on the substituent pattern of alkynes 6, 8, chromones 7, and 4-chromanones 

9 have been synthesized through dehydrogenative annulation of salicylaldehydes 5. 

 

(ii) Ketone-directed C-H bond activation: 

Ketones are commonly used as weakly coordinating directing groups in transition 

metal-catalyzed C–H bond functionalization. They are found in various bioactive 

molecules and can be easily transformed into various other functional groups, thus 

employed as synthetic intermediates. In this context, ketone-directed C–H 

functionalizations have higher synthetic utility, especially in C–C bond formation 

reactions.29  

Scheme 1.5. Cobalt-catalyzed hydroarylative cyclization of enynes and aromatic 

ketones. 
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In 2014, Cheng et al. reported the ketone-directed cobalt-catalyzed hydroarylative 

cyclization 12 (Scheme 1.5)30 The in situ generated cobalt cycle from enyne 10 triggers 

the C–H functionalization reaction, affording functionalized pyrrolidines and 

dihydrofurans. Further, Zhu et al. developed cobalt-catalyzed ortho-C-H amidation of 

aryl enones 13 with dioxazolones 14 in the presence of enaminone as directing group 

(Scheme 1.6).31 

Scheme 1.6. Substrate scope for enaminones and synthesis of quinolones. 

 

Herein, Cp*Co(III)-catalyst has been utilized for the regioselective amidation of aryl 

enones 15. 

 

(iii) Carboxylic esters directed C-H bond activation: 

Carboxylic ester is essential to various bioorganic molecules like fatty acids and lipids. 

Esters usually have a sweet smell, are commonly used as fragrances, and are found in 

essential oils and pheromones. Limited reports exist employing ester functionalities as 

a directing group in cobalt catalysis. Utilizing the weakly coordinating ability of esters,  

Scheme 1.7. Cobalt catalyzed annulation utilizing carboxylic ester wDG. 
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Zhang et al. synthesized indenones 18 through the annulation of benzoic esters 16 and 

internal alkynes 17 by exploiting cobalt catalysis (Scheme 1.7).32 

 

 (iv) Substituted amide-directed C-H bond activation: 

Amides are an essential class of organic compounds. Therefore selective synthesis and 

further derivatization of the amide is a crucial pursuit in synthetic methodology.  

Matsunaga et al. described the synthesis of indole-derived C-2 annulated product 21, 

using the unique synthetic utility of  Cp*Co(III) catalyst (Scheme 1.8).33  

Scheme 1.8. Scope of Cp*Co(lll)-catalyzed C-H annulation and alkenylation. 

 

Further, Ellman et al. have developed the synthesis of functionalized alkenyl halides 25 

via weakly coordinating directing group 22 using cobalt(III)-catalyzed C−H 

functionalization/addition of alkyne 23 and halogens 24 in a domino reaction sequence 

(Scheme 1.9).34 This reaction goes through the multicomponent pathway, which is quite 

challenging using weakly coordinating directing groups. 

Scheme 1.9. Alkyne scope for the three-component addition cascade. 
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 (v) Carboxylic acid group directed C-H activation: 

Carboxylate groups are prevalent in organic molecules and can be removed easily by 

decarboxylation or transformed into various functionalities. Weak coordinating 

carboxylic acids have been well explored with 4d transition metal-catalyzed C−H 

functionalization reactions. However, there are only a few reports on carboxylic acid as 

a directing group in cobalt-catalyzed C−H functionalization reactions.  

Scheme 1.10. Cobalt catalyzed C-H/OH annulation using alkyne. 

 

In 2017, Sundararaju et al. explored carboxylic acids as directing group for the synthesis 

of isocoumarins 28 through the annulation of aromatic carboxylic acids 26 with alkynes 

27 using cobalt (III) catalysis.35 

In summary of these reported transformations, the cobalt catalyst has been well utilized 

for C-C and C-X bond formation. However, there is plenty of scopes to study this 

sustainable cobalt-weak chelation combination towards C-H/C-C bond 

functionalization.  

1.4. CONCLUSION 

This thesis thoroughly covers the development of C-H/C-C bond 

functionalization assisted by 3d transition metals cobalt using weakly coordinating 

directing groups. Researchers are now switching to use first-row transition metal 

catalysts in C-H bond functionalization reactions. Using earth's abundant, less toxic, 
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and economic 3d transition metals adds to sustainability. It has unique catalytic 

activities compared to its 4d and 5d congeners in C-H bond activation chemistry.  

 

The utilization of weak coordinating groups for cobalt-catalyzed C-H functionalization 

is emerging as a powerful tool for developing synthetically versatile transformations, 

thus expanding the chemist's toolbox. Due to lower electronegativity, the unique 

reactivity of cobalt such as nucleophilic Co-C bond, enabled the synthesis of various 

skeletons that are otherwise not easily accessible. The combination of weak 

coordination and cobalt catalyst is environmentally benign, therefore, more sustainable 

for large-scale production of chemicals in pharmaceutical industries. Moreover, this 

combination has emerged unique reactivities towards C-H bond functionalization, 

which can be seen in the upcoming thesis chapters. 
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Chapter 2 

Cobalt Catalyzed Hydroarylation of Michael Acceptors with 

Indolines Directed by a Weakly Coordinating Functional 

Group 

 

2.1 ABSTRACT: A cobalt(III) catalyzed hydroarylation of Michael acceptors using 

indolines, selectively at the C-7 position, has been reported. For the selective C-7 

functionalization of indoline, we have used a weakly coordinating amide carbonyl 

group. During the optimization process, we also discovered zinc triflate's unusual co-

catalytic activity in the C−H functionalization reaction. Hydroarylation of unprotected 

maleimide using indolines was a challenging substrate and had never been 

accomplished before. We were able to achieve this with our methodology in good yields. 

2.2 INTRODUCTION 

The ubiquitous nature of indole and indoline structural motifs in numerous 

bioactive natural products and pharmaceuticals has drawn considerable attention to their 

synthesis and structural modification. It has become an essential area for drug 

discovery.1 The direct transition metal catalyzed C−H bond functionalization has 

proven to be the most elegant approach for structural modification of indoles. It offers 
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advantages like simple precursors without any prerequisite, functional groups, and step 

and atom economy.2 Due to the inherent reactivity of the pyrrole core in indole, the 

direct C(2)−H and C(3)−H functionalization of indoles has been well explored.3 In 

contrast, the direct C−H functionalization at the C7 position of the indole ring is less 

explored.4 Installation of the functional group at the C(7)−H of indoles can be achieved 

by the directing group assisted C(7)− H functionalization of indolines, followed by 

dehydrogenation. Significant efforts have been dedicated to developing efficient and 

practical strategies for the regioselective functionalization of indolines at the C7 position 

using second- and third-row transition elements (mainly Ru,5 Rh,6 Pd,7, and Ir8).  

 

Figure 2.1: C(7)−H functionalization of indolines catalyzed by first-row transition 

metals. 
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In the recent decade, a paradigm shift has been observed toward the development of 

earth-abundant and environmentally benign first-row transition metal-catalyzed 

reactions.9 In this regard, Ackermann10a and Koley10b groups, have reported copper-

catalyzed C−S/C−Se and C−O bond formation of indolines at the C7 position, 

respectively, using the strong nitrogen donor, i.e., pyrimidyl directing group. Recently, 

the Punniyamurthy10c group also exploited the strongly coordinating pyrimidyl 

directing group for the cobalt-catalyzed Suzuki− Miyaura type coupling of indolines at 

the C7 position with aryl boronic acid. Weakly coordinating directing groups are gaining 

importance due to their weak coordination with the metal catalyst facilitating the 

reaction at faster rates with higher selectivities.11 In this regard, we report a cobalt-

catalyzed hydroarylation of Michael acceptors with indolines at the C7 position through 

a weakly coordinating amide directing group (Figure 2.1). Hydroarylation reactions are 

generally challenging due to a competing β-hydride elimination pathway. 

 

2.3 RESULTS AND DISCUSSION  

We chose a model reaction using 1-(indolin-1-yl)-2,2- dimethylpropan-1-one 1a and 1-

methyl-1H-pyrrole-2,5-dione 2a to investigate various reaction parameters for the 

cobalt-catalyzed hydroarylation of Michael acceptors. Initially, we screened various 

carboxylic acids as additives, which showed inferior results except for the sterically 

bulky adamantane-carboxylic acid (40%) (Table 2.1). Then, we switched to screening 

various base additives; it showed satisfactory and intriguing results. In this study, we 

observed that the anion and its countercation influence hydroxylation. It was observed 

from the result in using CsOAc, NaOAc, and LiOAc that with the increase in 

countercation charge density (charge/size), the yield of hydroarylation product 
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increases since the cation possessing higher charge density could act as a better Lewis 

acid to activate the Michael acceptor as well as the active catalyst. Next, we screened 

various carbonate bases, among which Li2CO3 showed the best result in the presence of 

Zn(OTf)2 and produced 76% of hydroarylation product 3a in trifluoroethanol at 

80 °C.12.  

Table 2.1: Optimization of the Hydroarylation Reactiona,b 

 

aReaction conditions: 1a (0.25 mmol), 2a (2 equiv), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), additive (20 mol %), trifluoroethanol (0.1 M) as a solvent, 120 °C, 24 h. 
bIsolated yields. 
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The optimized conditions were evaluated with various N-substituted indolines 

(Table 2.2), among which N-pivaloyl (76%) and N-acetylindolines (3x, 62) showed 

positive results; N-pivaloylindoline produced a better yield of the C(7) hydroarylation 

product. It might be due to the presence of peripheral interactions between the bulky t-

butyl group of N-pivaloyl and C(7)−H, which makes the oxygen donor atom of N-

pivaloyl orient toward the C(7) position more conveniently than in N-acetylindoline. 

With the optimization condition, the substrate scope was examined with various 

indolines and Michael acceptors (Schemes 2.1 and 2.2). Various N-substituted (free NH, 

methyl, ethyl, benzyl, and phenyl) maleimides were tested with electronically different 

indolines, giving the hydroarylated products at the C(7) of indolines in good yields with 

high positional selectivities. The N-alkyl substituents produced better yields than the N-

phenylmaleimide. 

Table 2.2: Scope of Various Directing Groups for the Hydroarylation of N-

Methylmaleimidesa,b 

 

aReaction conditions: 1a (0.25 mmol), 2a (2 equiv), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), additive (20 mol %), trifluoroethanol (0.1 M) as a solvent, 120 °C, 24 h. 
bIsolated yields. 
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Scheme 2.1: Evaluation of Various Indolines and Michael Acceptors for the 

Hydroarylation Reactiona,b

 
aReaction conditions: 1 (0.25 mmol), 2 (2 equiv), CoCp*(CO)I2 (10 mol %), AgSbF6 

(20 mol %), Li2CO3 (20 mol %), Zn(OTf)2 (20 mol %), trifluoroethanol (TFE) (0.1 M) 

as a solvent, 80 °C, 12−24 h. bIsolated yields. 
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The cobalt-catalyzed hydroarylation of indolines was compatible with methoxy and 

bromo substituents (3f−3o), which could be useful for further transformations. Even the 

sterically hindered 2-methyl indoline and hexahydro carbazole produced the desired 

products 3p and 3r, respectively, in good yields. The electron-withdrawing indolines 

showed insignificant results (3q, 3t). The present protocol also worked with the acyclic 

Michael acceptors and afforded good yields (3s−3w). 

Scheme 2.2: Evaluation of Various Indolines with the Acyclic Michael Acceptorsa,b 

 

aReaction conditions: 1 (0.25 mmol), 2 (2 equiv), CoCp*(CO)I2 (10 mol %), AgSbF6 

(20 mol %), Li2CO3 (20 mol %), Zn(OTf)2 (20 mol %), trifluoroethanol (TFE) (0.1 M) 

as a solvent, 80 °C, 12−24 h. bIsolated yields. 

In the absence of the Michael acceptor, N-pivolylindoline, under the same reaction 

conditions with 10 equiv of methanol-d4, gave us C-7 and C-5 deuterated compounds 

in 51% and 38%, respectively (Scheme 2.3a). The ratios did not change much even after 

continuing for long hours, confirming that the first step might be in reversible 

equilibrium. In the presence of radical quenchers such as TEMPO and BHT (Scheme 

2.3b), the reaction yield decreases but is not completely quenched, which confirms that 

the reaction is going through the ionic mechanism. 
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Scheme 2.3: Mechanistic studies. 

 

We did a control reaction to understand the influence of Cp*Co; the reaction did not 

give us any product, which confirms the critical role of cobalt in this reaction (Scheme 

2.3c). Competition reaction between the two coupling partners, maleimide and methyl 

acrylate, gave us the corresponding products in 27% and 51% yield, which confirms 

that the sterically less hindered acrylate reacts at almost twice the rate as that of 

maleimide derivatives (Scheme 3d). An intermolecular competitive study was 

performed between electronically diverse indolines (Scheme 2.3d). Only the electron-

rich (−OMe) indoline produced 57% of the hydroarylation product, whereas the 
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electron-poor (−CN) substituted indoline afforded an insignificant result. This might be 

due to the poor nucleophilicity of the Co−C bond in the electron-withdrawing (−CN) 

substrate making it less prone to undergo olefin insertion from the intermediate III. 

 

Figure 2.2: Proposed Catalytic Cycle for the Cobalt Catalyzed Hydroarylation of 

Michael Acceptors. 

 

A plausible mechanism was depicted based on the experimental observations 

and precedent reports (Figure 2.2).11,12,13 We presume that, initially, an active cationic 

cobalt complex I is formed with AgSbF6 and Zn(OTf)2, followed by the C−H 

functionalization of indoline 1 to yield cyclometalation intermediate II. Then, the 

formation of π-complex III occurs with Michael acceptor 2. The subsequent olefin 
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insertion step provides intermediate IV, which undergoes proto-demetalation to 

complete the catalytic cycle and gives the desired hydroarylation product. 

2.4 CONCLUSION 

In summary, using a weakly coordinating directing group, we developed the 

cobalt catalyzed regioselective C(7) hydroarylation of indolines with activated olefins. 

We have also uncovered the remarkable role of Lewis acids in facilitating the reaction. 

The developed protocol works well with various Michael acceptors and indolines. Our 

methodology works well even with unprotected maleimides, which were a difficult 

substrate based on previous reports. 

Limitations: Electron-withdrawing substituted arenes such as -NO2 are incompatible 

with optimized reaction conditions. Because electron-withdrawing groups decrease the 

nucleophilicity of Co-C bond towards olefin insertion. 

 

2.5 EXPERIMENTAL SECTION 

Reactions were performed using borosil sealed tube vial under an N2 atmosphere. 

Column chromatography was done by using 100-200 & 230-400 mesh size silica gel of 

Merck Company. Gradient elution was performed by using distilled petroleum ether 

and ethyl acetate. TLC plates were detected under UV light at 254 nm. 1H NMR, 13C 

NMR, recorded on Bruker AV 400,700 MHz spectrometer using CDCl3 as internal 

standards the residual CHCl3 for 1H NMR (δ = 7.26 ppm) and the deuterated solvent 

signal for 13C NMR (δ = 77.36 ppm) is used on reference.14 Multiplicity (s = single, d= 

doublet, t = triplet, q = quartet, m = multiplet, dd = double doublet),  integration,  and 

coupling constants   (J)   in hertz (Hz). HRMS signal analysis was performed using a 
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micro TOF Q-II mass spectrometer, and X-ray analysis was recorded at SCS, NISER. 

Reagents and starting materials were purchased from Sigma Aldrich, Alfa Aesar, TCI, 

Avra, Spectrochem, and other commercially available sources and used without further 

purification unless otherwise noted.  

(a) General reaction procedure for C-7 functionalization of indoline:  

Under N2, the mixture of N-pivaloyl indoline 1a (0.1 mmol), maleimide 2a (0.2 

mmol), [Cp*Co(CO)I2 ] (10 mol%), AgSbF6 (20 mol%), Li2CO3 (20 mol%), Zn(OTf)2 

(20 mol%) and TFE (1 mL) were added into the tube and sealed. The reaction mixture 

was vigorously stirred at 80 ℃ on the preheated aluminum block for 24 h. After 24 h 

(completion of the reaction as monitored by TLC analysis), the reaction mixture was 

cooled to room temperature and diluted with ethyl acetate and passed through a short 

celite pad, the solvent was evaporated under reduced pressure, and the residue was 

purified by column chromatography to give the pure product 3a light yellow solid (24 

mg, 76% yield) Rf: 0.42 (in 30% EtOAc/Hexane). 

(b) Experimental characterization data of products: 

 
3-(1-pivaloyl lindolin-7-yl)-1-methylpyrrolidine-2,5-dione 

(3a): was prepared according to general procedure (2.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a light yellow solid (24 mg, 76% yield) Rf: 0.42 (in 

30% EtOAc/Hexane): 1H NMR (CDCl3, 400 MHz): δ 7.17 (d, J = 6.8 Hz, 1H), 7.09 

(t, J = 7.6 Hz, 1H), 6.93  (d, J = 7.6 Hz, 1H), 4.34-4.29 (m, 1H), 4.06-3.98 (m, 2H), 

3.39-3.32 (m, 1H), 3.15-3.09 (m,1H),  3.06 (s, 3H), 2.97-2.91 (m, 1H), 2.86-2.80 (m, 
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1H), 1.36 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 179.2, 178.9, 177.6, 143.2, 135.5, 

129.6, 126.7, 126.2, 124.1, 51.3, 44.8, 40.1, 36.8, 31.2, 28.7, 25.3. HRMS (ESI) m/z 

calcd for C18H22N2O3Na [M+Na]+: 337.1523; found: 337.1520. 

 
3-(1-pivaloylindolin-7-yl) pyrrolidine-2,5-dione (3b): was 

prepared according to the general procedure (2.5a).The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a light yellow solid (22 mg, 75% yield) Rf: 0.30 (in 

40% EtOAc/Hexane). 

1H NMR (CDCl3, 700 MHz): δ 8.70 (brs,1H), 7.18 (d, J = 7.7 Hz, 1H), 7.11 (t, J = 

7.7 Hz, 1H), 7.00 (d, J = 7.7 Hz, 1H), 4.32-4.29 (m, 1H), 4.05-4.01 (m, 2H), 3.41-3.37 

(m, 1H), 3.13-3.08 (m,1H), 2.95-2.92 (m, 1H), 2.90-2.86 (m, 1H), 1.37 (s, 9H). 13C 

NMR (CDCl3, 175 MHz): δ 179.4, 179.2, 177.8, 143.1, 135.6, 129.2, 126.7, 126.3, 

124.2, 51.3, 46.0, 40.0, 38.0, 31.1, 28.6. HRMS (ESI) m/z calcd for C17H20N2O3Na 

[M+Na]+: 295.1053; found: 295.1052. 

 

1-ethyl-3-(1-pivaloylindolin-7-yl) pyrrolidine-2,5-dione 

(3c): was prepared according to general procedure (2.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a colorless oil (20 mg, 60% yield) Rf: 0.40 (in 30% 

EtOAc/Hexane).1H NMR (CDCl3, 400 MHz): δ 7.17 (d, J = 7.2 Hz, 1H), 7.09 (t, J = 

7.6 Hz, 1H), 6.93 (d, J = 7.6 Hz, 1H), 4.35-4.29 (m, 1H), 4.04-3.95 (m, 2H), 3.62 (q, 

J = 7.2 Hz, 2H),  3.36-3.29 (m, 1H), 3.15-3.07 (m, 1H), 2.96-2.93 (m, 1H), 2.81-2.75 
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(m, 1H), 1.36 (s, 9H), 1.22 (t, J = 7.2 Hz, 3H) 13C NMR (CDCl3, 175 MHz): δ 179.3, 

178.7, 177.5, 143.3, 135.5, 130.0, 126.4, 126.3, 124.1, 51.4, 44.5, 40.1, 36.9, 34.2, 

31.2, 28.7, 13.4. HRMS (ESI) m/z calcd for C19H24N2O3Na [M+Na]+: 351.1679; 

found: 351.1690. 

 

1-benzyl-3-(1-pivaloylindolin-7-yl)pyrrolidine-2,5-

dione (3d): was prepared according to general 

procedure (2.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving a white solid (23.6 mg, 62% 

yield) Rf: 0.40 (in 30% EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 7.43 (d, J = 

7.2 Hz, 2H), 7.31 (q, J = 6.4 Hz, 3H), 7.16 (d, J = 7.2 Hz, 1H), 7.04 (t, J = 7.6 Hz, 1H), 

6.83 (d, J = 7.6 Hz, 1H), 4.71 (q, J = 8.8 Hz, 2H),  4.34-4.29 (m, 1H), 4.03-3.96 (m, 

2H), 3.39-3.32 (m, 1H), 3.14-3.06 (m, 1H), 2.95-2.89 (m, 1H), 2.83-2.77 (m, 1H), 1.33 

(s, 9H). 13C NMR (CDCl3, 175 MHz): δ 179.2, 178.5, 177.1, 143.2, 136.3, 135.5, 

129.9, 129.3, 128.9, 128.2, 126.4, 126.3, 124.1, 51.4, 44.6, 42.9, 40.1, 37.0, 31.2, 28.7. 

HRMS (ESI) m/z calcd for C24H26N2O3Na [M+Na]+: 413.1836; found: 413.1848. 

 

1-phenyl-3-(1-pivaloylindolin-7-yl)pyrrolidine-2,5-dione 

(3e): was prepared according to general procedure (2.5a) . 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a yellow solid (17 mg, 44% yield) Rf: 0.30 (in 30% 

EtOAc/Hexane). 1H NMR (CDCl3, 700 MHz): δ 7.49-7.46 (m, 2H), 7.40-7.37 (m, 

3H), 7.21 (d, J = 6.8 Hz, 1H), 7.16-7.10 (m, 2H), 4.40-4.34 (m, 1H), 4.22-4.19 (m, 1H), 
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4.06-3.98 (m, 1H), 3.48-3.41 (m, 1H), 3.18-3.10 (m, 1H) 3.05-2.99 (m, 1H), 2.97-2.92 

(m, 1H), 1.38 (s, 9H). 13C NMR (CDCl3, 175 MHz): δ 179.3, 177.6, 176.5, 143.1, 

135.7, 132.6, 129.4, 128.8, 127.4, 127.0, 126.3, 124.3, 53.8, 51.4, 45.2, 40.2, 36.2, 

31.1, 28.8. HRMS (ESI) m/z calcd for C23H24N2O3Na [M+Na]+: 399.1679; found: 

399.1688. 

3-(5-bromo-1-pivaloylindolin-7-yl)pyrrolidine-2,5-dione 

(3f): was prepared according to general procedure (2.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a light yellow solid (20 mg, 73% yield) Rf: 0.40 (in 30% EtOAc/Hexane). 1H 

NMR (CDCl3, 400 MHz): δ 8.34 (brs, 1H), 7.31 (s, 1H), 7.15 (s, 1H), 4.33-4.27 (m, 

1H), 4.07-4.00 (m, 2H), 3.39-3.32 (m, 1H), 3.14-3.06 (m,1H), 2.98-2.91 (m, 1H), 2.90-

2.83 (m, 1H), 1.36 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 179.4, 178.0, 176.9, 142.5, 

137.8, 130.7, 129.6, 127.4, 118.9, 51.4, 45.9, 40.1, 37.7, 30.9, 28.6. HRMS (ESI) m/z 

calcd for C17H19BrN2O3Na [M+Na]+: 401.0471; found: 401.0484. 

3-(5-bromo-1-pivaloylindolin-7-yl)-1-methylpyrrolidine-

2,5-dione (3g): was prepared according to the general 

procedure (2.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving a light yellow solid (19 mg, 68%yield) Rf: 0.42 (in 30% EtOAc/Hexane). 

1H NMR (CDCl3, 400 MHz): δ 7.30 (s, 1H), 7.08 (s, 1H), 4.33-4.27 (m, 1H), 4.14-

3.09 (m, 1H), 3.98-3.95 (m, 1H), 3.35-3.28 (m,1H), 3.14-3.08 (m, 1H), 3.06 (s, 3H), 

2.98-2.90 (m, 1H), 2.82-2.76 (m, 1H), 1.35 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 

179.2, 178.0, 177.1, 142.6, 137.8, 131.1, 129.6, 127.3, 118.9, 51.4, 44.5, 40.1, 36.5, 
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30.9, 28.6, 25.4. HRMS (ESI) m/z calcd for C18H21BrN2O3Na [M+Na]+: 415.0628; 

found: 415.0626. 

 

3-(5-bromo-1-pivaloylindolin-7-yl)-1-ethylpyrrolidine-

2,5-dione (3h): was prepared according to the general 

procedure (2.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving a colourless oil (21.8 mg, 74% yield) Rf: 0.40 

(in 30% EtOAc/Hexane) 

1H NMR (CDCl3, 700 MHz): δ 7.30 (s, 1H), 7.06 (s, 1H), 4.32-4.29 (m, 1H), 4.05-

4.01 (m, 1H), 3.94-3.92 (m, 1H), 3.63 (q, J = 7.0 Hz, 2H), 3.31-3.27 (m, 1H), 3.15-

3.07 (m, 1H), 2.95-2.91 (m, 1H), 2.76-2.73 (m, 1H), 1.35 (s, 9H) 1.32 (t, J = 7.0 Hz, 

3H). 13C NMR (CDCl3, 175 MHz): δ 179.2, 177.9, 176.9, 142.6, 137.8, 131.5, 129.4, 

127.3, 119.0, 51.4, 44.4, 40.2, 36.5, 34.4, 31.1, 28.7, 13.4. HRMS (ESI) m/z calcd for 

C19H23BrN2O3Na [M+Na]+: 429.0784; found: 429.0795. 

1-benzyl-3-(5-bromo-1-pivaloylindolin-7-

yl)pyrrolidine-2,5-dione (3i): was prepared according to 

general procedure (2.5a). The crude reaction mixture 

was purified by column chromatography using silica gel 

(100-200 mesh size) giving a white solid (16.4 mg, 60% 

yield) Rf: 0.40 (in 30% EtOAc/Hexane). 1H NMR (CDCl3, 700 MHz): δ 7.42 (d, J = 

7.0 Hz, 2H), 7.33 (t, J = 7.0 Hz, 2H), 7.30-7.28 (m, 2H), 6.96 (t, J = 1.4 Hz, 1H), 4.76-

4.68 (m, 2H), 4.32-4.29 (m, 1H), 4.02-4.00 (m, 1H) 3.98-3.92 (m, 1H), 3.38-3.29 (m, 

1H), 3.11-3.06 (m, 1H), 2.94-2.90 (m, 1H), 2.78-2.75 (m, 1H), 1.33 (s, 9H). 13C NMR 

(CDCl3, 175 MHz): δ 179.3, 177.8, 176.7, 142.5, 137.7, 136.2, 131.5, 129.3, 129.1, 

 
 

 
 



                                                                                                                     

 

 

 

35 

 

128.4, 127.3, 119.1, 51.4, 44.4, 43.0, 40.1, 36.7, 31.0, 28.7. HRMS (ESI) m/z calcd 

for C24H25BrN2O3Na [M+Na]+: 491.0941; found: 491.0941. 

3-(5-bromo-1-pivaloylindolin-7-yl)-1-

phenylpyrrolidine-2,5-dione (3j): was prepared 

according to general procedure (2.5a). The crude reaction 

mixture was purified by column chromatography using 

silica gel (100-200 mesh size), giving a yellow solid (15.8 

mg, 49% yield) Rf: 0.45 (in 30% EtOAc/Hexane). 1H NMR (CDCl3, 700 MHz): δ 

7.49-7.47 (m, 2H), 7.41-7.37 (m, 3H), 7.37 (s, 1H), 7.24 (d, J = 2.1 Hz, 1H), 4.37-4.34 

(m, 1H), 4.17-4.15 (m, 1H), 4.06-4.02 (m, 1H), 3.43-3.39 (m, 1H), 3.14-3.10 (m, 1H), 

3.00-2.97 (m, 1H), 2.96-2.93 (m, 1H), 1.37 (s, 9H). 13C NMR (CDCl3, 175 MHz): δ 

179.3, 176.9, 175.9, 142.5, 138.1, 132.5, 130.8, 130.3, 129.5, 129.1, 127.5, 127.1, 

119.0, 82.4, 51.5, 45.1, 40.2, 36.1, 31.1, 28.7. HRMS (ESI) m/z calcd for 

C23H23BrN2O3Na [M+Na]+: 477.0784; found: 477.0774. 

3-(5-methoxy-1-pivaloylindolin-7-yl)pyrrolidine-2,5-

dione (3k): was prepared according to general procedure 

(2.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size), giving a colourless oil (23 mg, 79% yield) Rf: 

0.42(in 30% EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 8.67 (brs, 1H) 6.76 (d, 

J = 2 Hz, 1H), 6.53 (d, J = 2 Hz, 1H), 4.27-4.14 (m, 2H), 4.12-4.03 (m, 1H), 3.75 (s, 

3H), 3.34-3.27 (m, 1H), 3.08-3.27 (m, 1H), 2.97-2.90 (m, 1H), 2.85-2.79 (m, 1H), 1.35 

(s, 9H). 13C NMR (CDCl3, 100 MHz): δ 179.5, 177.7, 171.6, 158.4, 137.3, 136.4, 
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129.8, 111.9, 110.3, 56.1, 51.6, 46.1, 40.0, 38.1, 31.5, 28.7. HRMS (ESI) m/z calcd 

for C18H22N2O4Na [M+Na]+: 353.1472; found: 353.1480. 

3-(5-methoxy-1-pivaloylindolin-7-yl)-1-

methylpyrrolidine-2,5-dione (3l): was prepared according 

to general procedure (2.5a). The crude reaction mixture 

was purified by column chromatography using silica gel 

(100-200 mesh size) giving a colourless oil (18 mg, 60 % 

yield) Rf: 0.40 (in 30% EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 6.75 (d, J 

=1.6 Hz, 1H), 6.47 (d, J = 2.0 Hz, 1H), 4.32-4.26 (m, 1H), 4.05-3.98 (m, 2H), 3.75 (s, 

3H), 3.35-3.28 (m, 1H), 3.11-3.06 (m, 1H), 3.05 (s, 3H), 2.93-2.87 (m, 1H), 2.85-2.79 

(m, 1H), 1.34 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 178.9, 178.6, 177.5, 158.2, 

137.0, 136.5, 130.2, 112.1, 110.1, 56.1, 51.5, 44.8, 39.9, 36.7, 31.5, 28.7, 25.3. HRMS 

(ESI) m/z calcd for C19H24N2O4Na [M+Na]+: 367.1628; found: 367.1643. 

 

1-ethyl-3-(5-methoxy-1-pivaloylindolin-7-yl) 

pyrrolidine-2,5-dione (3m): was prepared according to 

the general procedure (2.5a). The crude reaction mixture 

was purified by column chromatography using silica gel 

(100-200 mesh size), giving a colourless oil (19 mg, 62% 

yield) Rf: 0.40 (in 30% EtOAc/Hexane). 1H NMR (CDCl3, 700 MHz): δ 6.74 (d, J 

=2.1 Hz, 1H), 6.46 (d, J = 2.8 Hz, 1H), 4.32-4.29 (m, 1H), 4.02-3.97 (m, 2H), 3.74 (s, 

3H), 3.62 (q, J = 7.0 Hz, 2H), 3.31-3.27 (m, 1H), 3.09-3.04 (m, 1H), 2.91-2.88 (m, 1H), 

2.79-2.76 (m, 1H), 1.35 (s, 9H), 1.22 (t, J = 7.7 Hz, 3H). 13C NMR (CDCl3, 175 MHz): 

δ 179.1, 178.4, 177.4, 158.2, 137.0, 136.7, 131.0, 111.7, 110.1, 56.1, 51.6, 44.6, 40.1, 
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36.8, 34.3, 31.6, 28.8, 13.4. HRMS (ESI) m/z calcd for C20H26N2O4Na [M+Na]+: 

381.1785; found: 381.1798. 

1-benzyl-3-(5-methoxy-1-pivaloylindolin-7-

yl)pyrrolidine-2,5-dione (3n): was prepared according 

to general procedure (2.5a). The crude reaction mixture 

was purified by column chromatography using silica gel 

(100-200 mesh size), giving a white solid (20 mg, 56% 

yield) Rf: 0.35 (in 30% EtOAc/Hexane). 1H NMR (CDCl3, 700 MHz): δ 7.44 (d, J = 

7.0 Hz, 2H), 7.31 (t, J = 7.0 Hz, 2H), 7.26 (t, J = 8.4 Hz, 1H) 6.71 (d, J = 2.8 Hz, 1H) 

6.29 (d, J = 2.1 Hz, 1H) 4.74-4.69 (m, 2H), 4.31-4.28 (m, 1H), 4.00-3.96 (m, 2H), 3.59 

(s, 3H), 3.36-3.32 (m, 1H), 3.08-3.03 (m, 1H), 2.89-2.85 (m, 1H), 2.81-2.78 (m, 1H), 

1.34 (s, 9H). 13C NMR (CDCl3, 175 MHz): δ 179.1, 178.4, 177.1, 158.3, 137.1, 136.5, 

136.4, 130.5, 129.3, 129.1, 128.2, 110.7, 110.6, 55.8, 51.6, 44.6, 42.8, 40.0, 37.1, 31.5, 

28.7. HRMS (ESI) m/z calcd for C25H28N2O4Na [M+Na]+: 421.2122; found: 421.2148. 

 

3-(5-methoxy-1-pivaloylindolin-7-yl)-1-

phenylpyrrolidine-2,5-dione (3o): was prepared 

according to general procedure (2.5a). The crude reaction 

mixture was purified by column chromatography using 

silica gel (100-200 mesh size), giving a white liquid (17 

mg, 51% yield) Rf: 0.35 (in 30% EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 

7.52-7.48 (m, 2H), 7.42-7.39 (m, 3H), 6.80 (d, J = 2.0 Hz, 1H), 6.68 (d, J = 2.4 Hz, 

1H), 4.40-4.35(m, 1H), 4.26-4.21 (m, 1H), 4.07-4.00 (m, 1H), 3.80 (s, 3H), 3.46-3.39 

(m, 1H), 3.16-3.10 (m, 1H), 3.08-3.00 (m, 1H), 2.97-2.90 (m, 1H) 1.38 (s, 9H). 13C 

NMR (CDCl3, 175 MHz): δ 179.0, 177.4, 176.4, 158.2, 137.3, 136.5, 132.6, 129.7, 
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129.4, 128.8, 127.0, 112.8, 110.2, 56.0, 53.8, 51.6, 45.3, 40.0, 36.0, 31.5, 28.8. HRMS 

(ESI) m/z calcd for C24H26N2O4Na [M+Na]+: 429.1785; found: 429.1786. 

 

3-(2-methyl-1-pivaloylindolin-7-yl)pyrrolidine-2,5-dione 

(3p): (inseparable diastereomeric mixture 6:4) was 

prepared according to general procedure (2.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size), giving a light yellow 

solid (21.2 mg, 73% yield) Rf: 0.30 (in 40% EtOAc/Hexane). 1H NMR (CDCl3, 700 

MHz): δ 8.52 (brs,1H), 7.31(d, J = 7.7 Hz, 0.46H), 7.20 (t, J = 7.0 Hz, 1H), 7.15-7.10 

(m, 1H) 6.99 (d, J = 7.7 Hz, 1H), 4.86-4.81 (m, 1H), 4.57-4.55 (m, 0.43H), 4.13-4.10 

(m, 0.36H), 3.97-3.95 (m, 0.61H), 3.46-3.38 (m, 1H), 3.30-3.26 (m, 1H), 2.99-2.94 (m, 

1H), 2.74-2.70 (m, 0.45H), 2.54-2.50 (m, 1H), 1.37 (s, 9H), 1.27 (d, J = 6.3 Hz, 2H), 

1.22 (d, J = 6.3 Hz, 1H). 13C NMR (CDCl3, 175 MHz): δ 179.3, 179.1, 178.0, 177.0, 

177.5, 177.0, 142.2, 141.3, 135.4, 134.9, 130.8, 129.9, 126.8, 126.7, 126.1, 124.9, 

124.7, 60.7, 57.8, 57.7, 46.1, 45.4, 40.5, 38.2, 38.0, 37.8, 28.99, 28.97, 21.3, 20.6, 20.2, 

14.5. HRMS (ESI) m/z calcd for C18H22N2O3Na [M+Na]+: 337.1523; found: 337.1539. 

3-(9-pivaloyl-2,3,4,4a,9,9a-hexahydro-1H-carbazol-8-

yl)pyrrolidine-2,5-dione (3r): (inseparable diastereomeric 

mixture 7:4) was prepared according to general procedure 

(2.5a). The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a colourles liquid (13 mg, 46% yield) Rf: 0.35 (in 30% EtOAc/Hexane). 1H 

NMR (CDCl3, 400 MHz): δ 8.39 (brs,1H), 7.30 (d, J = 7.2 Hz, 0.45H), 7.20-7.11 (m, 

2H) 6.98 (d, J = 8.0 Hz, 1H), 4.60-4.51 (m, 2H), 4.14-4.09 (m, 1H), 3.99-3.96 (m,1H), 
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3.47-3.38 (m, 2H), 3.00-2.92 (m, 1H), 2.75-2.69 (m, 0.47H), 4.65 (d, J = 14.0 Hz, 1H), 

2.06-2.00 (m, 2H), 1.85-1.49 (m, 6H), 1.37 (s, 9H), 1.32-1.05 (m, 6H). 13C NMR 

(CDCl3, 175 MHz): δ 179.1, 179.0, 177.9, 177.8, 177.5, 177.4, 176.94, 176.91,  143.8, 

142.9, 141.3, 138.5, 138.1, 131.0, 130.1, 126.8, 126.6, 126.3, 126.2, 122.4, 122.3, 63.8, 

63.6, 46.0, 45.3, 42.5, 42.3, 40.47, 40.45, 37.7, 29.04, 29.01, 27.6, 27.5, 25.0, 23.63, 

23.61,  20.7, 20.6, 14.5. HRMS (ESI) m/z calcd for C21H26N2O3Na [M+Na]+: 

377.1836; found: 377.1849. 

 

Methyl 3-(1-pivaloylindolin-7-yl)propanoate (3s): was 

prepared according to the general procedure (2.5b). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a light yellow liquid (24 mg, 85% yield) Rf: 0.50 (in 

20% EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 7.08 (dd, J = 8.4 Hz, 1H), 7.03 

(t, J = 4.4 Hz, 2H), 4.10 (t, J = 14.8 Hz, 2H), 3.63 (s, 3H), 3.01 (t, J = 14.8 Hz, 2H), 

2.85 (t, J = 15.6 Hz, 2H), 2.59 (t, J = 15.6 Hz, 2H), 1.39 (s, 9H). 13C NMR (CDCl3, 

100 MHz): δ 179.0, 174.1, 143.1, 134.8, 132.0, 128.3, 125.5, 122.6, 51.8, 51.6, 40.3, 

33.3, 31.5, 29.1, 28.8. HRMS (ESI) m/z calcd for C17H23NO3Na [M+Na]+: 312.1570; 

found: 312.1567. 

 

Methyl 3-(9-pivaloyl-2,3,4,4a,9,9a-hexahydro-1H-

carbazol-8-yl)propanoate (3u): was prepared according to 

general procedure (2.5b). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving a colourless oil (18 mg, 68% yield) 
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Rf: 0.40 (in 20% EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 7.11-7.08 (m, 1H) 

7.04-7.01 (m, 2H) 4.53-4.48 (m, 1H), 3.62 (s, 3H), 3.48-3.45 (m, 1H), 3.01-2.92 (m, 

1H) 2.82-2.75 (m, 1H) 2.65-2.50 (m, 2H) 2.31 (d, J = 14.4 Hz, 1H), 2.00-1.97 (m, 1H), 

1.83-1.73 (m, 1H), 1.58-1.55 (m, 1H) 1.49 (d, J = 12.8 Hz, 1H) 1.39 (s, 9H) 1.25-1.05 

(m, 3H). 13C NMR (CDCl3, 100 MHz): δ 178.7, 174.2, 143.5, 137.4, 133.9, 127.9, 

125.9, 120.9, 63.7, 51.7, 42.7, 40.6, 33.4, 29.2, 29.0, 27.6, 25.0, 23.8, 20.8. HRMS 

(ESI) m/z calcd for C21H29NO3Na [M+Na]+: 366.2040; found: 366.2049. 

 

Methyl 3-(2-methyl-1-pivaloylindolin-7-yl)propanoate 

(3v): was prepared according to general procedure (2.5b). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a colourless oil (22 mg, 77% yield) Rf: 0.45 (in 20% 

EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 7.11-7.07 (m, 1H) 7.05-7.02 (m, 2H) 

4.79-4.73 (m, 1H), 3.61 (s, 3H), 3.28 (dd, J = 14.8 Hz, J = 7.2 Hz, 1H), 2.99-2.92 (m, 

1H), 2.83-2.75 (m, 1H), 2.66-2.45 (m, 3H) 1.39 (s, 9H) 1.56 (d, J = 6.0 Hz, 3H). 13C 

NMR (CDCl3, 100 MHz): δ 179.1, 174.1, 142.0, 134.4, 133.7, 128.1, 126.0, 123.3, 

57.7, 51.8, 40.6, 38.4, 33.5, 29.2, 29.1, 20.5. HRMS (ESI) m/z calcd for C18H23NO3Na 

[M+Na]+: 326.1727; found: 326.1734. 

 

Methyl 3-(5-bromo-1-pivaloylindolin-7-yl)propanoate 

(3w): was prepared according to general procedure (2.5b). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) 

giving a colourless oil (19 mg, 74% yield) Rf: 0.45 (in 20% 
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EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 7.21 (s, 1H), 7.17 (s, 1H), 4.10 (t, J 

= 14.4 Hz, 2H), 3.65 (s, 3H), 3.00 (t, J = 14.4 Hz, 2H), 2.79 (t, J = 15.6 Hz, 2H), 2.27 

(t, J = 15.6 Hz, 2H), 1.38 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 179.1, 173.8, 142.5, 

137.0, 133.9, 131.0, 125.7, 118.3, 53.8, 51.9, 51.6, 40.4, 33.0, 31.3, 28.9. HRMS (ESI) 

m/z calcd for C17H22BrNO3Na [M+Na]+: 390.0675; found: 390.0679. 

 

Methyl 3-(5-bromo-1-pivaloylindolin-7-yl)propanoate 

(3w): was prepared according to general procedure (2.5b). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving a colourless oil (19 mg, 74% yield) Rf: 0.45 (in 20% 

EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 7.21 (s, 1H), 7.17 (s, 1H), 4.10 (t, J 

= 14.4 Hz, 2H), 3.65 (s, 3H), 3.00 (t, J = 14.4 Hz, 2H), 2.79 (t, J = 15.6 Hz, 2H), 2.27 

(t, J = 15.6 Hz, 2H), 1.38 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 179.1, 173.8, 142.5, 

137.0, 133.9, 131.0, 125.7, 118.3, 53.8, 51.9, 51.6, 40.4, 33.0, 31.3, 28.9. HRMS (ESI) 

m/z calcd for C17H22BrNO3Na [M+Na]+: 390.0675; found: 390.0679. 

 

3-(1-acetylindolin-7-yl)-1-methylpyrrolidine-2,5-dione 

(3x): was prepared according to general procedure (2.5b). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) 

giving a white liquid (21 mg, 62% yield) Rf: 0.42 (in 60% 

EtOAc/Hexane). 1H NMR (CDCl3, 400 MHz): δ 7.16 (d, J = 7.2 Hz, 1H), 7.10 (t, J = 

7.6 Hz, 1H), 6.89  (d, J = 7.6 Hz, 1H), 4.37-4.33 (m, 1H), 4.18-4.04 (m, 2H), 3.47-3.40 

(m, 1H), 3.21-3.13 (m, 1H), 3.05 (s, 3H), 3.01-2.95 (m, 1H), 2.84-2.70 (m, 1H), 2.28 
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(s, 3H). 13C NMR (CD2Cl2, 175 MHz): δ 179.4, 177.8, 170.8, 140.8, 136.0, 128.9, 

126.5, 126.1, 123.7, 51.0, 44.5, 36.7, 29.2, 23.8, 22.4. HRMS (ESI) m/z calcd for 

C15H16N2O3Na [M+Na]+: 371.1366; found: 371.1361. 
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NMR spectra of 1-methyl-3-(1-pivaloylindolin-7-yl)pyrrolidine-2,5-dione (3a):  

  

 

 

 

1H NMR of 3a (400 

MHz, CDCl3) 

13C{1H} NMR of 3a 

 (100 MHz, CDCl3) 
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NMR spectra of methyl 3-(1-pivaloylindolin-7-yl)propanoate (3s):  

  

 

 

 

1H NMR of 3s  

(400 MHz, CDCl3) 

 

1H NMR of 3s  

(400 MHz, CDCl3) 
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(c) Crystals of the compounds 3a: (1-methyl-3-(1-pivaloylindolin-7-yl)pyrrolidine-

2,5-dione) were obtained after slow evaporation of ethyl acetate.  

 

 
 

Figure 2.3: Crystal structure of 3a (50% ellipsoid probability). 
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Chapter 3 

Cobalt-Catalyzed One-Step Access to Pyroquilon and C‑7 

Alkenylation of Indoline with Activated Alkenes Using Weakly 

Coordinating Functional Groups  

 

3.1 ABSTRACT: A new strategy for the C(7)-H functionalization of indoline 

derivatives using first-row transition-metal cobalt has been demonstrated wherein the 

pivaloyl group acts as a weakly coordinating directing group. Biologically important 

pyroquilon (tetrahydropyroquinolinone) derivatives have been synthesized in a one-pot 

manner through selective C(7)-H functionalization and concomitant cyclization. In this 

process, aromatic C−H and amidic C−N bonds are cleaved, and new C−C and C−N 

bonds are formed step-economically. Further, selective C(7)-H alkenylation of indoline 

derivatives has also been accomplished using activated alkenes by varying the reaction 

conditions. 

3.2 INTRODUCTION 

The indoline and pyrroloquinolinone skeleton exists in numerous 

pharmaceuticals, biologically active molecules,1 and several drugs.2a,b Because of its 

pharmacological activity toward Alzheimer’s disease, obesity, asthma, and epilepsy, 
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synthesizing pyrroloquinoline and its derivatives has attracted significant interest from 

synthetic and medicinal chemists (Figure 3.1).2  

 
Figure 3.1. Selective examples of bioactive compounds bearing pyrroloquinolinone 

skeleton. 

Traditionally, pyrroloquinolinone derivatives have been synthesized by Fischer 

indole cyclization,3a radical cyclization,3b Michael addition-type cyclization,3c, and 

sigmatropic rearrangement.3d,e However, these processes suffer from many drawbacks, 

such as more synthetic operations, harsh reaction conditions, and functional group 

incompatibility. Thus, a straightforward synthetic procedure that can overcome these 

challenges is needed.4 In recent years, transition-metal-catalyzed C−H bond activation 

has been considered one of the most powerful synthetic protocols due to its step- and 

atom-economical properties. A few research groups have reported the synthesis of the 

pyrroloquinolinone skeleton by intermolecular annulation of indoline derivatives with 

triple bonds using second- and third-row transition metals (Re, Rh, Ru).5 Also, there are 

a few reports on the C-7 alkenylation of indoline using second- and third-row transition 

metals (Pd, Ru, Rh, Ir).6 However, there is no report on the synthesis of 

pyrroloquinolone and C-7 alkenylation of indoline using first-row transition metals. In 

recent years, the first-row transition-metal-catalyzed organic transformation has 

increasingly become popular due to its low cost, lower toxicity, and easy availability.7 

In this regard, Ackermann’s8a, and Koley’s8b groups have reported the copper-catalyzed 
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formation of C−S/Se and C−O bonds on indolines at the C-7 position, respectively, 

using a strongly coordinating pyrimidyl directing group (Figure 2.2a).  

 

Figure 2.2. Transition metal-catalyzed C(7)−H functionalization of indoline. 

Punniyamurthy’s8c group has also exploited the strongly coordinating pyrimidyl 

directing group for the cobalt-catalyzed Suzuki− Miyaura-type coupling of indolines at 

the C-7 position with aryl boronic acid. Recently, we have reported cobalt-catalyzed 

hydroarylation at the C-7 position of indoline using weakly coordinating directing 

groups (Figure 3.2a).8d The use of weakly coordinating directing groups has gained 

significant importance compared to strongly coordinating directing groups because of 

their unique reactivity and selectivity.8d,9 To the best of our knowledge, there is no 

report on the C-7 alkenylation of indoline and the one-step synthesis of pyroquilon 

(tetrahydropyrroloquinolinones) using first-row transition metals. According to the 

literature, urea-based directing groups are well known for C-H 

functionalization/annulation to build a pyrroloquinolinone framework (Figure 
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3.2b).5,6,10 Herein, we introduce one-step access to the tetrahydropyrroloquinolinone 

framework by intermolecular annulation of indoline (bearing pivaloyl as the weakly 

coordinating directing group) with acrylates using the Cp*Co catalyst (Figure 3.2d). 

With a simple modification of conditions, this strategy also gives direct access to the C-

7 alkenylated indoline, which has the potential for further transformation into desired 

products (Figure 3.2c). 

  

3.3 RESULTS AND DISCUSSION  

       To test the feasibility of selective C-7 functionalization of indoline, N-pivaloyl 

indoline 1a, and methyl-acrylate 2a were reacted with the 

Cp*Co(CO)I2/AgSbF6/Ag2CO3/Cu(OAc)2 catalytic system using various solvents such 

as 1,4-dioxane, toluene, and THF (Table 3.1, entries 1, 2, and 3). Gratifyingly, we got 

pyroquilon in a 40% isolated yield with THF (Table 3.1, entry 3). Then, we tested this 

reaction with a polar protic solvent such as methanol; we did not observe the desired 

product 3aa (Table 3.1, entry 4). The use of fluorinated solvents such as trifluoroethanol 

and hexafluoroisopropanol gave a moderate yield, whereas using trifluorotoluene (TFT) 

raised the yield of 3aa to 77% (Table 3.1, entries 5, 6, and 7). Then, we screened the 

reaction in different chlorinated solvents such as dichloromethane (DCM), 1,2-

dichlorobenzene (DCB), and 1,2-dichloroethane (DCE) (Table 1, entries 8, 9, and 10). 

Interestingly, with DCE, the yield improved to 82%. To improve the yield further, we 

changed the silver salt to AgNTf2, but no improvement in the yield was observed (Table 

3.1, entry 11). To understand the role of the base, we performed a reaction without 

AgCO3 and obtained only a 12% yield. This result suggests that the base plays a crucial 
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role in this reaction. To understand the essential role of the catalyst, another reaction 

has been performed without the Cp*Co(CO)I2 catalyst.  

Table 3.1. Optimization of the tetrahydropyrroloquinolinonea,b 

 

aReaction conditions: 1a (0.1 mmol), 2a (4 equiv), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), Ag2CO3 (1 equiv), solvent (0.1 M), 120 °C, 24 h. bIsolated yields. 

 

In that case, we did not observe the formation of any products, which confirms that this 

reaction is catalyzed by the Cp*Co(CO)I2 catalyst. Various N-substituted indolines 

were screened under the optimized reaction conditions to further optimize the reaction 

in terms of directing groups with 2a (Table 3.2, entries 1−5). Among all these directing 

groups, pivaloyl 1a afforded an excellent yield of 3aa and 4aa (Table 3.2, entry 1), 

whereas acetyl- and benzoyl-substituted indolines gave good yields of 4aa (Table 3.2, 

entries 3 and 4). Indoline bearing free −NH and tert-butyloxycarbonyl directing groups 
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could not lead to the formation of products 3aa and 4aa, respectively (Table 3.2, entries 

2 and 5). 

Table 3.2. Screening of directing groups for indoline C-7 alkenylation and cyclizationa,b 

 

aReaction conditions: 1a (0.1 mmol), 2a (4 equiv), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), Ag2CO3/Cu(OAc)2 (1 equiv), solvent (0.1 M), 120 °C, 24 h. bIsolated yields. 

 

With the optimized reaction condition in hand, the substrate scope of indolines 1 with 

methyl acrylate 2a was investigated (Scheme 3.1). The developed methodology worked 

well with 2-methyl indoline, 2,3-methyl indoline, and 2,3-fused indoline, giving a good 

yield of the corresponding products (Scheme 3.1, 3ba, 3ca, and 3da). Methoxy-

substituted indolines gave moderate to good yields (Scheme 3.1, 3ea and 3fa). Halogen 

(F, Cl, and Br)-substituted indolines also gave moderate to good yields of the 

corresponding products (Scheme 3.1, 3ia, 3iia, 3ga, and 3ha). In contrast, only a trace 

amount of the desired product was formed from iodo-substituted indoline (Scheme 3.1, 

3iiia). The structure of 3ia was further confirmed by single-crystal X-ray analysis, 

whereas the electron-poor indolines provided an irrelevant result (Scheme 3.1, 3ja, and 

3ka). This might be due to the poor nucleophilicity of the Co−C bond in the electron-
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withdrawing group (−NO2)-substituted indoline, making it less prone to olefin insertion 

from intermediate III (Scheme 3.4).  

Scheme 3.1. Scope of tetrahydropyrroloquinolinonea,b 

 

aReaction conditions: 1a (0.1 mmol), 2a (4 equiv), CoCp*(CO)I2 (10 mol %), AgSbF6 

(20 mol %), Ag2CO3 (1 equiv), 1,2-Dichloroethane (0.1 M) as a solvent, 120 °C, 24 h. 
bIsolated yields. 

 

We also allowed them to react with N-pivaloyl tetrahydroquinoline, but their reaction 

failed to give the desired annulated product under the reaction conditions (Scheme 3.1, 

3la). Next, to know the effect of alkoxy substituents, various O-substituted acrylates 

such as methyl acrylate 2a, ethyl acrylate 2b, n-butyl acrylate 2c, tert-butyl acrylate 2d, 

acrylic acid 2e, and phenyl acrylate 2f were reacted with the indolines under the 

optimized reaction conditions (Table 3.3). Except for acrylic acid 2e, 3aa was found to 
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decrease gradually with an increase in the chain length of the alkoxide unit. This might 

be due to their decreasing ability to act as leaving groups and steric factors. To further 

optimize the C-7 alkenylation reaction of indolines, we performed the same reaction. 

Still, the additive was changed from silver carbonate to copper acetate in the presence 

of dichloromethane at room temperature. We obtained a 54% yield of alkenylated 

product 4aa without any trace of 3aa (hydroarylation and cyclization product). For 

further confirmation of 4aa, we performed a single-crystal X-ray analysis. Encouraged 

by this intriguing observation, we have screened other chlorinated and fluorinated 

solvents, out of which HFIP was found to be the best solvent to drive the reaction to be 

C-7 alkenylation, giving an 84% yield of the desired product. After establishing the 

optimal reaction conditions for the cobalt-catalyzed C-7 alkenylation of indolines, we 

evaluated the substrate scope of various indoline derivatives.  

Table 3.3. Scope of tetrahydropyrroloquinolinone with various Acrylates 

 
R  yield of  3aab 

       R = methyl       (Me)              2a 82% 

       R = ethyl           (Et)               2b 58% 

       R = n-butyl       (nBu)              2c 53% 

       R = tert-butyl   (tBu)              2d 37% 

       R = hydrogen    (H)                2e 24% 

       R = phenyl        (Ph)               2f 64% 

 

At first, we tested them with N-pivaloylindoline bearing 2-methyl and 2,3-dimethyl 

groups under the conditions. In both cases, we got a good yield of the C-7 alkenylated 

product (Scheme 3.2, 4ba, and 4ca). 2,3-Fused indolines also gave a good yield 
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(Scheme 3.2, 4da). While indoline with electron-donating methoxy substituents at C-5 

gave a 91% yield (Scheme 3.2, 4ea), C-6 methoxy-substituted indolines gave only a 

49% yield (Scheme 3.2, 4fa), possibly due to steric hindrance by the methoxy group. 

The halogenated indolines (bromo, fluoro, chloro, and iodo) gave good yields (Scheme 

3.2, 4ga−4iiia), whereas electron-withdrawing 5-NO2-substituted indoline gave a low 

yield (Scheme 3.2, 4ja) and 6-NO2-substituted indoline failed to produce the desired 

product (Scheme 3.2, 4ka). Also, N-pivaloyl tetrahyroquinoline afforded a trace amount 

of the desired product (Scheme 3.2, 4la). To understand the reactivity of the indolines 

with various alkoxy substituents with acrylates, we performed their reaction with 

various acrylates (Scheme 3.2). We obtained the corresponding alkenylated products in 

moderate to good yields (Scheme 3.2, 4aa, 4ab, 4ac, 4ad, and 4af). Notably, acrylic 

acid showed good reactivity with the present catalytic system (Scheme 3.2, 4ae). When 

(Z)-methyl 3-phenylacrylate as a coupling partner was reacted with the indolines under 

the standard reaction conditions, it failed to give the desired product (Scheme 3.2, 4ag). 

It appears that the bulky phenyl group at the C-3 position of the acrylate contributes 

steric resistance, hindering its reactivity. Moreover, to understand the reactivity of the 

indolines in C-7 alkenylation, we performed the reaction with various olefins under 

standard conditions, revealing that only olefins bear ester and acid substituents work 

well (Scheme 3.2, 4ah−4ak). 
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Scheme 3.2. Scope of Indoline C-7 Alkenylation with Acrylatesa,b 

 

aReaction conditions: 1a (0.1 mmol), 2a (4 equiv), CoCp*(CO)I2 (10 mol %), AgSbF6 

(20 mol %), Cu(OAc)2.H2O (1 equiv), Hexafluoroisopropanol (0.1 M) as a solvent, rt, 

20 h. bIsolated yield. 

 

We have performed various control experiments to gain insight into the reaction 

mechanism (Scheme 3.3). A deuterium exchange study was conducted using N-pivaloyl 

indoline 1a in the absence of Michael acceptor 2a with 10 equiv of D2O under the 

alkenylation conditions. We observed 21% deuteration at the C-7 position (Scheme 
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3.3a). The ratio of deuterated C(7)-H did not change much even after continuing the 

reaction for a longer time, suggesting that the first step might be reversible. Further, we 

have performed intermolecular parallel experiments for the kinetic isotope effect 

(Scheme 3.3b), resulting in KIE = 1.3, which confirms that the C−H bond activation 

step is not the rate-determining step. The use of radical scavengers such as TEMPO and 

BHT (Scheme 3.3c) did not quench the reaction altogether; this indicates that the 

reaction proceeds via the ionic mechanism. In addition, we have performed a 

competition study between 1-(5-fluoroindolin-1-yl)-2,2-dimethylpropan-1-one and 1-

(5- methoxyindolin-1-yl)-2,2-dimethylpropan-1-one substrates, which gave almost the 

exact yield as those of the respective C-7 alkenylated products (Scheme 3.3d). 

Competitive studies for the cyclization reaction were performed between 5- methoxy- 

and 5-fluoroindolines (Scheme 3.3e). They reveal that electron-rich indolines react 

faster than electron-poor ones. Moreover, to understand the role of Ag2CO3 in the 

cyclization reaction, VI was heated at 120 °C in DCE in the absence of the catalyst and 

AgSbF6, giving a 21% yield of 3aa (Scheme 3.3f); also, 60% of the VI was recovered. 

Meanwhile, when VI was heated at 120 °C in DCE without Ag2CO3, the catalyst, and 

AgSbF6, a trace amount of 3aa was observed. In addition, the alkylated species VI was 

subjected to cyclization reactions under the standard conditions, which resulted in a 

92% isolated yield of pyroquilon 3aa within 2 h (Scheme 3.3g). These control 

experiments confirm that the formation of 3aa goes through the alkylated intermediate 

VI (Scheme 3.3f,g) and the Co catalyst enhances the rate of cyclization. Meanwhile, 

when 4aa was subjected to cyclization under the standard conditions, we did not 

observe any cyclized product (Scheme 3.3g). 
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Scheme 3.3. Mechanistic Studies. 
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his might be due to the trans-geometry of the olefin in 4aa. Based on kinetic studies and 

literature reports,11,12 we proposed a plausible catalytic cycle (Scheme 3.4) where 

Cp*Co(CO)I2 reacts with AgSbF6 to generate an active catalyst I that forms a six-

membered cyclometalated species II in the presence of 1a. The cationic cobalt(III) 

species undergoes π-complexation with the Michael acceptor 2a and gives intermediate 

III, which then undergoes olefin insertion to give intermediate IV. Then, β-hydride 

elimination followed by reductive elimination gives the desired product 4aa and 

cobalt(I) complex V, which is further oxidized by copper acetate to regenerate the active 
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Scheme 3.4. Proposed Catalytic Cycle.  

 

cobalt(III) catalyst I for the next catalytic cycle. In another pathway, intermediate IV 

undergoes protodemetalation giving intermediate VI, which undergoes depivaloylation 

followed by cyclization of VII, giving the desired cyclized product 3aa. This might be 

due to the Lewis acidic nature of the Co catalyst, which coordinates with the alkylated 

carbonyl VII, increasing the electrophilicity of the carbonyl carbon and making it likely 

to undergo cyclization via nucleophilic substitution.12d 

           To check the applicability of this transformation, we have performed the 

oxidation reaction of C-7-olefinated indoline 4aa to get C-7-olefinated indole 4am in 
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89% yield (Scheme 3.5a). Interestingly, when 4aa was treated with 10 N HCl, it led to 

multiple events in one pot, such as (i) deprotection of the pivaloyl directing group, (ii) 

hydrolysis of ester, (iii) isomerization of trans-olefins to cis-olefins, and (iv) 

intramolecular amidation, giving an excellent yield of 1,2- dihydropyroquinolinone 4an 

(Scheme 3.5a). This one-pot process in itself is a new method for the synthesis of 1,2- 

dihydropyroquinolinone.  

Scheme 3.5. Synthetic Applications. 

 

This C−H activation methodology also worked well with acrylate 2l derived from the 

biologically active molecule estrone to give a good yield of 4al (Scheme 3.5b). To know 

the synthetic applicability on a larger scale, we performed a 1 mmol-scale reaction, 

which gave 3aa and 4aa in 78% and 80% yields, respectively.  
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3.4 CONCLUSION 

In summary, we have developed a cobalt-catalyzed one-step synthesis of 

tetrahydropyrroloquinolinone and C-7 alkenylated indolines using a weakly 

coordinating directing group for the first time. By simply modifying the reaction 

conditions, we could achieve either C(7)-H alkenylation or the formation of 

tetrahydropyrroloquinolinones. The control experiment confirmed that the C-7 

alkylated indoline is the active intermediate for the formation of pyroquilon. In addition, 

this methodology is further useful for synthesizing 1,2-dihydropyrroloquinolinone from 

C-7 alkenylated indoline just by treatment with 10 N HCl, which is a new method. The 

developed protocol works well for a wide range of indolines and acrylates 

Limitations: Electron-withdrawing substituted arenes such as -NO2 is incompatible 

with alkylation process. Because electron-withdrawing groups decreases the 

nucleophilicity of Co-C bond towards olefin insertion giving moderate yield for 

olefination. 

 

3.5 EXPERIMENTAL SECTION 

Reactions were performed using a Borosil-sealed tube vial under an N2 atmosphere. 

Column chromatography was done using 100−200 and 230−400 mesh silica gels from 

Acme Synthetic Chemicals Company. Gradient elution using distilled petroleum ether 

and ethyl acetate. TLC plates were detected under UV light at 254 nm. 1H NMR and 

13C NMR spectroscopy was performed using Bruker AV 400 and 700 MHz 

spectrometers with CDCl3 and DMSO-d6 as the deuterated solvents.13 Multiplicity (s = 

single, d = doublet, t = triplet, q = quartet, m = multiplet, dd = doublet of doublet), 

integration, and coupling constants (J) in hertz (Hz) are presented. HRMS signal 
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analysis was performed using a micro TOF Q-II mass spectrometer, and X-ray analysis 

was conducted at SCS, NISER. Reagents and starting materials were purchased from 

Sigma Aldrich, TCI, Avra, and CDCl3 (77.36 ppm). Spectrochem and other 

commercially available sources and used without further purification unless otherwise 

noted. 

(a) General procedure for rhodium-catalyzed annulation reaction (a):  

To a pre-dried sealed tube under N2, a mixture of N-pivaloyl indoline 1 (0.1 mmol), 

acrylate 2 (0.4 mmol), [Cp*Co(CO)I2] (10 mol %), AgSbF6 (20 mol %), Ag2CO3 (1 

equiv), and DCE (1 mL) was added and sealed. The reaction mixture was vigorously 

stirred at 120 °C in a heating aluminum block for 24 h. After 24 h (completion of the 

reaction as monitored by TLC analysis), the reaction mixture was cooled to room 

temperature, diluted with diethyl ether/ dichloromethane, and passed through a short 

celite pad; the solvent was evaporated under reduced pressure, and the residue was 

purified by column chromatography using an EtOAc/hexane mixture on silica gel to 

give the pure product 3. 

(b) General procedure for rhodium-catalyzed annulation reaction (b):  

To a pre-dried sealed tube under N2, a mixture of N-pivaloyl indoline 1 (0.1 mmol), 

acrylate 2 (0.4 mmol), [Cp*Co(CO)I2] (10 mol %), AgSbF6 (20 mol %), Cu(OAc)2·H2O 

(1 equiv), and HFIP (1 mL) was added and sealed. The reaction mixture was vigorously 

stirred at room temperature for 20 h. After 20 h (completion of the reaction as monitored 

by TLC analysis), the reaction mixture was cooled to room temperature, diluted with 

diethyl ether/dichloromethane, and passed through a short celite pad; the solvent was 
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evaporated under reduced pressure, and the residue was purified by column 

chromatography using an EtOAc/hexane mixture on silica gel to give the pure product 

4. 

(c) Experimental characterization data of products: 

 
 5,6-Dihydro-1H-pyrrolo[3,2,1-ij]quinolin-4(2H)-one 

(3aa)6e was prepared according to general procedure (3.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a white solid (14 mg, 82% yield). Rf: 0.35 (in 30% EtOAc/hexane), mp 

113−115 °C. 1H NMR (CDCl3, 400 MHz): δ 7.07 (d, J = 7.2 Hz, 1H), 7.01 (d, J = 7.2 

Hz, 1H), 6.92 (t, J = 7.2 Hz, 1H), 4.08 (t, J = 8.4 Hz, 2H), 3.19 (t, J = 8.4 Hz, 2H), 2.97 

(t, J = 7.6 Hz, 2H), 2.68 (t, J = 7.6 Hz, 2H). 13C{1H} NMR (CDCl3, 100 MHz): δ 168.0, 

141.6, 129.3, 125.7, 123.6, 123.6, 120.6, 45.5, 32.0, 28.1, 24.7. HRMS (ESI) m/z calcd 

for C11H11NONa [M + Na]+: 196.0738; found: 196.0734. IR (KBr, cm−1): 1654.  

 

2-Methyl-5,6-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-

4(2H)-one (3ba) was prepared according to general 

procedure (3.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100−200 mesh 

size) giving a colorless liquid (12 mg, 71% yield). Rf: 0.30 (in 20% EtOAc/hexane). 1H 

NMR (CDCl3, 700 MHz): δ 7.04 (d, J = 7.0 Hz, 1H), 6.98 (d, J = 7.7 Hz, 1H), 6.92 (t, 

J = 7.7 Hz, 1H), 4.68−4.64 (m, 1H), 3.41 (dd, J = 16.1, 6.3 Hz, 1H), 3.04−2.99 (m, 1H), 

2.92−2.88 (m, 1H), 2.72−2.63 (m, 3H), 1.43 (d, J = 6.3 Hz, 3H). 13C{1H} NMR (CDCl3, 

175 MHz): δ 168.0, 141.1, 127.9, 125.6, 123.7, 123.6, 120.6, 54.6, 37.0, 32.3, 24.8, 21.4. 
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HRMS (ESI) m/z calcd for C12H14NO [M + H]+: 188.1075; found: 188.1071. IR (KBr, 

cm−1): 1667. 

1,2-Dimethyl-5,6-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-

4(2H)-one (3ca) was prepared according to general 

procedure (3.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100−200 mesh 

size), giving a colorless liquid (11 mg, 63% yield). Rf: 0.35 (in 20% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 7.04−7.699 (m, 2H), 6.95−6.92 (m, 1H), 4.15−4.10 (m, 

1H), 3.06− 2.97 (m, 3H), 2.73−2.59 (m, 2H), 1.46 (d, J = 6.5 Hz, 3H), 1.29 (d, J = 7.5 

Hz, 3H). 13C{1H} NMR (CDCl3, 100 MHz): δ 168.2, 140.5, 133.3, 125.8, 123.7, 122.7, 

120.5, 63.0, 44.7, 32.3, 24.7, 21.0, 20.5. HRMS (ESI) m/z calcd for C13H16NO [M + 

H]+: 202.1226; found: 202.1231. IR (KBr, cm−1) 1669.  

 

7a,8,9,10,11,11a-Hexahydro-4H-pyrido[3,2,1-jk]carbazol-

6(5H)- one (3da)14a was prepared according to general 

procedure (3.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100−200 mesh size) 

giving a yellow liquid (14 mg, 67% yield). Rf: 0.35 (in 20% EtOAc/hexane). 1H NMR 

(CDCl3, 700 MHz): δ 7.03 (d, J = 7.7 Hz, 1H), 7.0 (d, J = 7.7 Hz, 1H), 6.96 (t, J = 7.7 

Hz, 1H), 4.58−4.55 (m, 1H), 3.49 (t, J = 9.8 Hz, 1H), 3.03−2.98 (m, 1H), 2.93−2.89 (m, 

1H), 2.69−2.64 (m, 2H), 2.26−2.23 (m, 1H), 2.12−2.08 (m, 1H), 1.91−1.86 (m, 1H), 

1.57−1.55 (m, 2H), 1.36−1.25 (m, 3H). 13C{1H} NMR (CDCl3, 175 MHz): δ 167.3, 

141.1, 132.2, 125.6, 123.7, 122.0, 120.9, 58.9, 40.6, 32.2, 26.8, 24.8, 24.7, 21.2, 20.9. 
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HRMS (ESI) m/z calcd for C15H18NO [M + H]+: 228.1388; found: 228.1386. IR (KBr, 

cm−1): 1667.  

8-Methoxy-5,6-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-

4(2H)-one (3ea) was prepared according to general 

procedure (3.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100−200 

mesh size) giving a brown solid (10 mg, 74% yield). Rf: 0.25 (in 40% EtOAc/hexane), 

mp 121−123 °C. 1H NMR (CDCl3, 400 MHz): δ 6.59 (s, 1H), 6.49 (s, 1H), 4.01 (t, J = 

8.4 Hz, 2H), 3.70 (s, 3H), 3.09 (t, J = 8.3 Hz, 2H), 2.87 (t, J = 7.7 Hz, 2H), 2.59 (t, J = 

7.7 Hz, 2H). 13C{1H} NMR (CDCl3, 100 MHz): δ 157.2, 135.2, 130.2, 121.0, 111.4, 

109.6, 56.2, 45.6, 31.7, 28.2, 24.9. HRMS (ESI) m/z calcd for C12H13NO2Na [M + 

Na]+: 226.0844; found: 226.0843. IR (KBr, cm−1): 1659.  

7-Methoxy-5,6-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-

4(2H)-one (3fa)14b was prepared according to general 

procedure (3.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100−200 mesh 

size), giving a brown solid (12 mg, 56% yield). Rf: 0.35 (in 30% EtOAc/hexane), mp 

129−131 °C. 1H NMR (CDCl3, 400 MHz): δ 6.99 (d, J = 8.0 Hz, 1H), 6.46 (d, J = 8.0 

Hz, 1H), 4.06 (t, J = 8.4 Hz, 2H), 3.81 (s, 3H), 3.10 (t, J = 8.0 Hz, 2H), 2.91 (t, J = 7.6 

Hz, 2H), 2.46 (t, J = 8.0 Hz, 2H). 13C{1H} NMR (CDCl3, 100 MHz): δ 168.1, 156.3, 

143.2, 124.0, 122.1, 109.2, 106.1, 56.0, 46.2, 31.4, 27.3, 19.4. HRMS (ESI) m/z calcd 

for C12H14NO2 [M + H]+: 204.1019; found: 204.1008. IR (KBr, cm−1): 1662.  
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9-Bromo-5,6-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-

4(2H)-one (3ga) was prepared according to general 

procedure (3.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100−200 mesh size), giving a colorless solid (17 mg, 68% yield). Rf: 0.35 (in 30% 

EtOAc/hexane), mp 117−119 °C. 1H NMR (CDCl3, 400 MHz): δ 7.04 (d, J = 8.0 Hz, 

1H), 6.87 (d, J = 8 Hz, 1H), 4.1(t, J = 8.4 Hz, 2H), 3.16 (t, J = 8.4 Hz, 2H), 2.92 (t, J = 

8 Hz, 2H), 2.6 (t, J = 8 Hz, 2H). 13C{1H} NMR (CDCl3, 100 MHz): δ 168.0, 142.7, 

130.1, 127.6, 126.1, 119.3, 117.7, 45.1, 31.6, 29.4, 24.4. HRMS (ESI) m/z calcd for 

C11H10BrNONa [M + Na]+: 273.9838; found: 273.9842. IR (KBr, cm−1): 1667.  

 

8-Bromo-5,6-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-

4(2H)-one (3ha) was prepared according to the general 

procedure (3.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100−200 mesh size), giving a yellow solid (13 mg, 77% yield). Rf: 0.32 (in 30% 

EtOAc/hexane), mp 122−124 °C. 1H NMR (CDCl3, 400 MHz): δ 7.13 (s, 1H), 7.07 (s, 

1H), 4.01 (t, J = 8.4 Hz, 2H), 3.10 (t, J = 8.5 Hz, 2H), 2.88 (t, J = 7.8 Hz, 2H), 2.59 (t, J 

= 7.8 Hz, 2H). 13C{1H} NMR (CDCl3, 100 MHz): δ 167.6, 140.8, 131.2, 128.6, 126.7, 

122.0, 115.8, 45.6, 31.6, 27.8, 24.5. HRMS (ESI) m/z calcd for C11H10BrNONa [M + 

Na]+: 273.9843; found: 273.9843. IR (KBr, cm−1): 1667.  
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8-Fluoro-5,6-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-

4(2H)-one (3ia) was prepared according to general 

Procedure (3.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100−200 

mesh size), giving a pale-yellow liquid (11 mg, 57% yield). Rf: 0.30 (in 30% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 6.79 (d, J = 8.4 Hz, 1H), 6.71 (d, J = 

9.2 Hz, 1H), 4.09 (t, J = 8.4 Hz, 2H), 3.17 (t, J = 8.4 Hz, 2H), 2.94 (t, J = 7.6 Hz, 2H), 

2.66 (t, J = 7.6 Hz, 2H). 13C{1H} NMR (CDCl3, 175 MHz): δ 167.5, 160.7, 159.3, 

137.6, 130.5 (d, J = 8.7 Hz), 121.3 (d, J = 8.4 Hz), 112.6 (d, J = 24.7 Hz), 111.0 (d, J = 

24.8 Hz), 45.7, 31.5, 28.1 (d, J = 1.7 Hz), 24.7 (d, J = 1 Hz). HRMS (ESI) m/z calcd 

for C11H11FNO [M + H]+: 192.0819; found: 192.0829. IR (KBr, cm−1): 1676.  

 

8-Chloro-5,6-dihydro-1H-pyrrolo[3,2,1-ij]quinolin-

4(2H)-one (3iia) was prepared according to general 

procedure (3.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100−200 mesh size), giving a white solid (5 mg, 34% yield). Rf: 0.35 (in 40% 

EtOAc/hexane), mp 113−115 °C. 1H NMR (CDCl3, 400 MHz): δ 7.20 (s, 1H), 7.13 (s, 

1H), 4.08 (t, J = 8.4 Hz, 2H), 3.17 (t, J = 8.4 Hz, 2H), 2.94 (t, J = 8.0 Hz, 2H), 2.66 (t, J 

= 8.0 Hz, 2H). 13C{1H} NMR (CDCl3, 100 MHz): δ 168.0, 140.4, 131.3, 128.7, 126.8, 

122.1, 116.2, 45.8, 31.2, 27.8, 24.3. HRMS (ESI) m/z calcd for C11H10ClNONa [M + 

Na]+: 230.0343; found: 230.0342. IR (KBr, cm−1): 1739.  
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 (E)-Methyl 3-(1-pivaloylindolin-7-yl)acrylate (4aa) was 

prepared according to general procedure (3.5b). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100−200 mesh size), giving a white solid 

(24 mg, 84% yield). Rf: 0.40 (in 20% EtOAc/hexane), mp 

125−127 °C. 1H NMR (CDCl3, 700 MHz): δ 7.45 (d, J = 16.1 Hz, 1H), 7.40 (d, J = 7.7 

Hz, 1H), 7.23 (d, J = 7.7 Hz, 1H), 7.09 (t, J = 7.7 Hz, 1H), 6.31 (d, J = 16.1 Hz, 1H), 

4.17 (t, J = 7.4 Hz, 2H), 3.77 (s, 3H), 3.06 (t, J = 7.4 Hz, 2H), 1.42 (s, 9H). 13C{1H} 

NMR (CDCl3, 175 MHz): δ 180.0, 168.0, 144.0, 143.1, 135.0, 126.1, 125.6, 125.3, 

117.1, 51.8, 51.4, 40.5, 31.1, 29.1. HRMS (ESI) m/z calcd for C17H21NO3Na [M + Na]+: 

310.1419; found: 310.1424. IR (KBr, cm−1): 1715, 1652.  

 

(E)-Methyl 3-(2-methyl-1-pivaloylindolin-7-yl)acrylate 

(4ba) was prepared according to general procedure (3.5b). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a yellow liquid (22 mg, 77% yield). Rf: 0.45 (in 20% 

EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 7.47 (d, J = 16.1 Hz, 1H), 7.43 (d, J = 

7.7 Hz, 1H), 7.25 (d, J = 5.6 Hz, 1H), 7.12 (t, J = 7.7 Hz, 1H), 6.34 (d, J = 16.1 Hz, 1H), 

4.84−4.81 (m, 1H), 3.76 (s, 3H), 3.31−3.28 (m, 1H) 2.54 (d, J = 14.7 Hz, 1H), 1.41 (s, 

9H), 1.26 (d, J = 6.3 Hz, 3H). 13C{1H} NMR (CDCl3, 175 MHz): δ 179.4, 168.2, 143.1, 

142.8, 134.7, 127.6, 127.7, 125.8, 125.4, 116.8, 57.8, 51.9, 50.0, 38.4, 29.1, 21.0. 

HRMS (ESI) m/z calcd for C18H23NO3Na [M + Na]+: 324.1576; found: 324.1577. IR 

(KBr, cm−1): 1734, 1653.  
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 (E)-Methyl-3-(2,3-dimethyl-1-pivaloylindolin-7-

yl)acrylate (4ca) was prepared according to the general 

procedure (3.5b). The crude reaction mixture was purified 

by column chromatography using silica gel (100−200 mesh 

size), giving a yellow liquid (24 mg, 77% yield). Rf: 0.30 (in 

10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.51−7.43 (m, 2H), 7.23 (d, J = 

7.2 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.34 (d, J = 16.0 Hz, 1H), 4.36 (q, J = 6.4 Hz, 1H), 

3.8 (s, 3H), 2.78 (q, J = 7.2 Hz, 1H), 1.41 (s, 9H), 1.26 (d, J = 6.4 Hz, 3H), 1.17 (d, J = 

7.2 Hz, 3H). 13C{1H} NMR (CDCl3, 100 MHz): δ 180.0, 168.1, 142.8, 142.2, 140.0, 

127.6, 126.0, 125.8, 125.7, 116.8, 64.6, 51.9, 45.6, 41.0, 29.4, 21.0, 20.4. HRMS (ESI) 

m/z calcd for C19H26NO3 [M + H]+: 316.1907; found: 316.1914. IR (KBr, cm−1): 1700, 

1653.  

 (E)-Methyl-3-(9-pivaloyl-2,3,4,4a,9,9a-hexahydro-

1H-carbazol-8-yl)acrylate (4da) was prepared 

according to the general procedure (3.5b). The crude 

reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a colorless liquid (17 mg, 61% yield). Rf: 0.40 (in 20% EtOAc/hexane). 1H NMR 

(CDCl3, 700 MHz): δ 7.49 (d, J = 16.1 Hz, 1H), 7.43−7.42 (m, 1H), 7.18−7.15 (m, 2H), 

6.33 (d, J = 16.1 Hz, 1H), 4.59−4.55 (m, 1H), 3.76 (s, 3H), 3.48 (t, J = 5.5 Hz, 1H), 2.32 

(d, J = 14.7 Hz, 1H), 2.07−2.04(m, 1H), 1.84−1.78 (m, 1H), 1.53 (d, J = 12.6 Hz, 1H), 

1.41 (s, 9H), 1.25−1.19 (m, 3H), 1.12−1.06 (m, 1H). 13C{1H} NMR (CDCl3, 175 MHz): 

δ 179.0, 168.1, 144.5, 143.0, 138.0, 127.8, 125.8, 125.1, 124.2, 116.8, 63.7, 52.0, 42.6, 
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40.7, 29.2, 28.1, 24.9, 23.7, 20.8. HRMS (ESI) m/z calcd for C21H28NO3 [M + H]+: 

342.2069; found: 342.2065. IR (KBr, cm−1): 1717, 1652.  

 

 (E)-Methyl-3-(5-methoxy-1-pivaloylindolin-7-

yl)acrylate (4ea) was prepared according to the general 

procedure (3.5b). The crude reaction mixture was purified 

by column chromatography using silica gel (100−200 

mesh size), giving a yellow solid (24 mg, 91% yield). Rf: 

0.35 (in 30% EtOAc/hexane), mp 114−116 °C. 1H NMR (CDCl3, 700 MHz): δ 7.45 (d, 

J = 16.1 Hz, 1H), 6.89 (d, J = 2.1 Hz, 1H), 6.83 (d, J = 0.7 Hz, 1H), 6.28 (d, J = 16.1 

Hz, 1H), 4.16 (t, J = 7.4 Hz, 2H), 3.79 (s, 3H), 3.76 (s, 3H), 3.00 (d, J = 7.4 Hz, 2H), 

1.40 (s, 9H). 13C{1H} NMR (CDCl3, 175 MHz): δ 179.6, 167.8, 157.8, 142.7, 137.6, 

136.6, 126.4, 117.0, 113.0, 109.6, 56.0, 52.0, 51.6, 40.4, 31.3, 29.0. HRMS (ESI) m/z 

calcd for C18H23NO4Na [M + Na]+: 340.1525; found: 340.1527. IR (KBr, cm−1): 1717, 

1652.  

(E)-Methyl 3-(6-methoxy-1-pivaloylindolin-7-

yl)acrylate (4fa) was prepared according to the general 

procedure (3.5b). The crude reaction mixture was purified 

by column chromatography using silica gel (100−200 

mesh size), giving a yellow solid (15 mg, 49% yield). Rf: 

0.30 (in 20% EtOAc/hexane), mp 109−112 °C. 1H NMR (CDCl3, 400 MHz): δ 7.41 (d, 

J = 16.4 Hz, 1H), 7.14 (d, J = 8.4 Hz, 1H), 6.64 (d, J = 8.4 Hz, 1H), 6.58 (d, J = 16.4 

Hz, 1H), 4.18 (t, J = 7.6 Hz, 2H), 3.85 (s, 3H), 3.75 (s, 3H), 2.98 (t, J = 7.2 Hz, 2H) 1.39 

(s, 9H). 13C{1H} NMR (CDCl3, 100 MHz): δ 179.9, 168.9, 158.7, 145.7, 139.2, 126.9, 
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125.6, 119.8, 115.6, 107.8, 56.2, 52.1, 51.7, 40.6, 30.6, 28.7. HRMS (ESI) m/z calcd 

for C18H24NO4 [M + H]+: 318.1700; found: 318.1689. IR (KBr, cm−1): 1713, 1651.  

 

(E)-Methyl 3-(4-bromo-1-pivaloylindolin-7-yl)acrylate 

(4ga) was prepared according to the general procedure 

(3.5b). The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a brown solid (18 mg, 72% yield). Rf: 0.55 (in 20% 

EtOAc/hexane), mp 147−149 °C. 1H NMR (CDCl3, 400 MHz): δ 7.34 (d, J = 16.0 Hz, 

1H), 7.29−7.22 (m, 2H), 6.29 (d, J = 16 Hz, 1H), 4.2 (t, J = 7.6 Hz, 2H), 3.76 (s, 3H), 

3.1 (t, J = 7.6 Hz, 2H), 1.4 (s, 9H). 13C{1H} NMR (CDCl3, 100 MHz): δ 180.1, 167.7, 

144.8, 141.9, 135.7, 128.3, 127.1, 125.0, 120.7, 117.2, 51.9, 50.7, 40.7, 32.6, 28.8. 

HRMS (ESI) m/z calcd for C17H21BrNO3 [M + H]+: 366.0699; found: 366.0703. IR 

(KBr, cm−1): 1709, 1657.  

 

(E)-Methyl-3-(5-bromo-1-pivaloylindolin-7-yl)acrylate 

(4ha) was prepared according to the general procedure 

(3.5b). The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a yellow solid (21 mg, 82% yield). Rf: 0.35 (in 20% 

EtOAc/hexane), mp 132−134 °C. 1H NMR (CDCl3, 700 MHz): δ 7.51 (d, J = 1.4 Hz, 

1H), 7.34−7.32 (m, 2H), 6.27 (d, J = 15.4 Hz, 1H), 4.17 (t, J = 7.7 Hz, 2H), 3.76 (s, 3H), 

3.05 (t, J = 7.7 Hz, 2H), 1.40 (s, 9H). 13C{1H} NMR (CDCl3, 175 MHz): δ 180.0, 167.6, 

143.1, 141.5, 137.2, 128.8, 128.3, 127.5, 118.2, 117.9, 52.0, 51.4, 40.6, 30.9, 28.7. 
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HRMS (ESI) m/z calcd for C17H21BrNO3 [M + H]+: 366.0705; found: 366.0707. IR 

(KBr, cm−1): 1699, 1653.  

 

(E)-Methyl-3-(5-fluoro-1-pivaloylindolin-7-yl)acrylate 

(4ia) was prepared according to the general procedure 

(3.5b). The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a yellow liquid (18 mg, 61% yield). Rf: 0.45 (in 20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.38 (d, J = 15.6 Hz, 1H), 7.07 (d, J = 

10.0 Hz, 1H), 6.95 (d, J = 6.8 Hz, 1H), 6.26 (d, J = 16.0 Hz, 1H), 4.2 (t, J = 7.6 Hz, 2H), 

3.76 (s, 3H), 3.04 (t, J = 7.6 Hz, 2H), 1.4 (s, 9H). 13C{1H} NMR (CDCl3, 175 MHz): δ 

180.0, 167.7, 160.7 (d, J = 242.2 Hz), 141.7 (d, J = 1.9 Hz), 140.1 (d, J = 1.9 Hz), 137.2 

(d, J = 8.9 Hz), 126.9 (d, J = 8.2 Hz), 117.8, 113.4 (d, J = 24.1 Hz), 111.6 (d, J = 24 Hz), 

52.0, 51.6, 40.5, 31.2 (d, J = 1.4 Hz), 28.8. HRMS (ESI) m/z calcd for C17H20FNO3Na 

[M + Na]+: 328.1319; found: 328.1342. IR (KBr, cm−1): 1717, 1653.  

 

(E)-Methyl-3-(5-chloro-1-pivaloylindolin-7-yl)acrylate 

(4iia) was prepared according to the general procedure 

(3.5b). The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a brown solid (17 mg, 73% yield). Rf: 0.40 (in 20% 

EtOAc/hexane), mp 121−123 °C. 1H NMR (400 MHz, CDCl3): δ 7.37 (s, 1H), 7.34 (d, 

J = 16.0 Hz, 1H), 7.26 (s, 1H), 6.28 (d, J = 16.0 Hz, 1H) 4.18 (t, J = 7.6 Hz, 2H), 3.76 

(s, 3H), 3.04 (t, J = 7.6 Hz, 2H), 1.40 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3): δ 
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179.8, 167.5, 142.6, 141.5, 136.9, 130.6, 127.0, 125.9, 125.3, 117.8, 51.9, 51.4, 40.6, 

30.9, 28.7. HRMS (ESI) m/z calcd for C17H20ClNO3Na [M + Na]+: 344.1024; found: 

344.1029. IR (KBr, cm−1): 1739, 1403.  

 

(E)-Methyl-3-(5-iodo-1-pivaloylindolin-7-yl)acrylate 

(4iiia) was prepared according to the general procedure 

(3.5b). The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a brown solid (16 mg, 69% yield). Rf: 0.45 (in 20% 

EtOAc/hexane), mp 130−132 °C. 1H NMR (400 MHz, CDCl3): δ 7.69 (s, 1H) 7.53 (s, 

1H), 7.30 (m, 1H), 6.27 (d, J = 16.0 Hz, 1H) 6.27 (d, J = 16.0 Hz, 1H), 4.15 (t, J = 7.6 

Hz, 2H), 3.76 (s, 3H), 3.04 (t, J = 7.6 Hz, 2H), 1.39 (s, 9H). 13C{1H} NMR (100 MHz, 

CDCl3): δ 179.7, 167.5, 143.9, 141.3, 137.4, 134.5, 134.3, 127.9, 117.7, 88.7, 51.9, 51.3, 

40.6, 30.6, 28.7. HRMS (ESI) m/z calcd for C17H21INO3 [M + H]+: 414.0561; found: 

414.0543. IR (KBr, cm−1): 1741, 1367.  

 

(E)-Methyl-3-(5-nitro-1-pivaloylindolin-7-yl)acrylate 

(4ja) was prepared according to general procedure (3.5b). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size) 

giving a yellow solid (8 mg, 28% yield). Rf: 0.40 (in 30% 

EtOAc/hexane), mp 145−147 °C. 1H NMR (CDCl3, 400 MHz): δ 8.32 (d, J = 2.1 Hz, 

1H), 8.07 (s, 1H), 7.32 (d, J = 15.9 Hz, 1H), 6.42 (d, J = 15.9 Hz, 1H), 4.28 (t, J = 7.8 

Hz, 2H), 3.80 (s, 3H), 3.19 (t, J = 7.8 Hz, 2H), 1.43 (s, 9H). 13C{1H} NMR (CDCl3, 100 
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MHz): δ 180.2, 167.2, 149.4, 145.3, 140.6, 136.4, 125.9, 122.3, 120.5, 119.1, 52.1, 

51.72, 40.99, 30.5, 28.7. HRMS (ESI) m/z calcd for C17H20N2O5Na [M+Na]+: 

355.1264; found: 355.1246. IR (KBr, cm−1): 1716, 1668, 1524, 1295.  

 

(E)-Methyl-3-(1-acetylindolin-7-yl)acrylate (4ma)15a was 

prepared according to the general procedure (3.5b). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100−200 mesh size), giving a colorless liquid 

(20.4 mg, 68% yield). Rf: 0.40 (in 30% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 7.68 (d, J = 16.0 Hz, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.24 

(d, J = 7.2 Hz, 1H), 7.11 (t, J = 7.6 Hz, 1H), 6.34 (d, J = 16.0 Hz, 1H), 4.16 (br, 2H), 

3.78 (s, 3H), 3.04 (t, J = 7.2 Hz, 2H), 2.20 (br, 3H). 13C{1H} NMR (CDCl3, 100 MHz): 

δ 167.7, 143.3, 143.2, 143.1, 126.2, 125.8, 125.6, 116.9, 116.8, 51.9, 51.2, 29.6, 23.8. 

HRMS (ESI) m/z calcd for C14H15NO3Na [M+Na]+: 268.0944; found: 268.0951. IR 

(KBr, cm−1): 1714, 1667.  

 

(E)-Methyl-3-(1-benzoylindolin-7-yl)acrylate (4na) was 

prepared according to the general procedure (3.5b). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a yellow liquid (15 mg, 54% yield). Rf: 0.35 (in 20% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.64 (d, J = 7.6 Hz, 1H), 7.51 (d, J = 16.0 Hz, 1H), 7.50−7.46 (m, 

1H), 7.40 (t, J = 8.0 Hz, 3H), 7.26 (d, J = 8.4 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 6.20 (d, 

J = 16.0 Hz, 1H), 4.20 (t, J = 7.6 Hz, 2H), 3.71 (s, 3H), 3.05 (t, J = 7.6 Hz, 2H). 13C{1H} 
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NMR (CDCl3, 100 MHz): δ 170.9, 167.8, 142.4, 142.3, 135.4, 135.2, 131.8, 129.1, 

128.7, 126.4, 125.9, 125.4, 117.9, 53.9, 51.9, 30.0. HRMS (ESI) m/z calcd for 

C19H17NO3Na [M+Na]+: 330.1101; found: 330.1094. IR (KBr, cm−1): 1715, 1653.  

 

(E)-Methyl-3-(1-pivaloyl-1H-indol-7-yl)acrylate (4am)15b 

was prepared according to the reported procedure. The crude 

reaction mixture was purified by column chromatography 

using silica gel (100−200 mesh size), giving a brown solid (18 

mg, 89% yield). Rf: 0.50 (in 20% EtOAc/hexane), mp 102−104 °C. 1H NMR (CDCl3, 

400 MHz): δ 7.82 (d, J = 15.6 Hz, 1H), 7.59 (m, 2H), 7.46 (d, J = 7.6 Hz, 1H), 7.27 (t, 

J = 7.6 Hz, 1H), 6.63 (d, J = 3.6 Hz, 1H), 6.29 (d, J = 15.6 Hz, 1H), 3.80 (s, 3H), 1.55 

(s, 9H). 13C{1H} NMR (CDCl3, 100 MHz): δ 179.8, 167.7, 143.7, 135.2, 131.6, 126.8, 

124.4, 123.8, 123.6, 122.7, 117.5, 107.8, 51.9, 42.3, 29.3. HRMS (ESI) m/z calcd for 

C17H19NO3Na [M + Na]+: 308.1257; found: 308.1264. IR (KBr, cm−1): 1710, 1640. 

 

1H-Pyrrolo[3,2,1-ij]quinolin-4(2H)-one (4an) was prepared 

according to reported procedure. The crude reaction mixture 

was purified by column chromatography using silica gel 

(100−200 mesh size), giving a yellow solid (25 mg, 98% yield). Rf: 0.45 (in 40% 

EtOAc/hexane), mp 157−159 °C. 1H NMR (CDCl3, 400 MHz): δ 7.70 (d, J = 9.6 Hz, 

1H), 7.39 (t, J = 8.0 Hz, 1H), 7.34 (d, J = 6.8 Hz, 1H), 7.14 (t, J = 7.6 Hz, 1H), 6.67 (d, 

J = 9.6 Hz, 1H), 4.46 (t, J = 8.0 Hz, 2H), 3.43 (t, J = 8.0 Hz, 2H). 13C{1H} NMR (CDCl3, 

100 MHz): δ 161.4, 142.8, 137.5, 130.9, 125.3, 123.9, 123.8, 123.5, 118.0, 47.3, 27.4. 
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HRMS (ESI) m/z calcd for C11H11NO2Na [M + Na]+: 194.0574; found: 194.0582. IR 

(KBr, cm−1): 1648.  

 

(E)-Ethyl 3-(1-pivaloylindolin-7-yl)acrylate (4ab)6e was 

prepared according to the general procedure (3.5b). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100−200 mesh size), giving a yellow solid (24 

mg, 86% yield). Rf: 0.40 (in 20% EtOAc/hexane), mp 

119−121 °C. 1H NMR (CDCl3, 400 MHz): δ 7.46−7.39 (m, 2H), 7.26−7.22 (m, 1H), 

7.10 (t, J = 7.6 Hz, 1H), 6.26 (d, J = 16.0 Hz, 1H), 4.24−4.14 (m, 4H), 3.05 (t, J = 7.6 

Hz, 2H), 1.41 (s, 9H), 1.30 (t, J = 7.2 Hz, 3H). 13C{1H} NMR (CDCl3, 100 MHz): δ 

180.1, 167.0, 144.1, 142.4, 135.0, 126.3, 125.5, 125.4, 117.2, 60.5, 51.4, 40.5, 31.1, 29.1, 

15.5. HRMS (ESI) m/z calcd for C18H23NO3Na [M + Na]+: 324.1576; found: 324.1575. 

IR (KBr, cm−1): 1705, 1652.  

 

(E)-Butyl-3-(1-pivaloylindolin-7-yl)acrylate (4ac) 

was prepared according to the general procedure 

(3.5b). The crude reaction mixture was purified by 

column chromatography using silica gel (100−200 

mesh size), giving a colorless liquid (23 mg, 76% yield). Rf: 0.30 (in 20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.45−7.40 (m, 2H), 7.23 (d, J = 7.6 

Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 6.30 (d, J = 16.0 Hz, 1H), 4.17 (t, J = 7.2 Hz, 4H), 

3.06 (t, J = 7.6 Hz, 2H), 1.69−1.63 (m, 2H), 1.45−1.42 (m, 11H), 0.95 (t, J = 7.6 Hz, 

3H). 13C{1H} NMR (CDCl3, 100 MHz): δ 180.0, 168.1, 144.0, 142.2, 135.0, 126.0, 
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125.8, 125.5, 125.3, 117.2, 64.5, 51.4, 40.5, 31.09, 31.05, 29.1, 19.5, 14.1. HRMS (ESI) 

m/z calcd for C20H27NO3Na [M + Na]+: 352.1889; found: 352.1896. IR (KBr, cm−1): 

1706, 1653.  

 

(E)-tert-Butyl 3-(1-pivaloylindolin-7-yl)acrylate (4ad)6e 

was prepared according to the general procedure (3.5b). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a yellow solid (17 mg, 57% yield). Rf: 0.30 (in 20% EtOAc/hexane), mp 

134−136 °C. 1H NMR (CDCl3, 400 MHz): δ 7.39 (d, J = 7.6 Hz, 1H), 7.32 (d, J = 16.0 

Hz, 1H), 7.20 (d, J = 7.2 Hz, 1H), 7.07 (t, J = 7.6 Hz, 1H), 6.22 (d, J = 16 Hz, 1H), 4.15 

(t, J = 7.6 Hz, 2H), 3.04 (t, J = 7.6 Hz, 2H), 1.50 (s, 9H), 1.41 (s, 9H). 13C{1H} NMR 

(CDCl3, 100 MHz): δ 180.0, 167.1, 144.0, 141.2, 135.1, 126.4, 126.1, 125.5, 125.3, 

119.4, 80.3, 51.4, 40.5, 31.2, 29.1, 28.5. HRMS (ESI) m/z calcd for C20H27NO3Na [M 

+ Na]+: 352.1889; found: 352.1892. IR (KBr, cm−1): 1706, 1652.  

 

(E)-3-(1-Pivaloylindolin-7-yl)acrylic acid (4ae) was 

prepared according to the general procedure (3.5b). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a yellow solid (12 mg, 52% yield). Rf: 0.30 (in 20% EtOAc/hexane), mp 

204−206 °C. 1H NMR (CDCl3, 700 MHz): δ 7.54 (d, J = 16.1 Hz, 1H), 7.41 (d, J = 7.7 

Hz, 1H), 7.25 (d, J = 7.7 Hz, 1H), 7.10 (t, J = 7.7 Hz, 1H), 6.28 (d, J = 15.4 Hz, 1H), 

4.18 (t, J = 7.0 Hz, 2H), 3.06 (t, J = 7.0 Hz, 2H), 1.41 (s, 9H). 13C{1H} NMR (CDCl3, 
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175 MHz): δ 180.0, 172.1, 145.0, 144.1, 135.0, 126.3, 125.8, 125.7, 125.4, 116.2, 51.4, 

40.6, 31.1, 29.1. HRMS (ESI) m/z calcd for C16H20NO3 [M + H]+: 274.1443; found: 

274.1441. IR (KBr, cm−1): 1700, 1652.  

 

(E)-Phenyl 3-(1-pivaloylindolin-7-yl)acrylate (4af) was 

prepared according to the general procedure (3.5b). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100−200 mesh size), 

giving a white solid (22 mg, 73% yield). Rf: 0.35 (in 20% 

EtOAc/hexane), mp 159−161 °C. 1H NMR (CDCl3, 400 MHz): δ 7.62 (d, J = 16.0 Hz, 

1H), 7.48 (d, J = 8.0 Hz, 1H), 7.38 (t, J = 7.6 Hz, 2H), 7.27−7.20 (m, 2H), 7.17−7.10 

(m, 3H), 6.48 (d, J = 16.0 Hz, 1H), 4.18 (t, J = 7.6 Hz, 2H), 3.07 (t, J = 7.6 Hz, 2H), 

1.40 (s, 9H). 13C{1H} NMR (CDCl3, 100 MHz): δ 179.9, 165.9, 151.2, 144.4, 144.2, 

135.1, 129.6, 126.3, 125.8, 125.7, 125.6, 125.4, 122.0, 116.0, 51.3, 40.6, 31.1, 28.8. 

HRMS (ESI) m/z calcd for C22H23NO3K [M + K]+: 388.1315; found: 388.1337. IR 

(KBr, cm−1): 1726, 1652.  

(E)-13-Methyl-17-oxo-

7,8,9,11,12,13,14,15,16,17-decahydro-

6Hcyclopenta[ a]phenanthren-2-yl 3-(1-

pivaloylindolin-7-yl)acrylate (4al) was 

prepared according to the general procedure (3.5b). The crude reaction mixture was 

purified by column chromatography using silica gel (100−200 mesh size), giving a white 

solid (33 mg, 66% yield). Rf: 0.30 (in 40% EtOAc/hexane), mp 258−260 °C. 1H NMR 

(CDCl3, 400 MHz): δ 7.60 (d, J = 16.0 Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H), 7.29 (d, J = 
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8.8 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.89 (s, 1H), 6.48 (d, J = 

16.0 Hz, 1H), 4.18 (t, J = 7.6 Hz, 2H), 3.08 (t, J = 7.6 Hz, 2H), 2.93−2.90 (m, 2H), 

2.54−2.47 (m, 1H), 2.43− 2.39 (m, 1H), 2.31−2.26 (m, 1H), 2.19−1.95 (m, 5H), 

1.68−1.60 (m, 2H), 1.54−1.45 (m, 3H), 1.40 (s, 9H), 0.91 (s, 9H). 13C{1H} NMR 

(CDCl3, 100 MHz): δ 221.2, 180.0, 166.2, 149.1, 144.3, 144.2, 138.2, 137.4, 135.1, 

126.6, 126.3, 125.7, 125.6, 125.4, 122.1, 119.2, 116.1, 51.3, 50.7, 48.3, 44.5, 40.6, 38.3, 

36.2, 31.9, 31.1, 29.7, 28.8, 26.7, 26.1, 29.9, 14.1. HRMS (ESI) m/z calcd for 

C34H39NO4 Na [M + Na]+: 548.2771; found: 548.2784. IR (KBr, cm−1): 1735, 1659, 

1493. 
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NMR spectra of 1,2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ij]quinolin-4-one (3aa): 

 

 

 

 

 

1H NMR of 3aa  

(400 MHz, CDCl3) 

 

3aa, 13C{1H} NMR 

(CDCl3, 100 MHz) 
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NMR spectra of methyl (E)-3-(1-pivaloylindolin-7-yl)acrylate (4aa): 

 

 

 

1H NMR of 4aa  

(400 MHz, CDCl3) 

 

4aa, 13C{1H} NMR 

(CDCl3, 100 MHz) 
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(d) Crystal structure of 8-fluoro-1,2,5,6-tetrahydro-4H-pyrrolo[3,2,1-ij]quinolin-

4-one (3ia): 

 

 
 

Figure 3.3. Crystal structure of 3ia (50% ellipsoid probability). 
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(e) Crystal structure of (E)-methyl 3-(1-pivaloylindolin-7-yl)acrylate (4aa): 

 

 
Figure 3.4. Crystal structure of 4aa (50% ellipsoid probability). 
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Chapter 4 

Cobalt-Catalyzed Regioselective Direct C‑4 Alkenylation of 

3‑Acetylindole with Michael Acceptors Using a Weakly 

Coordinating Functional Group 

 

4.1 ABSTRACT 

Herein, we disclosed the first report on the selective C(4)−H functionalization of 3-

acetylindole derivatives using first-row transition metal cobalt, where an acetyl group 

is acting as a weakly coordinating directing group. Selective C(4)− H functionalization 

has been achieved using diverse Michael acceptors (acrylate and maleimide) simply by 

switching the additive from copper acetate to silver carbonate. Further, the formation 

of a cobaltacycle intermediate was also detected through HRMS for mechanistic insight. 

4.2 INTRODUCTION 

The heteroaromatic indole moiety is present in numerous marketed drugs such as 

Ondansetron (nausea), Sumatriptan (migraine), and Indomethacin (anti-inflammatory). 

It is considered the fourth most commonly prevalent heteroaromatic skeleton among 

the currently marketed drugs.1 Owing to its biological significance, synthetic 
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modification of indole has been one of the frontline areas of research for a long time. 

The C-2 and C-3 functionalizations of indoles were well explored due to the inherent 

reactivity of N-heterocycle.2 Traditionally, functionalization at indole's benzenoid (C-4 

to C-7) ring was performed through a metal-catalyzed coupling reaction using 

functionalized substrates.3  

 

Figure 4.1. C−H functionalization of 3-acylindole. 

Recent advancements in metal-catalyzed C−H activation/ functionalization reactions 

led to an intense exploration of direct C−H activation methods at the relatively less 

explored C-4 and C-7 positions.4 Functionalization at the C-4 position of indole is quite 
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challenging due to the favorable five-membered cyclometalation step at C-2 as 

compared to the high energy six-membered cyclometalation step at C-4. During the past 

decade, several research groups have made phenomenal progress on selective C-4 

functionalization of indole via C− H activation using second- and third-row transition 

metals such as Rh, Ru, Ir, and Pd (Figure 4.1).5 However, there is no report on the 

selective C-4 functionalization with first-row transition metals. In recent years there has 

been an impetus for mimicking the reactivity of noble metals (Rh, Ru, Ir, and Pd) 

through a first-row transition metal due to its low toxicity, easy availability, and low 

cost.6 In addition, C−H activation reaction through weakly coordinating directing 

groups has recently gained considerable attention. In continuation of our efforts to 

synthesize functionalized indole with a first-row transition metal using simple and 

weakly coordinating directing groups, we envisaged synthesizing C-4 functionalized 

indole7 with commonly used Michael acceptors such as acrylates8 and maleimides.9 We 

have successfully achieved our desired cobalt-catalyzed C-4 functionalization of 

indoles with those Michael acceptors. 

4.3 RESULTS AND DISCUSSION  

 To test our hypothesis, we chose indole 1a and methyl acrylate 2a as the model 

substrates in the presence of Cp*Co catalyst, silver hexafluoroantimonate (AgSbF6) 

additive, and copper acetate as an oxidant. For the optimization of C-4 alkenylation 

initially, we started with a hydrocarbon and an oxygenated solvent such as toluene, 

tetrahydrofuran, and 1,4-dioxane, but the reaction failed in those solvents. However, 

when we used a chlorinated solvent such as dichloromethane, 1,2-dichloroethane, and 

1,2-dichlorobenzene for the reaction, it produced a moderate to a good yield of the 

desired product 3aa (Table 4.1, entries 4−6). To further improve the product yield, we 
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next focused on fluorinated solvents. A slight yield enhancement was observed when 

we performed the reaction in trifluoroethanol (TFE) (Table 4.1, entry 7).  

Table 4.1 Optimization tablea,b 

 

aReaction conditions: 1a (0.1 mmol), 2a (4 equiv), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), additive (1 equiv), hexafluoroisopropanol (0.1 M) as a solvent, 50 °C, 20 

h. bIsolated yields. 

 

This result encouraged us to check this transformation in fluorinated solvents, such as 

hexafluoroisopropanol (HFIP) and trifluorotoluene (TFT). Interestingly HFIP turned 

out to be the best solvent for the titled transformation resulting in an 88% yield of 3aa 

(Table 4.1, entry 9). To investigate the role of the silver additive, we performed this 

reaction in the absence of AgSbF6. Still, the reaction failed to yield significantly, and 
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we recovered the starting material (Table 4.1, entry 11). This implies that AgSbF6 plays 

a crucial role in the alkenylation reaction. Motivated by this outcome we envisioned 

that screening the other silver salts might improve the yield. Hence, different silver salts 

such as AgBF4, Ag2O, and AgNTf2 were used. Still, no improvement in the yield of 3aa 

was observed (Table 1.1, entries 12−14). Thus, the combination of AgSbF6 as the silver 

salt and HFIP as the solvent proved to be the conditions for the C-4 alkenylation reaction 

(Table 1.1, entry 9). To understand the influence of the Cp*Co catalyst on the titled 

reaction, we carried out the reaction without the catalyst, which failed to give the adduct 

(Table 1.1, entry 16).  

Table 4.2 Screening of various directing groupsa,b 

 

bReaction conditions: 1a (0.1 mmol), 2a (4 equiv), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), additive (1 equiv), hexafluoroisopropanol (0.1 M) as a solvent, 50 °C, 20 

h. bIsolated yields. 

 

To further optimize the reaction in terms of directing groups, we planned to examine 

the reaction with different electron-rich and electron-poor directing groups while 

maintaining the same coupling partner 2a. We checked our optimized reaction 
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conditions with acetyl, trifluoroacetyl, pivaloyl, carboxaldehyde, carboxylic acid, and 

acid derivative substituted indoles (Table 4.2, entries 1−7). Among these substrates, 

acetyl- and pivaloyl-substituted indoles gave excellent yields of 3aa and 3aa3 (Table 

4.2, entries 1 and 4). However, moderate yields were obtained in the case of indole 

bearing carboxaldehyde and a trifluoroacetyl directing group (Table 4.2, entries 2 and 

3). Also, we screened acid and ester as a directing group, and the result was insignificant 

(Table 4.2, entries 5 and 6). In the case of an amide-directing group, both C-4 and C-2 

alkenylated adducts 3aa6 and 3aa7 obtained a moderate yield (Table 4.2, entry 7). In 

contrast to the earlier reports,5a,b an electron-rich directing group such as acetyl- and 

pivaloyl-substituted indoles, gave a C-4 regioselective adduct with a cobalt catalyst. 

This complementary nature of cobalt catalyst could be useful for the selective synthesis 

of C-4 functionalized indoles containing electron-rich directing groups.  

With the optimized conditions in hand, we proceeded to screen the generality of 

this catalytic reaction with various indoles and acrylates to obtain an array of diversely 

functionalized C-4 alkenylated indoles. The steric and electronic influence of the alkyl 

substituent of acrylate for the designed catalytic transformation was first tested with 1a. 

It was observed that with the increasing chain length of the alkyl group, the yield of the 

corresponding alkenylated product decreased (Scheme 4.1, 3aa−3ac). This indicates 

that an electron-rich alkyl substituent on the ester group of acrylates retards the catalytic 

reaction.  
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Scheme 4.1. Scope of C-4 Alkenylation of Indole with Acrylatesa,b 

 

aReaction conditions: 1a (0.1 mmol), 2a (4 equiv), CoCp*(CO)I2 (10 mol %), AgSbF6 

(20 mol %), Cu(OAc)2.H2O (1 equiv), hexafluoroisopropanol (0.1 M) as a solvent, 

50 °C, 20 h. bIsolated yields. 
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In the case of the bulkier tert-butyl (Scheme 4.1, 3ad) substituent, the reaction failed 

under the optimized reaction conditions. Overall, it implies that the reaction seems 

highly sensitive to the steric and electronic nature of the alkyl substituents in acrylates. 

However, it is encouraging to note that C-5 substituted indoles such as 5-fluoro indole 

reacted with different acrylates resulting in excellent yields of desired products 3ba 

(96%), 3bb (77%), and 3bc (70%). In contrast, bromo-substituted indole (1, 3ca) did 

not react. It is possibly due to steric hindrance near the reaction site. Indole bearing a 

methoxy group at the C-5 position provided the desired products 3da and 3dc in good 

yields. However, electron-deficient indole (5-cyanoindole, 1e) showed insignificant 

results (3ea).  

Scheme 4.2. Scope of C-4 Alkenylation of Indole with Maleimidesa, 

 

aReaction conditions: 1a (0.1 mmol), 2a (4 equiv), CoCp*(CO)I2 (10 mol %), AgSbF6 

(20 mol %), Ag2CO3 (1 equiv), hexafluoroisopropanol (0.1 M) as a solvent, 50 °C, 20 

h. bIsolated yields. 
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Besides C-5 substituted indole, the C-2 substituted indole was also compatible with the 

reaction conditions leading to the formation of respective adduct 3fa in 81% yield. 

Moreover, many N-protected indoles were effective, including alkyl, benzyl, tosyl, and 

acetyl groups giving the product (Scheme 4.1, 3ha−3ma) moderate to excellent yields. 

It is worth mentioning that even though 3la and 3ma were obtained in diminished yields, 

2- alkylated indole derivatives were not obtained as side products. Notably, the 

unprotected 3-acetyl indole showed good reactivity for the present catalytic system 

(Scheme 4.1, 3ga). Further, to show the diversity of the reaction, we utilized N-methyl 

maleimide as a coupling partner and subjected it to the same reaction conditions. 

Unfortunately, we observed only a 38% yield of desired product 5aa. Hence, we 

explored different additives and oxidants to enhance the product yield. A better yield 

was obtained with Ag2CO3. It is noteworthy that with N-substituted maleimides, the 

reaction worked well (Scheme 4.2, 5aa, 5ac, and 5ad). A significant reactivity 

difference was observed in the case of C-5 substituted indoles. Fluoro-substituted indole 

2b reacted efficiently to give the desired adduct 5bd in 67% yield, while methoxy-

substituted indole 2d was less prone to react under the same reaction conditions. To 

check the feasibility of the transformation on a large scale, we also performed the 

reaction in 1 mmol scale and obtained an excellent yield of 3aa.10 In the absence of the 

Michael acceptor, both C(2)−H and C(4)−H of 3-acetyl indole under the same reaction 

conditions became deuterated by 16% and 31%, respectively, with 10 equiv of D2O 

(Figure 4.2a). The ratio of C(2)−H and C(4)−H deuteration did not change notably after 

continuing the reaction for a longer time, revealing that the first step might be reversible. 

In addition, we also performed a competition study between an electron-rich (1-(1-

methyl-1H-indol-3-yl)ethanone) and an electron-poor (2,2,2-trifluoro-1-(1-methyl-1H-
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indol-3-yl)- ethanone) substrate. We found that the catalytic C-4 alkenylation is 

selective to electron-rich indole leading to the formation of the respective C-4 

alkenylated adduct as the exclusive product (Figure 4.2b). 

Figure 4.2. Mechanistic studies. 

 

Likewise, to examine the effect of the N-protecting group in the catalytic reaction, 

another competition study was accomplished between 1-(1H-indol-3- yl)ethanone and 

1-(1-methyl-1H-indol-3-yl)ethanone. The catalytic C-4 alkenylation was found to be 
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more facile, with the N-protected indole producing a higher yield of the alkenylated 

compound (Figure 4.2c). Further, we have performed the stoichiometric reaction with 

a cobalt catalyst to trap the cobaltacycle intermediate, whereby the six-membered 

intermediate has been detected through HRMS for different indole derivatives (Figure 

4.2d). 

Scheme 4.3. Proposed Catalytic Cycle 

 

Based on kinetic studies and literature precedents,11 we proposed a plausible catalytic 

cycle (Scheme 4.3) where Cp*Co(CO)I2 reacts with AgSbF6 to generate an active 

catalyst I that forms a six-membered cyclometalated species II in the presence of 1a 

which was detected in HRMS (Figure 4.2d). Then, the cationic cobalt(III) species 

undergoes π-complexation with the Michael acceptor 2a, followed by olefin insertion 

to give intermediate IV. Then β-hydride elimination followed by reductive elimination 
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gives the desired product 3aa and cobalt(I) complex V, which is further oxidized by 

copper acetate to regenerate the active cobalt(III) catalyst I for the next catalytic cycle. 

 

4.4 CONCLUSION 

 

In summary, using a weakly coordinating directing group, we developed cobalt-

catalyzed regioselective C- 4 alkenylation of indole with activated olefins. We also 

detected the six-membered cobaltacycle through HRMS, which supports our proposed 

mechanism. The developed protocol works well with various Michael acceptors and 

indoles. Further work regarding the origin of C-4 selectivity is being carried out in our 

laboratory. 

Limitations: Electron-withdrawing substituted arenes such as -CN is incompatible with 

optimized reaction condition. Because electron-withdrawing groups decreases the 

nucleophilicity of Co-C bond towards olefin insertion. 

4.5 EXPERIMENTAL SECTION 

Reactions were performed using sealed tube vial under an N2 atmosphere. Column 

chromatography was done using 100-200 & 230-400 mesh silica gel of Acme synthetic 

chemicals company. Gradient elution was performed by using distilled petroleum ether 

and ethyl acetate. TLC plates were detected under UV light at 254 nm. 1H NMR, 13C 

NMR, recorded on Bruker AV 400 and 700 MHz spectrometers using CDCl3 & DMSO-

d6 as the deuterated solvent.13 Multiplicity (s = singlet, d= doublet, t = triplet, q = 

quartet, m = multiplet, dd = double doublet), integration, and coupling constants (J) in 

hertz (Hz). HRMS signal analysis was performed using a micro TOF Q-II mass 
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spectrometer, and X-ray analysis was recorded at SCS, NISER. Reagents and starting 

materials were purchased from Sigma Aldrich, TCI, Avra, Spectrochem, and other 

commercially available sources and used without further purification unless otherwise 

noted. 

(a) General reaction procedure for C-4 alkenylation of 3-acetyl indole with 

acrylates:  

To a pre-dried sealed tube under N2, the mixture of N-methyl 3-acetyl indole 1 (0.1 

mmol), acrylate 2 (0.4 mmol), [Cp*Co(CO)I2] (10 mol %), AgSbF6 (20 mol %), 

Cu(OAc)2.H2O (0.1 mmol) and HFIP (1.1 mL) were added and sealed. The reaction 

mixture was vigorously stirred at 50 ºC for 20 h. After 20 h (completion of the reaction 

as monitored by TLC analysis), the reaction mixture was cooled to room temperature 

and diluted with diethyl ether/ dichloromethane, and passed through a short celite pad, 

the solvent was evaporated under reduced pressure, and the residue was purified by 

column chromatography using EtOAc/hexane mixture on silica gel to give the pure 

product 3. 

(b) General reaction procedure for C-4 Alkenylation of 3-acetyl indole with 

maleimides: 

To a pre-dried sealed tube under N2, the mixture of N-methyl 3-acetyl indole 1 (0.1 

mmol), maleimide 4 (0.2 mmol), [Cp*Co(CO)I2] (10 mol %), AgSbF6 (20 mol %), 

Ag2CO3 (0.1 mmol) and HFIP (1.1 mL) were added and sealed. The reaction mixture 

was vigorously stirred at 50 ºC for 20 h. After 20 h (completion of reaction monitored 

by TLC), the reaction mixture was cooled to room temperature and diluted with diethyl 
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ether/ dichloromethane, and passed through a short celite pad, the solvent was 

evaporated under reduced pressure, and the residue was purified by column 

chromatography using EtOAc/hexane mixture on silica gel to give the pure product 5. 

Experimental characterization data of products: 

 
(E)-methyl 3-(3-acetyl-1-methyl-1H-indol-4-yl)acrylate 

(3aa): was prepared according to general procedure (4.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh), giving a 

white solid (26 mg, 88% yield) Rf: 0.42 (in 50% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 9.34 (d, J = 16.0 Hz, 1H), 7.81 (s, 

1H), 7.53-7.51 (m, 1H), 7.35-7.26 (m, 2H), 6.32 (d, J = 16.0 Hz, 1H), 3.84 (s, 6H), 

2.53 (s, 3H). 13C NMR (CDCl3, 100 MHz): δ 168.3, 168.2, 147.4, 139.1, 139.0, 130.4, 

125.1, 124.1, 122.4, 118.0, 112.1, 52.1, 34.1, 29.1. IR (KBr, cm-1): 1718.10, 1670.27. 

HRMS (ESI) m/z calcd for C15H15NO3Na [M+Na]+: 280.0944; found: 280.0962. 

 

(E)-ethyl 3-(3-acetyl-1-methyl-1H-indol-4-yl)acrylate (3ab): 

was prepared according to general procedure (4.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (230-400 mesh), giving a pale white solid (19 

mg, 62% yield) Rf: 0.6 (in 60% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 9.32 (d, J = 16.0 Hz, 2H), 7.79 (s, 1H), 7.54 (d, J = 6.5 Hz, 1H), 

7.34-7.29 (m, 2H), 6.33 (d, J = 16.0 Hz, 2H), 4.30 (q, J = 7.0 Hz, 2H), 3.84 (s, 3H), 

2.53 (s, 3H), 1.37 (t, J = 7.0 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 191.9, 167.7, 

147.1, 138.9, 138.8, 130.5, 124.8, 123.9, 121.5, 118.6, 118.5, 111.4, 60.6, 34.0, 28.5, 
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14.7. IR (KBr, cm-1): 1709.55, 1651.03. HRMS (ESI) m/z calcd for C16H17NO3Na 

[M+Na]+: 294.1101; found: 294.1086. 

(E)-butyl 3-(3-acetyl-1-methyl-1H-indol-4-yl)acrylate (3ac): 

was prepared according to general procedure (4.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (230-400 mesh), giving a 

pale white solid (13 mg, 40% yield) Rf: 0.5 (in 50% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 9.32 (d, J = 16.0 Hz, 2H), 7.79 (s, 1H), 

7.54 (d, J = 6.5 Hz, 1H), 7.36-7.29 (m, 2H), 6.34 (d, J = 16.0 Hz, 2H), 4.25 (t, J = 6.7 

Hz, 2H), 3.84 (s, 3H), 2.53 (s, 3H), 1.73 (m, 3H), 1.48 (m, 2H), 0.97 (t, J = 7.4 Hz, 3H). 

13C NMR (CDCl3, 100 MHz): δ 191.9, 167.8, 147.0, 139.0, 138.6, 130.6, 124.8, 123.9, 

121.5, 118.7, 118.5, 111.3, 64.5, 34.0, 31.2, 28.5, 19.5, 14.1. IR (KBr, cm-1): 1704.99, 

1661.97. HRMS (ESI) m/z calcd for C18H21NO3Na [M+Na]+: 322.1414; found: 

322.1423. 

 

(E)-methyl3-(3-acetyl-5-fluoro-1-methyl-1H-indol-4-

yl)acrylate (3ba): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh), 

giving a light-yellow solid (27 mg, 96% yield) Rf: 0.35 (in 60% EtOAc/hexane). 1H 

NMR (DMSO-d6, 400 MHz): δ 9.05 (d, J = 16.0 Hz, 1H), 8.58 (s, 1H), 7.66 (dd, J = 

8.8, 4.4, Hz, 1H), 7.32-7.27 (m, 1H), 6.45 (d, J = 16.0 Hz, 1H), 3.91 (s, 3H), 3.78 (s, 

3H), 2.54 (s, 3H). 13C NMR (DMSO-d6, 100 MHz): δ 199.2, 172.1, 163.0 (d, J = 239.3 

Hz), 145.3, 145.4, 139.9, 129.7 (d, J = 5.1 Hz), 125.9 (d, J = 16.1 Hz), 122.2 (d, J = 4.2 

Hz), 119.6 (d, J = 13.4 Hz), 118.5 (d, J = 11.1 Hz), 116.9 (d, J = 28.2 Hz), 56.3, 38.4, 
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33.2. IR (KBr, cm-1): 1646.81, 1404.46. HRMS (ESI) m/z calcd for C15H14FNO3Na 

[M+Na]+: 298.0850; found: 298.0858.  

 

(E)-ethyl 3-(3-acetyl-5-fluoro-1-methyl-1H-indol-4-

yl)acrylate (3bb): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (230-400 mesh), 

giving a yellow solid (22 mg, 77% yield) Rf: 0.3 (in 60% 

EtOAc/hexane). 1H NMR (DMSO-d6, 400 MHz): δ 8.98 (d, J = 16.0 Hz, 1H), 7.80 (s, 

1H), 7.23 (dd, J = 8.8, 4.4 Hz, 1H), 7.12-7.07 (m, 1H), 6.56 (d, J = 16.0 Hz, 1H), 4.31 

(q, J = 7.2 Hz, 2H), 3.84 (s, 3H), 2.53 (s, 3H), 1.36 (t, J = 7.2 Hz, 3H). 13C NMR 

(DMSO-d6, 175 MHz): δ 191.8, 168.0, 158.9 (d, J = 245 Hz), 140.2, 139.4, 135.1, 

125.9 (d, J = 5.2 Hz), 122.7 (d, J = 15.7 Hz), 119.2 (d, J = 5.2 Hz), 116.8 (d, J = 12.2 

Hz), 113.0 (d, J = 28 Hz), 111.6 (d, J = 10.5 Hz), 60.6, 34.1, 28.6, 14.7. IR (KBr, cm-

1): 1711.18, 1647.00, 1556.76. HRMS (ESI) m/z calcd for C16H16NFO3Na [M+Na]+: 

312.1006; found: 312.1030.  

(E)-butyl 3-(3-acetyl-5-fluoro-1-methyl-1H-indol-4-

yl)acrylate (3bc): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (230-400 

mesh), giving a pale white solid (22 mg, 70% yield) Rf: 

0.4 (in 60% EtOAc/hexane). 1H NMR (DMSO-d6, 400 MHz): δ 9.05 (d, J = 16.0 Hz, 

1H), 8.58 (s, 1H), 7.66 (dd, J = 8.8, 4.4 Hz, 1H), 7.32-7.27 (m, 1H), 6.43 (d, J = 16.0 

Hz, 1H), 4.18 (t, J = 6.4 Hz, 2H), 3.91 (s, 3H), 2.53 (s, 3H), 1.67 (m, 2H), 1.44 (m, 2H), 
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0.96 (t, J = 7.2 Hz, 3H). 13C NMR (DMSO-d6, 100 MHz): δ 192.2, 167.5, 159.0 (d, J 

= 242.0 Hz), 143.2, 141.2, 135.9, 125.8 (d, J = 5.0 Hz), 122.2 (d, J = 17.0 Hz), 118.2 

(d, J = 4.0 Hz), 115.7 (d, J = 13.0 Hz), 114.5 (d, J = 12.0 Hz), 112.9 (d, J = 28 Hz), 

64.5, 34.4, 31.3, 29.3, 19.6, 14.5. IR (KBr, cm-1): 1705.14, 1659.89, 1525.25. HRMS 

(ESI) m/z calcd for C18H20NFO3Na [M+Na]+: 340.1319; found: 340.1341. 

 

(E)-methyl 3-(3-acetyl-5-methoxy-1-methyl-1H-indol-4-

yl)acrylate (3da): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 

mesh), giving a yellow solid 15 mg, 57% yield) Rf: 0.45 

(in 50% EtOAc/hexane). 1H NMR (DMSO-d6, 400 MHz): δ 9.09 (d, J = 16.0 Hz, 1H), 

8.47 (s, 1H), 7.61 (d, J = 9.2, Hz, 1H), 7.21 (d, J = 8.8, 1H), 6.67 (d, J = 16.0 Hz, 1H), 

3.93 (s, 3H), 3.87 (s, 3H), 3.73 (s, 3H), 2.51 (s, 3H). 13C NMR (DMSO-d6, 100 MHz): 

δ 192.1, 169.1, 157.0, 143.3, 143.1, 134.4, 127.0, 120.2, 118.1, 116.2, 114.0, 110.2, 

57.4, 52.0, 34.2, 29.4. IR (KBr, cm-1): 1695.79, 1654.42. HRMS (ESI) m/z calcd for 

C16H17NO4Na [M+Na]+: 310.1050; found: 310.1050. 

((E)-butyl 3-(3-acetyl-5-methoxy-1-methyl-1H-indol-4-

yl)acrylate (3dc ): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (230-400 mesh), 

giving a yellow solid (18 mg, 60% yield) Rf: 0.2 (in 60% 

EtOAc/hexane). 1H NMR (DMSO-d6, 400 MHz): δ 9.08 (d, J = 16.0 Hz, 1H), 8.47 (s, 

1H), 7.61 (d, J = 9.2 Hz, 1H), 7.21 (d, J = 9.2 Hz, 1H), 6.66 (d, J = 16.0 Hz, 1H), 4.15 
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(t, J = 6.4 Hz, 2H), 3.93 (s, 3H), 3.87 (s, 3H), 2.51 (s, 3H), 1.67 (m, 2H), 1.39 (m, 2H), 

0.96 (t, J = 7.6 Hz, 3H). 13C NMR (DMSO-d6, 100 MHz): δ 191.9, 168.5, 156.8, 143.2, 

142.5, 134.4, 126.9, 120.5, 117.8, 116.2, 114.0, 110.2, 64.1, 57.4, 34.2, 31.4, 29.5, 19.6, 

14.6. IR (KBr, cm-1): 1705.12, 1643.40. HRMS (ESI) m/z calcd for C19H23NO4Na 

[M+Na]+: 352.1519; found: 352.1528.  

 

((E)-methyl 3-(3-acetyl-1,2-dimethyl-1H-indol-4-

yl)acrylate (3fa): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh), 

giving a yellow solid (20 mg, 81% yield) Rf: 0.40 (in 40% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 8.14 (d, J = 16.0 Hz, 1H), 7.41 (d, J = 7.2 Hz, 1H), 7.32 (d, J = 

7.2 Hz, 1H), 7.26-7.22 (m, 1H), 6.41(d, J = 16.0 Hz, 1H) 3.81 (s, 3H), 3.69 (s, 3H), 2.57 

(s, 3H), 2.49 (s, 3H). 13C NMR (CDCl3, 100 MHz): δ 198.0, 168.1, 146.0, 143.1, 138.0, 

128.1, 125.1, 123.1, 121.2, 117.9, 117.6, 111.1, 52.1, 32.2, 30.1, 12.2. IR (KBr, cm-1): 

1703.93, 1637.41. HRMS (ESI) m/z calcd for C16H17NO3Na [M+Na]+: 294.1101; 

found: 294.1091. 

 

(E)-methyl 3-(3-acetyl-1H-indol-4-yl)acrylate (3ga): was 

prepared according to general procedure (4.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh), giving a yellow solid (15 mg, 

51% yield) Rf: 0.45 (in 50% EtOAc/hexane). 1H NMR 

(DMSO-d6, 400 MHz): δ 12.26 (s, 1H), 9.38 (d, J = 16.0 Hz 1H), 8.52 (d, J = 3.2 Hz, 
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1H), 7.65 (d, J = 7.6 Hz, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.308 (t, J = 8.0 Hz, 1H), 6.43 

(d, J = 16.0 Hz, 1H), 3.76 (s, 3H), 2.56 (s, 3H). 13C NMR (DMSO-d6, 100 MHz): δ 

193.0, 168.0, 148.0, 139.2, 139.1, 129.1, 125.1, 124.1, 121.4, 119.0, 117.4, 115.2, 52.2, 

29.2. IR (KBr, cm-1): 1747.12, 1615.09. HRMS (ESI) m/z calcd for C14H13NO3Na 

[M+Na]+: 266.0788; found: 266.0787. 

 

(E)-methyl 3-(3-acetyl-1-ethyl-1H-indol-4-yl)acrylate (3ha): 

was prepared according to general procedure (4.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh), giving a pale yellow solid (24 

mg, 83% yield) Rf: 0.40 (in 50% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 9.36 (d, J = 16.0 Hz, 1H), 7.99 (s, 1H), 7.52 (d, J = 7.6 Hz, 1H), 

7.42 (d, J = 7.6 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 6.32 (d, J = 16.0 Hz, 1H), 4.25 (q, J 

= 7.2 Hz, 2H) 3.82 (s, 3H), 2.56 (s, 3H), 1.54 (t, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 

100 MHz): δ 192.1, 168.0, 147.3, 138.1, 138.0, 130.1, 125.0, 123.4, 121.1, 118.0, 118.0, 

117.1, 115.5, 51.5, 42.1, 28.2, 15.2. IR (KBr, cm-1): 1708.92, 1648.19. HRMS (ESI) 

m/z calcd for C16H17NO3Na [M+Na]+: 294.1101; found: 294.1126. 

 

((E)-methyl 3-(3-acetyl-1-propyl-1H-indol-4-yl)acrylate 

(3ia): was prepared according to general procedure (4.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh), giving 

a yellow solid (16 mg, 58% yield) Rf: 0.30 (in 50% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 9.32 (d, J = 16.0 Hz, 1H), 7.84 (s, 1H), 
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7.51 (d, J = 7.2 Hz, 1H), 7.37 (d, J = 7.2 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 6.32 (d, J = 

16.0 Hz, 1H), 4.12 (d, J = 7.2 Hz, 2H), 3.84 (s, 3H), 2.55 (s, 3H), 194-1.89 (m, 2H), 

0.97 (d, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 192.1, 168.1, 147.4, 138.3, 

138.2, 131.0, 125.1, 124.5, 122.3, 118.5, 118.1, 112.1, 52.0, 49.2, 28.5, 23.4, 12.1. IR 

(KBr, cm-1): 1711.51, 1644.11. HRMS (ESI) m/z calcd for C17H19NO3Na [M+Na]+: 

308.1257; found: 308.1284.  

(E)-methyl 3-(3-acetyl-1-hexyl-1H-indol-4-yl)acrylate 

(3ja): was prepared according to general procedure (4.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh) given as 

pale-yellow liquid (15 mg, 54% yield) Rf: 0.45 (in 60% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 9.32 (d, J = 16.0 Hz, 1H), 7.83 (s, 1H), 

7.51 (d, J = 7.2 Hz, 1H), 7.36 (d, J = 8.0 Hz, 1H), 7.30 (t, J = 7.6 Hz, 1H), 6.32 (d, J = 

16.0 Hz, 1H), 4.25 (t, J = 7.2 Hz, 2H) 3.84 (s, 3H), 2.56 (s, 3H), 1.87 (t, J = 6.8 Hz, 2H), 

1.32 (s, 6H), 0.88 (t, J = 6.4 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 192.1, 168.1, 

147.4, 138.3, 138.0, 131.0, 125.1, 124.1, 122.0, 119.0, 118.1, 112.1, 52.0, 48.0, 32.0, 

30.1, 29.1, 27.1, 23.1, 14.2. IR (KBr, cm-1): 1705.40, 1652.55. HRMS (ESI) m/z calcd 

for C20H25NO3Na [M+Na]+: 350.1727; found: 350.1730. 

 

(E)-methyl 3-(3-acetyl-1-benzyl-1H-indol-4-yl)acrylate (3ka): 

was prepared according to general procedure (4.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh), giving as colorless liquid (16 

mg, 57% yield) Rf: 0.35 (in 50% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 9.31 
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(d, J = 16.0 Hz, 1H), 7.86 (s, 1H), 7.52 (d, J = 7.2 Hz, 1H), 7.35-7.24 (m, 5H), 7.13 (d, 

J = 7.6 Hz, 2H), 6.33 (d, J = 16.0 Hz, 1H), 5.36 (s, 2H), 3.84 (s, 3H), 2.54 (s, 3H). 13C 

NMR (CDCl3, 100 MHz): δ 192.3, 168.1, 147.3, 139.1, 138.1, 136.0, 131.1, 129.4, 

129.0, 127.1, 125.0, 124.1, 122.1, 119.2, 118.3, 112.0, 52.0, 51.2, 29.0. IR (KBr, cm-

1): 1696.05, 1649.30. HRMS (ESI) m/z calcd for C21H19NO3Na [M+Na]+: 356.1257; 

found: 356.1244. 

 

(E)-methyl 3-(3-acetyl-1-tosyl-1H-indol-4-yl)acrylate (3la): 

was prepared according to general procedure (4.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh), giving a 

yellow solid (11 mg, 44% yield) Rf: 0.40 (in 30% EtOAc/hexane). 1H NMR (CDCl3, 

400 MHz): δ 8.85 (d, J = 16.0 Hz, 1H), 8.31 (s, 1H), 7.97 (d, J = 8.4Hz, 1H), 7.82 (d, J 

= 8.0 Hz, 2H), 7.52 (d, J = 7.6 Hz, 1H), 7.37 (t, J = 8.0 Hz, 1H), 7.30 (d, J = 8.0Hz 2H), 

6.26 (d, J = 16.0Hz, 1H), 3.82 (s, 3H), 2.63 (s, 3H), 2.38 (s, 3H). 13C NMR (CDCl3, 

175 MHz): δ 193.1, 168.0, 147.0, 146.0, 136.2, 135.5, 135.5, 131.1, 131.0, 128.1 126.3, 

126.1, 124.0, 123.4, 119.3, 115.1, 52.1, 29.1, 22.0. IR (KBr, cm-1): 1707.11, 1663.05. 

HRMS (ESI) m/z calcd for C21H19NO5SNa [M+Na]+: 420.0876; found: 420.0841. 

 

(E)-methyl 3-(1,3-diacetyl-1H-indol-4-yl)acrylate (3ma): 

was prepared according to general procedure (4.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh), giving a yellow solid (12 mg, 

39% yield) Rf: 0.45 (in 50% EtOAc/hexane). 1H NMR  
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(CDCl3, 400 MHz): δ 8.68 (d, J = 15.6Hz, 1H), 8.52 (d, J = 8.4Hz 1H), 8.11 (s, 1H), 

7.58 (d, J = 7.6 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H), 6.33 (d, J = 15.6 Hz, 1H), 3.84 (s, 

3H), 2.75 (s, 3H), 2.63 (s, 3H). 13C NMR (CDCl3, 175 MHz): δ 193.3, 169.1, 168.1, 

146.2, 137.4, 133.3, 130.4, 127.1, 126.1, 124.3, 124.1, 119.1, 118.0, 52.1, 29.1, 24.4. 

IR (KBr, cm-1): 1730.21, 1698.78, 1668.74. HRMS (ESI) m/z calcd for C16H15NO4Na 

[M+Na]+: 308.0893; found: 308.0903. 

 

3-(3-acetyl-1-methyl-1H-indol-4-yl)-1-methyl-1H-pyrrole-

2,5-dione (5aa): was prepared according to the general 

procedure (4.5b). The crude reaction mixture was purified by 

column chromatography using silica gel (230-400 mesh), 

giving a green solid (20 mg, 63% yield) Rf: 0.3 (in 60% EtOAc/hexane). 1H NMR 

(DMSO-d6, 400 MHz): δ 8.47 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 

7.20 (d, J = 7.2 Hz, 1H), 7.24 (d, J = 7.2 Hz), 6.66 (s, 1H), 3.94 (s, 3H), 2.96 (s, 3H), 

2.38 (s, 3H). 13C NMR (DMSO-d6, 100 MHz): δ 192.1, 172.3, 171.5, 150.9, 140.7, 

138.8, 124.8, 124.0, 123.8, 12.7, 123.6, 117.3, 113.3, 34.2, 28.3, 24.4. IR (KBr, cm-1): 

1700.28, 1645.93, 1531.92. HRMS (ESI) m/z calcd for C16H14N2O3Na [M+Na]+: 

283.1077; found: 283.1075. 

 

3-(3-acetyl-1-methyl-1H-indol-4-yl)-1H-pyrrole-2,5-dione 

(5ab): was prepared according to the general procedure (4.5b). 

The crude reaction mixture was purified by column 

chromatography using silica gel (230-400 mesh), giving a 

green solid (16 mg, 58% yield) Rf: 0.2 (in 60% EtOAc/hexane.  
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1H NMR (DMSO-d6, 400 MHz): δ 10.70 (s, 1H), 8.45 (s, 1H), 7.69 (d, J = 8.4 Hz, 1H), 

7.38 (t, J = 7.6 Hz, 1H), 7.19 (d, J = 7.2, 1H), 6.55 (s, 1H), 3.92 (s, 3H), 2.38 (s, 3H). 

13C NMR (DMSO-d6, 100 MHz): δ 192.1, 173.7, 172.8, 151.4, 140.5, 138.8, 124.9, 

124.4, 124.2, 123.9, 123.6, 117.5, 113.2, 34.2, 28.3. IR (KBr, cm-1): 1653.18, 1613.56, 

1400.58. HRMS (ESI) m/z calcd for C15H12N2O3Na [M+Na]+: 291.0740; found: 

291.0763. 

 

3-(3-acetyl-1-methyl-1H-indol-4-yl)-1-ethyl-1H-pyrrole-2,5-

dione (5ac): was prepared according to the general procedure 

(4.5b). The crude reaction mixture was purified by column 

chromatography using silica gel (230-400 mesh), giving a 

green solid (18 mg, 55% yield) Rf: 0.2 (in 60% EtOAc/hexane). 1H NMR (DMSO-d6, 

400 MHz): δ 8.45 (s, 1H), 7.71 (d, J = 8.4 Hz, 1H), 7.39 (t, J = 8.0 Hz, 1H), 7.21 (d, J 

= 7.2, 1H ), 6.67 (s, 1H), 3.93 (s, 3H), 3.50 (q, J = 7.2 Hz, 2H), 2.38 (s, 3H), 1.16 (t, J 

= 7.2 Hz, 3H). 13C NMR (DMSO-d6, 100 MHz): δ 192.2, 172.1, 171.3, 150.7, 140.7, 

138 8, 124.8, 124.1, 123.9, 123.7, 123.6, 117.5, 113.4, 34.3, 33.0, 28.4, 14.5. IR (KBr, 

cm-1): 1695.86, 1647.99, 1533.42. HRMS (ESI) m/z calcd for C17H16N2O3Na [M+Na]+: 

319.1053; found: 319.1043. 

 

3-(3-acetyl-1-methyl-1H-indol-4-yl)-1-benzyl-1H-pyrrole-

2,5-dione (5ad): was prepared according to general procedure 

(4.5b). The crude reaction mixture was purified by column 

chromatography using silica gel (230-400 mesh), giving a 

green solid (20 mg, 54% yield) Rf: 0.4 (in 50% EtOAc/hexane). 1H NMR (DMSO-d6, 
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400 MHz): δ 8.47 (s, 1H), 7.72 (d, J = 8.4 Hz, 1H), 7.38 (t, J = 7.6 Hz, 1H), 7.42-7.35 

(m, 1H), 7.30 (t, J = 7.2 Hz, 1H), 7.24 (d, J = 7.2 Hz), 6.76 (s, 1H), 4.67 (s, 2H), 3.94 

(s, 3H), 2.38 (s, 3H). 13C NMR (DMSO-d6, 100 MHz): δ 192.3, 172.1, 171.3, 151.0, 

140.6, 138.8, 137.7, 129.3, 128.0, 125.0, 123.9, 123.7, 123.6, 117.5, 113.6, 41.5, 34.3, 

28.4. IR (KBr, cm-1): 1695.72, 1635.60, 1560.04. HRMS (ESI) m/z calcd for 

C22H18N2O3Na [M+Na]+: 381.1210; found: 381.1215 

 

3-(3-acetyl-5-fluoro-1-methyl-1H-indol-4-yl)-1-benzyl-1H-

pyrrole-2,5-dione (5bd): was prepared according to general 

procedure (4.5b). The crude reaction mixture was purified by 

column chromatography using silica gel (230-400 mesh), 

giving a green solid (22 mg, 67% yield) Rf: 0.4 (in 60% 

EtOAc/hexane). 1H NMR (Acetone-d6, 400 MHz): δ 8.33 (s, 1H), 7.68 (dd, J = 9.2, J 

= 4.4 Hz, 1H), 7.51 (d, J = 7.2 Hz, 2H), 7.37 (t, J = 6.0 Hz, 1H), 7.31-7.23 (m, 2H), 

6.68 (s, 1H), 4.00 (s, 2H), 3.14 (s, 3H), 2.38 (s, 3H). 13C NMR (Acetone-d6, 100 MHz): 

δ 192.6, 172.3, 171.8, 158.2 (d, J = 237.0 Hz), 144.3, 141.6, 138.9, 136.3, 129.9, 129.1, 

128.3, 127.8 (d, J = 4.0 Hz), 126.3 (d, J = 3.0 Hz), 119.2 (d, J = 4.0 Hz), 115.0 (d, J = 

11.0 Hz), 112.7 (d, J = 27.0 Hz), 111.2 (d, J = 18.0 Hz), 42.6, 34.7, 28.3. IR (KBr, cm-

1): 1712.36, 1682.72, 1574.90. HRMS (ESI) m/z calcd for C22H17FN2O3Na [M+Na]+: 

399.1115; found: 399.1099. 
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(E)-methyl 3-(3-formyl-1-methyl-1H-indol-4-yl)acrylate 

(3aa1): was prepared according to general procedure (4.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh), giving a 

brown solid (10 mg, 33% yield) Rf: 0.45 (in 50% EtOAc/hexane). 1H NMR (Acetone-

d6, 400 MHz): δ 9.91(s, 1H), 9.51 (d, J = 16.0 Hz, 1H), 8.32 (s, 1H) 7.80 (d, J = 7.6 Hz, 

1H), 7.67 (d, J = 8.4 Hz, 1H), 7.45 (d, J = 7.6 Hz, 1H), 6.54 (d, J = 16.0 Hz, 1H), 4.05 

(s, 3H). 13C NMR (DMSO-d6, 175 MHz): δ 184.1, 168.2, 148.0, 147.1, 140.3, 129.1, 

125.1, 125.0, 122.2, 119.0, 118.4, 114.0, 52.2, 34.5. IR (KBr, cm-1): 1715.01, 1647.31. 

HRMS (ESI) m/z calcd for C14H13NO3Na [M+Na]+: 266.0788; found: 266.0770. 

 

(E)-methyl 3-(1-methyl-3-(2,2,2-trifluoroacetyl)-1H-indol-

4-yl)acrylate (3aa2): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh), 

giving a white solid (15 mg, 52% yield) Rf: 0.35 (in 20% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 9.51 (d, J = 16.0 Hz, 1H), 8.02 (s, 1H), 7.57 (dd, J = 6.0, 2.0 Hz, 

1H), 7.42-7.37 (m, 2H), 6.32 (d, J = 16.0 Hz, 1H), 3.92 (s, 3H), 3.84 (s, 3H). 13C NMR 

(CDCl3, 100 MHz): δ 174.0 (d, J = 33.9 Hz), 167.8, 146.1, 141.2 (q, J = 6.0 Hz), 138.7, 

130.7, 125.3, 125.1, 123.1, 119.2, 116.4, 111.9, 110.4, 52.1, 34.6. IR (KBr, cm-1): 

1718.05, 1559.94, 1401.28. HRMS (ESI) m/z calcd for C15H12F3NO3Na [M+Na]+: 

334.0661; found: 334.0672. 
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(E)-methyl 3-(1-methyl-3-pivaloyl-1H-indol-4-yl)acrylate 

(3aa3): was prepared according to general procedure (4.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh), giving pale 

white liquid (23 mg, 81% yield) Rf: 0.5 (in 40% EtOAc/hexane).  1H NMR (CDCl3, 

400 MHz): δ 8.31 (d, J = 16.0 Hz, 1H), 7.52 (s, 1H), 7.44 (d, J = 7.2 Hz, 1H), 7.34-7.26 

(m, 2H), 6.32 (d, J = 16.0 Hz, 1H), 3.80 (s, 6H) 1.39 (s, 9H). 13C NMR (CDCl3, 100 

MHz): δ 206.1, 168.0, 145.0, 138.0, 132.1, 129.3, 126.2, 123.3, 121.1, 118.0, 116.0, 

111.2, 52.1, 45.1, 34.0, 28.4. IR (KBr, cm-1): 1713.64, 1644.60. HRMS (ESI) m/z 

calcd for C18H21NO3Na [M+Na]+: 322.1414; found: 322.1429. 

  

(E)-methyl 4-(3-methoxy-3-oxoprop-1-en-1-yl)-1-methyl-

1H-indole-3-carboxylate (3aa5): was prepared according to 

general procedure (4.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-200 

mesh), giving a brown solid (6 mg, 23% yield) Rf: 0.40 (in 

30% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 9.31 (d, J = 16.0 Hz, 1H), 7.90 

(s, 1H), 7.53 (d, J = 7.2, 1H), 7.36 (d, J = 7.6, 1H), 7.29 (t, J = 7.6 Hz, 1H), 6.39 (d, J 

= 16.0 Hz, 1H), 3.89 (s, 3H), 3.84 (s, 3H) 3.82(s, 3H). 13C NMR (CDCl3, 100 MHz): 

δ 168.1, 165.2, 146.6, 138.6, 138.2, 129.4, 125.2, 123.2, 121.1, 118.0, 111.7, 107.9, 

51.9, 51.7, 33.9. IR (KBr, cm-1): 1634.62, 1401.14, 1134.71. HRMS (ESI) m/z calcd 

for C15H15NO4Na [M+Na]+: 296.0893; found: 296.0906. 
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(E)-methyl 3-(1-methyl-3-(methylcarbamoyl)-1H-indol-4-

yl)acrylate (3aa6): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh) 

giving as pale white liquid (11 mg, 38% yield) Rf: 0.3 (in 90% EtOAc/hexane). 1H 

NMR (DMSO-d6, 400 MHz): δ 9.02 (d, J = 16.0 Hz, 1H), 8.08 (brs, 1H), 7.88 (s, 1H), 

7.62 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 1H), 6.49 (d, J = 16.0 Hz, 1H), 3.85 (s, 

3H) 3.74 (s, 3H) 2.80 (d, J = 4.4 Hz, 3H). 13C NMR (DMSO-d6, 100 MHz): δ 167.8, 

166.4, 146.3, 138.5, 134.3, 128.3, 125.3, 123.1, 120.2, 117.7, 113.3, 112.7, 52.2, 33.9, 

27.0. IR (KBr, cm-1): 1636.12, 1404.74, 1026.56. HRMS (ESI) m/z calcd for 

C15H16N2O3Na [M+Na]+: 295.1053; found: 295.1020. 

(E)-methyl 3-(1-methyl-3-(methylcarbamoyl)-1H-indol-

2-yl)acrylate (3aa7): was prepared according to general 

procedure (4.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 

mesh), giving as pale white liquid (13 mg, 45% yield) Rf: 0.3 (in 90% EtOAc/hexane).  

1H NMR (DMSO-d6, 400 MHz): δ 8.11 (d, J = 16.0 Hz, 1H), 8.06 (brs, 1H), 7.77 (d, 

J = 8.4 Hz, 1H), 7.63 (d, J = 8.4 Hz, 1H), 7.35 (d, J = 7.2 Hz, 1H), 7.21 (d, J = 7.2 Hz, 

1H), 6.63 (d, J = 16.0 Hz, 1H) 3.92 (s, 3H) 1.79 (s, 3H), 2.86 (d, J = 4.4 Hz, 3H). 13C 

NMR (DMSO-d6, 100 MHz): δ 167.6, 165.8, 138.9, 134.7, 133.6, 125.5, 125.2, 122.0, 

121.7, 121.6, 115.9, 111.6, 52.7, 32.5, 27.2. IR (KBr, cm-1): 1637.35, 1400.78, 1025.62. 

HRMS (ESI) m/z calcd for C15H17N2O3 [M+H]+: 273.1234; found: 273.1244 
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NMR spectra of methyl (E)-3-(3-acetyl-1-methyl-1H-indol-4-yl)acrylate (3aa):  

 

 

 
 

 

 
 

 

1H NMR of 3aa  

(400 MHz, CDCl3) 

 

3aa, 13C{1H} NMR 

(CDCl3, 100 MHz) 
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NMR spectra of 3-(3-acetyl-1-methyl-1H-indol-4-yl)-1-methyl-1H-pyrrole-2,5-

dione (4aa):  

 

 
 

 

 

1H NMR of 4aa  

(700 MHz, CDCl3) 

 

4aa, 13C{1H} NMR 

(CDCl3, 100 MHz) 
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(a) X-ray data of (E)-methyl 3-(3-acetyl-1-propyl-1H-indol-4-yl)acrylate (3ia): 

 

 

 
 

Figure 4.3. Crystal structure of 3ia (50% ellipsoid probability) 
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(b) X-ray data of 3-(3-acetyl-5-fluoro-1-methyl-1H-indol-4-yl)-1-benzyl-1H-

pyrrole-2,5-dione (5bd): 

 

 
 

Figure 4.4. Crystal structure of 3bd (50% ellipsoid probability). 
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Chapter 5 

Breaking the Trend: Insight into Unforeseen Reactivity of 

Alkynes in Cobalt-Catalyzed Weak Chelation-Assisted 

Regioselective C(4)−H Functionalization of 3‑Pivaloyl Indole 

 

5.1 ABSTRACT 

 The unique reactivity of diphenylacetylene has been uncovered through weak 

chelation-assisted cobalt-catalyzed regioselective C(4)−H activation of 3-pivolyl 

indole. α-hydroxy and α,β-unsaturated ketone derivatives have been synthesized in good 

yields from indole and alkynes. Notably, the indole C(4)−H-functionalized α,β-

unsaturated ketone product was obtained with high stereo- and regioselectivity simply 

by changing the coupling partner from symmetrical alkynes to unsymmetrical aromatic-

aliphatic alkynes. Most importantly, trifluoroethanol is the sole water source for this 

conversion. Quantitative detection of bis(2,2,2-trifluoroethyl) ether from dry 

trifluoroethanol through 19F NMR and LCMS studies indirectly confirms the in situ 

formation of water. A six-membered cobaltacycle intermediate was detected in HRMS, 

and also, this was further confirmed by the quantum mechanical calculations, which 

account for the highly regioselective C(4)−H functionalization. 
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5.2 INTRODUCTION 

The increasing demand for N-heterocyclic scaffolds in the pharmaceutical industry 

makes it a highly attractive target for synthetic and medicinal chemists.1 In this regard, 

indoles, and indolines are one of the most admired skeletons because their derivatives 

exhibit significant biological activities such as antibacterial, anticancer, antioxidant, 

anti-inflammatory, antidiabetic, antiviral, and antispermatogenic activity.2 The wide 

applications of the indole systems were well documented by Lawson et al. in 2014 and 

by Manju et al. in 2016.3 Functionalization of indole C−H bonds assumes significance 

due to its potential application in medicinal chemistry. The selective C−H 

functionalization of indole at the C2 or C3 position has been well explored due to the 

high reactivity of the pyrrole ring in indole (Figure 5.1a).4 Nevertheless, in recent years, 

various methods have been developed for benzenoid C−H functionalization at the C6 

and C7 positions of indole using N-protected directing groups.5 However, selective 

C(4)−H functionalization is an underdeveloped and challenging task, which can be 

addressed by installing a directing group at the C3 position of indole.6 Despite the 

proximal directing group, the inherent challenge that makes the functionalization of 

indole C(4)−H difficult is the formation of a five-membered metallacycle at the C2 

position, as compared to six-membered metallacycle at the C4 position (Figure 5.1b). 

Furthermore, the stronger σ donor N-coordinating directing groups (pyridine, 

pyrimidine, 8-amino quinoline, etc.) have been extensively used for C2−C7 C−H 

functionalization in indoles and indolines. However, the installation and removal of 

such directing groups limit their application. This opens up a vast opportunity to use 

easily modifiable O-coordinating functional groups (aldehyde, ketone, ester, etc.) as 

directing groups in such functionalizations.7  
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Figure 5.1. Transition metal-catalyzed C−H functionalizations of indole. 

 

Recently, few research groups have demonstrated methodologies on selective C(4)−H 

functionalization of indole via C−H activation using noble transition metals such as Ir, 

Rh, Ru, and Pd.8 The exuberant cost of such metals limits their applications in 

industries; therefore, a cheaper and more abundant catalytic system needs to be 
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developed for sustainable synthesis. In this vein, exploiting the reactivity of first-row 

transition metals is gaining much attention in recent years due to their high abundance, 

low cost, and less exploration.9 Among the first-row metals, cobalt-catalyzed C−H 

functionalization has become an active research area in recent years.10 Cobalt’s ability 

to mimic rhodium in reactivity and selectivity has brought huge success to various 

pioneering research groups.11 Though cobalt-catalyzed C−H activation with a variety 

of N-coordinating directing groups (strong coordination) were well studied, only limited 

reports are available on exploiting the O-coordinating ability (weak coordination) of 

commonly prevailing directing groups such as aldehyde, ketone, ester, carboxylic acid, 

etc.12 This provides an eccentric opportunity to fine-tune the combination of “cobalt-

weak coordination” to address the previous issues. In this regard, we have successfully 

demonstrated indole C(4)−H and indoline C(7)−H functionalization using various weak 

coordinating directing groups employing cobalt as the first-row transition metal 

catalyst.13 For over a decade, diphenylacetylene has been the most successful 

alkenylating agent through C−H activation.14 In this context, regioselective indole C(2)-

alkenylation14a and C(4)−C(5)-alkenylation followed by annulation14b have been 

reported using ruthenium and rhodium catalysts, respectively (Figure 5.1c). Notably, 

with our key strategy (cobalt-weak coordination), when alkyne was chosen as the 

coupling partner, completely new reactivity was achieved, delivering regioselective 

C(4)−H functionalized α-hydroxy ketone and α,β-unsaturated ketones (Figure 5.1d). 

The product selectivity depends upon the type of alkyne chosen for the reaction. Thus, 

we have revealed the synthesis of α-hydroxy ketone and α,β-unsaturated ketone 

derivatives in a controlled manner. The key features of this protocol are (i) 

regioselective C(4)−H activation of indole, (ii) use of weakly coordinating directing 
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groups, (iii) in situ generations of water from trifluoroethanol, (iv) cobalt as a 

sustainable catalyst, (v) synthesis of α-hydroxy ketone and α,β-unsaturated ketone 

derivatives from indole and alkynes for the first time, and (vi) observation of a single 

stereoisomer with an unsymmetrical alkyne (1-phenyl-butyne). 

5.3 RESULTS AND DISCUSSION  

We started our study with N-methyl 3-pivaloyl indole 1a and diphenylacetylene 2a in 

the presence of cobalt catalysts, silver salts, and copper acetate. After extensive 

investigation15a of different reaction parameters, a composition containing Cp*Co- 

(CO)I2 (10 mol %) as the catalyst, AgBF4 (20 mol %) as the additive, Ag(OTf) (50 

mol %) as the promoter, and Cu(OAc)2 (2 equiv) as the oxidant in dry 2,2,2-

trifluoroethanol (TFE) as a solvent as well as the oxygen source at 70 °C facilitated the 

formation of the desired product 3aa in 93% isolated yields (Table 5.1, entry 1). 

Deviations from the standard condition were performed by changing different reaction 

parameters to validate the versatility of the optimized condition. We have screened 

other oxygenated, hydrocarbon, and chlorinated solvents such as methanol, 

tetrahydrofuran, 1,4-dioxane, benzene, toluene, dichloromethane, and acetonitrile 

instead of dry TFE, but these solvents seem unsuitable for the transformation (Table 

5.1, entry 2). However, hexafluoroisopropanol (HFIP) was found to deliver the 

expected product 3aa in 72% yield (Table 5.1, entry 3). Further screening of mixture 

solvents like TFE: HFIP (1:1) decreases the product yield (Table 5.1, entry 4). A 

detrimental effect on the product yield was observed while screening of different silver 

salts such as AgSbF6, AgNTf2, and Ag2O instead of AgBF4 (Table 5.1, entries 5−7). 

When one equivalent of Cu(OAc)2 was used instead of two equivalents, product yield 

was reduced (Table 5.1, entry 8).  
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Table 5.1. Optimization of Reaction Conditionsa,b,c 

 

aReaction conditions: 1a (0.1 mmol), 2a (0.4 mmol), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), Lewis acids (50 mol %), additive (2 equiv), dry solvents (1 mL), 70 °C, N2. 
bIsolated yield. cMethanol, tetrahydrofuran, 1,4-dioxane, benzene, toluene, 

dichloromethane, and acetonitrile. 
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When Cu2O was used as the oxidant, a 24% yield of product 3aa was formed, whereas 

LiOAc gave the desired product a reasonable yield (Table 5.1, entries 9 and 10). To 

check the effect of other metal triflates, Zn(OTf)2 and NaOTf were explored; this led to 

lower yields (Table 5.1, entries 11 and 12). Changing the catalyst from Cp*Co to simple 

cobalt salt could not assist the designed C−H activation reaction, which indicates the 

unique reactivity of the Cp*Co catalyst (Table 5.1, entries 13 and 14). Decreasing the 

equivalents of diphenyacetylene 2a reduces the product yield 3aa (Table 1, entries 15 

and 16). It is worth mentioning that under the standard reaction conditions, we also 

observed the diphenylacetylene-derived side product 1,2 diphenylethanone 2a*. 

Therefore, excess alkyne (4 equivalents) is crucial for this transformation. The product 

formation seems to be facilitated by increased equivalents of the alkyne coupling 

partner. Further physical deviations, such as temperature, did not produce any positive 

result (Table 5.1, entries 17 and 18). Therefore, it is clear that 70 °C is the optimum 

temperature for this transformation. Reaction performed without copper acetate resulted 

in a reduced yield (Table 5.1, entry 19), which tells us that copper acetate plays an 

essential role in this transformation. To understand the influence of Cp*Co(III), we 

carried out the reaction without the cobalt catalyst, which resulted in no reaction (Table 

5.1, entry 20). After stabilizing standard reaction conditions, further, we screened other 

O-coordinating directing groups such as N-methyl indole-(C-3)-CHO, (C-3)-COCH3, 

(C-3)-CO2H, and (C-3)-CO2CH3. We found the pivaloyl group as the best for this 

transformation (Table 5.1, entry 21).  

Next, we scrutinized the optimized condition's general applicability by varying 

indoles 1 and alkynes 2 to synthesize highly desirable α- hydroxy ketone derivatives 

(Scheme 5.1). 
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Scheme 5.1. Substrate Scope of Indole Derivatives with Various Alkynes 
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We have taken various N-protected indoles and subjected to standard reaction 

conditions. When the alkyl chain length was varied, good to excellent product 

conversion was observed, delivering 62−93% of the desired product (Scheme 5.1, 

3aa−3da). Furthermore, switching to isobutyl, bromo propyl, and benzyl protection of 

indole showed good compatibility with the reaction condition (Scheme 5.1, 3ea−3ga). 

N-allyl protected indoles were well tolerated in the reaction condition giving 68− 82% 

yield of the desired α-hydroxy ketone derivatives (Scheme 5.1, 3ha−3ja). Further 

screening of various N-phenyl-substituted indoles gave the expected products 

3ka1−3ka5 in 55−70% yields. Synthetically useful −NH indole also gave the product 

in 51% yield, which is usually less reactive (Scheme 5.1, 3la). The steric effect on the 

C5 position of indole was tested by varying different substituents. When C5-fluoro- and 

bromo-substituted indoles were tested, no reactivity was observed, which signifies that 

steric hindrance at the C5 position retards the reaction (Scheme 5.1, 3ma, 3na). C6 halo-

substituted indoles gave good yields of the α-hydroxy ketone, which can be further 

functionalized to different synthetically useful skeletons (Scheme 5.1, 3oa−3qa). In 

most of the weak chelation-directed cobalt-catalyzed C−H activation reactions, the 

presence of an electron-withdrawing group in the substrate results in no product 

formation13. As expected, we observed no reactivity of 2ra under our reaction 

conditions (Scheme 5.1, 3ra). C7- methylated indole gave the desired product 3sa in 

61% yield. A variety of aromatic alkyne was also tested, which gave us the desired 

products in moderate to good yields (Scheme 5.1, 3ab, 3ac, and 3kc). Surprisingly, the 

electron-donating group containing alkyne did not yield the desired product 3ad. We 

presume that the C−Co bond generated after the C−H activation step might be very 

nucleophilic due to the electronegativity of cobalt, and hence the addition to an electron-
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rich alkyne is hampered. Moreover, the literature has reported that the C−Co bond is 

known to react as a nucleophile.15d  

Scheme 5.2. Substrate Scopes of Indole and Unsymmetrical Alkyne 

 

Given the intriguing reactivity of diphenyl acetylene in cobalt-catalyzed C−H 

functionalization, we chose aliphatic alkynes to show the diversity in alkyne scope. 
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Synthesis of the α-hydroxy ketone is tricky with aliphatic alkynes due to the possibility 

of an elimination pathway leading to α,β-unsaturated ketone derivatives. Despite this 

limitation, we successfully synthesized numerous α-hydroxy ketone derivatives from 

aliphatic alkynes. Various indole derivatives were screened by taking 3-hexyne as the 

α-hydroxy ketone surrogate. N-Me, Et, and propyl 3-pivaloyl indoles gave us the 

desired product in moderate to good yields (Scheme 5.1, 3ae− 3ce). Furthermore, N-

benzyl and phenyl 3-pivaloyl indoles worked well under the optimized condition giving 

75−64% yield of the targeted product (Scheme 5.1, 3ge, and 3ke). Moreover, C6 halo-

substituted indoles were well tolerated under the reaction condition (Scheme 5.1, 3pe, 

and 3qe). Switching to 4-octyne also gave the product in 45% yield (Scheme 5.1, 3af). 

Notably, unsymmetrical 2-octyne gave the desired product with high regioselectivity, 

preferring the ketone on the more substituted side (Scheme 5.1, 3bg). Furthermore, 

screening of unsymmetrical aromatic alkynes has given both regioisomers of their 

products 3ai−3ji. In contrast, the heteroaromatic alkyne and other carbonyl substituted 

alkynes have failed to give desired products (Scheme 5.1, 2k, 2i, and 2m).  

The scope of the alkyne was further extended to unsymmetrical 1-phenyl butyne 

2h (Scheme 5.2). Interestingly, in this case, a concomitant elimination pathway ensued 

C4-α,β-unsaturated ketone derivatives 3 (Scheme 5.2). Subjecting differently decorated 

indoles with 2h delivered the product in good to excellent yields, thereby illustrating 

the functional group tolerance of this mild transformation. Notably, the complete 

compatibility of valuable functionalities such as alkyl, allyl, phenyl, and halo offers a 

convenient handle for potential synthetic elaboration (Scheme 5.2). It is worth noting 

that high regio- and stereoselectivity have been observed in the product. The selective 
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reaction at the keto group and the selective formation of the E-isomer (trans) suggest 

that the thermodynamic stability of the products controls this reaction. 

A series of mechanistic studies were performed to understand the mechanism of this 

reaction. In this series, first, a deuterium exchange study was conducted using N-

pivaloyl indole 1a with D2O under standard conditions, which resulted in 13% 

deuteration at the C4 position (Scheme 5.3a). This suggests that the first step might be 

reversible. Furthermore, we have performed intermolecular parallel experiments to 

study the kinetic isotope effect (Scheme 5.3b). We obtained a KIE value of 1.6, which 

confirms that the C− H bond activation step is not the rate-determining step.16a To gain 

insight into the effect of electronics on the reaction rate, a competition experiment was 

performed between diphenylacetylene 2a and 3-hexyne 2e with indole 1a. Product 3aa 

observed in 30% yield, whereas hexyne failed to deliver the expected product 3ae 

(Scheme 5.3c). This shows that aromatic internal alkyne reacts much faster than 

aliphatic internal alkyne. The addition of radical scavengers such as TEMPO and BHT 

under optimized reaction conditions failed to prevent the product formation, indicating 

a nonradical pathway for the reaction (Scheme 5.3d). To detect the active cobaltacycle 

intermediate, we have performed the stoichiometric parallel reactions by taking various 

substituted 3-pivaloyl indoles such as 1a, 1k, 1q, and Cp*Co in a 1:1 ratio. We have 

detected cationic cobaltacycle intermediates through high-resolution mass spectrometry 

(HRMS) (Scheme 5.3e). To identify the active coupling partner inside the reaction 

vessel, we performed a standard reaction without using substrate 1a, wherein we 

isolated 1,2-diphenylethanone 2a* in 18% yield along with detection of benzil 2a** in 

HRMS (Scheme 5.3f).  
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Scheme 5.3. Mechanistic Studies and Control Experiments 
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Considering the structure of the product 3aa, initially, we presumed that benzil 2a** is 

the active coupling partner. However, when the standard reaction was performed 

directly using benzil 2a** (2 equivalents) as a coupling partner, it failed to give 

prominent results even after a long time (Scheme 5.3g). These experiments confirm that 

benzil 2a** is not the actual reacting partner for this transformation. When we tried this 

reaction with 1,2-diphenylethanone 2a*, it was unreactive in the reaction mixture. 

Therefore, we thought that this reaction might go through a stepwise process and that 

oxidation may be the last step in this reaction; therefore, we prepared dehydroxylated 

compound 3-keto from the product 3aa using PPh3 and I2 (Scheme 5.4a). When we 

subjected this dehydroxylated product 3-keto under the standard reaction condition, we 

obtained the hydroxylated product 3aa in very good yield (87%) within 2 h (Scheme 

5.4b), which means 3-keto is the intermediate product in this reaction. Furthermore, to 

know the role of actual oxidants in this transformation, another reaction has been 

performed using 3-keto in the presence of copper and silver salts in trifluoroethanol 

(Scheme 5.4c). As predicted, a good amount (84%) of 3aa was obtained, thus indicating 

the role of Cu and Ag salts as oxidants.  
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Scheme 5.4. Control Experiment and Isotope Labeling Experiment 
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Yet another aspect that puzzled us was the oxygen source in the product 3aa and 

diphenylacetylene-derived 1,2-diphenylethanone 2a*. obtained 18O-labeled product 

[18O]-3aa (Scheme 5.4d). To understand this, we performed a series of experiments and 

concluded that oxygen distinctly comes from the dry solvent TFE. To confirm this, we 

deliberately added 5 equivalents of 18O-labeled water in the standard reaction, and 

delightfully, from this experiment, it is clear that the water generated in situ from dry 

TFE is responsible for the source of oxygen in the product [18O]-3aa. Also, we observed 

an increase in mass values of in situ generated 1,2-diphenylethanone [18O]-2a through 

HRMS when we added 18O-labeled water to this reaction. 

Figure 5.2. Detection of bis(2,2,2-trifluoroethyl) ether formation in the reaction mixture 

through 19F NMR. 

 

To ascertain the reaction responsible for the in situ generations of water, we tested a 

reaction of silver tetrafluroborate with dry TFE (Scheme 5.4e). The liquid 
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chromatography−mass spectrometry (LCMS) study of this reaction indicated the 

formation of bis(2,2,2-trifluoroethyl) ether in the reaction, which also indirectly 

indicates the formation of water as the byproduct (Scheme 5.4e). Furthermore, 

quantitative 19F NMR studies15e substantiated the formation of bis(2,2,2-trifluoroethyl) 

ether, which is indirect evidence for water formation in the reaction (Scheme 5.4f). The 

formation of bis(2,2,2- trifluoroethyl) ether is four times greater than the product 3oa 

in the reaction mixture (Figure 5.2). As there was a decrease in the yield of 3aa (36%) 

when we used 5 equivalents of 18O-labeled water (Scheme 5.4d), in order to understand 

the compatibility threshold limit for the presence of water in this reaction. Accordingly, 

when we performed a reaction with 10 equivalents of water, we observed only a trace 

amount of product 3aa. This confirms that the controlled release of water is another key 

factor for the success of this reaction. 

Computational Studies. The exclusive formation of the C(4)−H-functionalized 

product could be explained by comparing the relative energies of the metallacycle 

intermediate through quantum mechanical calculations. The optimized geometry with 

their relative energies is depicted in Figure 5.3. We have taken both six- and five-

membered cyclic intermediates and optimized them in RI-B97-D3/def2-TZVPP level 

of theory using the Turbomole-6.5 software package. This level of theory is already 

benchmarked, and it was used for transition metals.16a−c The relative electronic energies 

unveil that the six-membered cobaltacycle intermediate is stabilized by 45.31 kJ/mol 

from the other five-membered cobaltacycle intermediate.  
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Figure 5.3. Optimized structures of (a) 6-membered, and (b) 5-membered cobaltacycle 

intermediates with their relative energies. 

 

Scheme 5.5. Proposed Mechanism Catalytic Cycle 

 

Based on our mechanistic studies, computational experiments, and literature 

reports,16,17 a plausible catalytic cycle has been proposed in scheme 5.5. Initially, 

Cp*Co(CO)I2 reacts with AgBF4 to generate an active catalyst A. Then, the C−H 
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metalation of 1 leads to the formation of the six-membered cobaltacycle species B, 

which was detected in HRMS and supported by computational experiments (Scheme 

5.3e and Figure 5.3). Furthermore, the cationic cobalt(III) species undergo π-

complexation with active coupling partner 2 followed by alkyne insertion to give 

intermediate D. Then, species D undergoes ligation with in situ generated H2O to give 

intermediate E. Furthermore, the reductive elimination of intermediate E gives 

intermediate F and the production of 3-enol, which after tautomerization, gives 3-keto. 

Then, the oxidation of intermediate F regenerates the active catalyst A for the further 

catalytic cycle. In the other pathway, the oxidation of product 3-keto occurs in the 

presence of copper and silver salts to furnish the desired product 3. Furthermore, 

dehydration of 3 gives 3ah if it is unsymmetrical alkyne (1-phenyl-1-butyne).  

To demonstrate the versatility of the developed protocol in large scales, a 1 

mmol scale reaction was performed, which also produced a near-excellent yield 

(Scheme 5.6a). Furthermore, to demonstrate the synthetic utility of the reaction, we 

attempted a depivaloylation reaction of 3aa, and interestingly, we obtained the selective 

deoxygenated product 3-keto (Scheme 5.6b). Further treatment of 3-keto with p-TsOH 

gave us the depivaloylated product 4aa (Scheme 5.6b). In view of the wide application 

of the formyl functional group in organic synthesis, as well as to diversify the synthetic 

product usefulness, we have performed the formylation reaction of 4aa, which has given 

the indole C3-formylated product 5aa in good yields (Scheme 5.6c). The formyl group 

can be used as a handle for further modifications. 
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Scheme 5.6. Synthetic Utility of the Indole C4-Derived Product. 

 

 

5.4 CONCLUSION  

In conclusion, we have developed weak coordination directed C−H activation with the 

more abundant first-row transition metal cobalt, which is an active and growing branch 

of research on the aspects of sustainability. This methodology gives access to highly 

regioselective C(4)−H-functionalized α-hydroxy ketone and α,β-unsaturated ketone-

derived products efficiently, wherein we have observed unique reactivity of 

diphenylacetylene for the first time. Further, we have observed the in-situ generation of 
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H2O from trifluoroethanol in the presence of silver salts, which is more efficient for this 

conversion. Furthermore, we have performed control and mechanistic studies: (i) 

isotopic labeling experiments prove oxygen source as in situ generated water; (ii) the 

19F NMR and LCMS studies of bis(2,2,2-trifluoroethyl) ether confirm the in situ 

generations of water; (iii) we have also detected the six-membered cobaltacycle through 

HRMS; and (iv) to verify the regioselective indole C(4)−H bond metalation, we have 

calculated the relative energies of six- and five-membered cyclic intermediates with the 

help of computational experiments, which further supports our proposed mechanism. 

The generality of the transformations has been demonstrated on a broad range of 

substrates, thus producing various indole C4-substituted α- hydroxy ketones and α,β-

unsaturated ketones.  

Limitations: Electron-withdrawing substituted arenes such as -NO2 are incompatible 

with optimized reaction conditions. Because electron-withdrawing groups decreases the 

nucleophilicity of Co-C bond towards olefin insertion. Also, C5 substituted indoles 

were failed to give the desired product, which might be due to the steric hindrance.  

 

5.5 EXPERIMENTAL SECTION18 

Reactions were performed using borosil schlenk tube vial under an N2 atmosphere. 

Column chromatography was done by using 100-200 & 230-400 mesh size silica gel of 

Acme Chemicals. Gradient elution was performed by using distilled petroleum ether 

and ethyl acetate. TLC plates were detected under UV light at 254 nm. 1H NMR and 

13C NMR were recorded on Bruker AV 400, 700 MHz spectrometers using CDCl3 as 

internal standards. The residual CHCl3 for 1H NMR (δ = 7.26 ppm) and the deuterated 
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solvent signal for 13C NMR (δ = 77.36 ppm) is used as reference.19 Multiplicity (s = 

single, d = doublet, t = triplet, q = quartet, m = multiplet, dd = double doublet), 

integration, and coupling constants (J) in hertz (Hz). HRMS signal analysis was 

performed using a micro TOF Q-II mass spectrometer. X-ray analysis was conducted 

using a Rigaku Smartlab X-ray diffractometer at SCS, NISER. Reagents and starting 

materials were purchased from Sigma Aldrich, Alfa Aesar, TCI, Avra, Spectrochem, 

and other commercially available sources and used without further purification unless 

otherwise noted. 

(a) General reaction procedure for C-4 substitution of 3-pivaloyl indole with alkyne 

coupling partner: 

In a pre-dried sealed tube under N2, the mixture of N-methyl 3-pivaloyl indole 1 (0.1 

mmol), diphenylacetylene 2 (0.4 mmol), [Cp*Co(CO)I2] (10 mol %), AgBF4 (20 mol %), 

Cu(OAc)2 (0.2 mmol), AgOTf (50 mol %) and dry TFE (1 mL) were added and sealed 

inside the glove box. The reaction mixture was vigorously stirred at 70 ℃ on the 

preheated aluminum block for 20 h. After 20 h (completion of the reaction as monitored 

by TLC analysis), the reaction mixture was cooled to room temperature and diluted with 

ethyl acetate/dichloromethane, and passed through a short celite pad, the solvent was 

evaporated under reduced pressure, and the residue was purified by column 

chromatography using EtOAc/hexane mixture on silica gel to give the pure product 3. 

 

 

 

 

Experimental characterization data of products: 
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1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-methyl-1H-

indol-3-yl)-2,2-dimethylpropan-1-one (3aa): was prepared 

according to general procedure (5.5a). The crude reaction 

mixture was purified by column chromatography using 

silica gel (100-200 mesh size), giving (39 mg) 93% yield. 

Physical State: solid brown m.p.: 226–228 ℃ Rf-value: 0.4 (20% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 8.82 (s, 1H), 8.26–8.25 (m, 2H), 7.88 (s, 1H), 7.65 (brs, 

1H), 7.39-7.35 (m, 3H), 7.31-7.25 (m, 5H), 7.07 (t, J = 7.6 Hz, 1H), 6.50 (d, J = 7.6 Hz, 

1H), 3.84 (s, 3H), 1.22 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.2, 198.1, 141.3, 

141.1, 138.4, 135.6, 135.3, 132.2, 131.4, 128.6, 127.9, 127.8, 124.5, 124.4, 123.4, 115.8, 

110.4, 87.3, 44.3, 34.2, 29.5. IR (KBr, cm-1): 3166, 1671, 1620, 1525, 1398. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C28H27NO3Na  448.1883; Found 448.1879. 

 

1-(1-ethyl-4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1H-

indol-3-yl)-2,2-dimethylpropan-1-one (3ba): was 

prepared according to general procedure (5.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (26 mg) 66% yield. Physical State: pale white 

solid m.p.: 242–244 ℃ Rf-value: 0.3 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 

MHz): δ 8.80 (s, 1H), 8.26 (d, J = 8.8 Hz, 2H), 7.91 (s, 1H), 7.65 (s, 1H), 7.35 (t, J = 

7.2 Hz, 3H), 7.30-7.27 (m, 5H), 7.05 (t, J = 8.0 Hz, 1H), 6.48 (d, J = 7.6 Hz, 1H), 4.28-

4.15 (m, 2H), 1.54 (t, J = 7.6 Hz, 3H), 1.21 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 

 
 

 



                                                                                                                     

 

 

 

150 

 

206.3, 198.1, 141.4, 141.2, 137.5, 135.3, 133.8, 132.1, 131.41, 128.5, 127.8 (2C), 

124.6, 124.4, 123.2, 116.0, 110.4, 87.3, 44.3, 42.2, 29.5, 15.3. IR (KBr, cm-1): 3148, 

1673, 1622, 1524, 1397. HRMS (ESI) m/z: [M+Na]+ Calcd for C29H29NO3Na  

462.2040; Found 462.2042. 

 

 1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-propyl-1H-

indol-3-yl)-2,2-dimethylpropan-1-one (3ca1): was prepared 

according to general procedure (5.5a). The crude reaction 

mixture was purified by column chromatography using silica 

gel (100-200 mesh size), giving (30 mg) 78% yield. Physical 

State: solid brown m.p.: 229–231 ℃ Rf -value: 0.35 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 8.86 (s, 1H), 8.27–8.25 (m, 2H), 7.90 (s, 1H), 7.66 (brs, 1H), 

7.38-7.34 (m, 3H), 7.31-7.24 (m, 5H), 7.04 (t, J = 8.0 Hz, 1H), 6.47 (d, J = 8.0 Hz, 1H), 

4.18-4.05 (m, 2H), 1.91 (sextet, J = 7.2 Hz, 2H), 1.21 (s, 9H), 0.99 (t, J = 7.2 Hz, 3H). 

13C NMR (CDCl3, 100 MHz): δ 206.4, 198.1, 141.4, 141.2, 137.7, 135.3, 134.7, 132.1, 

131.4, 129.9, 128.5, 127.9, 127.8, 124.6, 124.4, 123.2, 115.8, 110.5, 87.3, 49.2, 44.4, 

29.5, 23.3, 118.8. IR (KBr, cm-1): 3198, 2969, 1669, 1616, 1522, 1394. HRMS (ESI) 

m/z: [M+Na]+ Calcd for C30H31NO3Na  476.2196; Found 476.2178. 

 

1-(1-butyl-4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1H-

indol-3-yl)-2,2-dimethylpropan-1-one (3ca2): was 

prepared according to general procedure (5.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size), giving (29 mg) 62% 
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yield. Physical State: colourless liquid Rf -value: 0.4 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 700 MHz): δ 8.85 (s, 1H), 8.26 (d, J =7.7 Hz, 2H), 7.90 (s, 1H), 7.65 (brs, 1H), 

7.36 (t, J = 7.0 Hz, 3H), 7.31-7.27 (m, 5H), 7.05 (t, J = 8.4 Hz, 1H), 6.47 (d, J = 7.7 Hz, 

1H), 4.20-4.13 (m, 3H), 1.87 (pent, J = 7.7 Hz, 2H), 1.42-1.40 (m, 2H), 1.22 (s, 9H), 

0.98 (t, J = 7.0 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 206.4, 198.1, 141.4, 141.2, 

137.7, 135.4, 134.7, 132.1, 131.4, 128.6 (2C), 127.9, 127.8, 124.6, 124.4, 123.2, 115.8, 

110.5, 87.3, 47.4, 44.2, 32.0, 29.6, 20.5, 13.9. IR (KBr, cm-1): 3438, 2991, 1633, 1377, 

1242. HRMS (ESI) m/z: [M+Na]+ Calcd for C31H33NO3Na  490.2353; Found 490.2337. 

1-(1-hexyl-4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-

1H-indol-3-yl)-2,2-dimethylpropan-1-one (3da): was 

prepared according to general procedure (5.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (25 mg) 70% yield. Physical State: yellow solid 

m.p.: 174–176 ℃ Rf -value: 0.3 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): 

δ 8.86 (s, 1H), 8.26 (d, J = 8.0 Hz, 2H), 7.90 (s, 1H), 7.66 (s, 1H), 7.38-7.34 (m, 3H), 

7.31-7.24 (m, 5H), 7.05 (t, J = 7.6 Hz, 1H), 6.47 (d, J = 7.6 Hz, 1H), 4.21-4.08 (m, 2H), 

1.87 (pent, J = 7.2 Hz, 2H), 1.38-1.31 (m, 6H), 1.22 (s, 9H), 0.89 (t, J = 7.2 Hz, 3H). 

13C NMR (CDCl3, 100 MHz): δ 206.3, 198.1, 141.4, 141.2, 137.7, 135.4, 134.7, 132.1, 

131.4, 128.5, 127.9, 127.8, 124.6, 124.4, 123.2, 115.8, 110.5, 87.3, 47.6, 44.4, 31.6, 29.9, 

29.6, 26.9, 22.8, 14.3. IR (KBr, cm-1): 3145, 2929, 1675, 1626, 1523, 1398. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C33H37NO3Na  518.2666; Found 518.2670. 
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1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-isobutyl-1H-

indol-3-yl)-2,2-dimethylpropan-1-one  (3ea): was prepared 

according to general procedure (5.5a). The crude reaction 

mixture was purified by column chromatography using silica 

gel (100-200 mesh size), giving (27 mg) 76% yield. Physical 

State: yellow solid m.p.: 205–207 ℃ Rf -value: 0.5 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 8.88 (s, 1H), 8.26 (d, J = 8.0 Hz, 2H), 7.88 (s, 1H), 7.66 (brs, 1H), 

7.37 (t, J = 6.8 Hz, 3H), 7.32-7.26 (m, 5H), 7.04 (t, J = 7.6 Hz, 1H), 6.46 (d, J = 7.6 Hz, 

1H), 4.03-3.88 (m, 2H), 2.28-2.20 (m, 1H), 1.22 (s, 9H), 1.01-0.95 (m, 6H). 13C NMR 

(CDCl3, 100 MHz): δ 206.4, 198.1, 141.4, 141.2, 137.9, 135.4, 135.3, 132.1, 131.4, 

128.5, 127.9 (2C), 127.8, 124.6, 124.4, 123.1, 115.6, 110.7, 87.3, 55.3, 44.4, 29.6, 29.1, 

20.6, 20.5. IR (KBr, cm-1): 3156, 1670, 1620, 1520, 1393. HRMS (ESI) m/z: [M+Na]+ 

Calcd for C31H33NO3Na  490.2353; Found 490.2305. 

 

1-(1-(3-bromopropyl)-4-(1-hydroxy-2-oxo-1,2-

diphenylethyl)-1H-indol-3-yl)-2,2-dimethylpropan-1-

one (3fa): was prepared according to general procedure 

(5.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size), giving (28 mg) 77% yield. Physical State: solid brown m.p.: 168–170 ℃ Rf-

value: 0.45 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.83 (s, 1H), 8.27-

8.25 (m, 2H), 8.03 (s, 1H), 7.66 (brs, 1H), 7.39-7.36 (m, 3H), 7.32-7.26 (m, 5H), 7.07 

(t, J = 8.0 Hz, 1H), 6.48 (d, J = 7.6 Hz, 1H), 4.44-4.40 (m, 2H), 3.39-3.26 (m, 2H), 2.40-

2.34 (m, 2H), 1.23 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.6, 198.1, 141.6, 141.0, 
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137.3, 135.2, 135.2, 132.2, 131.4, 128.6, 127.9, 127.9, 127.8, 124.7, 124.6, 123.5, 116.1, 

110.3, 87.3, 45.0, 44.5, 31.7, 30.5, 29.5. IR (KBr, cm-1): 3142, 1667, 1625, 1523, 1397. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C30H30BrNO3Na  554.1301; Found 554.1308. 

 

1-(1-benzyl-4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1H-

indol-3-yl)-2,2-dimethylpropan-1-one (3ga): was prepared 

according to general procedure (5.5a). The crude reaction 

mixture was purified by column chromatography using 

silica gel (100-200 mesh size), giving (29 mg) 80% yield. Physical State: solid brown 

m.p.: 245–247 ℃ Rf-value: 0.4 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): 

δ 8.81 (s, 1H), 8.27-8.25 (m, 2H), 7.86 (s, 1H), 7.64 (brs, 1H), 7.37-7.32 (m, 6H), 7.31-

7.21 (m, 6H), 7.17-7.15 (m, 3H), 6.99 (t, J = 8.0 Hz, 1H), 6.48 (d, J = 7.6 Hz, 1H), 1.17 

(s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.6, 198.1, 141.3, 141.1, 138.0, 135.7, 135.6, 

135.3, 134.8, 132.2, 131.4, 129.4, 128.6, 127.9, 127.8, 127.8, 127.3, 124.7, 124.6, 123.4, 

116.3, 110.9, 87.3, 51.2, 44.4, 29.5. IR (KBr, cm-1): 3138, 1673, 1629, 1400. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C34H31NO3Na  524.2196; Found 524.2154. 

1-(1-allyl-4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1H-

indol-3-yl)-2,2-dimethylpropan-1-one (3ha): was prepared 

according to the general procedure (5.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size), giving (27 mg) 68% 

yield. Physical State: solid brown m.p.: 227 – 229 ℃ Rf-value: 0.5 (20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.82 (s, 1H), 8.26 (d, J = 8.0 Hz, 2H), 

7.90 (s, 1H), 7.65 (s, 1H), 7.38 -7.34 (m, 3H), 7.31 - 7.25 (m, 5H), 7.04 (t, J = 8.0 Hz, 
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1H), 6.48 (d, J = 7.2 Hz, 1H), 6.06 - 5.96 (m, 1H), 5.33 – 5.20 (m, 1H), 4.81 – 4.71 (m, 

3H), 1.21 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.5, 198.1, 141.3, 141.1, 137.8, 

135.3, 134.4, 132.2, 132.1, 131.4, 128.6, 127.9, 127.8 (2C), 124.6, 124.5, 123.3, 119.3, 

116.3, 110.7, 87.3, 49.8, 44.4, 29.5. IR (KBr, cm-1): 3143, 1668, 1617, 1521, 1397. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C30H29NO3Na  474.2040; Found 474.2009. 

 

1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-(3-

methylbut-2-en-1-yl)-1H-indol-3-yl)-2,2-

dimethylpropan-1-one (3ia): was prepared according 

to general procedure (5.5a). The crude reaction mixture 

was purified by column chromatography using silica 

gel (100-200 mesh size), giving (31 mg) 82% yield. 

Physical State: solid brown m.p.: 164–166 ℃ Rf-value: 0.3 (10% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 8.88 (s, 1H), 8.26 (d, J = 7.2 Hz, 2H), 7.29 (s, 1H), 7.65 

(brs, 1H), 7.38-7.35 (m, 3H), 7.31-7.25 (m, 5H), 7.04 (t, J = 7.6 Hz, 1H), 6.48 (d, J = 

7.6 Hz, 1H), 5.41 (t, J = 7.2 Hz, 1H), 4.71 (d, 6.8 Hz, 2H), 1.82 (d, J = 6.8 Hz, 6H), 1.20 

(s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.2, 198.1, 141.2, 141.1, 139.0, 137.8, 135.3, 

134.3, 132.1, 131.4, 128.5, 127.9, 127.8, 124.7, 124.5, 123.1, 118.3, 115.7, 110.7, 87.3, 

45.2, 44.3, 29.6, 25.9, 18.5. IR (KBr, cm-1): 3137, 1673, 1615, 1523, 1397. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C32H33NO3Na  502.2352; Found 502.2380. 
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(E)-1-(1-cinnamyl-4-(1-hydroxy-2-oxo-1,2-

diphenylethyl)-1H-indol-3-yl)-2,2-dimethylpropan-1-

one (3ja): was prepared according to the general 

procedure (2.5). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (28 mg) 81% yield. Physical State: yellow solid m.p.: 216–

218 ℃ Rf-value: 0.4 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.85 (s, 

1H), 8.29 – 8.26 (m, 2H), 7.96 (s, 1H), 7.66 (s, 1H), 7.38 - 7.24 (m, 13H), 7.05 (t, J = 

8.0 Hz, 1H), 6.58 (d, J = 16.0 Hz, 1H), 6.49 (d, J = 7.2 Hz, 1H), 6.37 – 6.30 (m, 1H), 

4.93 – 4.91 (m, 2H), 1.21 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.6, 198.1, 141.3, 

141.1, 137.9, 136.0, 135.2, 134.4, 134.0, 132.2, 131.4, 129.0, 128.6 (2C), 127.9, 127.8, 

126.9, 124.7, 124.6, 123.4, 123.2, 116.4, 110.8, 87.3, 49.5, 44.4, 29.5. IR (KBr, cm-1): 

3139, 1667, 1622, 1577, 1397. HRMS (ESI) m/z: [M+Na]+ Calcd for C36H33NO3Na  

550.2353; Found 550.2321. 

 

1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-phenyl-1H-

indol-3-yl)-2,2-dimethylpropan-1-one (3ka1): was prepared 

according to general procedure (5.5a). The crude reaction 

mixture was purified by column chromatography using silica 

gel (100-200 mesh size), giving  (24 mg) 67% yield. Physical 

State: solid brown m.p.: 139–141 ℃ Rf-value: 0.5 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 8.77 (s, 1H), 8.32-8.30 (m, 2H), 8.05 (s, 1H), 7.68 (brs, 1H), 7.59-

7.55 (m, 2H), 7.50-7.40 (m, 3H), 7.40-7.35 (m, 4H), 7.33-7.28 (m, 4H), 7.03 (t, J = 7.6 

Hz, 1H), 6.52 (d, J = 7.6 Hz, 1H), 1.24 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 207.2, 
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198.2, 141.2, 141.1, 138.5, 138.4, 135.2, 134.4, 132.3, 131.5, 130.2, 128.7, 128.6, 127.9, 

127.9, 127.8, 126.1, 125.0, 124.5, 123.8, 117.8, 111.6, 87.4, 44.6, 29.4. IR (KBr, cm-

1): 3145, 1675, 1636, 1596, 1402. HRMS (ESI) m/z: [M+Na]+ Calcd for C33H29NO3Na  

510.2040; Found 510.2043. 

 

1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-(p-tolyl)-1H-

indol-3-yl)-2,2-dimethylpropan-1-one (3ka2): was 

prepared according to general procedure (5.5a). The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size), giving (28 mg) 55% 

yield. Physical State: solid brown m.p.: 233-235 ℃ Rf-

value: 0.3 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.75 (s, 1H), 8.29 (d, 

J = 8.8 Hz, 2H), 7.99 (s, 1H), 7.67 (brs, 1H), 7.40-7.35 (m, 5H), 7.29 (t, J = 8.0 Hz, 3H), 

7.24 (d, J = 6.8 Hz, 2H), 7.06 (d, J = 9.2 Hz, 2H), 7.00 (t, J = 8.0 Hz, 1H), 6.51 (d, J = 

6.8 Hz, 1H), 3.89 (s, 3H), 1.24 (s, 9H). 13C NMR (CDCl3, 176 MHz): δ 207.0, 198.2, 

159.9, 141.2, 141.1, 138.9, 135.3, 134.8, 132.3, 131.5, 131.3, 128.6, 127.9 (2C), 127.8, 

127.5, 124.9, 124.3, 123.7, 117.5, 115.3, 111.7, 87.4, 56.0, 44.5, 29.5. IR (KBr, cm-1): 

3425, 2991, 1631, 1519, 1445, 1263. HRMS (ESI) m/z: [M]+ Calcd for C34H31NO3 

501.2298; Found 501.2276. 

 

 



                                                                                                                     

 

 

 

157 

 

1-(1-(4-ethylphenyl)-4-(1-hydroxy-2-oxo-1,2-

diphenylethyl)-1H-indol-3-yl)-2,2-dimethylpropan-1-one 

(3ka3): was prepared according to general procedure (5.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (30 mg) 60% yield. Physical State: brown liquid Rf-

value: 0.3 (20% EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 8.78 (s, 1H), 8.30 (d, 

J = 7.7 Hz, 2H), 8.04 (s, 1H), 7.68 (brs, 2H), 7.40-7.37 (m, 7H), 7.32 (d, J = 8.4 Hz, 1H), 

7.31-7.29 (m, 3H), 7.01 (t, J = 8.4 Hz, 1H), 6.51 (d, J = 7.7 Hz, 1H), 2.76 (q, J = 7.7 Hz, 

2H), 1.32 (t, J = 7.0 Hz, 3H), 1.24 (s, 9H). 13C NMR (CDCl3, 176 MHz): δ 207.1, 198.2, 

145.1, 141.2, 141.1, 138.5, 136.1, 135.3, 134.6, 132.3, 131.5, 129.6, 128.6, 127.9, 127.8 

(2C), 126.0, 124.9, 124.4, 123.7, 117.5, 111.7, 87.4, 44.6, 29.5, 28.9, 15.8. IR (KBr, 

cm-1): 3440, 1633, 1374, 1242, 1056. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C35H33NO3Na  538.2353; Found 538.2343. 

 

1-(1-(4-fluorophenyl)-4-(1-hydroxy-2-oxo-1,2-

diphenylethyl)-1H-indol-3-yl)-2,2-dimethylpropan-1-one 

(3ka4): was prepared according to general procedure (5.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), giving 

(36 mg) 72% yield. Physical State: solid white m.p.: 257–

258 ℃ Rf-value: 0.2 (10% EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 8.73 (s, 

1H), 8.31 (d, J = 7.7 Hz, 2H), 8.00 (s, 1H), 7.67 (brs, 1H), 7.47-7.45 (m, 2H), 7.39-7.37 

(m, 3H), 7.31-7.24 (m, 7H), 7.03 (t, J = 7.7 Hz, 1H), 6.52 (d, J = 7.7 Hz, 1H), 1.24 (s, 
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9H). 13C NMR (CDCl3, 176 MHz): δ 207.2, 198.2, 162.5 (d, JC-F = 249.2 Hz), 141.3, 

141.0, 138.6, 135.2, 134.5 (d, JC-F = 3.1 Hz), 134.2, 132.4, 131.5, 128.6, 128.1 (d, JC-F = 

8.6 Hz), 127.9 (2C), 127.8, 125.1, 124.4, 124.0, 117.9, 117.2 (d, JC-F = 22.8 Hz), 111.4, 

87.4, 44.6, 29.4. 19F NMR (CDCl3, 376 MHz): δ -112.1. IR (KBr, cm-1): 3439, 1660, 

1625, 1522, 1448. HRMS (ESI) m/z: [M+Na]+ Calcd for C33H28FNO3Na  528.1945; 

Found 528.1986. 

 

1-(1-(4-chlorophenyl)-4-(1-hydroxy-2-oxo-1,2-

diphenylethyl)-1H-indol-3-yl)-2,2-dimethylpropan-1-one 

(3ka5): was prepared according to general procedure (5.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), giving 

(33 mg) 68% yield. Physical State: yellow solid m.p.: 229–

231 ℃ Rf-value: 0.40 (10% EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 8.70 (s, 

1H), 8.31 (d, J = 7.7 Hz, 2H), 8.00 (s, 1H), 7.66 (s, 1H), 7.55 (d, J = 8.4 Hz, 2H), 7.44 

(d, J = 9.1 Hz, 2H), 7.39-7.37 (m, 3H), 7.31-7.29 (m, 4H), 7.04 (t, J = 7.7 Hz, 1H), 6.53 

(d, J = 7.7 Hz, 1H), 1.24 (s, 9H). 13C NMR (CDCl3, 176 MHz): δ 207.3, 198.2, 141.4, 

141.0, 138.3, 137.0, 135.1, 134.6, 133.9, 132.4, 131.5, 130.5, 128.6, 128.0, 127.9, 127.8, 

127.4, 125.2, 124.6, 124.1, 118.2, 111.3, 87.4, 44.6, 29.4. IR (KBr, cm-1): 3427, 1630, 

1265, 752. HRMS (ESI) m/z: [M+Na]+ Calcd for C33H28ClNO3Na  544.1650; Found 

544.1641. 
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71-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1H-indol-3-

yl)-2,2-dimethylpropan-1-one (3la): was prepared 

according to general procedure (5.5a). The crude reaction 

mixture was purified by column chromatography using 

silica gel (100-200 mesh size), giving (22 mg) 51% yield. 

Physical State: solid brown m.p.: 246–248 ℃ Rf-value: 0.3 (20% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 8.93 (brs, 1H), 8.82 (s, 1H), 8.28-8.26 (m, 2H), 7.83 (d, J 

= 3.2 Hz, 1H), 7.64 (brs, 1H), 7.40-7.35 (m, 3H), 7.32-7.25 (m, 4H), 7.29-7.21 (m, 1H), 

7.02 (t, J = 7.6 Hz, 1H), 6.48 (d, J = 7.6 Hz, 1H), 1.21 (s, 9H). 13C NMR (CDCl3, 100 

MHz): δ 207.0, 198.5, 141.0, 140.9, 139.7, 137.5, 135.2, 132.4, 131.6, 131.4, 128.6, 

127.9, 127.7, 124.5, 123.6, 123.5, 117.4, 112.4, 87.4, 44.4, 29.4. IR (KBr, cm-1): 3155, 

1677, 1600, 1400. HRMS (ESI) m/z: [M+Na]+ Calcd for C27H25NO3Na  434.1727; 

Found 434.1697. 

 

1-(6-fluoro-4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-

methyl-1H-indol-3-yl)-2,2-dimethylpropan-1-one (3oa): 

was prepared according to general procedure (5.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (28 mg) 70% yield. Physical State: orange solid m.p.: 225–227 ℃ Rf-value: 0.2 

(10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.83 (s, 1H), 8.24 (d, J = 7.6 Hz, 

2H), 7.86 (s, 1H), 7.65 (s, 1H), 7.38-7.24 (m, 7H), 6.91 (d, J = 7.6 Hz, 1H), 6.26 (d, J = 

7.6 Hz, 1H), 3.76 (s, 3H), 1.20 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.3, 197.7, 

159.8 (d, JC-F = 239.0 Hz), 143.5 (d, JC-F = 8.0 Hz), 140.3, 138.7 (d, JC-F = 11.0 Hz), 
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135.9 (d, JC-F = 2.0 Hz), 135.0, 132.4, 131.3, 128.8, 128.2, 127.9, 127.6, 120.9, 116.1, 

113.5 (d, JC-F = 26.0 Hz), 96.3 (d, JC-F = 25.0 Hz), 87.0, 44.4, 34.2, 29.4. 19F NMR 

(CDCl3, 376 MHz): δ -117.9. IR (KBr, cm-1): 3195, 1661, 1633, 1531, 1403. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C28H26FNO3Na  466.1789; Found 466.1789. 

 

1-(6-chloro-4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-

methyl-1H-indol-3-yl)-2,2-dimethylpropan-1-one (3pa): 

was prepared according to general procedure (5.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (27 mg) 71% yield. Physical State: yellow solid m.p.: 230–232 ℃ Rf-value: 0.5 

(20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.79 (s, 1H), 8.24 (d, J = 7.2 Hz, 

2H), 7.85 (s, 1H), 7.64 (s, 1H), 7.40 - 7.33 (m, 4H), 7.31 - 7.25 (m, 4H), 6.44 (d, J = 2.0 

Hz, 1H), 3.80 (s, 3H), 1.20 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.3, 197.7, 142.9, 

140.1, 138.9, 135.9, 135.0, 132.4, 131.3, 129.5, 128.8, 128.2, 127.9, 127.7, 125.0, 123.2, 

116.1, 110.2, 87.1, 44.5, 34.2, 29.4. IR (KBr, cm-1): 3169, 1670, 1625, 1523, 1400. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C28H26ClNO3Na  482.1493; Found 482.1478. 

 

1-(6-bromo-4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-

methyl-1H-indol-3-yl)-2,2-dimethylpropan-1-one (3qa): 

was prepared according to general procedure (5.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (29 mg) 80% yield. Physical State: yellow solid m.p.: 239–241 ℃ Rf-value: 0.4 
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(20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.79 (s, 1H), 8.24 (d, J = 7.6 Hz, 

2H), 7.83 (s, 1H), 7.62 (s, 1H), 7.42-7.37 (m, 4H), 7.35 - 7.25 (m, 4H), 6.56 (d, J = 1.6 

Hz, 1H), 3.79 (s, 3H), 1.20 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 206.3, 197.6, 143.1, 

140.1, 139.2, 135.8, 134.9, 132.4, 131.3, 128.8, 128.2, 127.9, 127.6 (2C), 123.6, 117.2, 

116.1, 113.3, 87.0, 44.5, 34.2, 29.4. IR (KBr, cm-1): 3147, 1674, 1623, 1525, 1404. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C28H26BrNO3Na  526.0988; Found 526.0989. 

 

1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1,7-

dimethyl-1H-indol-3-yl)-2,2-dimethylpropan-1-one 

(3sa): was prepared according to general procedure 

(5.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size), giving (25 mg) 61% yield. Physical State: yellow solid m.p.: 223–225 ℃ Rf-

value: 0.3 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.74 (s, 1H), 8.27 (d, 

J = 7.6 Hz, 2H), 7.73 (s, 1H), 7.62 (s, 1H), 7.36-7.31 (m, 4H), 7.28 - 7.24 (m, 3H), 6.74 

(d, J = 7.6 Hz, 1H), 6.33 (d, J = 8.0 Hz, 1H), 4.10 (s, 3H), 2.70 (s, 3H), 1.19 (s, 9H). 13C 

NMR (CDCl3, 100 MHz): δ 206.5, 198.1, 141.5, 139.3, 137.3 (2C), 135.6, 132.1, 131.4, 

128.5, 128.0, 127.8, 127.7, 126.4, 125.8, 124.9, 121.9, 115.8, 87.5, 44.4, 38.7, 29.6, 20.3. 

IR (KBr, cm-1): 3138, 1661, 1625, 1530, 1401. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C29H29NO3Na  462.2040; Found 462.2035. 
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1-(4-(1-hydroxy-2-oxo-1,2-di-p-tolylethyl)-1-methyl-

1H-indol-3-yl)-2,2-dimethylpropan-1-one (3ab): was 

prepared according to general procedure (5.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), giving (18 mg) 40% yield. 

Physical State: solid brown m.p.: 247–249 ℃ Rf-value: 0.4 (10% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 8.74 (s, 1H), 8.17 (d, J = 8.4 Hz, 2H), 7.86 (s, 1H), 7.51 

(brs, 1H), 7.27-7.25 (m, 2H), 7.16 (d, J = 7.2 Hz, 2H), 7.08 (d, J = 8.0 Hz, 3H), 6.51 (d, 

J = 7.6 Hz, 1H), 3.84 (s, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 1.26 (s, 9H). 13C NMR (CDCl3, 

100 MHz): δ 206.2, 197.8, 142.6, 141.6, 138.4, 138.2, 137.3, 135.3, 132.8, 131.5, 129.3, 

128.6, 127.7, 124.5, 123.4, 116.0, 110.2, 87.2, 44.4, 34.2, 29.5, 21.9, 21.4. IR (KBr, 

cm-1): 3153, 1664, 1621, 1526, 1400. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C30H31NO3Na  476.2196; Found 476.2178. 

 

1-(4-(1,2-bis(4-fluorophenyl)-1-hydroxy-2-oxoethyl)-

1-methyl-1H-indol-3-yl)-2,2-dimethylpropan-1-one 

(3ac): was prepared according to general procedure 

(5.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 

mesh size), giving (31 mg) 71% yield. Physical State: yellow solid m.p.: 239–241 ℃ 

Rf-value: 0.2 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.82 (s, 1H), 8.33 

– 8.29 (m, 2H), 7.89 (s, 1H), 7.60 (s, 1H), 7.29–7.27 (m, 1H), 7.11–7.03 (m, 3H), 

6.98–6.94 (m, 3H), 6.47 (d, J = 8.0 Hz, 1H), 3.84 (s, 3H), 1.21 (s, 9H). 13C NMR 

(CDCl3, 100 MHz): δ 206.4, 196.6, 165.2 (d, JC-F = 252.0 Hz), 162.6 (d, JC-F = 245.0 
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Hz), 140.8, 138.4, 136.7 (d, JC-F = 3.0 Hz), 135.7, 133.9 (d, JC-F = 9.0 Hz), 131.6 (d, JC-

F = 3.0 Hz), 129.5 (d, JC-F = 8.0 Hz), 124.4, 124.3, 123.4, 115.8, 115.5 (d, JC-F = 21.0 

Hz), 115.0 (d, JC-F = 21.0 Hz), 110.6, 87.0, 44.4, 34.2, 29.5. 19F NMR (CDCl3, 376 

MHz): δ -106.9, -115.0. IR (KBr, cm-1): 3156, 2980, 1674, 1626, 1527, 1400. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C28H25F2NO3Na  484.1695; Found 484.1683. 

1-(4-(1,2-bis(4-fluorophenyl)-1-hydroxy-2-oxoethyl)-

1-phenyl-1H-indol-3-yl)-2,2-dimethylpropan-1-one 

(3kc): was prepared according to general procedure 

(5.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 

mesh size), giving (23 mg) 60% yield. Physical State: pale white solid m.p.: 264–266 ℃ 

Rf-value: 0.6 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.78 (s, 1H), 8.37 

– 8.33 (m, 2H), 8.06 (s, 1H), 7.65 (s, 1H), 7.60–7.57 (m, 2H), 7.52–7.48 (m, 3H), 

7.36 (d, J = 8.4 Hz, 1H), 7.09 – 6.96 (m, 6H), 6.49 (d, J = 7.6 Hz, 1H), 1.24 (s, 9H). 13C 

NMR (CDCl3, 100 MHz): δ 207.4, 196.7, 165.3 (d, JC-F = 252.0 Hz), 162.6 (d, JC-F = 

245.0 Hz), 140.8, 138.4 (d, JC-F = 2.0 Hz), 136.7 (d, JC-F = 3.0 Hz), 134.5, 134.1 (d, JC-

F = 9.0 Hz), 131.5 (d, JC-F = 3.0 Hz), 130.3, 129.5 (d, JC-F = 8.0 Hz), 128.8, 126.1, 124.8, 

124.4, 124.3, 123.9, 117.7, 115.6 (d, JC-F = 22.0 Hz), 115.1 (d, JC-F = 21.0 Hz), 111.9, 

87.1, 44.6, 29.4. 19F NMR (CDCl3, 376 MHz): δ -106.5, -114.8. IR (KBr, cm-1): 3140, 

1676, 1635, 1523, 1401. HRMS (ESI) m/z: [M+Na]+ Calcd for C33H27F2NO3Na  

522.1875; Found 522.1828. 
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4-hydroxy-4-(1-methyl-3-pivaloyl-1H-indol-4-yl)hexan-

3-one (3ae): was prepared according to general procedure 

(5.5a). The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (26 mg) 81% yield. Physical State: solid brown m.p.: 134–135 ℃ Rf-value: 0.45 

(10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.61 (s, 1H), 7.30 (s, 3H), 6.25 

(s, 1H), 3.8 (s, 3H), 2.73-2.51 (m, 2H), 2.33-2.16 (m, 2H), 1.38 (s, 9H), 1.01 (t, J = 7.2 

Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 216.6, 207.4, 138.6, 

135.9, 132.8, 124.3, 123.2, 121.8, 116.5, 110.1, 83.8, 44.5, 33.9, 31.3, 30.0, 2.4, 8.6, 8.3. 

IR (KBr, cm-1): 3116, 1667, 1639, 1401. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C20H27NO3Na  352.1883; Found 352.1869. 

 

4-(1-ethyl-3-pivaloyl-1H-indol-4-yl)-4-hydroxyhexan-3-

one (3be): was prepared according to general procedure 

(5.5a). The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), giving 

(17 mg) 50% yield. Physical State: yellow solid m.p.: 137–139 ℃ Rf-value: 0.6 (20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.64 (s, 1H), 7.34–7.27 (m, 3H), 6.16 

(s, 1H), 4.19 (q, J = 7.2 Hz, 2H), 2.73–2.51 (m, 2H), 2.33–2.14 (m, 2H), 1.50 (t, J = 

7.2 Hz, 3H), 1.38 (s, 9H), 1.01 (t, J = 7.2 Hz, 3H), 0.87 (t, J = 7.2 Hz, 3H). 13C NMR 

(CDCl3, 100 MHz): δ 212.6, 207.5, 137.7, 136.0, 130.9, 124.5, 123.0, 121.7, 116.7, 

110.1, 83.8, 44.5, 41.9, 31.4, 30.2, 29.4, 15.4, 8.6, 8.3. IR (KBr, cm-1): 3139, 1653, 

1619, 1401. HRMS (ESI) m/z: [M+Na]+ Calcd for C21H29NO3Na  366.2040; Found 

366.2003. 
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4-hydroxy-4-(3-pivaloyl-1-propyl-1H-indol-4-yl)hexan-

3-one (3ce): was prepared according to general 

procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (21 mg) 79% yield. Physical 

State: solid brown m.p.: 110–112 ℃ Rf-value: 0.4 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.66 (s, 1H), 7.23-7.19 (s, 2H), 6.91-6.89 (m, 1H), 4.75 (t, J = 

7.6 Hz, 1H), 4.11 (t, J = 7.2 Hz, 2H), 2.49-2.43 (m, 2H), 2.12-2.01 (m, 1H), 1.96-

1.87 (m, 2H), 1.67-1.51 (m, 2H), 1.42 (s, 9H), 1.01-0.94 (m, 6H), 0.79 (t, J = 7.6 Hz, 

3H). 13C NMR (CDCl3, 100 MHz): δ 212.6, 206.1, 137.2, 134.9, 132.1, 126.7, 123.6, 

120.9, 115.5, 108.6, 55.2, 48.9, 45.1, 35.7, 29.2, 26.3, 23.4, 12.6, 11.8, 8.4. IR (KBr, 

cm-1): 3140, 1704, 1646, 1525, 1399. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C22H31NO3Na  380.2196; Found 380.2191. 

4-(1-benzyl-3-pivaloyl-1H-indol-4-yl)-4-hydroxyhexan-

3-one (3ge): was prepared according to general 

procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (22 mg) 75% yield. Physical 

State: colourless liquid Rf-value: 0.4 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 

MHz): δ 7.59 (s, 1H), 7.35-7.21 (m, 7H), 7.16-7.11 (m, 3H), 6.04 (s, 1H), 2.71-2.14 

(m, 2H), 2.32-2.14 (m, 2H), 1.35 (s, 9H), 1.01 (t, J = 7.2 Hz, 3H), 0.87 (t, J = 7.2 Hz, 

3H). 13C NMR (CDCl3, 100 MHz): δ 212.6, 207.8, 138.2, 136.0, 135.9, 131.7, 129.3, 

128.5, 127.2, 124.5, 123.2, 121.9, 117.1, 110.5, 83.8, 50.9, 44.6, 31.5, 30.2, 29.3, 8.6, 
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8.2. IR (KBr, cm-1): 3163, 1711, 1635, 1525, 1399. HRMS (ESI) m/z: [M+Na]+ 

Calcd for C26H31NO3Na  428.2196; Found 428.2184. 

 

4-hydroxy-4-(1-phenyl-3-pivaloyl-1H-indol-4-

yl)hexan-3-one (3ke): was prepared according to general 

procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (19 mg) 64% yield. Physical State: 

light yellow liquid Rf-value: 0.5 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): 

δ 7.70 (s, 1H), 7.58-7.52 (m, 2H), 7.47-7.45 (m, 3H), 7.42-7.39 (m, 1H), 7.34 (d, J = 

7.2 Hz, 1H), 7.28-7.26 (m, 1H), 5.54 (s, 1H), 2.78-2.54 (m, 2H), 2.26-2.20 (m, 2H), 

1.40 (s, 9H), 1.06 (t, J = 7.6 Hz, 3H), 0.89 (t, J = 7.6 Hz, 3H). 13C NMR (CDCl3, 

100 MHz): δ 212.4, 208.2, 138.7, 138.3, 135.3, 130.4, 130.1, 128.3, 125.9, 124.6, 

123.6, 122.4, 118.8, 111.2, 87.7, 44.6, 31.9, 30.2, 29.1, 8.4, 8.2. IR (KBr, cm-1): 

3139, 1710, 1630, 1524, 1398. HRMS (ESI) m/z: [M+Na]+ Calcd for C25H29NO3Na  

414.2040; Found 414.2026. 

 

4-(6-chloro-1-methyl-3-pivaloyl-1H-indol-4-yl)-4-

hydroxyhexan-3-one (3pe): was prepared according to 

general procedure (5.5a). The crude reaction mixture 

was purified by column chromatography using silica 

gel (100-200 mesh size) giving (18 mg) 62% yield. Physical State: yellow solid m.p.: 

121–123 ℃ Rf -value: 0.6 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 

7.56 (s, 1H), 7.29 (d, J = 1.6 Hz, 1H), 7.27 (d, J = 2.0 Hz, 1H), 6.02 (s, 1H), 3.78 (s, 
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3H), 2.73–2.49 (m, 2H), 2.85–2.14 (m, 2H), 1.36 (s, 9H), 1.02 (t, J = 7.2 Hz, 3H), 

0.86 (t, J = 7.6 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 211.9, 207.2, 139.0, 137.3, 

132.9, 129.3, 123.1, 122.5, 116.8, 109.9, 83.5, 44.6, 33.9, 31.4, 30.0, 29.2, 8.5, 8.2. 

IR (KBr, cm-1): 3140, 1711, 1635, 1527, 1401. HRMS (ESI) m/z: [M+Na]+ Calcd 

for C20H26ClNO3Na  386.1493; Found 386.1479. 

4-(6-bromo-1-methyl-3-pivaloyl-1H-indol-4-yl)-4-

hydroxyhexan-3-one (3qe): was prepared according to 

general procedure (5.5a). The crude reaction mixture 

was purified by column chromatography using silica gel 

(100-200 mesh size), giving (26 mg) 89% yield. 

Physical State: yellow liquid Rf-value: 0.5 (20% EtOAc/hexane). 1H NMR (CDCl3, 

400 MHz): δ 7.54 (s, 1H), 7.46 (d, J = 1.6 Hz, 1H), 7.40 (d, J = 1.6 Hz, 1H), 6.00 (s, 

1H), 3.77 (s, 3H), 2.70 – 2.49 (m, 2H), 2.29 – 2.11 (m, 2H), 1.36 (s, 9H), 1.02 (t, J = 

7.2 Hz, 3H), 0.86 (t, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 211.8, 207.2, 

139.3, 137.5, 132.7, 125.1, 123.5, 116.9, 116.8, 113.0, 83.5, 44.6, 33.9, 31.4, 30.0, 

29.2, 8.5, 8.2. IR (KBr, cm-1): 3130, 1712, 1633, 1526, 1401. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C20H26BrNO3Na  430.0988; Found 430.0961. 

 

5-hydroxy-5-(1-methyl-3-pivaloyl-1H-indol-4-

yl)octan-4-one (3af): was prepared according to the 

general procedure (2.5). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (16 mg) 45% yield. 

Physical State: colourless liquid Rf-value: 0.5 (20% EtOAc/hexane). 1H NMR 
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(CDCl3, 400 MHz): δ 7.54 (s, 1H), 7.28 – 7.27 (m, 3H), 5.96 (s, 1H), 3.80 (s, 3H), 

2.65 – 2.48 (m, 3H), 2.13 (t, J = 8.0 Hz, 2H), 1.62-1.53 (m, 3), 1.37 (s, 9H), 0.93 (t, 

J = 7.2 Hz, 3H), 0.85 (t, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 211.9, 

207.5, 141.4, 138.6, 136.1, 132.4, 123.1, 121.7, 116.6, 110.0, 83.5, 44.5, 40.9, 39.0, 

33.9, 29.3, 17.4, 17.3, 14.7, 14.1. IR (KBr, cm-1): 3131, 1700, 1621, 1530, 1402. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C22H31NO3Na  380.2196; Found 380.2180. 

2-(1-ethyl-3-pivaloyl-1H-indol-4-yl)-2-

hydroxyoctan-3-one (3bg): was prepared 

according to general procedure (5.5a). The crude 

reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), giving (16 mg) 46% yield. 

Physical State: colourless liquid Rf-value: 0.4 (20% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.74 (s, 1H), 7.39 (d, J = 7.2 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H), 

7.29 (d, J = 7.6 Hz, 1H), 6.63 (s, 1H), 4.20 (qd, J = 7.2 Hz, 2.0 Hz, 2H), 2.72 (td, J = 

8.0 Hz, 1.6 Hz, 2H), 1.78 (s, 3H), 1.51 (t, J = 7.6 Hz, 3H), 1.37 (s, 9H), 1.30 – 1.21 

(m, 6H), 0.85 (t, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 213.3, 206.8, 

137.6, 137.5, 132.1, 124.1, 123.3, 121.8, 116.0, 110.4, 81.1, 44.5, 42.1, 36.1, 31.8, 

29.6, 26.7, 24.0, 22.8, 15.4, 14.3. IR (KBr, cm-1): 3142, 1651, 1633, 1403. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C23H33NO3Na  394.2353; Found 394.2322. 
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1-(4-(1-hydroxy-2-oxo-2-phenyl-

1-(p-tolyl)ethyl)-1-methyl-1H-

indol-3-yl)-2,2-dimethylpropan-

1-one (3ai): was prepared 

according to general procedure 

(5.5a). The crude reaction mixture was purified by column chromatography using 

silica gel (100-200 mesh size), giving (24 mg) 56% yield. Physical State: solid brown 

m.p.: 236–238 ℃ Rf-value: 0.30 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 

MHz): δ 8.81 (s, 1.4H), 8.75 (s, 1H), 8.27 (d, J = 8.0 Hz, 2H), 8.16 (d, J = 8.0 Hz, 

2.8H), 7.87 (s, 2.4H), 7.64 (s, 1.4H),  7.53 (s, 1H), 7.37-7.35 (m, 4H), 7.30-7.25 (m, 

5H), 7.18-7.16 (m, 2H), 7.10-7.05 (m, 5H), 6.53 (d, J = 7.6 Hz, 1H), 6.48 (d, J = 7.6 

Hz, 1.4H), 3.84 (s, 7.2H), 2.34 (s, 3H), 2.30 (s, 4.3H), 1.22 (s, 11.6H), 1.21 (s, 9H). 

13C NMR (CDCl3, 176 MHz): δ 206.3, 206.1, 198.1, 197.8, 142.7, 141.5, 141.4, 

138.4, 138.0, 137.4, 135.5, 135.4, 132.8, 132.1, 131.5, 131.4, 129.3, 128.6, 128.5, 

128.5, 127.9, 127.8, 127.7, 124.5, 124.5, 123.4, 123.4, 116.0, 115.9, 110.3, 87.2, 44.4, 

44.3, 34.2, 34.2, 29.5, 29.5, 21.9, 21.4. IR (KBr, cm-1): 3439, 1763, 1632, 1257, 

1055, 752. HRMS (ESI) m/z: [M+Na]+ Calcd for C29H29NO3Na  462.2040; Found 

462.2050. 
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1-(4-(2-(4-fluorophenyl)-1-

hydroxy-2-oxo-1-phenylethyl)-

1-methyl-1H-indol-3-yl)-2,2-

dimethylpropan-1-one (3aj): 

was prepared according to 

general procedure (5.5a). The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), giving (26 mg) 64% yield. 

Physical State: yellow solid m.p.: 241–243 ℃ Rf-value: 0.35 (20% EtOAc/hexane). 

1H NMR (CDCl3, 400 MHz): δ 8.84 (s, 1H), 8.80 (s, 1H), 8.34-8.30 (m, 3H), 8.25 

(d, J = 8.0 Hz, 2H), 7.89 (s, 2H), 7.62 (s, 2H), 7.41-7.36 (m, 3H), 7.31-7.25 (m, 5H), 

7.11-7.05 (m, 5H), 6.94 (t, J = 8.8 Hz, 2H), 6.49 (d, J = 7.2 Hz, 2H), 3.85 (s, 3H), 

1.22 (s, 9H), 1.21 (s, 9H). 13C NMR (CDCl3, 176 MHz): δ 206.3, 206.3, 198.0, 196.6, 

165.1 (d, JC-F = 253.7 Hz), 162.6 (d, JC-F = 246.2 Hz), 141.1 (d, JC-F = 3.1 Hz), 140.9, 

138.4 (d, JC-F = 2.1 Hz), 136.9, 135.7, 135.6, 135.2, 134.0, (d, JC-F = 3.8 Hz), 132.3, 

131.7, 131.7, 131.3, 129.6, (d, JC-F = 3.8 Hz), 128.6, 127.9, 127.8, 124.6, 124.4 (d, 

JC-F = 2.1 Hz), 124.3, 123.4, 123.4, 115.9, 115.5 (d, JC-F = 9.3 Hz), 115.0 (d, JC-F = 

9.1 Hz), 110.4 (d, JC-F = 3.7 Hz), 87.3, 87.1, 44.4, 34.2, 29.5, 29.5.  19F NMR (CDCl3, 

376 MHz): δ -107.1, -115.2. IR (KBr, cm-1): 3145, 2929, 1675, 1626, 1523, 1398. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C28H26FNO3Na  466.1789; Found 466.1801. 
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 (E)-2-(1-methyl-3-pivaloyl-1H-indol-4-yl)-1-phenylbut-

2-en-1-one (3ah): was prepared according to general 

procedure (5.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (26 mg) 86% yield. Physical State: solid 

brown m.p.: 186–188 ℃ Rf-value: 0.3 (10% EtOAc/hexane). 1H NMR (CDCl3, 

400 MHz): δ 7.88 (dd, J = 7.6 Hz, 1.2 Hz, 2H), 7.63 (s, 1H), 7.48–7.38 (m, 3H), 

7.33–7.32 (m, 2H), 7.01–6.97 (m, 1H), 6.77 (q, J = 7.2 Hz, 1H), 3.84 (s, 3H), 1.82 

(d, J = 7.2 Hz, 3H), 1.26 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 203.0, 196.8, 145.0, 

142.5, 139.9, 137.7, 132.7, 130.7, 130.3, 130.1, 127.9, 126.5, 125.6, 123.1, 115.8, 

109.5, 44.3, 33.8, 29.1, 16.8. IR (KBr, cm-1): 3143, 1648, 1572, 1530, 1400. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C24H26NO2  360.1928; Found 360.1958. 

 (E)-2-(1-ethyl-3-pivaloyl-1H-indol-4-yl)-1-phenylbut-

2-en-1-one (3bh): was prepared according to general 

procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (23 mg) 70% yield. Physical 

State: yellow solid m.p.: 181–183 ℃ Rf -value: 0.4 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.88 (d, J = 8.0 Hz, 2H), 7.67 (s, 1H), 7.47 – 7.38 (m, 3H), 

7.36 – 7.28 (m, 2H), 6.97 (d, J = 6.8 Hz, 1H), 6.76 (d, J = 7.2 Hz, 1H), 4.22 (q, J = 

7.6 Hz, 2H), 1.82 (d, J = 7.2 Hz, 3H), 1.53 (t, J = 7.2 Hz, 3H), 1.26 (s, 9H). 13C NMR 

(CDCl3, 100 MHz): δ 203.2, 196.7, 145.0, 142.5, 139.9, 136.8, 130.9, 130.7, 130.4, 

130.1, 127.9, 126.6, 125.5, 122.9, 115.9, 109.5, 44.3, 41.9, 29.1, 16.8, 15.5. IR (KBr, 
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cm-1): 3142, 1642, 1599, 1435, 1367. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C25H28NO2  374.2115; Found 374.2094. 

 

 (E)-1-phenyl-2-(3-pivaloyl-1-propyl-1H-indol-4-yl)but-

2-en-1-one (3ch): was prepared according to general 

procedure (5.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 

mesh size) giving (26 mg) 78% yield. Physical State: 

brown liquid Rf-value: 0.5 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 

7.89-7.87 (m, 2H), 7.66 (s, 1H), 7.47-7.38 (m, 3H), 7.35-7.28 (m, 2H), 6.98-6.96 (m, 

1H), 6.77 (q, J = 6.8 Hz, 1H), 4.12 (t, J = 7.2 Hz, 2H), 1.97-1.88 (m, 2H), 1.83 (d, J 

= 6.8 Hz, 3H), 1.26 (s, 9H), 1.00 (t, J = 7.2 Hz, 3H). 13C NMR (CDCl3, 100 MHz): 

δ 203.2, 196.8, 145.0, 142.5, 139.9, 137.0, 131.8, 130.7, 130.3, 130.1, 127.9, 126.5, 

125.4, 122.9, 115.6, 109.6, 49.0, 44.3, 29.1, 123.5, 16.8, 11.8. IR (KBr, cm-1): 3135, 

2965, 1647, 1598, 1525, 1398. HRMS (ESI) m/z: [M+Na]+ Calcd for C26H29NO2Na  

410.2091; Found 410.2113. 

 

 (E)-2-(1-hexyl-3-pivaloyl-1H-indol-4-yl)-1-

phenylbut-2-en-1-one (3dh): was prepared according 

to general procedure (5.5a). The crude reaction mixture 

was purified by column chromatography using silica 

gel (100-200 mesh size), giving (24 mg) 75% yield. 

Physical State: yellow solid m.p.: 104–106 ℃ Rf -value: 0.3 (10% EtOAc/hexane). 

1H NMR (CDCl3, 400 MHz): δ 7.88 (dd, J = 8.0 Hz, 1.2 Hz, 2H), 7.65 (s, 1H), 
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7.47–7.38 (m, 3H), 7.35–7.28 (m, 2H), 6.97 (dd, J = 6.8 Hz, 1.2 Hz, 1H), 6.76 (q, 

J = 7.2 Hz, 1H), 4.15 (t, J = 7.2 Hz, 2H), 1.89 (pent, J = 7.2 Hz, 2H), 1.82 (d, J = 7.2 

Hz, 3H), 1.40 – 1.31 (m, 6H), 1.26 (s, 9H), 0.89 (m, 3H). 13C NMR (CDCl3, 100 

MHz): δ 203.2, 196.7, 145.0, 142.5, 139.9, 137.0, 131.7, 130.7, 130.3, 130.1, 127.9, 

126.6, 125.4, 122.9, 115.7, 109.6, 47.3, 44.3, 31.6, 30.2, 29.1, 27.0, 22.8, 16.8, 14.3. 

IR (KBr, cm-1): 3148, 1651, 1596, 1531, 1397. HRMS (ESI) m/z: [M+Na]+ Calcd 

for C29H35NO2Na  452.2560; Found 452.2551. 

 

 (E)-2-(1-allyl-3-pivaloyl-1H-indol-4-yl)-1-phenylbut-2-

en-1-one (3hh): was prepared according to general 

procedure (5.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (27 mg) 82% yield. Physical State: colourless 

liquid Rf-value: 0.2 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.88 (dd, 

J = 8.0 Hz, 1.2 Hz, 2H), 7.65 (s, 1H), 7.48 – 7.38 (m, 3H), 7.34 – 7.27 (m, 2H), 6.98 

(dd, J = 6.4 Hz, 1.6 Hz, 1H), 6.77 (q, J = 6.8 Hz, 1H), 6.09 – 5.99 (m, 1H), 5.32 – 

5.21 (m, 2H), 4.77 (d, J = 5.2 Hz, 2H), 1.83 (d, J = 7.2 Hz, 3H), 1.26 (s, 9H). 13C 

NMR (CDCl3, 100 MHz): δ 203.2, 196.7, 144.9, 142.6, 139.9, 137.1, 132.7, 131.4, 

130.7, 130.3, 130.1, 127.9, 126.6, 125.6, 123.1, 118.8, 116.2, 109.8, 49.6, 44.3, 

29.0,16.8. IR (KBr, cm-1): 3134, 1640, 1574, 1524, 1397. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C26H27NO2Na  408.1934; Found 408.1925. 
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 (E)-2-(1-(3-methylbut-2-en-1-yl)-3-pivaloyl-1H-indol-

4-yl)-1-phenylbut-2-en-1-one (3ih): was prepared 

according to general procedure (5.5a). The crude 

reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (28 mg) 87% yield. Physical State: solid brown m.p.: 123–124 ℃ Rf-value: 

0.3 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.90-7.87 (m, 2H), 7.66 

(s, 1H), 7.47-7.38 (m, 3H), 7.34-7.27 (m, 2H), 6.98-6.96 (m, 1H), 6.77 (q, J = 7.2 Hz, 

1H), 5.44-5.40 (m, 1H), 4.72 (d, J = 6.8 Hz, 2H), 1.84-1.81 (m, 9H), 1.25 (s, 9H). 

13C NMR (CDCl3, 100 MHz): δ 203.1, 196.8, 145.0, 142.5, 139.9, 138.0, 137.1, 

131.3, 130.7, 130.2, 130.1, 127.9, 126.7, 125.5, 122.8, 119.1, 115.7, 109.8, 45.0, 44.3, 

29.1, 25.9, 18.5, 16.8. IR (KBr, cm-1): 3133, 1646, 1576, 1523, 1401. HRMS (ESI) 

m/z: [M+Na]+ Calcd for C28H31NO2Na  436.2247; Found 436.2251. 

 

 (E)-1-phenyl-2-(1-phenyl-3-pivaloyl-1H-indol-4-

yl)but-2-en-1-one (3kh): was prepared according to 

general procedure (5.5a). The crude reaction mixture 

was purified by column chromatography using silica gel 

(100-200 mesh size), giving (29 mg) 90% yield. 

Physical State: solid brown m.p.: 219–221 ℃ Rf-value: 0.4 (10% EtOAc/hexane). 

1H NMR (CDCl3, 400 MHz): δ 7.93-7.91 (m, 2H), 7.85 (s, 1H), 7.62-7.55 (m, 4H), 

7.51-7.43 (m, 5H), 7.32 (t, J = 7.2 Hz, 1H), 7.05 (d, J = 6.8 Hz, 1H), 6.84 (q, J = 7.2 

Hz, 1H), 1.91 (d, J = 6.8 Hz, 3H) 1.32 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 203.8, 

196.8, 144.8, 143.1, 139.8, 139.0, 137.5, 131.4, 130.8, 130.3, 130.2, 130.1, 128.1, 
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128.0, 126.7, 126.1, 125.8, 123.7, 117.8, 110.7, 44.5, 29.0, 16.9. IR (KBr, cm-1): 

3415, 3138, 1653, 1595, 1527, 1401. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C29H27NO2Na  444.1934; Found 444.1917. 

 

 (E)-2-(1-(4-ethylphenyl)-3-pivaloyl-1H-indol-4-yl)-1-

phenylbut-2-en-1-one (3kh3): was prepared according to 

general procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (25 mg) 56% yield. Physical State: 

colourless liquid Rf-value: 0.5 (30% EtOAc/hexane). 1H 

NMR (CDCl3, 700 MHz): δ 7.89 (d, J = 7.7 Hz, 2H), 7.81 (s, 1H), 7.47 (t, J = 7.7 

Hz, 1H), 7.44-7.42 (m, 5H), 7.39 (d, J = 8.4 Hz, 2H), 7.28 (t, J = 7.7 Hz, 1H), 7.01 

(d, J = 7.0 Hz, 1H), 6.81 (q, J = 7.0 Hz, 1H), 2.77 (q, J = 7.7 Hz, 2H), 1.88 (d, J = 

7.0 Hz, 3H), 1.32 (t, J = 7.7 Hz, 3H), 1.29 (s, 9H). 13C NMR (CDCl3, 176 MHz): δ 

203.7, 196.8, 144.8, 144.5, 143.0, 139.8, 137.6, 136.6, 131.6, 130.8, 130.2, 130.1, 

129.5, 128.0, 126.6, 126.0, 125.7, 123.5, 117.5, 110.8, 44.5, 29.0, 28.8, 16.9, 15.9. 

IR (KBr, cm-1): 3453, 2993, 1637, 1424, 1264, 1045. HRMS (ESI) m/z: [M+H]+ 

Calcd for C31H32NO2  450.2428; Found 450.2412. 
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 (E)-2-(1-(4-fluorophenyl)-3-pivaloyl-1H-indol-4-yl)-

1-phenylbut-2-en-1-one (3kh4): was prepared 

according to the general procedure (5.5a). The crude 

reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 

giving (34 mg) 77% yield. Physical State: colourless 

liquid Rf-value: 0.4 (30% EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 7.89 (d, 

J = 7.0 Hz, 2H), 7.76 (s, 1H), 7.51-7.47 (m, 3H), 7.43 (t, J = 7.7 Hz, 2H), 7.36 (d, J 

= 7.7 Hz, 1H), 7.30 (t, J = 7.7 Hz, 1H), 7.27-7.25 (m, 3H), 7.02 (d, J = 7.0 Hz, 1H), 

6.82 (q, J = 7.0 Hz, 1H), 1.88 (d, J = 7.0 Hz, 3H), 1.29 (s, 9H). 13C NMR (CDCl3, 

176 MHz): δ 203.8, 196.8, 162.2 (d, JC-F = 248.3 Hz), 144.6, 143.2, 139.7, 137.7, 

135.0 (d, JC-F = 2.9 Hz), 131.2, 130.9, 130.4, 130.1, 128.0, 127.7 (d, JC-F = 8.6 Hz), 

126.6, 126.1, 123.8, 117.8, 117.1 (d, JC-F = 22.8 Hz), 110.4, 44.5, 28.9, 16.9. 19F 

NMR (CDCl3, 376 MHz): δ -113.1. IR (KBr, cm-1): 3439, 2994, 1758, 1382, 1245. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C29H26FNO2Na  462.1840; Found 462.1841. 

 

 (Z)-1-phenyl-2-(3-pivaloyl-1H-indol-4-yl)but-2-en-1-one 

(3lh): was prepared according to the general procedure 

(5.5a). The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), giving 

(27 mg) 75% yield. Physical State: brown solid m.p.: 198–200 ℃ Rf-value: 0.4 (20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 9.02 (s, 1H), 7.93-7.91 (m, 2H), 

7.52-7.42 (m, 4H), 7.14 (t, J = 7.6 Hz, 1H), 7.02 (d, J = 7.6 Hz, 1H), 6.92 (d, J = 7.2 

Hz, 1H), 6.74 (q, J = 7.2 Hz, 1H), 1.69 (d, J = 6.8 Hz, 3H), 1.24 (s, 9H). 13C NMR 
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(CDCl3, 100 MHz): δ 203.9, 198.3, 145.0, 143.5, 139.8, 136.7, 130.9, 130.1, 129.4, 

129.2, 128.0, 125.4, 125.0, 122.8, 116.0, 111.8, 44.3, 29.0, 16.6. IR (KBr, cm-1): 

3148, 1635, 1520, 1401. HRMS (ESI) m/z: [M+Na]+ Calcd for C23H23NO2Na  

368.1621; Found 368.1614. 

 

 (Z)-2-(6-fluoro-1-methyl-3-pivaloyl-1H-indol-4-yl)-1-

phenylbut-2-en-1-one (3oh): was prepared according to 

general procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (26 mg) 78% yield. Physical State: orange solid m.p.: 194–

196 ℃ Rf-value: 0.3 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.87 (d, 

J = 7.6 Hz, 2H), 7.61 (s, 1H), 7.49 – 7.37 (m, 3H), 7.00 (dd, J = 8.8 Hz, 2.4 Hz, 1H), 

6.80–6.77 (m, 2H), 3.79 (s, 3H), 1.83 (d, J = 7.2 Hz, 3H), 1.25 (s, 9H). 13C NMR 

(CDCl3, 100 MHz): δ 202.9, 196.3, 160.0 (d, J = 239.0 Hz), 144.1, 143.0, 139.5, 

137.9 (d, J = 13.0 Hz), 132.9 (d, J = 3.0 Hz), 132.6 (d, J = 3.0 Hz), 131.9 (d, J = 9.0 

Hz), 130.9, 130.1, 128.0, 116.0, 113.9 (d, J = 24.0 Hz), 95.6 (d, J = 26.0 Hz), 44.4, 

33.8, 29.0, 16.7. 19F NMR (CDCl3, 376 MHz): δ -119.8. IR (KBr, cm-1): 3140, 

1653, 1586, 1525, 1400. HRMS (ESI) m/z: [M+Na]+ Calcd for C24H24FNO2Na  

400.1683; Found 400.1688. 

 (Z)-2-(6-chloro-1-methyl-3-pivaloyl-1H-indol-4-yl)-1-

phenylbut-2-en-1-one (3ph): was prepared according to 

general procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (23 mg) 71% yield. Physical State: yellow liquid Rf-value: 
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0.2 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.86 (dd, J = 8.0 Hz, 1.2 

Hz, 2H), 7.61 (s, 1H), 7.47 – 7.40 (m, 3H), 7.32 (brd, J = 2.0 Hz, 1H), 6.98 (d, J = 

2.0 Hz, 1H), 6.79 (q, J = 7.2 Hz, 1H), 3.81 (s, 3H), 1.83 (d, J = 6.8 Hz, 3H), 1.25 (s, 

9H). 13C NMR (CDCl3, 100 MHz): δ 202.9, 196.4, 143.9, 143.2, 139.5, 138.2, 133.0, 

131.7, 130.9, 130.0, 129.0, 128.0, 125.6, 125.2, 116.0, 109.5, 44.4, 33.8, 28.9, 16.8. 

IR (KBr, cm-1): 3131, 1644, 1598, 1524, 1401. HRMS (ESI) m/z: [M+Na]+ Calcd 

for C24H24ClNO2Na  416.1388; Found 416.1376. 

 

 ((Z)-2-(6-bromo-1-methyl-3-pivaloyl-1H-indol-4-yl)-1-

phenylbut-2-en-1-one (3qh): was prepared according to 

general procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (19 mg) 60% yield. Physical State: colourless liquid Rf-value: 

0.4 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.87-7.85 (m, 1H), 7.59 

(s, 1H), 7.26 (s, 1H), 7.49-7.40 (m, 4H), 7.11 (d, J = 1.6 Hz, 1H), 6.79 (q, J = 7.2 Hz, 

1H), 3.81 (s, 3H), 1.84 (d, J = 7.2 Hz, 3H), 1.24 (s, 9H). 13C NMR (CDCl3, 100 

MHz): δ 202.9, 196.4, 143.8, 143.4, 139.4, 138.5, 132.9, 131.9, 130.1, 130.0, 128.1, 

128.0, 125.6, 116.5, 116.0, 112.5, 44.4, 33.9, 28.9, 16.9. IR (KBr, cm-1): 3391, 1712, 

1698, 1523, 1397. HRMS (ESI) m/z: [M+Na]+ Calcd for C24H24BrNO2Na  460.0883; 

Found 460.0881. 
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 (E)-2-(1,7-dimethyl-3-pivaloyl-1H-indol-4-yl)-1-

phenylbut-2-en-1-one (3sh): was prepared according to 

general procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (21 mg) 61% yield. Physical 

State: colourless liquid Rf -value: 0.30 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 

MHz): δ 7.86 (d, J = 8.0 Hz, 2H), 7.49 (s, 1H), 7.45-7.37 (m, 3H), 7.00 (d, J = 7.6 

Hz, 1H), 6.81 (d, J = 7.2 Hz, 1H), 6.73 (q, J = 7.2 Hz, 1H), 4.10 (s, 3H), 2.79 (s, 3H), 

1.82 (d, J = 7.2 Hz, 3H), 1.25 (s, 9H). 13C NMR (CDCl3, 176 MHz): δ 203.2, 196.7, 

145.0, 142.5, 139.9, 136.4, 134.2, 130.7, 130.1, 128.1, 127.9, 127.4, 126.0, 125.7, 

121.3, 115.6, 44.4, 38.1, 29.1, 20.2, 16.8. IR (KBr, cm-1): 3439, 2360, 1636, 912, 

744. HRMS (ESI) m/z: [M+Na]+ Calcd for C25H27NO2Na  396.1934; Found 

396.1941. 

 

 (E)-2-(1-methyl-3-pivaloyl-1H-indol-4-yl)-1-phenylhex-

2-en-1-one (3an): was prepared according to general 

procedure (5.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (24 mg) 62% yield. Physical State: brown colour liquid Rf-value: 0.30 

(20% EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 7.91 (d, J = 7.7 Hz, 2H), 7.62 

(s, 1H), 7.46 (t, J = 7.0 Hz, 1H), 7.41 (t, J = 7.7 Hz, 2H), 7.32 (d, J = 4.2 Hz, 2H), 

6.98 (t, J = 4.2 Hz, 1H), 6.46 (t, J = 7.7 Hz, 1H) 3.84 (s, 3H), 2.17-2.10 (m, 2H), 

1.47-1.40 (m, 2H), 1.25 (s, 9H), 0.85 (t, J = 7.0 Hz, 3H). 13C NMR (CDCl3, 176 

MHz): δ 202.6, 197.0, 147.5 (2C), 143.8, 139.8, 137.7, 132.7, 130.8, 130.3, 127.9, 
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126.4, 125.6, 123.0, 115.7, 109.4, 44.2, 33.8, 32.9, 29.1, 22.5, 14.4. IR (KBr, cm-1): 

3440, 2958, 1645, 1528, 1443, 1279, 1112. HRMS (ESI) m/z: [M+H]+ Calcd for 

C26H30NO2  388.2271; Found 388.2260. 

 

 (E)-3-methyl-2-(1-methyl-3-pivaloyl-1H-indol-4-yl)-

1-phenyloct-2-en-1-one (3ao): was prepared according 

to general procedure (5.5a). The crude reaction mixture 

was purified by column chromatography using silica gel 

(100-200 mesh size), giving (18 mg) 46% yield. 

Physical State: colorless liquid Rf -value: 0.30 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.91 (d, J = 7.6 Hz, 2H), 7.61 (s, 1H), 7.45-7.38 (m, 3H), 7.31-

7.30 (m, 2H),  6.97 (t, J = 4.4 Hz, 1H), 6.63 (t, J = 7.6 Hz, 1H), 3.83 (s, 3H), 2.16-

2.10 (m, 2H), 1.43-1.38 (m, 2H), 1.26 (s, 9H), 1.22-119 (s, 4H), 0.80 (t, J = 7.2 Hz, 

3H). 13C NMR (CDCl3, 176 MHz): δ 202.6, 197.0, 147.8, 143.6, 139.9, 137.7, 132.7, 

130.8, 130.7, 130.3, 127.9, 126.4, 125.6, 123.0, 115.6, 109.4, 44.2, 33.8, 32.0, 30.9, 

29.1, 28.9, 22.7, 14.2. IR (KBr, cm-1): 3441, 2957, 1645, 1529, 1443, 1366, 1265, 

1113, 934, 755. HRMS (ESI) m/z: [M+H]+ Calcd for C28H34NO2  416.2584; Found 

416.2564. 

 

1,2-diphenylethanone (2a*): was prepared according to 

general procedure (5.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (21 mg) 52% yield. Physical State: yellow solid. m.p.: 68–

70 ℃ Rf-value: 0.6 (05% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.02-8.00 
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(m, 2H), 7.5-7.512 (m, 1H), 7.47-7.43 (m, 2H), 7.34-7.30 (m, 2H), 7.27-7.24 (m, 3H), 

4.28 (s, 2H). 13C NMR (CDCl3, 100 MHz): δ 197.9, 136.8, 134.8, 133.5, 129.7, 

129.0, 128.97, 128.94, 127.2, 45.8. IR (KBr, cm-1): 3146, 2918, 2849, 1737, 1586, 

1402, 1020. HRMS (ESI) m/z: [M+Na]+ Calcd for C14H13O  197.0961; Found 

197.0966. 

 

2,2-dimethyl-1-(1-methyl-4-(2-oxo-1,2-diphenylethyl)-

1H-indol-3-yl)propan-1-one (3-keto): was prepared 

according to the reported procedure.20 The crude reaction 

mixture was purified by column chromatography using 

silica gel (100-200 mesh size), giving (18 mg) 95% yield. Physical State: light brown 

solid m.p.: 202–204 ℃ Rf-value: 0.45 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 

MHz): δ 8.19 (d, J = 7.6 Hz, 2H), 7.61 (s, 1H), 7.45-7.42 (m, 1H), 7.38-7.34 (m, 3H), 

7.27-7.25 (m, 1H), 7.21-7.13 (m, 4H), 7.04 (d, J = 7.6 Hz, 2H), 6.88 (d, J = 7.2 Hz, 

1H), 3.81 (s, 3H), 1.21 (s, 9H). 13C NMR (CDCl3, 100 MHz): δ 205.6, 199.6, 139.7, 

138.0, 133.9, 132.8, 132.7, 130.3, 129.8, 128.7, 128.5, 126.9, 126.6, 123.7, 123.4, 

116.5, 109.1, 56.6, 44.7, 33.8, 28.9. IR (KBr, cm-1): 3440, 2966, 2922, 2848, 1679, 

1640, 1524, 1494, 1444, 1364. HRMS (ESI) m/z: [M+Na]+ Calcd for C28H28NO2  

410.2115; Found 410.2127. 

 

 (2-(1-methyl-1H-indol-4-yl)-1,2-diphenylethanone 

(4aa): was prepared according to reported procedure. 21 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), 
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giving (13 mg) 85% yield. Physical State: solid brown m.p.: 217–219 ℃ Rf-value: 

0.45 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.00 (d, J = 8.0 Hz, 2H), 

7.47 (t, J = 6.8 Hz, 1H), 7.38-7.28 (m, 6H), 7.24-7.21 (m, 2H),  7.15 (t, J = 7.2 Hz, 

1H), 7.04 (d, J = 2.8 Hz, 1H), 6.92 (d, J = 7.2 Hz, 1H), 6.48 (d, J = 2.4 Hz, 1H), 6.41 

(s, 1H), 3.78 (s, 3H). 13C NMR (CDCl3, 176 MHz): δ 198.5, 139.0, 137.4, 137.3, 

133.1, 131.4, 129.8, 129.3, 129.1, 128.8, 128.7, 127.9, 127.3, 122.1, 119.8, 108.9, 

99.4, 57.5, 33.3. IR (KBr, cm-1): 3437, 1633, 1246, 751. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C23H19NONa  348.1359; Found 348.1350. 

 

1-methyl-4-(2-oxo-1,2-diphenylethyl)-1H-indole-3-

carbaldehyde (5aa): was prepared according to the 

general procedure. 22 The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (16 mg) 77% yield. Physical State: solid brown m.p.: 211–

213 ℃ Rf-value: 0.30 (30% EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 9.81 

(s, 1H), 8.13 (d, J = 7.7 Hz, 2H), 8.02 (s, 1H), 7.75 (s, 1H), 7.43-7.40 (m, 1H), 7.36-

7.31 (m, 6H), 7.20-7.17 (m, 3H), 3.86 (s, 3H). 13C NMR (CDCl3, 176 MHz): δ 199.1, 

183.8, 144.1, 140.2, 139.9, 137.3, 134.5, 132.7, 130.0, 129.8, 128.8, 128.6, 128.3, 

127.0, 125.0, 124.7, 119.6, 109.3, 77.3, 57.6, 34.2. IR (KBr, cm-1): 3439, 2358, 1634, 

1266, 912, 745. HRMS (ESI) m/z: [M+Na]+ Calcd for C24H19NO2Na  376.1308; 

Found 376.1304. 
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NMR spectra of 1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-methyl-1H-indol-3-yl)-2,2-

dimethylpropan-1-one (3aa):  

 

 

1H NMR of 3aa  

(400 MHz, CDCl3) 

3aa, 13C{1H} NMR 

(CDCl3, 100 MHz) 
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NMR spectra of (E)-2-(1-methyl-3-pivaloyl-1H-indol-4-yl)-1-phenylbut-2-en-1-one (3da): 

 

 

 

1H NMR of 3ah  

(400 MHz, CDCl3) 

3ah, 13C{1H} NMR 

(CDCl3, 100 MHz) 
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(b) Crystals of the compounds 3aa (1-(4-(1-hydroxy-2-oxo-1,2-diphenylethyl)-1-

methyl-1H-indol-3-yl)-2,2-dimethylpropan-1-one) were obtained after slow 

evaporation of ethanol.  

 

 
 

Figure 5.3. Crystal structure of 3aa (50% ellipsoid probability). 
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(c) Crystals of the compounds 3be (4-(1-ethyl-3-pivaloyl-1H-indol-4-yl)-4-

hydroxyhexan-3-one) were obtained after slow evaporation of dichloromethane.  

 
 

Figure 5.4. Crystal structure of 3be (50% ellipsoid probability). 
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Chapter 6 

Cobalt-Catalyzed Decarbonylative Ipso-C-C Bond 

Functionalization via Weak Coordination: An Approach 

Towards Indole-Acyloins and Its Photophysical Studies 

 

6.1 ABSTRACT 

Selective functionalization of indole-C(3)-C bond with aromatic/heteroaromatic 1,2-

diketones has been uncovered for the first time. Earth crust abundant first-row 

transition metal cobalt-catalyst has been demonstrated as an effective catalyst for this 

unusual transformation. Furthermore, using easily available weakly coordinating 

groups such as ketone and ester was found to be effective. The in-situ generation of 

water from hexafluoro-2-propanol and removal of the pivaloyl/ester group in a 

decarbonylative manner at a lower temperature is the key feature of this methodology. 

Notably, an unusual reactivity was observed with phenanthrene-9,10-dione as reacting 

partner, which gave a aromatized dispiro-polycyclic product with two contiguous 

quaternary carbons. The plausible mechanism has been supported by DFT calculation. 

In addition, photophysical studies show the potential utility of indole-(C3)-acyloin and 

indolo-fused carbazole in photovoltaic and optoelectronic applications. 
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6.2 INTRODUCTION 

The structural modification and diversification of the indole moiety have been an active 

area of research, as it shows several biological activities such as antimicrobial, 

antifungal, antioxidant, anti-HIV, etc.1 Moreover, the indole motifs are abundantly 

present in many alkaloid natural products (mitomycin, serotonin, and reserpine).2 

Therefore, indole-based transformations are always useful for drug development in 

pharmaceutical industries, as well as for the synthesis of many natural products. The 

transition metal-catalyzed C-H bond activation has been at the forefront of organic 

synthesis in recent years.3 The concept of C-H bond activation/functionalization has 

gained more attention in the scientific community due to its step and atom economical 

properties.4 In this context, the sp2 C-H bond functionalization of indole at the C3 

position has been accomplished through directed (Figure 1a) and non-directed 

pathways.5 Among these two types of metalation, the directed sp2 C-H functionalization 

has been explored by installing a directing group at the C2 position. Benjamin Pelcman 

et al. have previously reported the palladium and platinum-catalyzed acetoxylation of 

indole at C3 position using C2 ester as coordinating group.6 Recently, the directed indole 

C(3)-H functionalization has been explored by Jian-Zhong Chen et al. where they have 

demonstrated copper-catalyzed C3-arylation of indole using N,N-bidentate directing 

groups.7 Further, the metal-catalyzed non-directed C(3)-H bond functionalization of 

indole has been well documented in the literature.8 Also, the metal-catalyzed 

regioselective indole C(2)-H functionalization has been explored by installing a 

chelating group at the C3-position of indole (Figure 6.1b).9  In recent years, base metals 

such as Mn, Fe, Co, Cu, and Ni are making a footprint in organic synthetic 

methodologies.10  
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Figure 6.1. Overview and challenges of transition metal-catalyzed C-H/C-C bond 

functionalization of indole. 

 

The 3d transition metals are abundantly present in the earth’s crust, which makes them 

cost-effective catalysts. Moreover, they are relatively eco-friendly compared to 4d and 

5d metals. Further, the use of 3d metal-catalyst, along with commonly prevalent 

functional groups (aldehyde, ketone, ester, carboxylic acid) as a directing group, is 

synthetically more sustainable.11 In this regard, low-valent Co(0)-catalyzed N-

pyrimidine directed intramolecular indole C2-C bond cleavage has been reported by H. 

Wei et al.12 However, the development of intermolecular C-C bond functionalization 
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using aromatic 1,2-diketones as a coupling partner is undeveloped and a challenging 

task, as 1,2-diketones can bind with the metal through O-chelation and either activate 

the proximal C-H bond or quench the metal catalyst for further functionalization.13 

Notably, all the metal-catalyzed indole C3-functionalizations were achieved through C3-

H bond cleavage and not through ipso-decarbonylative C3-C bond cleavage (Figure 

6.1b).14 In the presence of C3-C bond, regioselective indole C3-functionalization was 

challenging and was never accomplished before through a metal-catalyzed 

decarbonylative pathway.15 In this regard, we have achieved the cobalt(III)-catalyzed 

decarbonylative C3-C bond (ipso-) functionalization of indole using a weakly 

coordinating group in a highly regioselective manner (Figure 6.1c). As indicated, we 

have overcome many major challenges with our methodology, such as (i) the use of 

unexplored 1,2 diketones as a reacting partner with in situ generated C-M bond, (ii) the 

selective functionalization of indole C3-C bond, (iii) use of earth-abundant and less 

expensive 3d transition metal, cobalt catalyst (iv) use of readily attachable weakly 

coordinating directing group, (v) decarbonylation transformation at moderate 

temperature and (vi) formation of highly selective acyloin product. The synthesis of α-

hydroxylated ketones has considerable applications in natural product synthesis as well 

as in asymmetric synthesis.16  

6.3 RESULTS AND DISCUSSION  

Due to the described challenges above and in continuation of our studies with weakly 

chelating substrates in conjunction with sustainable 3d metal cobalt catalyst, we have 

initially chosen 3-pivaloyl indole 1a as the substrate aryl 1,2-diketone 2a as coupling 

partner. Along with cobalt(III)-catalyst, we have used AgBF4 (40 mol %) and Cu(OAc)2 

(40 mol %) as additives in the presence of hexafluoroethanol (HFIP) solvent at 80 °C 
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(Table 6.1). Delightfully, we obtained an 82% yield of the indole (C3)-acyloin product 

3aa instead of the indole (C2)-acyloin product in the standard reaction conditions. It is 

interesting to note that C3-C bond functionalization is preferred over C2-H bond 

functionalization. Further, to enhance the yield and generality of the optimized reaction 

condition, several variations have been performed. Changing the solvent from HFIP to 

other solvents such as polar-protic methanol, aromatic hydrocarbons such as benzene 

and toluene, chlorinated solvents such as dichloromethane, and di-chloroethane did not 

provide the desired product (Table 6.1, entry 2). We obtained only 46% yield of 3aa on 

choosing trifluoroethanol (TFE) as an alternative fluorinated solvent instead of HFIP 

(Table 6.1, entry 3). Whereas a mixture of both these fluorinated solvents resulted in 

only a slight improvement in the yield (Table 6.1, entry 4).  Next, we varied the silver-

based additives, such as AgSbF6 and AgNTf2 instead of AgBF4, but no improvement in 

yield was observed (Table 6.1, entries 5-6). The amount of copper acetate and its 

variation from Cu(OAc)2 to AgOAc was also not helpful in obtaining a better result 

(Table 6.1, entries 7-8). To know the actual catalytic activity of Cp*Co(III)-catalyst, we 

tried with Co(0)-catalyst in lieu of Co(III)-catalyst, but failed to produce the desired 

product (Table 6.1, entry 9). This implies that the Cp*Co(III)-catalyst plays a crucial 

role in this transformation with the optimized conditions. We then varied the equivalent 

of reacting partner 2a from 2 equivalents to 1 and 3 equivalents and obtained 45 and 

78% product yield, respectively. This further suggests 2 equivalents of the aromatic 1,2-

diketone were optimal (Table 6.1, entry 10,11). Moreover, variations in the reaction 

temperature have also been performed, but none of the variations improved the yield 

(Table 6.1, entry 12-13). 
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Table 6.1. Overview and challenges of transition metal-catalyzed C-H/C-C bond 

functionalization of indolea,b,c 

 

aReaction conditions: 1a (0.1 mmol), 2a (0.4 mmol), Cp*Co(CO)I2 (10 mol %), Ag salts 

(40 mol %), additive (20 mol %), solvents (1 mL), 80 °C, N2. 
bIsolated yield. 

cTetrahydrofuran, 1,4-dioxane, methanol, toluene, benzene, and acetonitrile. 

 

With the optimized reaction condition, further screening of weakly coordinating 

directing groups was performed, where N-methyl indole-3-carbaldehyde and N-methyl 

indole-3-acetyl were not compatible with this decarbonylative C-C bond 

functionalization (Scheme 6.1). In contrast, N-methyl indole-3-dimethyl substituted 

acetyl has given the desired decarbonylated product 3aa in 16% yield. Also, N-methyl 

indole 3-carboxylate (ester) as a directing group gave the product 3aa in 77% yields.  
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Scheme 6.1. Screening of weakly coordinating directing groupsa,b 

 

aReaction conditions: 1a (0.1 mmol), 2a (0.4 mmol), [Cp*Co(CO)I2] (10 mol %), Ag 

salts (40 mol %), Cu(OAc)2 (20 mol %), HFIP (1 mL), 80 °C. bIsolated yield. 

 

Notably, N-methyl indole-3-pivaloyl directing group gave an 82% yield of 3aa through 

the decarbonylative pathway. After optimizing the reaction condition, we screened 

various substituted indoles.  Initially, we chose the N-protected 3-pivaloyl indoles. 

Accordingly, N-methyl, -ethyl, -propyl, and -butyl were subjected to the optimized 

condition (Scheme 2, 3aa-3da). We observed a decrease in yield (82-55%) with the 

increase in hydrocarbon chain length, possibly due to the increase in the steric crowding 

around the indole-pyrrole ring. Other N-protected variation, such as N-2-bromoethyl, 

N-phenyl, and N-benzyl substrates, also gave their respective products in good yields 

(Scheme 2, 3ea-3ga). Next, we explored variations in the benzenoid ring system of 

indoles. C4-functionalized indoles with substituents such as -fluro, -chloro, and -bromo 

also gave good yields of the desired products (Scheme 6.2, 3ha-3ja). Generally, this is 

quite challenging due to the preferential insertion of metal into a weaker C(sp2)-X (X = 

Br, I) bond than an inert C-H bond. We then decided to screen the substituents at the C5 

position of indole.  
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Scheme 6.2.  Scopes of various indole substituents for cobalt(III)-catalyzed 

decarbonylative  indole(3)-acyloination. 

 

aReaction conditions: 1a (0.1 mmol), 2a (0.4 mmol), [Cp*Co(CO)I2] (10 mol %), AgBF4 

(40 mol %), Cu(OAc)2 (20 mol %), HFIP (1 mL), 80 °C, N2. 
bIsolated yield. 
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With C5-methyl and -methoxy groups, we obtained 62% and 87% yield respectively 

(Scheme 6.2, 3ka, 3la). However, with this optimized reaction condition, we have 

observed good functional group tolerance. Further, with C5-halogenated compounds, 

we obtained the desired products in good yields (Scheme 6.2, 3ma-3oa). The C6-

substituted 3-acyl indole also showed good tolerance. C6-halogenated indole with 

substituents such as -flouro, -chloro, and -bromo gave their respective products 3pa 

(61%), 3qa (67%), and 3ra (86%) in good yields. Notably, electron-withdrawing 

substituents such as nitro at the C6-position also worked well and delivered 57% of 

product yield (Scheme 6.2, 3sa). In many of the cobalt-catalyzed reports, we found that 

nitro-substituted substrates were incapable of forming the product, possibly due to the 

high electron-withdrawing nature of the -NO2 group that decreases the nucleophilicity 

of the M-C bond.11b,17 Furthermore, substituents such as methyl and nitro groups at the 

C7 position of 3-acyl indoles were also reactive and gave their respective products good 

yields (Scheme 6.2, 3ta-3ua). Further, the scope of 1,2 diketone has been explored with 

various sterically and electronically diverse substituents. The electron-rich substituents 

such as methyl- and methoxy- worked well (Scheme 6.2, 3ab-3ac), whereas moderate 

yields have been obtained with electron-withdrawing substituents like para-fluoro and 

chloro groups (Scheme 6.2, 3ad-3ae). Contrary to our expectations, methyl-phenyl 

diketone failed to give the expected product (Scheme 6.2, 3af). This result suggests that 

the aromatic 1,2-diketone is crucial for this transformation. 

To better understand the reaction mechanism, some mechanistic studies have been 

carried out under standard reaction conditions. Initially, to ascertain whether the product 

3aa is formed through de-pivaloylation followed by nucleophilic attack of C3-carbon 

on 1,2 diketones, we subjected the simple N-methyl indole 1a* to standard reaction 
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condition, but it did not yield 3aa (Scheme 6.3a). Instead, the decomposition of starting 

material was observed. This experiment highlighted the crucial role of the pivaloyl 

group as a weakly coordinating directing group.  

Scheme 6.3.  Mechanistic studies 

 

We presume that the pivaloyl group coordinates with the metal and brings the metal 

closer to the C3-C bond for further functionalization. Further, the in-situ generation of 

pivalic acid has been detected in high-resolution mass spectrometer (Scheme 6.3b). This 

implies that the nucleophilic attack of water on the pivaloyl carbonyl group takes place, 

leading to the formation of pivalic acid through C-C bond cleavage. Aromatization of 
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the species involved in this process could be a driving force for this decarbonylation 

conversion through C-C cleavage. In-situ water generation from HFIP was indirectly 

confirmed by detecting the corresponding ether of HFIP through LCMS studies 

(Scheme 6.3c).11b To track the mechanism, we designed a substrate C(3)-pivaloyl-

derived cyclic ketone 1w that would intramolecularly eliminate carboxylic acid, but we 

failed to observe any reactivity with this substrate (Scheme 6.3d). This suggests that 

steric and electronic balance is required at the C2 position of indole for the metal 

insertion and further functionalization. This was also noticed during substrate scope; 

substrates with substituents at C(2)-position of indole failed to give the desired product. 

Based on mechanistic studies and literature precedence,18 to gain further insight 

regarding the reaction mechanism and the basis of the selectivity, we performed DFT 

calculations at the ωB97M-V/def2-TZVPP//SMD(HFIP)-PBE0-D3(BJ)/def2-SVP 

level of theory.19 We used the reaction between 1a and 2a as the representative reaction 

to be modelled. We began our modelling from 1a and [Cp*Co(OAc)]+, which was 

generated in-situ by the reaction of Cp*Co(CO)I2, Cu(OAc)2, and AgBF4. The predicted 

overall free energy profile is shown in Figure 6.2. Although both singlet and triplet 

states were considered, the reaction is predicted to proceed entirely on the triplet surface, 

which is the predicted ground state of the cationic cobalt species.   Initial coordination 

of 2a to [Cp*Co(OAc)]+ forms IM1. An endergonic reversible (ΔG = +8 kcal/mol, ΔG‡ 

= 13 kcal/mol) outer-sphere C(3)-C coupling of 1a and IM1 on the triplet surface is 

then predicted to result in complex IM2 via transition structure TS1. Notably, an 

analogous transition structure for C(2)-C coupling is accompanied by a significantly 

higher activation barrier (via TS1’) and leads to a higher energy intermediate (IM2’; 

ΔΔG‡ = 4 kcal/mol, ΔΔG = +5 kcal/mol on the triplet surface).  
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Figure 6.2. Computed (ωB97M-V/def2-TZVPP//SMD(HFIP)-PBE0-D3(BJ)/def2-

SVP) reaction profiles for [Cp*Co(OAc)]+-catalyzed coupling of in kcal/mol.  Selected 

distances are shown in Å. 

 

We also note a significantly larger maximum Bond Length Alternation in the fused 

benzene ring of the indole motif [1] at the energetically relevant 3IM2' (0.08A) 

compared to 3IM2 (0.01A), indicating a significantly larger disruption of aromaticity 

at the unfavorable intermediate 3IM2'. A facile (ΔG‡ = 16 kcal/mol; +24 kcal/mol from 

3IM1) C-to-O 1,3 acyl transfer of the pivaloyl group to the formally anionic oxygen 

followed by metal dissociation leads to ester IM3 via TS2. An acid-catalyzed concerted 

ester hydrolysis affords the final product 3aa via the liberation of pivalic acid (via TS3; 

ΔG‡ = 28 kcal/mol). Other means of pivalic acid release should also be reasonable and 

accessible given the protic solvent environment and high reaction temperature, which 
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drives equilibrium towards overall ester hydrolysis, but we show here one energetically 

viable possibility. 

This mechanism is consistent with experimental observations, e.g., (i) The observation 

that ipso-C-C coupling prevailed over para-C-C coupling is consistent with our lower 

predicted barrier for coupling as well as facile acyl transfer, (ii) The observed lack of 

reactivity of 1w can be explained by extra strain hindering the 1,3-acyl transfer step, 

and (iii) Substrate 1a* lacks the acyl group needed to drive the reaction forward. Other 

mechanisms considered included processes first initiated by concerted metalation-

deprotonation (CMD) activation of the indole C(2)-H and inner-sphere C-C coupling. 

All of these were found to be accompanied by high barriers (ΔG‡ >33 kcal/mol).  

Several reactions were performed to demonstrate this methodology's broad 

applicability (Scheme 6.4). At first, this methodology was tested using phenan-threne-

9,10-dione 2g with standard reaction conditions (Scheme 6.4a). Surprisingly, the 

completely diverse decarbonylative/dearomatized product 3ag was obtained in 

synthetic, useful yields. This reaction open-up the new scope of our method towards 

synthesizing various 1-methyl-10''H-dispiro[indoline-3,3'-phenanthro[9,10-b] furan-

2',9''-phenanthrene]-2,10''-dione. Further, we performed the reaction using isatin 2h as 

a coupling partner, and to our delight, we obtained the corresponding product 3ah in 

decent yield (Scheme 6.4b). This indicates that the synthetic applicability of cyclic 1,2-

diketone systems can be extended further with this method. Notably, the highly 

conjugated indolo-fused carbazole derivatives 4aa, 4sa have been obtained from 3aa 

and indole 1a* in the presence of catalytic p-toluenesulfonic acid (Scheme 6.4c).  
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Scheme 6.4.  The synthetic utility of the developed method. 

 

This method is in itself a discovery for the synthesis of highly conjugated indolo-fused 

carbazoles, which can be extended further for the synthesis of derivatives of indolo-

fused carbazole. These poly-aromatic heterocycles seem to have prominent photo-

physical properties because of their extensive π-conjugation. Therefore, further photo-

physical studies have been performed by taking 3aa and 4aa, which showed emission 

maxima (λ_em^max) of 425 nm and 405 nm, respectively (Figure 6.3).20 We also 

observed promising time-resolved fluorescence average lifetime (τ_avg) of 1.61 ns and 

6.7 ns for 3aa and 4aa, respectively (Table 6.2).21  
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Figure 6.3. The fluorescence decay curves of 3aa (in chloroform) and 4aa (in 

dichloromethane).  

 

 

 

 

 

 

 

 

 

 

Table 6.2.  Fluorescence decay parameters of 3aa (in chloroform) and 4aa (in 

dichloromethane). 

system 𝜏1 𝛼1 𝜏2 𝛼2 𝜏3 𝛼3 𝜏𝑎𝑣𝑔 

3aa 

0.59 0.68 2.64 

 

0.27 

9.85 0.05 1.61 

4aa 3.08 -1.09 4.81 2.09   6.70 

 

6.4 CONCLUSION 

 In conclusion, the cobalt-catalyzed C3-C bond functionalization of 3-pivaloyl indole 

has been demonstrated for the first time through a de-carbonylative pathway. High earth 

crust abundant and less expensive 3d-metal catalyst cobalt has been proven to be 

effective for this conversion. Notably, in this protocol, pivaloyl-ketone and ester have 

a crucial role in weakly coordinating directing groups.  Aromatic 1,2-diketone has been 
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demonstrated as a coupling partner. It was never explored before as a cross-coupling 

partner due to the inherent challenge associated with its coordination with metal 

catalysts. This methodology was not limited to acyclic ketones. Even cyclic ketones 

such as isatin have been tolerated, which needs further exploration. 

Most importantly, a de-aromatized cyclic product has been obtained with phenanthrene-

9,10-dione, which reactivity could be further explored. The mechanism has been 

supported by DFT calculation. Photophysical studies of indole C3-acyloin and poly-

aromatic heterocycle products have been performed, showing promising results for its 

application in photovoltaics and optoelectronics. These molecules could also be used in 

other material chemistry applications. Further studies regarding the catalytic potential 

of metals in C-C bond functionalization are currently under progress in our lab. 

Limitations: Aryl-alkyl 1,2-diketones is incompatible with the optimized reaction 

conditions. It might be due to aryl-alkyl 1,2-diketone has lower electrophilicity than 

aryl-aryl 1,2-diketones. 

 

6.5 EXPERIMENTAL SECTION22 

Reactions were performed using borosil schlenk tube vial under an N2 atmosphere. 

Column chromatography was done by using 100-200 & 230-400 mesh size silica gel of 

Acme Chemicals. Gradient elution was performed by using distilled petroleum ether 

and ethyl acetate. TLC plates were detected under UV light at 254 nm. 1H NMR and 

13C NMR were recorded on Bruker AV 400, 700 MHz spectrometers using CDCl3 as 

NMR solvents. The residual CHCl3 for 1H NMR (δ = 7.26 ppm) and the deuterated 

solvent signal for 13C NMR (δ = 77.36 ppm) is used as reference.23 Multiplicity (s = 

single, d = doublet, t = triplet, q = quartet, m = multiplet, dd = double doublet), 
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integration, and coupling constants (J) in hertz (Hz). HRMS signal analysis was 

performed using a micro TOF Q-II mass spectrometer. X-ray analysis was conducted 

using a Rigaku Smartlab X-ray diffractometer at SCS, NISER. Reagents and starting 

materials were purchased from Sigma Aldrich, Alfa Aesar, TCI, Avra, Spectrochem, 

Carbanio, and other commercially available sources and used without further 

purification unless otherwise noted. 

(a) General reaction procedure for C-3 substitution of 3-pivaloyl indole with 

diphenyl acetylene: 

To a pre-dried sealed tube under N2, the mixture of N-protected 3-pivaloyl indole 1 (0.1 

mmol), benzil 2 (0.4 mmol), [Cp*Co(CO)I2] (10 mol %), AgBF4 (40 mol %), Cu(OAc)2 

(20 mol %), and HFIP (1 mL) were added and sealed inside the glove box. The reaction 

mixture was vigorously stirred at 80 ℃ on the preheated aluminum block for 16 h. After 

16 h (completion of the reaction as monitored by TLC analysis), the reaction mixture 

was cooled to room temperature and diluted with ethyl acetate/dichloromethane and 

passed through a short celite pad, the solvent was evaporated under reduced pressure, 

and the residue was purified by column chromatography using EtOAc/hexane mixture 

on silica gel to give the pure product 3. 
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Experimental characterization data of products: 

 
2-hydroxy-2-(1-methyl-1H-indol-3-yl)-1,2-

diphenylethanone (3aa): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size), giving (28 mg in 0.1 mmol scale) 82% yield. Physical 

State: brown solid. m.p.: 119–121 ℃. Rf -value: 0.4 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.86 (d, J = 8.0 Hz, 2H), 7.58–7.54 (m, 3H), 7.45-7.41 (m, 1H), 

7.35-7.21 (m, 7H), 7.06 (t, J = 7.6 Hz, 1H), 6.63 (s, 1H), 4.82 (brs, 1H), 3.69 (s, 3H). 

13C NMR {1H} (CDCl3, 100 MHz): δ 200.6, 142.0, 137.8, 135.5, 133.2, 131.1, 129.2, 

128.7, 128.4, 128.2, 127.9, 126.8, 122.6, 121.8, 120.1, 117.3, 109.8, 81.9, 33.2. IR 

(KBr, cm-1): 3053, 1675, 1266, 748. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C23H19NO2Na: 364.1313; Found: 364.1315. 

2-(1-ethyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ba): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (28 mg in 0.1 mmol scale) 80% yield. Physical 

State: brown liquid. Rf -value: 0.4 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 

MHz): δ 7.85 (d, J = 8.0 Hz, 2H), 7.56 (t, J = 8.0 Hz, 3H), 7.42 (t, J = 7.2 Hz, 1H), 

7.33-7.19 (m, 7H), 7.05 (t, J = 7.6 Hz 1H), 6.69 (s, 1H), 4.84 (brs, 1H), 4.07 (q, J = 

7.2 Hz, 2H), 1.37 (t, J = 7.2 Hz, 3H). 13C NMR {1H} (CDCl3, 100 MHz): δ 200.7, 

142.0, 136.8, 135.5, 133.1, 131.0, 128.6, 128.3, 128.2, 128.0, 127.6, 127.0 122.4 
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121.9, 120.1, 117.2, 109.8, 82.0, 41.4, 15.7. IR (KBr, cm-1): 3052, 1671, 1274, 749. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C24H21NO2Na: 378.1470; Found: 378.1473. 

 

2-hydroxy-1,2-diphenyl-2-(1-propyl-1H-indol-3-

yl)ethanone (3ca): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh size), 

giving (27 mg in 0.1 mmol scale) 72% yield. Physical State: 

colorless liquid. Rf -value: 0.45 (10% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 7.85 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 6.4 Hz, 3H), 7.42 

(t, J = 7.2 Hz, 1H), 7.34 -7.19 (m, 7H), 7.04 (t, J = 7.6 Hz, 1H), 6.69 (s, 1H), 4.90 

(brs, 1H), 3.98 (t J = 7.2Hz, 2H) 1.82 -1.73(m, 2H), 0.85 (t, J = 7.6 Hz, 3H). 13C 

NMR {1H} (CDCl3, 100 MHz): δ 200.7, 142.1, 137.0, 135.5, 133.1, 131.1, 128.7, 

128.4, 128.3, 128.2, 128.0, 127.0, 122.4, 121.9, 120.0, 116.9, 110.0, 81.9, 48.4, 

23.7, 11.7. IR (KBr, cm-1): 3053,1669, 1261, 749. HRMS (ESI) m/z: [M+Na]+ 

Calcd for C25H23NO2Na: 392.1626; Found: 392.1630. 

2-(1-butyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3da): was prepared according to 

general procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (21 mg in 0.1 mmol scale) 55% 

yield. Physical State: colorless liquid. Rf -value: 0.45 (10% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.85 (d, J = 8.0 Hz, 2H), 7.56 (d, 

J = 5.6 Hz, 3H), 7.43 (t, J = 7.2 Hz, 1H), 7.35-7.19 (m, 7H) 7.05 (t, J = 7.6 Hz, 1H), 
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6.68 (s 1H), 4.90 (brs, 1H), 4.02 (t, J = 6.8 Hz, 2H) 1.76-1.69 (m, 2H), 1.28-1.23 

(m, 2H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR {1H} (CDCl3, 100 MHz): δ 200.8, 

142.2, 137.0, 135.6, 133.1, 131.1, 128.7, 128.4, 128.3, 128.2, 128.1, 127.0, 122.4, 

121.9, 120.0, 116.9, 109.9, 82.0, 46.5, 32.5, 20.4, 13.9. IR (KBr, cm-1): 3053, 1653, 

1272, 749. HRMS (ESI) m/z: [M+Na]+ Calcd for C26H25NO2Na: 406.1783; Found: 

406.1785. 

2-(1-(3-bromopropyl)-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ea): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (29 mg in 0.1 mmol scale) 64% yield. Physical 

State: brown solid, m.p.: 138–140 ℃ Rf -value: 0.4 (10% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.84 (d, J = 8.4 Hz, 2H), 7.59-7.54 

(m, 3H), 7.43 (t, J = 7.6 Hz, 1H), 7.37-7.20 (m, 7H), 7.07 (t, J = 8.0 Hz, 1H), 6.74 

(s, 1H), 4.91 (brs, 1H), 4.23 (t, J = 6.4Hz, 2H), 3.22 (t, J = 6.0 Hz, 2H) 2.30-2.24 

(m, 2H). 13C NMR {1H} (CDCl3, 100 MHz): δ 200.6, 142.1, 136.9, 135.4, 133.2, 

131.0, 128.7, 128.5, 128.4, 128.3, 128.0, 127.2, 122.8, 122.1, 120.4, 117.5, 109.8, 

81.9, 44.4, 32.7, 30.5. IR (KBr, cm-1): 3053, 1653, 1261, 751. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C25H22BrNO2Na: 470.0726; Found: 470.0758. 
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2-hydroxy-1,2-diphenyl-2-(1-phenyl-1H-indol-3-

yl)ethanone (3fa): was prepared according to general 

procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (28 mg in 0.1 mmol scale) 

69% yield. Physical State: white solid. m.p.: 128–130 

℃ Rf -value: 0.5 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.90 (d, J 

= 7.6 Hz, 2H), 7.62 (t, J = 7.6 Hz, 3H), 7.53 (d, J = 8.4 Hz, 1H), 7.48-7.38 (m, 5H), 

7.37-7.26 (m, 6H), 7.24-7.21 (m, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.92 (s, 1H), 4.94 

(brs, 1H). 13C NMR {1H} (CDCl3, 100 MHz): δ 200.4, 141.7, 139.5, 137.0, 135.3, 

133.3, 131.1, 129.9, 128.8, 128.4, 128.4, 128.3, 128.0, 127.7, 127.1, 124.8, 123.4, 

122.1, 121.1, 119.7, 111.0, 81.9. IR (KBr, cm-1): 3053, 1596, 1273, 749. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C28H21NO2Na: 426.1470; Found: 426.1472 

2-hydroxy-1,2-diphenyl-2-(1-phenyl-1H-indol-3-

yl)ethanone (3fa): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (28 mg in 0.1 mmol scale) 69% yield. 

Physical State: white solid. m.p.: 128–130 ℃ Rf -value: 

0.5 (10% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.90 (d, J = 7.6 Hz, 2H), 

7.62 (t, J = 7.6 Hz, 3H), 7.53 (d, J = 8.4 Hz, 1H), 7.48-7.38 (m, 5H), 7.37-7.26 (m, 

6H), 7.24-7.21 (m, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.92 (s, 1H), 4.94 (brs, 1H). 13C 

NMR {1H} (CDCl3, 100 MHz): δ 200.4, 141.7, 139.5, 137.0, 135.3, 133.3, 131.1, 

129.9, 128.8, 128.4, 128.4, 128.3, 128.0, 127.7, 127.1, 124.8, 123.4, 122.1, 121.1, 
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119.7, 111.0, 81.9. IR (KBr, cm-1): 3053, 1596, 1273, 749. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C28H21NO2Na: 426.1470; Found: 426.1472 

2-(4-fluoro-1-methyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ha): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size), giving (23 mg in 0.1 mmol scale) 64% yield. Physical 

State: brown solid.  m.p.: 126–128 ℃ Rf -value: 0.4 (20% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 8.06 (d, J = 8.8 Hz, 2H), 7.50 (t, J = 7.2 Hz, 1H), 7.41 

(t, J = 7.6 Hz, 4H), 7.33 (t, J = 7.6 Hz, 2H), 7.24 (brs, 1H), 7.10-7.02 (m, 2H), 6.74-

6.69 (m, 2H), 6.50 (s, 1H), 3.69 (s, 3H). 13C NMR {1H} (CDCl3, 175 MHz): δ 

198.8, 157.4 (d, JC-F = 246.2 Hz), 140.1 (d, JC-F = 11.6 Hz), 139.2, 137.1, 133.1, 

129.3, 129.2, 129.1, 129.0, 128.9, 127.4, 122.6 (d, JC-F = 7.9 Hz), 116.0 (d, JC-F = 

19.1 Hz), 112.4 (d, JC-F = 2.8 Hz), 105.9 (d, JC-F = 2.8 Hz), 104.8 (d, JC-F = 19.4 

Hz), 51.5, 33.5. 19F NMR (CDCl3, 376 MHz) δ -123.9. IR (KBr, cm-1): 3053, 1603, 

1266, 748. HRMS (ESI) m/z: [M+Na]+ Calcd for C23H18FNO2Na: 382.1219; 

Found: 382.1221 

2-(4-chloro-1-methyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ia): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (27 mg in 0.1 mmol scale) 73% yield. Physical 

State: brown solid. m.p.: 118–119 ℃ Rf -value: 0.3 (10% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 7.96 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 6.8 Hz, 2H), 7.46-
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7.39 (m, 4H) 7.31 (t, J = 7.6 Hz, 2H), 7.22-7.10 (m, 3H), 6.22 (s, 1H), 4.17 (brs, 

1H), 3.62 (s, 3H). 13C NMR {1H} (CDCl3, 100 MHz): δ 201.6, 140.6, 139.8, 136.1, 

132.4, 132.0, 131.3, 128.7, 128.3, 128.1, 126.9, 124.6, 123.2, 123.0, 121.1, 119.9, 

109.1, 82.4, 33.4. IR (KBr, cm-1): 3053, 1635, 1273, 752. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C23H18ClNO2Na: 398.0924; Found: 398.0931. 

 

 

2-(4-bromo-1-methyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ja): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh size) 

giving (31 mg in 0.1 mmol scale) 74% yield. Physical State: 

white solid  m.p.: 133–135 ℃ Rf -value: 0.3 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 8.00 (d, J = 8.0 Hz, 2H), 7.73 (s, 1H), 7.46-7.38 (m, 4H), 

7.35-7.25 (m, 5H), 7.09 (t, J = 8.0 Hz, 1H), 6.21 (s, 1H), 4.27 (brs, 1H), 3.61 ( s, 

3H). 13C NMR {1H} (CDCl3, 100 MHz): δ 201.5, 140.7, 139.7, 136.0, 132.4, 131.5, 

128.8, 128.7, 128.3, 128.1, 126.9, 124.8, 124.7, 123.3, 120.3, 113.4, 109.7, 82.4, 

33.4. IR (KBr, cm-1): 3053, 1693, 1275, 749. HRMS (ESI) m/z: [M+Na]+ Calcd 

for C23H18BrNO2Na: 442.0419; Found: 442.0423. 

2-(1,5-dimethyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ka): was prepared according to 

general procedure (6.5a). The crude reaction mixture 

was purified by column chromatography using silica 

gel (100-200 mesh size), giving (22 mg in 0.1 mmol 
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scale) 62% yield. Physical State: brown solid, m.p.: 124–126 ℃ Rf -value: 0.5 

(20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.86 (d, J = 8.0 Hz, 2H), 

7.55 (d, J = 7.6 Hz, 2H), 7.44 (t, J = 7.6 Hz, 1H), 7.35-7.25 (m, 6H), 7.19 (d, J = 

8.4 Hz, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.55 (s, 1H), 4.82 (brs, 1H), 3.66 (s, 3H) 2.36 

(s, 3H). 13C NMR {1H} (CDCl3, 100 MHz): δ 200.6, 142.1, 136.2, 135.5, 133.1, 

131.1, 129.5, 129.3, 128.7, 128.4, 128.2, 127.9, 127.1, 124.3, 121.3, 116.6, 109.5, 

82.0, 33.2, 21.8. IR (KBr, cm-1): 2987, 1635, 1274, 750. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C24H21NO2Na: 378.1470; Found: 478.1470. 

2-hydroxy-2-(5-methoxy-1-methyl-1H-indol-3-yl)-1,2-

diphenylethanone (3la): was prepared according to 

general procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (32 mg in 0.1 mmol scales) 

87% yield. Physical State: white solid. m.p.: 133–135 ℃ Rf -value: 0.3 (20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.85 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 

7.6, 2H), 7.44 (t, J = 7.6 Hz, 1H), 7.33-7.28 (m, 5H), 7.19 (d, J = 8.8 Hz, 1H), 6.98 (s, 

1H), 6.89 (d, J = 8.8 Hz, 1H), 6.60 (s, 1H), 4.88 (brs, 1H), 3.71 (s, 3H), 3.71 (s, 3H). 

13C NMR {1H} (CDCl3, 175 MHz): δ 200.7, 154.5, 142.0, 135.6, 133.2, 131.1, 129.6, 

129.3, 128.7, 128.4, 128.2, 128.0, 127.3, 116.5, 113.1, 110.6, 103.3, 81.9, 56.1, 33.4. 

IR (KBr, cm-1): 3053, 2304, 1635, 1421, 1260, 750. HRMS (ESI) m/z: [M-H]+ Calcd 

for C24H20NO3: 370.1444; Found: 370.1438. 
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2-(5-chloro-1-methyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ma): was prepared according to 

general procedure 6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (27 mg in 0.1 mmol scale) 72% 

yield. Physical State: brown solid, m.p.: 126–128 ℃ Rf -value: 0.25 (20% 

EtOAc/hexane). 1H NMR (DMSO-d6, 400 MHz): δ 8.33 (d, J = 2.8 Hz, 2H), 8.00 (d, 

J = 7.2 Hz, 2H), 7.52–7.47 (m, 3H), 7.42 (t, J = 7.2 Hz, 3H), 7.36 (d, J = 2.0 Hz, 1H), 

7.17 (d, J = 8.0 Hz, 1H), 6.99 (s, 1H), 6.98 (s, 1H), 3.76 (s, 3H). 13C NMR {1H} 

(DMSO-d6, 100 MHz): δ 200.7, 143.9, 136.7, 136.6, 133.3, 131.3, 129.1, 128.8, 128.3, 

128.0, 127.3, 124.4, 122.1, 121.0, 119.2, 112.5, 83.2, 80.1, 33.6. IR (KBr, cm-1): 3053, 

1653, 1260, 750. HRMS (ESI) m/z: [M+Na]+ Calcd for C23H18ClNO2Na: 398.0924; 

Found: 398.0927 

2-(5-bromo-1-methyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3na): was prepared according to 

general procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (32 mg in 0.1 mmol scale) 76% 

yield. Physical State: solid brown m.p.: 134–136 ℃ Rf -value: 0.3 (20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.83 (d, J = 7.2 Hz, 2H), 7.71 (d, J = 

1.6 Hz, 1H), 7.51 (d, J = 8.0 Hz, 2H),  7.45 ( t, J = 7.6 Hz, 1H),  7.34-7.25 (m, 6H),  

7.15 (d, J = 8.8 Hz, 1H), 6.61 (s, 1H), 4.82 (brs, 1H), 3.66 (s, 3H). 13C NMR {1H} 

(CDCl3, 100 MHz): δ 200.2, 141.9, 136.5, 135.3, 133.3, 131.1, 130.2, 128.8, 128.5, 

128.5, 128.4, 127.8, 125.6, 124.3, 116.9, 113.7, 111.2, 81.8, 33.4. IR (KBr, cm-1): 2943, 
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1576, 1419, 749. HRMS (ESI) m/z: [M+Na]+ Calcd for C23H18BrNO2Na: 442.0419; 

Found: 442.0422. 

2-hydroxy-2-(5-iodo-1-methyl-1H-indol-3-yl)-1,2-

diphenylethanone (3oa): was prepared according to 

general procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (33 mg in 0.1 mmol scale) 69% 

yield. Physical State: solid brown m.p.: 137–139 ℃ Rf -value: 0.4 (20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.92 (s, 1H), 7.83 (d, J = 8.0 Hz, 

2H), 7.51 – 7.44 (m, 4H), 7.36-7.27 (m, 5H) 7.07 (d, J = 8.8 Hz, 1H), 6.57 (s, 1H), 

4.83 (brs, 1H), 3.66 (s, 3H). 13C NMR {1H} (CDCl3, 100 MHz): δ 200.2, 141.8, 

136.9, 135.3, 133.4, 131.1, 130.5, 130.3, 129.8, 129.3, 128.8, 128.5, 128.4, 127.8, 

116.6, 111.8, 84.1, 81.8, 33.3. IR (KBr, cm-1): 3053, 1653, 1272, 749. HRMS (ESI) 

m/z: [M+Na]+ Calcd for C23H18INO2Na: 490.0280; Found: 490.0243. 

2-(6-fluoro-1-methyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3pa): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (22 mg in 0.1 mmol scale) 61% yield. Physical 

State: white solid, m.p.: 121–123 ℃ Rf -value: 0.45 (20% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.84 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.0 Hz, 2H), 7.48-7.43 (m, 

2H), 7.34-7.28 (m, 5H), 6.90 (d, J = 10.0 Hz, 1H), 6.85-6.79 (m, 1H), 6.60 (s, 1H), 4.85 

(brs, 1H), 3.64 (s, 3H). 13C NMR {1H} (CDCl3, 175 MHz) δ 200.4, 160.4 (d, JC-F = 

237.4 Hz), 141.9, 138.0, 135.4, 133.3, 131.1, 129.5 (d, JC-F = 2.6 Hz), 129.3, 128.7, 
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128.4, 127.9, 123.4, 122.8 (d, JC-F = 9.9 Hz), 117.6, 109.0 (d, JC-F = 24.5 Hz), 96.1 (d, 

JC-F = 25.9 Hz), 81.8, 33.3. 19F NMR (CDCl3, 376 MHz) δ -119.9. IR (KBr, cm-1): 

3054, 1635, 1273, 749. HRMS (ESI) m/z: [M+Na]+ Calcd for C23H18FNO2Na: 

382.1219; Found: 382.1224. 

2-(6-chloro-1-methyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3qa): was prepared according to 

general procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (25 mg in 0.1 mmol scale) 67% 

yield. Physical State: brown solid m.p.: 123–125 ℃ Rf -value: 0.3 (10% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.83 (d, J = 8.0 Hz, 2H), 7.52 (d, 

J = 7.6 Hz 2H), 7.46-7.43 (m, 2H), 7.35-7.25 (m, 6H), 7.02 (d, J = 8.4 Hz, 1H), 6.62 

(s, 1H), 4.86 (brs, 1H), 3.66 (s, 3H). 13C NMR {1H} (CDCl3, 100 MHz) δ 200.4, 

141.9, 138.2, 135.3, 133.3, 131.1, 129.8, 128.8, 128.4 (2C), 128.4, 127.9, 125.5, 

122.8, 120.9, 117.6, 109.8, 81.7, 33.3. IR (KBr, cm-1): 3047, 1635, 1274, 749. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C23H18ClNO2Na: 398.0918; Found: 

398.0932. 

2-(6-bromo-1-methyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ra): was prepared according to 

general procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (36 mg in 0.1 mmol scale) 86% 

yield. Physical State: solid brown m.p.: 141–143 ℃ Rf -value: 0.4 (20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.83 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 
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7.6 Hz, 2H), 7.46-7.40 (m, 3H), 7.33-7.25 (m, 5H), 7.15 (d, J = 8.2 Hz, 1H), 6.61 (s, 

1H), 4.88 (brs, 1H), 3.65 (s, 3H). 13C NMR {1H} (CDCl3, 100 MHz):  δ 200.3, 141.8, 

138.6, 135.2, 133.4, 131.1, 129.7, 128.8, 128.4, 128.4, 127.9, 125.8, 123.4, 123.1, 

117.5, 116.4, 112.8, 81.7, 33.3. IR (KBr, cm-1): 3053, 1635, 1273, 749. HRMS (ESI) 

m/z: [M+Na]+ Calcd for C23H18BrNO2Na: 442.0413; Found: 442.0386. 

2-hydroxy-2-(1-methyl-6-nitro-1H-indol-3-yl)-1,2-

diphenylethanone (3sa): was prepared according to 

general procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (22 mg in 0.1 mmol scale) 

57% yield. Physical State: yellow solid m.p.: 152–154 ℃ Rf -value: 0.3 (30% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 8.28 (d, J = 1.6 Hz, 1H), 7.94 (d, J = 

9.2 Hz, 1H), 7.83 (d, J = 8.8 Hz, 2H), 7.62 (d, J = 8.8 Hz, 1H), 7.52-7.45 (m, 3H), 7.38 

– 7.28 (m, 5H), 6.93 (s, 1H) 4.87 (brs, 1H), 3.80 (s, 3H). 13C NMR {1H} (CDCl3, 100 

MHz): δ 199.9, 143.8, 141.6, 136.4, 135.0, 134.3, 133.6, 131.6, 131.0, 129.0, 128.7, 

128.6, 127.7, 122.1, 118.6, 115.5, 106.8, 81.6, 33.7. IR (KBr, cm-1): 3053, 1507, 1339, 

749. HRMS (ESI) m/z: [M+Na]+ Calcd for C23H18N2O4Na: 409.1159; Found: 

409.1165. 

 2-(1,7-dimethyl-1H-indol-3-yl)-2-hydroxy-1,2-

diphenylethanone (3ta): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh size), 

giving (30 mg in 0.1 mmol scale) 84% yield. Physical State: 

solid white m.p.: 118–120 ℃ Rf -value: 0.4 (20% EtOAc/hexane). 1H NMR (CDCl3, 
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400 MHz): δ 7.86 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 7.43 (t, J = 7.6 Hz, 1H), 

7.38-7.35 (m, 1H), 7.34-7.29 (m, 5H), 6.91 (d, J = 5.2 Hz, 2H), 6.49 (s, 1H), 4.71 (brs, 

1H), 3.95 (s, 3H), 2.74 (s, 3H). 13C NMR {1H} (CDCl3, 100 MHz: δ 200.7, 141.9, 

136.6, 135.6, 133.1, 131.1, 130.9, 128.6, 128.3, 128.2, 127.9, 127.9, 125.2, 121.7, 

120.4, 119.9, 117.0, 81.8, 37.3, 20.1. IR (KBr, cm-1): 3055, 1653, 1274, 749. HRMS 

(ESI) m/z: [M-H]+ Calcd for C24H20NO2: 354.1419; Found: 454.1507. 

2-hydroxy-2-(1-methyl-7-nitro-1H-indol-3-yl)-1,2-

diphenylethanone (3ua): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh size 

scale), giving (22 mg in 0.1 mmol scale) 58% yield. Physical 

State: yellow solid m.p.: 139–141 ℃ Rf -value: 0.3 (30% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.88-7.80 (m, 4H), 7.51-7.46 (m, 3H), 7.36-7.29 (m, 5H), 7.09 

(t, J = 8.0 Hz, 1H), 6.70 (s, 1H), 4.97 (brs, 1H) 3.73 (s, 3H). 13C NMR {1H} (CDCl3, 

100 MHz): δ 199.9, 141.5, 137.0, 135.0, 133.7, 133.6, 131.8, 131.1, 128.9, 128.8, 128.6, 

128.6, 128.2, 127.8, 120.6, 119.4, 118.6, 81.4, 37.8. IR (KBr, cm-1): 3053, 1635, 1266, 

749. HRMS (ESI) m/z: [M+Na]+ Calcd for C23H18N2O4Na: 409.1159; Found: 

409.1126. 

2-hydroxy-2-(1-methyl-1H-indol-3-yl)-1,2-di-p-

tolylethanone (3ab): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh size) 

giving (20 mg in 0.1 mmol scale) 54% yield. Physical State: 

solid white m.p.: 134–136 ℃ Rf -value: 0.3 (5% 
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EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 7.80 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 

7.7 Hz, 1H), 7.42 (d, J = 7.7 Hz, 2H), 7.29 (d, J = 8.4 Hz, 1H), 7.22 (t, J = 7.7 Hz, 1H), 

7.12 (d, J = 8.4 Hz, 2H), 7.07–7.80 (m, 3H), 6.64 (s, 1H), 4.97 (s, 1H), 3.69 (s, 3H), 

2.33 (s, 3H), 2.31 (s, 3H). 13C NMR {1H} (CDCl3, 175 MHz): δ 200.1, 144.1, 139.4, 

137.8, 137.8, 132.7, 131.4, 129.3, 129.1, 129.1, 128.0, 127.0, 122.5, 122.0, 120.1, 

117.5, 109.7, 81.5, 33.2, 21.9, 21.4. IR (KBr, cm-1): 3053, 1653, 1266, 750. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C25H23NO2Na: 392.1627; Found: 392.1637. 

2-hydroxy-1,2-bis(4-methoxyphenyl)-2-(1-methyl-1H-

indol-3-yl)ethanone (3ac): was prepared according to 

general procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-

200 mesh size), giving (27 mg in 0.1 mmol scale) 68% yield. 

Physical State: solid white m.p.: 129–131 ℃ Rf -value: 0.4 (20% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 7.92 (d, J = 8.8 Hz, 2H), 7.57 (d, J = 8.0 Hz, 1H), 7.45 (d, 

J = 8.0 Hz, 2H), 7.29 (d, J = 8.4 Hz, 1H), 7.22 (t, J = 7.2 Hz, 1H), 7.05 (t, J = 7.8 Hz, 

1H), 6.83 (d, J = 8.8 Hz, 2H), 6.74 (d, J = 8.8 Hz, 2H), 6.63 (s, 1H), 5.16 (s, 1H), 3.78 

(s, 6H), 3.69 (s, 3H). 13C NMR {1H} (CDCl3, 100 MHz): δ 198.7, 163.6, 159.4, 137.8, 

134.8, 133.8, 129.4, 129.0, 127.8, 127.1, 122.5, 122.1, 120.0, 117.6, 113.9, 113.6, 

109.6, 80.9, 55.7, 55.5, 33.2. IR (KBr, cm-1): 3053, 1635, 1274, 749. HRMS (ESI) 

m/z: [M+Na]+ Calcd for C25H23NO4Na: 424.1525; Found: 424.1532. 

 



                                                                                                                     

 

 

 

221 

 

1,2-bis(4-fluorophenyl)-2-hydroxy-2-(1-methyl-1H-indol-

3-yl)ethanone (3ad): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified 

by column chromatography using silica gel (100-200 mesh 

size), giving (19 mg in 0.1 mmol scale) 50% yield. Physical 

State: solid brown m.p.: 125–127 ℃ Rf -value: 0.45 (20% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.96-7.92 (m, 2H), 7.55-7.51 (m, 2H), 7.49 (d, J = 8.0 Hz, 1H), 

7.32 (d, J = 8.4 Hz, 1H), 7.27-7.23 (m, 1H), 7.10-7.09 (m, 1H), 7.02 (t, J = 8.8 Hz, 2H), 

6.97 (d, J = 8.8 Hz, 2H), 6.62 (s, 1H), 4.71 (s, 1H), 3.72 (s, 3H). 13C NMR {1H} (CDCl3, 

100 MHz): δ 198.7, 167.0, 164.2 (d, JC-F = 212.0 Hz), 161.5, 137.8, 137.7 (d, JC-F = 

12.4 Hz), 133.9 (d, JC-F = 36.8 Hz), 131.4, 129.7 (d, JC-F = 32.4 Hz), 129.0, 126.5, 122.8, 

121.5, 120.3, 117.1, 115.6 (d, JC-F = 84.8 Hz), 109.9, 81.4, 33.2. 19F NMR {1H} (CDCl3, 

376 MHz) δ -104.3, -114.1 IR (KBr, cm-1): 3004, 1653, 1275, 749. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C23H17F2NO2Na: 400.1125; Found: 400.1140. 

1,2-bis(4-chlorophenyl)-2-hydroxy-2-(1-methyl-1H-indol-

3-yl)ethanone (3ae): was prepared according to general 

procedure (6.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size), giving (23 mg in 0.1 mmol scale) 56% yield. Physical 

State: solid brown m.p.: 127–229 ℃ Rf -value: 0.4 (20% EtOAc/hexane) 1H NMR 

(CDCl3, 400 MHz): δ 7.83 (d, J = 8.8 Hz, 2H), 7.51-7.46 (m, 3H), 7.33-7.30 (m, 3H), 

7.28-7.25 (m, 3H), 7.07 (t, J = 8.0 Hz, 1H), 6.63 (s, 1H), 4.59 (s, 1H), 3.71 (s, 3H). 13C 

NMR {1H} (CDCl3, 100 MHz):  δ 199.0, 140.3, 139.9, 137.8, 134.4, 133.5, 132.5, 

129.3, 129.1, 128.9, 128.8, 126.4, 122.9, 121.4, 120.4, 116.9, 110.0, 81.6, 33.3. IR 
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(KBr, cm-1): 3009, 1652, 1274, 749. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C23H17Cl2NO2Na: 432.0534; Found: 432.0533. 

1-methyl-10''H-dispiro[indoline-3,3'-

phenanthro[9,10-b]furan-2',9''-phenanthrene]-2,10''-

dione (3ag): was prepared according to reaction 

procedure (6.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size), giving (15 mg in 0.1 mmol scale) 52% yield. Physical State: 

yellow solid m.p.: 256–258 ℃ Rf -value: 0.4 (40% EtOAc/hexane) 1H NMR (CDCl3, 

400 MHz): δ 8.72-8.70 (m, 1H), 8.61-8.59 (m, 2H), 7.80-7.77 (m, 3H), 7.59 (d, J = 7.6 

Hz, 1H), 7.43-7.28 (m, 5H), 7.24-7.19 (m, 2H), 7.13-7.07 (m, 2H) 6.51 (t, J = 7.6 Hz, 

1H), 6.46 (d, J = 8.0 Hz, 1H), 6.41 (d, J = 7.6 Hz, 1H), 5.85 (d, J = 6.8 Hz, 1H), 2.82 

(s, 3H). 13C NMR {1H} (CDCl3, 175 MHz): δ 194.8, 174.4, 156.7, 144.2, 137.1, 135.1, 

134.3, 133.1, 132.7, 131.0, 129.8, 129.4, 128.9, 128.7, 128.6, 128.3, 128.3, 127.7, 

127.6, 127.3, 126.9, 126.8, 126.7, 124.7, 124.4, 123.8, 123.6, 123.4, 122.4, 122.3, 

121.9, 121.8, 112.5, 107.8, 99.1, 26.3. IR (KBr, cm-1): 2993, 1768, 1693, 1385, 1244, 

746. HRMS (ESI) m/z: [M+Na]+ Calcd for C37H23NO2Na: 552.1570; Found: 

552.1559. 

3-hydroxy-1-methyl-3-(1-methyl-1H-indol-3-yl)indolin-2-

one (3ah): was prepared according to reaction procedure 

(6.5a). The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size), giving 

(16 mg in 0.1 mmol scale) 55% yield. Physical State: solid 

brown m.p.: 166–168 ℃ Rf -value: 0.3 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 
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MHz): δ 7.69 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 

7.38-7.36 (m, 1H), 7.21 (t, J = 7.2 Hz, 1H), 7.08 (t, J = 7.6 Hz, 2H), 6.96 (s, 1H), 6.91 

(t, J = 8.0 Hz, 1H), 3.76 (s, 3H), 3.26 (s, 3H), 3.23 (s, 1H). 13C NMR {1H} (CDCl3, 100 

MHz): δ 177.4, 143.5, 138.0, 131.4, 130.1, 128.0, 125.6, 125.1, 123.5, 122.4, 121.1, 

120.1, 114.0, 109.9, 108.8, 75.9, 33.1, 26.7. IR (KBr, cm-1): 2925, 1717, 1329, 745. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C18H16N2O2Na: 315.1110; Found: 315.1112. 

5,12-dimethyl-6,7-diphenyl-5,12-dihydroindolo[3,2-

a]carbazole (4aa): was prepared according to reprted 

procedure. The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size), giving (31 mg in 0.1 mmol scale) 71% yield. Physical 

State: solid brown m.p.: 248–250 ℃ Rf -value: 0.5 (10% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.63 (d, J = 8.0 Hz, 1H), 7.50-7.46 (m, 2H), 7.41 (d, J = 8.0 Hz, 

1H), 7.35-7.30 (m, 2H), 7.27-7.29 (m, 10H), 6.89 (t, J = 8.0 Hz, 1H), 6.27 (d, J = 8.0 

Hz, 1H) 4.52 (s, 3H), 3.28 (s, 3H). 13C NMR {1H} (CDCl3, 175 MHz): δ 142.7, 142.1, 

140.4, 139.6, 139.1, 137.3, 136.0, 132.6, 130.7, 128.2, 127.5, 126.9, 126.9, 124.8, 

124.6, 124.1, 122.9, 121.4, 121.2, 119.6, 119.5, 118.6, 115.3, 109.5, 109.2, 107.5, 35.8, 

33.3. IR (KBr, cm-1): 3051, 1274, 895, 749. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C32H24N2Na: 436.1934; Found: 436.1956. 
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NMR spectra of 2-hydroxy-2-(1-methyl-1H-indol-3-yl)-1,2-diphenylethan-1-one (3aa): 

 

 

 

 

 

1H NMR of 3aa (400 MHz, CDCl3) 

13C{1H} NMR of 3aa (100 MHz, CDCl3) 
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NMR spectra of 3-hydroxy-1-methyl-3-(1-methyl-1H-indol-3-yl)indolin-2-one (3da): 

 

 

 

1H NMR of 3ah (400 MHz, CDCl3) 

13C{1H} NMR of 3ah (100 MHz, CDCl3) 
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NMR spectra of 5,12-dimethyl-6,7-diphenyl-5,12-dihydroindolo[3,2-a]carbazole (3aa): 

 

 

 

13C{1H} NMR of 4aa (175 MHz, CDCl3) 

1H NMR of 4aa (400 MHz, CDCl3) 
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NMR spectra of 1-methyl-10''H-dispiro[indoline-3,3'-phenanthro[9,10-b]furan-2',9''-

phenanthrene]-2,10''-dione (3da): 

 

 

 

 

13C{1H} NMR of 3ag (175 MHz, CDCl3) 

1H NMR of 3ag (400 MHz, CDCl3) 
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(b)  Crystals of the compounds 3fa (2-hydroxy-1,2-diphenyl-2-(1-phenyl-1H-indol-3-

yl)ethan-1-one) were obtained after slow evaporation of methanol.  

 

 
 

Figure 6.4. Crystal structure of 3fa (50% ellipsoid probability). 
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(c) Crystals of the compounds 3ga (2-hydroxy-1,2-diphenyl-2-(1-phenyl-1H-indol-3-

yl)ethan-1-one) were obtained after slow evaporation of methanol.  

 

 
 

Figure 6.5. Crystal structure of 3ga (50% ellipsoid probability). 
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Chapter 7(A) 

Unveiling the Reactivity of Cobalt(III)-catalyst Towards 

Regiose-lective Hydroarylation of 1,6 Diyne via Weak-

chelation Assisted C-H Bond Activation 

 

7a.1 ABSTRACT 

Herein, we report the reactivity of cobalt(III)-catalyst towards hydro-arylative 

functionalization of 1,6 diyne, which was never explored before. The N-aryl lactam is 

the prime substrate that undergoes sp2 C-H bond activation. C-Co(III) bond formation 

occurs through weakly coordinating the pyrrolidinone group. The reaction mechanism 

reveals the in-situ formation of a six-membered cobaltacycle which undergoes further 

functionalization with 1,6 diyne. Also, radical quenching experiments suggest the 

involvement of the ionic pathway for this conversion. In addition, hydrogen scrambling 

and kinetic isotope experiments support the proposed mechanism. A wide range of 

electronically biased substrates and reacting partners work well with this method in a 

highly atom-economical fashion. 

 

 



                                                                                                                     

 

 

 

235 

 

7a.2 INTRODUCTION  

γ-Lactam is a useful scaffold, abundantly present in many drugs and natural products. 

The lactam ring-containing motifs are key substrates in organic synthe-sis.1 Particularly 

N-aryl lactams are used as a starting material for the synthesis of many alkaloids and 

useful heterocycles.2 N-aryl lactams are a unique class of compounds with several 

biological activities such as antimicrobial, anticancer, antidiabetic, etc.3 Therefore, 

further functionalization of N-aryl lactams is highly desirable from a medicinal 

chemistry point of view. Transition metal-catalyzed C-H bond functionalization is at 

the forefront of organic synthesis in recent years. It has provided an opportunity for 

selective C-H functionalization in the presence of several C-H bonds.4  In this vein, we 

have developed many methodologies until now, wherein several heterocyclic C-H 

bonds have been functionalized using weakly coordinating directing groups.5 The use 

of weakly coordinating directing groups such as aldehyde, ketone, and ester provides a 

powerful and step-economical platform in C-H activation methods on account of their 

wide prevalence and easy manipulation for further functionalization. Moreover, the use 

of base metals, such as cobalt, in conjunction with a weakly coordinating group is a 

significant step forward towards sustainable C-H activation, recently, we have covered 

a highlight article on this topic.6 The olefin-based coupling partners are quite reactive 

toward metal-carbon bonds generated through C-H activation.7 Therefore, a variety of 

pi-systems such as acrylate, styrene, allene, and alkyne have been used as reacting 

partners, giving rise to many useful and unusual transformations.8 Among them, alkynes 

are prominent coupling partners widely explored in C-H activation reactions.9 However, 

there is no report to date for the concomitant C-H activation and regioselectively hy-

droarylation of 1,6 diyne using base metal along with weakly coordinating directing 
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group.10 In this regard, 1,6 diyne is a challenging and underdeveloped coupling partner 

compared to simple alkyne and other olefins.  

Figure 7a.1. Overview and Challenges of C-Metal Bond towards Reactivity of 1,6 

diyne.   

 

Notably, controlling the regioselectivity (1,2 or 2,1 mono or di-functionalization) of 1,6 

diyne is quite difficult and unexplored, making it a challenging and prominent coupling 

partner. The transition metal-catalyzed reductive cyclization and concomitant C-H bond 

activation have been well documented in the literature for 1,6 diyne (Figure 7a.1a).11 

Herein, we report a highly regioselective hydro-arylation of 1,6 diyne using base metal 
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cobalt(III)-catalyst, which is a completely different reactivity that was never reported 

before with 1,6 diynes (Figure 7a.1b). This protocol is more sustainable as well as atom 

economic due to the use of earth-abundant, cheap and eco-friendly 3d transition metal 

catalyst cobalt.12 This methodology has several interesting features, such as (i) the 

unique reactivity of 3d metal cobalt catalyst with 1,6 diyne (ii) the first report on the 

hydro-arylative coupling of 1,6 diyne with arene instead of reductive cyclization, (iii) 

regioselective mono-hydroarylation of 1,6 diyne (iv) regioselective ortho-C-H bond 

functionalization of N-aryl γ-Lactam, (v) weakly coordinating 2-pyrrolidone as the 

directing group and (vi) utilization of several electronically diverse substrates with 1,6 

diyne in a 100% atom economical manner.  

7a.3 RESULTS AND DISCUSSION 

To test the feasibility of this developed method, we have screened several parameters 

from standard reaction conditions (Scheme 7a.1). After extensive investigation of 

different reaction parameters, a composition containing 1-phenylpyrrolidin-2-one 1a (1 

equiv), (oxybis(prop-1-yne-3,1-diyl))dibenzene 2a (2 equiv),  Cp*Co(CO)I2 catalyst (10 

mol %), AgSbF6 (20 mol %), Cu(OAc)2 (1.5 equiv) as an additive and 1,2-

dichlorobenzene solvent (0.1M) at 80 °C facilitated the desired product 3aa in 78% 

isolated yield (Scheme 7a.1, entry 1). We performed several deviation experiments from 

the standard condition. First, we tested a variety of solvents, such as methanol, benzene, 

tetrahydrofuran, dichloromethane, and acetonitrile, all of which failed to produce 

product 3aa (Table 7a.1, entry 2). However, the chlorobenzene worked well, giving a 

61% yield (Table 7a.1, entry 3). While screening the aryl-based mixture of chlorinated 

solvents, we observed that the 1:1 ratio of chlorobenzene and 1,2-dichlorobenzene gave 

3aa in 53% yield (Table 7a.1, entry 4). A detrimental effect on the product yield has 
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been observed while screening different silver salts such as AgBF4 and AgNTf2 (Table 

7a.1, entries 5,6).  

Table 7a.1. Optimization Studies Hydroarylation of 1,6-diynea,b,c 

 
aReaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), additive (1.5 equiv), solvents (1 mL), 80 °C, N2, 
bIsolated yield, cmethanol, 

benzene, tetrahydrofuran, 1,4-dioxane, dichloromethane, acetonitrile. 

 



                                                                                                                     

 

 

 

239 

 

Further, the amount of copper acetate has been screened from 1.5 equivalents to 1 and 

2 equivalents, but the yield did not increase (Table 7a.1, entries 7,8). To check the 

feasibility of other metal salts, Cu2O was tested instead of Cu(OAc)2, and NaOAc was 

tested instead of Cu(OAc)2. In both cases, 3aa was obtained in a lower yield, which 

suggests that copper acetate is the most favorable additive for this conversion (Table 

7a.1, entries 9, 10). To know the importance of Co(III)-catalyst, other cobalt-based 

catalysts have been tested, such as Co(acac)2 and Co2(CO)8, but both failed to produce 

the desired product 3aa (Table 7a.1, entries 11,12).  Next, the equivalent of coupling 

partner 2a has also been screened from 2 to 1 and 3 equivalents. However, no 

enhancement in yield was observed (Table 7a.1, entries 13,14). Further, physical 

deviations like temperature and concentration of solvents have varied from standard 

reaction conditions (Table 7a.1, entries 15-18). From these results, we concluded that a 

temperature of 80 °C and solvent concentration of 0.1M is optimal for this 

transformation. Control experiments revealed that copper acetate and cobalt(II)-catalyst 

is crucial for this methodology (Table 7a.1, entries 19,20).   

Next, we scrutinized the general applicability of the optimized condition by 

varying different substrates (Scheme 7a.1). The transformation was very general and 

worked well with a broad range of substrates. It was observed that meta-substitution 

using electron-rich substituents such as methyl, methoxy, and allyloxy resulted in good 

yields 3ba-3da. Out of these, the allyloxy substrate is of high significance as it can 

easily undergo further intramolecular cyclization to form a pyran derivative, but it 

preferentially gave the hydroarylated product. Acetyl group substituted 3ea gave 

moderate results, whereas chloro-substitution 3fa yielded a good yield. 3,4-

dimethylphenyl pyrrolidinone 3ga was also compatible and resulted in a good yield. 
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Next, we examined the effect of different substituents at the para-position of the phenyl 

ring. Electron-rich substituents offered good yields 3ha-3ka, while electron-

withdrawing ones gave good results 3la-3oa. The success of both electronically rich 

and deficient substrates suggests electronics' minimal role in this transformation.   

Scheme 7a. 1. Scope of Various Substituted 1-phenylpyrrolidin-2-one and 1,6 diyne. 

 

aReaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), [Cp*Co(CO)I2] (10 mol %), Ag 

salt (20 mol %), additive (1.5 equiv), solvents (1 mL), 80 °C, N2, 
bIsolated yield, 

cmethanol, benzene, tetrahydrofuran, 1,4-dioxane, dichloromethane, acetonitrile. 
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Notably, some synthetically valuable functionalities such as chloro, bromo, and 

carbonyl-based functional groups were amenable to the condition, which can be easily 

converted to other functionalities. Considering the synthetic significance of thiophene 

derivatives, we tried our condition on a thiophene-based substrate, which delightfully 

resulted in a good yield of product 3pa. Unfortunately, ortho-substituted substrates 

could not withstand the condition, reflecting the operation of the steric factor. For the 

same reason, the naphthyl-based substrate 3qa also resulted in no reaction as the ortho-

position is blocked by the second benzene ring, resulting in steric hindrance towards the 

carbonyl group. Furthermore, apart from the oxygen-based 1,6 diyne, we also tried an 

N-protected 1,6 diyne as a coupling partner, which furnished the corresponding product 

3ab in good yield.   

To understand the reaction mechanism and catalytic potential of the catalyst, several 

mechanistic and control studies have been carried out (Scheme 7a.2). Initially, the 

deuterium exchange experiment was performed with 1-phenylpyrrolidin-2-one 1a using 

deuterium oxide as a deuterium source under standard conditions (Scheme 7a.2a). This 

resulted in 24% deuteration at the ortho-position of 1- phenylpyrrolidin-2-one 1a, which 

suggests the reversibility of C-H bond activation step. To check the rate-determining 

step in the reaction, intermolecular parallel kinetic isotope experiments were performed 

using 1a and 1a-d, where the value of KIE was observed to be 1.13 (Scheme 7a.2b).  
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Scheme 2. Mechanistic Experiments. 

 

These experiments suggest that the C-H bond activation step is not the rate-determining 

step. Further, to know the pathway of the reaction mechanism, the radical scavengers 

2,2,6,6-tetramethylpiperidinyloxy (TEMPO) and butylated hydroxytoluene (BHT) 

have been subjected to the standard reaction, which resulted in a synthetically useful 

amount of the desired product 3aa (Scheme 7a.3a). This indicates the non-involvement 

of a radical pathway for this conversion. Notably, the six-membered cobaltacycle 

intermediate (Scheme 7a.3b) has been detected through ESI-MS (Electrospray 

ionization mass spectrometry), indicating the C-metalation after C-H bond activation. 

Also, the coupling partner-derived intermediate has been detected in ESI-MS 
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(Electrospray ionization mass spectrometry), which suggests that there is a possibility 

that cobalt first coordinates through π-bond complexation followed by cyclization of 

1,6 diyne (Scheme 7a.3c). However, it seems the reaction predominantly proceeds 

through C-H bond activation followed by an alkyne insertion pathway. 

Scheme 7a.3. Detection of Intermediates through LCMS. 

 

Based on these mechanistic studies, control experiments, and literature precedence,13 

the plausible catalytic cycle has been depicted in Scheme 7a.4. Initially, the active 

cobalt catalyst A is generated in the presence of AgSbF6 and Cu(OAc)2, which drives 

both the proposed pathways. The active catalyst A coordinates with 1-phenylpyrrolidin-

2-one 1 through weak coordination. After C-H activation, the six-membered 

cobaltacycle intermediate B is generated and detected through ESI-MS (Electrospray 
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ionization mass spec-trometry). Further, alkyne 2 coordination gives inter-mediate C, 

which leads to the generation of intermediate D through alkyne insertion in a highly 

selective manner. Then, proto-demetallation gives the desired product 3, along with the 

generation of active catalyst A for the next catalytic cycle.  

Surprisingly, we did not observe the expected dehydrogenative cyclized product, 

even though 1,6 diyne is well-known for giving the cyclized product through a reductive 

elimination pathway. For this, the active catalyst A initially coordinates with coupling 

partner 2 to provide the intermediate E. Then, alkyne insertion, followed by reductive 

cyclization, leads to the generation of intermediate F, which has been detected through 

ESI-MS (Electrospray ionization mass spectrometry). Next, the cobalt catalyst from 

intermediate F coordinates with the 1-phenylpyrrolidin-2-one 1 and gives intermediate 

G through C-H bond activation.  

Scheme 7a.4. Plausible Catalytic Pathway for Cobalt Catalyzed Hydro-arylative 

Functionalization of 1,6 diyne. 
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Finally, reductive elimination could provide the final product 7a.4 along with the 

generation of reduced cobaltcatalyst H. Further active catalyst A could be re-generated 

via the oxidation of cobalt(0) in the presence of copper. Even though copper acetate has 

been used for this conversion, it acts as an additive rather than an oxidant. 

7a.3 CONCLUSION 

In conclusion, we have achieved highly regioselective hydroarylation of 1,6 diyne using 

first-row transition metal cobalt via weak coordination, which is sustainable and an 

active branch of research in catalysis. The regioselective C-H metalation and highly 

atom economic transformation is the key aspect of this methodology. The detection of 

six-membered cobaltcycle intermediate through ESI-MS (Electrospray ionization mass 

spectrometry) and cobalt-tetrahydrofuran intermediate supports the proposed catalytical 

cycle. The kinetic isotope experiments suggest that C-H bond activation is not involved 

in the rate-determining step. Also, the radical scavenger experiments rule out the 

possibility of having radical pathways in the mechanism. This method provides easy 

access to various sterically and electronically biased products in good yields.  

Limitations: Ortho-substituted N-aryl γ-lactam is incompatible with optimized 

reaction conditions, most likely due to steric hindrance of the ortho-substituents.  

 

7a.5 EXPERIMENTAL SECTION15 

Reactions were performed using borosil Schlenk tube vial under an N2 atmosphere. 

Column chromatography was done by using 100-200 & 230-400 mesh size silica gel of 

Acme Chemicals. Gradient elution was performed by using distilled petroleum ether 

and ethyl acetate. TLC plates were detected under UV light at 254 nm. 1H NMR and 

13C NMR were recorded on Bruker AV 400, 700 MHz spectrometers using CDCl3 as 
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NMR solvents. The residual CHCl3 for 1H NMR (δ = 7.26 ppm) and the deuterated 

solvent signal for 13C NMR (δ = 77.36 ppm) is used as reference.16 Multiplicity (s = 

single, d = doublet, t = triplet, q = quartet, m = multiplet, dd = double doublet), 

integration, and coupling constants (J) in hertz (Hz). HRMS signal analysis was 

performed using a micro TOF Q-II mass spectrometer. X-ray analysis was conducted 

using a Rigaku Smartlab X-ray diffractometer at SCS, NISER. Reagents and starting 

materials were purchased from Sigma Aldrich, Alfa Aesar, TCI, Avra, Spectrochem, 

Carbanio, and other commercially available sources and used without further 

purification unless otherwise noted. 

(a) General reaction procedure for hydro-arylative C-H bond functionalization: 

To a pre-dried sealed tube under N2, the mixture of 1-phenylpyrrolidin-2-one 1 (0.1 

mmol), (oxybis(prop-1-yne-3,1-diyl))dibenzene 2 (0.2 mmol), [Cp*Co(CO)I2] (10 mol 

%), AgSbF6 (20 mol %), Cu(OAc)2 (1.5 equivalent), and 1,2-dichlorobenzene (1 mL) 

were added and sealed inside the glove box. The reaction mixture was vigorously stirred 

at 80 ℃ on the preheated aluminum block for 30 h. After 30 h (completion of the 

reaction as monitored by TLC analysis), the reaction mixture was cooled to room 

temperature and diluted with ethyl acetate/dichloromethane and passed through a short 

celite pad, the solvent was evaporated under reduced pressure, and the residue was 

purified by column chromatography using EtOAc/hexane mixture on silica gel to give 

the pure product 3. 
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Experimental characterization data of products: 

 
(Z)-1-(2-(1-phenyl-3-((3-phenylprop-2-yn-1-

yl)oxy)prop-1-en-2-yl)phenyl)pyrrolidin-2-one (3aa): 

was prepared according to the general procedure (7a.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) 

giving (32 mg, 0.1 mmol scale) 78% yield. Physical State: colourless liquid. Rf -value: 

0.4 (30% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.50 – 7.44 (m, 3H), 7.38–

7.33 (m, 6H), 7.32- 7.22 (m, 5H), 6.77 (s, 1H), 4.51 (s, 2H), 4.36 (s, 2H), 3.78 (t, J = 

7.2Hz, 2H), 2.48 (t, J = 8.0Hz, 2H), 2.12 – 2.05 (m, 2H). 13C NMR (CDCl3, 100 MHz): 

δ 175.7, 141.0, 136.9, 136.7, 135.4, 135.2, 132.0, 130.0, 129.3, 128.7, 128.5, 128.4, 

128.0, 127.9, 122.9, 86.9, 85.3, 69.0, 59.1, 51.2, 31.7, 19.4. IR (KBr, cm-1): 3461, 2984, 

2313, 1734, 1244. HRMS (ESI) m/z: [M+Na]+ Calcd for C28H25NO2Na  430.1778; 

Found 430.1746. 

(Z)-1-(5-methyl-2-(1-phenyl-3-((3-phenylprop-2-

yn-1-yl)oxy)prop-1-en-2-yl)phenyl)pyrrolidin-2-

one (3ba): was prepared according to the general 

procedure (7a.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving (35 mg, 0.1 mmol scale) 83% yield. Physical State: brown 

liquid Rf -value: 0.5 (30% EtOAc/hexane). 1H NMR (CDCl3, 700 MHz): δ 7.44 (d, J 

= 7.0Hz, 2H), 7.38 – 7.36 (m, 3H), 7.33 – 7.28 (m, 6H), 7.13 (d, J = 7.7Hz, 1H), 7.08 

(s, 1H), 6.75 (s, 1H), 4.50 (s, 2H), 4.35 (s, 2H), 3.76 (t, J = 7.0Hz, 2H), 2.47 (t, J = 

8.4Hz, 2H), 2.36 (s, 3H) 2.10 – 2.06 (m, 2H). 13C NMR (CDCl3, 176 MHz):  δ 175.79, 
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138.78, 138.05, 136.93, 136.81, 135.41, 135.02, 132.07, 129.80, 129.34, 129.11, 

128.97, 128.76, 128.73, 128.60, 127.84, 122.99, 86.8, 85.44, 69.18, 59.19, 51.36, 31.80, 

21.36, 19.49. IR (KBr, cm-1): 3446, 1700, 1071, 697. HRMS (ESI) m/z: [M+Na]+ 

Calcd for C29H27NO2Na  444.1934; Found 444.1938. 

(Z)-1-(5-methoxy-2-(1-phenyl-3-((3-

phenylprop-2-yn-1-yl)oxy)prop-1-en-2-

yl)phenyl)pyrrolidin-2-one (3ca): was prepared 

according to the general procedure (7a.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) giving (32 mg, 0.1 mmol scale) 

73% yield. Physical State: colourless liquid Rf -value: 0.5 (30% EtOAc/hexane). 1H 

NMR (DMSO-d6, 400 MHz): δ 7.47-7.42 (m, 10H), 7.31 (t, J = 7.2 Hz, 1H), 6.93 (d, 

J = 8.4 Hz, 1H), 6.89 (d, J = 2.0 Hz, 1H), 6.65 (s, 1H), 4.44 (s, 2H), 4.41 (s, 2H), 3.81 

(s, 3H), 3.75 (t, J = 6.8 Hz, 2H), 2.35 (t, J = 8.0 Hz, 2H), 2.05 (q, J = 7.2 Hz, 2H). 13C 

NMR (DMSO-d6, 100 MHz):  δ 174.8, 159.7, 138.8, 138.3, 137.2, 136.5, 136.1, 133.9, 

133.5, 132.3, 131.1, 129.7, 129.6, 129.5, 129.3, 128.3, 127.3, 122.7, 113.9, 113.9, 86.9, 

86.7, 68.9, 58.8, 56.3, 51.1, 40.4, 31.7, 19.6. IR (KBr, cm-1): 3445, 1702, 1073, 689. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C29H27NO3Na  460.1883; Found 460.1903. 

(Z)-1-(5-(allyloxy)-2-(1-phenyl-3-((3-

phenylprop-2-yn-2-yl)oxy)prop-1-en-1-

yl)phenyl)pyrrolidin-2-one (3da): was 

prepared according to the general procedure 

(7a.5a). The crude reaction mixture was 

purified by column chromatography using silica gel (100-200 mesh size) giving (29 mg, 
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0.1 mmol scale) 63% yield. Physical State: brown liquid Rf -value: 0.35 (20% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.43 (d, J = 8.0Hz, 2H), 7.38 (t, J = 

9.6Hz, 3H), 7.34- 7.29 (m, 6H), 6.88 ( d, J = 8.4Hz, 1H ), 6.82 ( d, J = 2.4Hz, 1H ),  

6.73 (s, 1H), 6.08 – 6.01 ( m, 1H ), 5.42 ( d, J = 17.2Hz, 1H ), 5.29 ( d, J = 10.4Hz, 1H ),  

4.53 ( d, J = 5.2Hz, 2H ), 4.48 (s, 2H ), 4.36 ( s, 2H ), 3.77 (t, J = 7.2Hz, 2H), 2.47 (t, J 

= 8.4Hz, 2H), 2.12 – 2.04 ( m, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.6, 166.3, 

158.7, 137.9, 136.9, 135.1, 134.9, 133.4, 133.3, 132.0, 130.8, 129.3, 128.7, 128.6, 127.8, 

122.9, 118.1, 114.7, 114.4, 86.8, 85.4, 69.3, 69.2, 59.1, 51.2, 31.7, 19.4. IR (KBr, cm-

1): 3447, 1071, 1696, 699. HRMS (ESI) m/z: [M+Na]+ Calcd for C31H29NO3Na  

486.2136; Found 486.2136. 

(Z)-1-(5-acetyl-2-(1-phenyl-3-((3-phenylprop-

2-yn-1-yl)oxy)prop-1-en-2-

yl)phenyl)pyrrolidin-2-one (3ea): was prepared 

according to the general procedure (7a.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) giving (26 mg, 0.1 mmol scale) 

58% yield. Physical State: yellow liquid Rf -value: 0.4 (30% EtOAc/hexane). 1H NMR 

(DMSO-d6, 400 MHz): δ 7.91 (d, J = 8.4Hz, 1H), 7.86 (s, 1H), 7.66 (d, J = 8.0Hz, 1H), 

7.44 (d, J = 7.6Hz, 2H), 7.41 – 7.32 (m, 8H), 6.73 (s, 1H), 4.48 (s, 2H), 4.38 (s, 2H), 

3.76 (t, J = 6.8Hz, 2H), 2.59 (s, 3H), 2.36 (t, J = 8.0Hz, 2H), 2.10 – 2.03 (m, 2H). 13C 

NMR (CDCl3, 176 MHz): δ 175.9, 138.2, 137.3, 136.9, 136.7, 135.4, 134.9, 134.4, 

132.0, 130.9, 129.4, 129.3, 128.7, 128.7, 128.5, 127.8, 123.0, 86.8, 85.4, 69.1, 59.1, 

51.4, 31.7, 19.8, 19.4. IR (KBr, cm-1): 3469, 2255, 1700, 1650, 1275, 1024 HRMS 

(ESI) m/z: [M+Na]+ Calcd for C30H27NO3Na  472.1883; Found 472.1906. 
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(Z)-1-(5-chloro-2-(1-phenyl-3-((3-phenylprop-2-

yn-1-yl)oxy)prop-1-en-2-yl)phenyl)pyrrolidin-2-

one (3fa): was prepared according to the general 

procedure (7a.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving (32 mg, 0.1 mmol scale) 72% yield. Physical State: solid 

brown m.p.: 184–186 ℃ Rf -value: 0.45 (30% EtOAc/hexane). 1H NMR (CDCl3, 400 

MHz): δ 7.44-7.42 (m, 3H), 7.37–7.28 (m, 10H), 6.75 (s, 1H), 4.48 (s, 2H), 4.35 (s, 

2H), 3.77 (t, J = 7.2Hz, 2H), 2.47 (t, J = 8.0Hz, 2H), 2.13 – 2.06 (m, 2H). 13C NMR 

(CDCl3, 176 MHz): δ 175.6, 139.5, 138.1, 136.5, 135.5, 134.6, 133.8, 132.0, 131.1, 

129.3, 128.8, 128.8, 128.6, 128.2, 128.1, 122.8, 87.0, 85.2, 68.9, 59.2, 51.1, 31.6, 19.5. 

IR (KBr, cm-1): 3447, 1714, 1070, 700. HRMS (ESI) m/z: [M+Na]+ Calcd for 

C28H24ClNO2Na  464.1388; Found 464.1351. 

(Z)-1-(4,5-dimethyl-2-(1-phenyl-3-((3-

phenylprop-2-yn-1-yl)oxy)prop-1-en-2-

yl)phenyl)pyrrolidin-2-one (3ga): was prepared 

according to the general procedure (7a.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) giving (27 mg, 0.1 mmol scale) 

62% yield. Physical State: colourless liquid Rf -value: 0.5 (40% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 7.44 (d, J = 7.6Hz, 2H), 7.36 (d, J = 7.2Hz, 2H), 7.33- 

7.29 (m, 4H), 7.24 (s, 3H), 7.03 (s, 1H), 6.75 (s, 1H), 4.49 (s, 2H), 4.36 (s, 2H), 3.74 (t, 

J = 7.2Hz, 2H), 2.47 (t, J = 8.4Hz, 2H), 2.25 (d, J = 4.8 Hz, 6H), 2.10 – 2.03 (m, 2H). 

13C NMR (CDCl3, 176 MHz): δ 175.9, 138.2, 137.3, 136.9, 136.7, 135.4, 134.9, 134.4, 
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132.0, 130.9, 129.4, 129.3, 128.7, 128.7, 128.5, 127.8, 123.0, 86.8, 85.4, 69.1, 59.1, 

51.4, 31.7, 19.8, 19.4. IR (KBr, cm-1): 3420, 2843, 1684, 992, 767. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C30H29NO2Na  458.2091; Found 458.2108. 

(Z)-1-(4-methyl-2-(1-phenyl-3-((3-phenylprop-2-

yn-1-yl)oxy)prop-1-en-2-yl)phenyl)pyrrolidin-2-

one (3ha): was prepared according to the general 

procedure (7a.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving (29 mg, 0.1 mmol scale) 69% yield. Physical State: yellow 

liquid Rf -value: 0.4 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.45 (d, J 

= 7.6Hz, 2H), 7.38 – 7.23 (m, 11H), 6.76 (s, 1H), 4.50 (s, 2H), 4.37 (s, 2H), 3.75 (t, J = 

7.2 Hz, 2H), 2.47 (t, J = 8.2Hz, 2H), 2.34 (s, 3H), 2.11 – 2.04 (m, 2H). 13C NMR 

(CDCl3, 100 MHz): δ 175.8, 140.7, 137.9, 136.8, 135.5, 135.1, 134.3, 132.0, 130.5, 

129.5, 129.3, 128.7, 128.7, 128.5, 128.2, 127.8, 122.9, 86.9, 85.4, 69.0, 59.1, 51.3, 31.7, 

21.4, 19.4. IR (KBr, cm-1): 3447, 1696, 1180, 668. HRMS (ESI) m/z: [M+Na]+ Calcd 

for C29H27NO2Na  444.1934; Found 444.1920. 

(Z)-1-(4-(tert-butyl)-2-(1-phenyl-3-((3-

phenylprop-2-yn-1-yl)oxy)prop-1-en-2-

yl)phenyl)pyrrolidin-2-one (3ia): was prepared 

according to the general procedure (7a.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) giving (35 mg, 0.1 mmol scale) 

76% yield. Physical State: colourless liquid Rf -value: 0.5 (30% EtOAc/hexane). 1H 

 

 



                                                                                                                     

 

 

 

252 

 

NMR (CDCl3, 400 MHz): δ 7.48 (d, J = 8.8Hz, 3H), 7.38 – 7.33 (m, 5H), 7.31 –7.27 

(m, 4H), 7.18 (d, J = 8.4Hz, 1H), 6.78 (s, 1H), 4.51 (s, 2H), 4.37 (s, 2H), 3.76 (t, J = 

7.2Hz, 2H), 2.48 (t, J = 8.0Hz, 2H), 2.12 – 2.04 (m, 2H), 1.32 (s, 9H). 13C NMR (CDCl3, 

100 MHz): δ 175.83, 150.91, 140.40, 136.89, 135.86, 135.13, 134.20, 132.09, 129.37, 

128.76, 128.74, 128.58, 127.89, 127.87, 126.94, 125.90, 122.97, 86.91, 85.39, 69.28, 

59.17, 51.39, 35.01, 31.79, 31.66, 19.45. IR (KBr, cm-1): 3447, 1653, 1071, 749. 

HRMS (ESI) m/z: [M+H]+ Calcd for C32H34NO2  464.2584; Found 464.2597. 

(Z)-1-(3-(1-phenyl-3-((3-phenylprop-2-yn-1-

yl)oxy)prop-1-en-2-yl)-[1,1'-biphenyl]-4-

yl)pyrrolidin-2-one (3ja): was prepared according to 

general procedure (7a.5a). The crude reaction 

mixture was purified by column chromatography 

using silica gel (100-200 mesh size) giving (31 mg, 0.1 mmol scale) 64% yield. 

Physical State: solid brown m.p.: 193–195 ℃ Rf -value: 0.35 (30% EtOAc/hexane). 

1H NMR (CDCl3, 400 MHz): δ 7.71 (s, 1H), 7.57 (t, J = 8.0Hz, 3H), 7.46 (d, J = 7.6Hz, 

2H),7.41 – 7.32 (m, 8H), 7.29 –7.25 (m, 4H), 6.83 (s, 1H), 4.57 (s, 2H), 4.38 (s, 2H), 

3.82 (t, J = 7.2Hz, 2H), 2.51 (t, J = 8.0Hz, 2H), 2.15 – 2.08 (m, 2H). 13C NMR (CDCl3, 

100 MHz): δ 175.90, 141.20, 141.11, 140.79, 136.77, 136.17, 135.48, 135.37, 132.07, 

129.37, 129.12, 128.87, 128.81, 128.79, 128.76, 128.60, 127.99, 127.82, 127.60, 

127.49, 122.90, 87.02, 85.34, 77.36, 69.02, 59.19, 51.31, 31.78, 19.53. IR (KBr, cm-1): 

3447, 1675, 1183, 758. HRMS (ESI) m/z: [M+Na]+ Calcd for C34H29NO2Na  506.2091; 

Found 506.2099. 
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(Z)-1-(4-methoxy-2-(1-phenyl-3-((3-phenylprop-

2-yn-1-yl)oxy)prop-1-en-2-yl)phenyl)pyrrolidin-

2-one (3ka): was prepared according to the general 

procedure (7a.5a). The crude reaction mixture was 

purified by column chromatography using silica 

gel (100-200 mesh size) giving (29 mg, 0.1 mmol scale) 66% yield. Physical State: 

colourless liquid Rf -value: 0.4 (20% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 

7.45 ( d, J = 7.6Hz, 2H ), 7.38 – 7.35 (m, 2H), 7.33 –7.27 (m, 6H),7.17 ( d, J = 8.8Hz, 

1H ), 7.03 ( d, J = 2.8Hz, 1H ), 6.88 ( d, J = 8.8Hz, 1H ),   6.78 (s, 1H),  4.49 (s, 2H ), 

4.37 ( s, 2H ),  3.06 ( s, 3H ), 3.73 (t, J = 7.2Hz, 2H), 2.46 (t, J = 8.0Hz, 2H), 2.11 – 

2.03 ( m, 2H). 13C NMR (CDCl3, 176 MHz): δ 175.9, 159.0, 142.3, 136.7, 135.3, 135.2, 

132.0, 129.7, 129.5, 129.3, 128.7, 128.7, 128.6, 127.9, 122.9, 115.2, 114.1, 86.9, 85.3, 

69.0, 59.2, 55.8, 51.5, 31.6, 19.3. IR (KBr, cm-1): 3447, 2347, 1751, 1240, 1046, 737. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C29H27NO3Na  460.1883; Found 460.1903. 

(Z)-1-(4-acetyl-2-(1-phenyl-3-((3-phenylprop-

2-yn-1-yl)oxy)prop-1-en-2-

yl)phenyl)pyrrolidin-2-one (3la): was prepared 

according to the general procedure (7a.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) giving (31 mg, 0.1 mmol scale) 

69% yield. Physical State: yellow solid m.p.: 186–188 ℃ Rf -value: 0.3 (40% 

EtOAc/hexane). 1H NMR (DMSO-d6, 400 MHz): δ 8.09 (d, J = 2.0Hz, 1H), 7.97 (d, J 

= 8.4Hz, 1H), 7.49 (t, J = 7.6Hz, 3H), 7.44–7.34 (m, 8H), 6.74 (s, 1H), 4.51 (s, 2H), 

4.43 (s, 2H), 3.81 (t, J = 7.2Hz, 2H), 2.62 (s, 3H), 2.39 (t, J = 8.0Hz, 2H), 2.13 – 2.06 

 

 



                                                                                                                     

 

 

 

254 

 

(m, 2H). 13C NMR (DMSO-d6, 176 MHz): δ 198.2, 175.0, 142.1, 141.1, 136.9, 136.2, 

136.1, 134.7, 132.3, 130.4, 13.15, 129.8, 129.8, 129.6, 129.4, 128.8, 128.7, 128.6, 122.7, 

119.3, 87.1, 86.7, 68.6, 58.9, 50.9, 31.8, 27.7, 19.8. IR (KBr, cm-1): 3420, 2253, 1695, 

1244, 1025, 763. HRMS (ESI) m/z: [M+Na]+ Calcd for C30H27NO3Na  472.1883; 

Found 472.1866. 

(Z)-1-(4-fluoro-2-(1-phenyl-3-((3-phenylprop-2-

yn-1-yl)oxy)prop-1-en-2-yl)phenyl)pyrrolidin-2-

one (3ma): was prepared according to the general 

procedure (7a.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving (32 mg, 0.1 mmol scale) 75% yield. Physical State: 

colourless liquid Rf -value: 0.4 (30% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 

7.43 (d, J = 7.2 Hz, 2H), 7.38 – 7.35 (m, 2H), 7.33 – 7.28 (m, 5H), 7.27 – 7.21 (m, 3H), 

7.03 (t, J = 8.4Hz, 1H), 6.78 (s, 1H), 4.49 (s, 2H), 4.37 (s, 2H), 3.74 (t, J = 6.8Hz, 2H), 

2.47 (t, J = 8.0Hz, 2H), 2.12 – 2.05 (m, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.9, 

163.1, 160.6, 143.1 (d, J = 34.2Hz), 136.4, 135.7, 134.4 (d, J = 4.4Hz), 132.9 (d, J = 

12.0Hz), 132.0, 130.2 (d, J = 35.6Hz), 129.3, 128.8, 128.6, 128.1, 122.8, 116.7 (d, J = 

90.0Hz), 115.7 (d, J = 88.8Hz), 87.1, 85.1, 68.8, 59.2, 51.3, 31.6, 19.4. 19F NMR 

(CDCl3, 101 MHz): δ -113.9 IR (KBr, cm-1): 3447, 1684, 1071, 698. HRMS (ESI) m/z: 

[M+Na]+ Calcd for C28H24FNO2Na  448.1683; Found 448.1655. 
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(Z)-1-(4-chloro-2-(1-phenyl-3-((3-phenylprop-2-

yn-1-yl)oxy)prop-1-en-2-yl)phenyl)pyrrolidin-2-

one (3na): was prepared according to the general 

procedure (7a.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving (38 mg, 0.1 mmol scale) 86% yield. Physical State: 

colourless liquid Rf -value: 0.4 (40% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 

7.49 (d, J = 2.0Hz, 1H), δ 7.43 (d, J = 7.6Hz, 3H), 7.38–7.27 (m, 8H), δ 7.20 (d, J = 

8.4Hz, 1H), 6.76 (s, 1H), 4.48 (s, 2H), 4.37 (s, 2H), 3.75 (t, J = 7.2Hz, 2H), 2.47 (t, J = 

8.0Hz, 2H), 2.12 – 2.05 (m, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.7, 142.9, 136.3, 

136.1, 135.9, 134.4, 132.9, 132.1, 131.75, 130.0, 129.3, 128.8, 128.6, 128.2, 122.8, 

121.6, 87.1, 85.1, 77.3, 68.7, 59.2, 51.0, 31.6, 19.4. IR (KBr, cm-1): 3446, 1700, 1070, 

734. HRMS (ESI) m/z: [M+H]+ Calcd for C28H25ClNO2  442.1568; Found 442.1550. 

(Z)-1-(4-bromo-2-(1-phenyl-3-((3-phenylprop-2-

yn-1-yl)oxy)prop-1-en-2-yl)phenyl)pyrrolidin-2-

one (3oa): was prepared according to the general 

procedure (7a.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving (30 mg, 0.1 mmol scale) 62% yield. Physical State: brown 

liquid Rf -value: 0.4 (30% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.64 (d, J 

= 2.0Hz, 1H), 7.47- 7.42 (m, 3H), 7.39- 7.29 (m, 8H), 7.14 (d, J = 8.4Hz, 1H), 6.76 (s, 

1H), 4.48 (s, 2H), 4.37 (s, 2H), 3.75 (t, J = 7.2Hz, 2H), 2.47 (t, J = 8.4Hz, 2H), 2.13 – 

2.05 (m, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.5, 137.3, 136.3, 135.7, 134.1, 133.7, 

132.1, 130.2, 129.4, 129.3, 128.8, 128.6, 128.1, 127.9, 126.2, 123.8, 123.6, 122.9, 
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121.1, 87.1, 85.1, 68.8, 58.9, 50.4, 31.5, 19.4. IR (KBr, cm-1): 3446, 1675, 1070, 757. 

HRMS (ESI) m/z: [M+Na]+ Calcd for C28H24BrNO2Na  508.0883; Found 508.0867. 

(Z)-1-(4-(1-phenyl-3-((3-phenylprop-2-yn-1-

yl)oxy)prop-1-en-2-yl)thiophen-3-yl)pyrrolidin-2-one 

(3pa): was prepared according to the general procedure 

(2.4). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size), giving (27 mg, 0.1 mmol scale) 66% yield. Physical State: colourless liquid, Rf 

-value: 0.4 (30% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.43 (d, J = 7.6Hz, 

2H), 7.38 – 7.35 (m, 3H), 7.33–7.28 (m, 6H), 7.04 (d, J = 5.2Hz ,1H), 6.97 (s, 1H), 4.50 

(s, 2H), 4.41 (s, 2H), 3.76 (t, J = 7.2Hz, 2H), 2.48 (t, J = 8.0Hz, 2H), 2.13 – 2.06 (m, 

2H). 13C NMR (CDCl3, 176 MHz): δ 175.5, 137.3, 136.3, 135.7, 133.7, 132.1, 130.2, 

129.4, 129.3, 128.8, 128.6, 128.1, 126.2, 123.8, 122.9, 93.2, 87.1, 85.1, 68.8, 58.9, 50.4, 

31.5, 19.4. IR (KBr, cm-1): 3447, 1700, 1288, 1070, 693. HRMS (ESI) m/z: [M+Na]+ 

Calcd for C26H23NO2SNa  436.1342; Found 436.1330. 

(Z)-4-methyl-N-(3-(2-(2-oxopyrrolidin-1-yl)phenyl)-

3-phenylallyl)-N-(3-phenylprop-2-yn-2-

yl)benzenesulfonamide (3ab): was prepared according 

to the general procedure (7a.5a). The crude reaction 

mixture was purified by column chromatography using 

silica gel (100-200 mesh size) giving (33 mg, 0.1 mmol scale) 59% yield. Physical 

State: solid white m.p.: 206–208 ℃ Rf -value: 0.35 (40% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 7.57 – 7.51 (m, 3H), 7.39 – 7.27 (m, 6H), 7.24- 7.21 
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(m, 2H), 7.19 -7.14 (m, 3H), 7.09 (d, J = 8Hz, 2H), 6.83 (s, 1H), 6.78 (d, J = 8Hz, 

2H), 4.39 (s, 2H), 4.05 (s, 2H), 3.88 (t, J = 7.2Hz, 2H), 2.54 (t, J = 8.0Hz, 2H), 2.22 

(s, 3H), 2.18 (t, J = 7.6Hz, 2H). 13C NMR (CDCl3, 176 MHz): δ 175.1, 143.7, 139.1, 

137.3, 136.6, 135.7, 135.1, 134.9, 131.7, 131.1, 129.6, 129.3, 128.9, 128.6, 128.4, 

128.3, 128.1, 127.8, 127.5, 127.2, 122.5, 86.0, 82.1, 51.5, 46.2, 38.2, 31.8, 21.6, 

19.5. IR (KBr, cm-1): 3447, 2372, 1696, 1195, 698. HRMS (ESI) m/z: [M]+ Calcd 

for C35H33N2O3S 561.2206; Found 561.2239. 
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NMR spectra of (Z)-1-(2-(1-phenyl-3-((3-phenylprop-2-yn-1-yl)oxy)prop-1-en-2-

yl)phenyl)pyrrolidin-2-one (3aa): 

 

 

 

13C{1H} NMR of 3aa (100 MHz, CDCl3) 

1H NMR of 3aa (400 MHz, CDCl3) 
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Chapter 7(B) 

Weak-chelation assisted cobalt-catalyzed C-H bond activation: 

An approach towards regioselective ethynylation of N-aryl γ-

lactam 

 

7b.1 ABSTRACT 

The sustainable C-H bond ethynylation of N-aryl γ-lactam has been achieved in a highly 

regioselective manner. In this protocol, earth-abundant cobalt(III)-catalyst was found 

to be effective, triggering the C-H metallation using a weakly coordinating lactam 

group. Herein, the ortho-(sp2)-H ethynylation has been obtained regioselectively. The 

mechanistic studies reveal the non-involvement of the radical pathway for this 

conversion. However, the parallel kinetic iso-tope experiment suggests that the C-H 

bond activation is involved in the rate-determining step. In addition, the syn-thetic 

utility of ethynylated N-aryl γ-lactam has been demonstrated for many useful 

transformations.   

7b.2 INTRODUCTION  

The diversification of bioactive molecular scaffolds has always been an active area of 

research in the search for new molecules with enhanced properties. γ-lactam is one of 

the essential structures present in several bioactive drugs and natural products as a core 
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skeleton.1 Therefore, the functionalization of γ-lactam derivatives is important because 

of its potential application in medicinal chemistry.2 The N-aryl γ-lactams are known to 

exhibit interesting biological activities3; therefore, diversification of  N-aryl γ-lactams 

is an important research area.  

   The activation and functionalization of the ubiquitous C-H bonds using transition 

metal catalysts have gained enormous attention for the past two decades because of their 

step and atom economic profiles.4,5 Very recently, the concept of utilizing weakly 

chelating and easily modifiable groups such as aldehydes, ketones, esters, and lactams 

along with 3d metals for C-H activation has gained immense attention on account of its 

synthetic usefulness and sustainability.6 Our group has been actively working on this 

concept for several years.7   

   Alkyne is one of the most successful reacting partners in many C-H functionalization 

processes. Many useful transformations have been achieved using alkynes as coupling 

partners.8 Among all transformations of alkyne, the C-H ethynylation is one of the 

synthetically valuable and challenging processes.9-13 In this regards, chatani et al. 

reported palladium catalyzed sp2 C-H alkynylation using triisopropylsilyl-

bromoalkyne.14a Antonio M. Echavarren also reported rhodium-catalyzed ethynylation 

of arenes using (bromoethynyl)trimethylsilane.14b Further, Xianwei Li demonstrated 

iridium catalyzed sp2 C-H alkynylation using ethynyltriisopropylsilane.14c In 

continuation of this transformation, Xiaodong Shi has developed a methodology for 

regioselective ethynylation of arenes utilizing iridium as a catalyst where 

ethynyltrimethylsilane acts as an alkynylating surrogate.15 
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Figure 7b.1. Reactivity of transition metals towards ethynylation using various 

alkynylating agents. 

 

In addition, the alkynylation was reported using various transition metals utilizing 

strongly N-coordinating directing groups.16 Although weak-chelation assisted metal 

catalyzed C-H ethynylation has been documented in the literature, it relies on the 

reactivity of expensive, less abundant 4d and 5d metals such as Pd, Rh, Ir, and silane-

based ethynyl surrogates.14 Therefore, weak-chelation assisted C-H activation using 

first-row transition metal and subsequent functionalization with less explored ethynyl 

surrogates needs to be studied.16 
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Herein we report a methodology utilizing the reactivity of 3d metal cobalt catalyst and 

(bromoethynyl)benzene as reacting partners for the regioselective C-H ethynylation 

through weak-chelating -lactam as a directing group, which was never explored before. 

The salient features of this methodology are as follows (i) Use of -lactam as a weakly 

coordinating group along with earth-abundant cobalt catalyst for C-H ethynylation 

reaction. (ii) Use of non-silicon-based alkyne surrogate (iii)) A mechanistic study 

reveals C-H bond activation is a rate-determining step (iv) The key intermediates have 

been detected through ESI-MS, which supports the proposed mechanism. (v) Synthetic 

application has been performed to make 10-phenyl-7,8-dihydropyrido[1,2-a]indol-

9(6H)-one. 

7b.3 I RESULTS AND DISCUSSION 

Initially, we attempted to optimize the reaction conditions: After screening various 

parameters, a composition containing 1-phenylpyrrolidin-2-one 1a (1 equiv), 

(bromoethynyl)benzene 2a (2 equiv), Cp*Co(CO)I2 catalyst (10 mol %), AgSbF6 (20 

mol %), Ag2CO3 (2 equiv) as an additive and dichloroethane solvent (DCE, 0.1M) at 

80 °C facilitated the desired product 3aa in excellent yield 94 % (Table 7b.1, entry 1). 

Deviations from the standard reaction condition were also studied by changing several 

parameters to fully understand the limits of our condition. Initially, various solvents 

were screened instead of dichloroethane, such as methanol, benzene, tetrahydrofuran, 

1,4-dioxane, and acetonitrile. However, none of these solvents produced the desired 

product 3aa (Table 7b.1, entry 2). Since chlorinated solvent worked well with this 

method, further aromatic hydrocarbon-based chlorinated solvent, such as 

chlorobenzene, has been screened. However, this also failed to enhance the product 

yield (Table 7b.1, entry 3). Further, other silver salts, such as AgBF4 and AgNTF2, were 
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tried as halide scavengers instead of AgSbF6, but we did not see any improvement in 

product yield (Table 7b.1, entries 4-5). To further check the significance of Ag2CO3 for 

this conversion, other bases, such as Li2CO3 and AgOAc, have been screened to 

understand the role of carbonate and silver. Both these bases gave only a moderate 

product yield (Table 7b.1, entries 6-7).  

Table 7b.1. Optimization of reaction condition towards ethynylation.a,b,c 
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aReaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), Cp*Co(CO)I2 (10 mol %), Ag salt 

(20 mol %), additive (2 equiv), solvents (1 mL), 80 °C, N2, 
bsolated yield, cmethanol, 

benzene, tetrahydrofuran, 1,4-dioxane, acetonitrile.  

 

This suggests the critical role of silver carbonate as a basic additive. Apart from its basic 

property we believe silver might enhance the removal of bromide in the β-bromide 

elimination step. Furthermore, the amount of silver carbonate has also been screened 

from 2 equivalents to 1 equivalent and 3 equivalents (Table 7b.1, entry 8-9). But it 

turned out that 2 equivalents of silver carbonate are just optimal for this conversion. To 

check the crucial role of Cp*Co(III) catalyst, other Co(II) and Co(0) catalyst was tested 

with optimized reaction condition, but both the catalysts failed to produce the desired 

product (Table 7b.1, entries 10,11). This suggests that the Cp*Co(III) is an active 

catalyst and is driving the ethynylation process effectively through regioselective C-H 

bond activation. Also, the amount of reacting partner has varied from standard reaction 

conditions, which did not help to enhance the product yield (Table 7b.1, entries 12,13). 

Further, the physical deviation, such as temperature, has been performed from the 

standard condition, which was ineffective in getting an enhanced yield of the desired 

product 3aa (Table 7b.1, entries 14,15). Some control experiments have been performed, 

such as removing additives from standard reaction conditions, but it resulted in no 

reaction (Table 7b.1, entry 16). Absence of Cp*Co(III)-catalyst in the standard reaction 

failed to give the desired ethynylated product 3aa (Table 7.1, entry 17). This suggests 

that this reaction is indeed catalyzed by Cp*Co(III)-catalyst. Moreover, various 

ethynylated reacting partner derivatives have been screened, such as ethynylbenzene, 

(chloroethynyl)benzene, and (iodoethynyl)benzene, but all of them failed to give the 

desired product in good yields (Table 7b.1, entry 18). 
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After optimizing the reaction conditions, we stepped towards the substrate scope where 

various aryl substituted lactam was initially subjected to standard reaction conditions 

(Scheme 7b.1). It was found that meta-substituted electron donating groups (methyl, 

methoxy, -OBn) showed moderate to excellent product yield (Scheme 7b.1, 3ba-3da). 

Further, the meta-substituted fluoro gave a very good ethynylated product yield 

(Scheme 7b.1, 3ea). However, meta-substituted trifluoro-methyl gave only a trace yield 

of the product, possibly due to the high electron-withdrawing nature of the CF3 group 

(Scheme 7b.1, 3fa). The dimethyl substituted substrate 1-(3,4-

dimethylphenyl)pyrrolidin-2-one was compatible with optimized reaction conditions 

and delivered product 3ga in 80% yield. Further, by substituting the para-position, we 

obtained a good yield of the ethynylated product. On substituting electron donating 

group at the para-position of N-aryl γ-lactam such as methyl and methoxy produced 

their respective product in good yields (Scheme 7b.1, 3ha, 3ia). The halogen 

substituents such as chloro-, bromo-, and iodo- at the para-position of N-aryl γ-lactam 

gave moderate to a good yield of the desired products (Scheme 7b.1, 3ja-3la). Notably, 

good product yield was obtained by substituting the para-position with the electron 

withdrawing group such as p-CF3, p-OCF3 (Scheme 7b.1, 3ma-3na). However, the 

para-substituted -COMe derived product has been obtained in poor yield (Scheme 7b.1, 

3oa). Notably, ortho-substituted N-aryl γ-lactam was ineffective with optimized 

reaction conditions. It might be due to the steric crowding near to the directing group, 

thereby inhibiting the reactivity. After scrutinizing the substitution at the N-aryl γ-

lactam's, we moved on to investigate the variations in coupling partners. On substituting 

the para-position of the arylated coupling partner with methyl, excellent yield of 

respective products was obtained (Scheme 7b.1, 3ab). 
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Scheme 7b.1. Scope of various substrate and reacting partners towards cobalt catalyzed 

ethynylation.a,b 

 

aReaction conditions: 1a (0.1 mmol), 2a (0.2 mmol), [Cp*Co(CO)I2] (10 mol %), Ag 

salt (20 mol %), additive (2 equiv), solvents (1 mL), 80 °C, N2, 
bsolated yield, cmethanol, 

benzene, tetrahydrofuran, 1,4-dioxane, acetonitrile.  

 

However, when 1-(bromoethynyl)-4-methoxybenzene was used as a coupling partner, 

only a trace amount of ethynylated product was obtained (Scheme 7b.1, 3ac). Also, 
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when 1-(bromoethynyl)-4-fluorobenzene was used as reacting partner, it gave 54% 

yield of desired product 3ad.  Further, meta-substituted 1-(bromoethynyl)-3-

fluorobenzene coupling partner gave a moderate yield (Scheme 7b.1, 3ae). Surprisingly, 

1-(2-((triisopropylsilyl)ethynyl)phenyl)pyrrolidin-2-one has failed to react with N-aryl 

γ-lactam (Scheme 7b.1, 3af).   

Several mechanistic studies have been investigated to understand the reaction 

mechanism (Scheme 7b.2). Initially, the hydrogen scrambling reaction was performed 

by taking 1a and D2O/CD3OD as deuterium sources under standard reaction conditions. 

We did not observe any deuterium incorporation in starting material 1a, which indicates 

that the C-H metalation step may be an irreversible step (Scheme 7b.2a). Further, an 

intermolecular parallel kinetic isotope experiment was performed between 1a and 1a-d 

using standard reaction conditions within 30 min. The KIE value of 3.2 was observed, 

suggesting that the C-H activation step might be the rate-determining step (Scheme 

7b.2b).18 To check whether the reaction follows an ionic or radical pathway, a radical 

scavenger such as TEMPO was added to the reaction mixture; however, this could not 

diminish the product formation (Scheme 7b.2c). This result tells the reaction is going 

through an anionic pathway rather than a radical pathway. In addition, the six-

membered cobaltacycle intermediate has been detected in high-resolution mass 

spectrometry (HRMS), which confirms the metalation after C-H bond activation 

(Scheme 7b.2d). 

Based on mechanistic studies and literature reports,15,22-24 a plausible catalytic cycle has 

been depicted in Scheme 7b.3. Initially, the active catalyst [Cp*Co(CO3)] A was 

generated in the presence of AgSbF6, Ag2CO3 from [Cp*Co(CO)I2], which gives 
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intermediate B through regioselective C-H bond activation of N-aryl γ-lactam 1. 

Intermediate B has been detected in high-resolution mass spectrometry (HRMS).  

Scheme 7b.2. Mechanistic studies and control experiments 

 

Further, intermediate B coordinates with bromo-alkyne 2 to generate intermediate C, 

which gives intermediate D after the migratory insertion of cobalt-catalyst into 
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alkyne.Then in the presence of silver, β-bromide elimination from intermediate D 

provides the desired ethynylated product 3 and the generation of active catalyst A. The 

process of β-bromide elimination is becoming favorable due to the coordination of 

silver to bromine and carbonate in intermediate D, which makes it possible. 

Scheme 7b.3. Catalytic cycle for regioselective Co(III)-catalysed ethynylation 

 

The synthetic utility of obtained product has been shown in Scheme 7b.4. This desired 

ethynylated product has a good synthetic application because alkyne is a prominent 

functional group that could lead to many transformations. In these regards, initially, we 

have subjected a 1 mmol scale reaction to check the feasibility of this method on a large 

scale, which provides an excellent yield of alkynylated product in 86% (Scheme 7b.5a). 

Surprisingly, completely diverse product 1-(4-(2-oxo-2-phenylethyl)-2-
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(phenylethynyl)thiophen-3-yl)pyrrolidin-2-one 3pa has been obtained in excellent yield, 

when 1-(thiophen-3-yl)pyrrolidin-2-one 3p was subjected with standard reaction 

condition (Scheme 7b.4b). This might be going through bis-ethynylation followed by 

selective oxidation of alkyne in the presence of mild moisture. 

Scheme 7b.4. Synthetic utilization. 

 

To check this reactivity deliberately, we added 2 equivalent water in the reaction 

mixture, which failed to produce 3pa. This tells that mild moisture is beneficial in site 

reaction, but excess is detrimental to this conversion.  Further, a cascade cyclization 

reaction has been performed on the product using a platinum catalyst, which provides 

10-phenyl-7,8-dihydropyrido[1,2-a]indol-9(6H)-one 4aa in good yields (Scheme 

7b.4c).25  This transformation increases the scope for further diversification in 

medicinal chemistry applications. 
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4.3 CONCLUSION 

In summary, we have reported regioselective ethynylation of N-aryl γ-lactam using 

inexpensive first-row transition metal cobalt via weak chelation-assisted C-H bond 

activation. A mild reaction condition with broad substrate scope has been disclosed for 

C(sp2)-C(sp) coupling. Detailed mechanistic studies were performed in support of the 

proposed mechanism. The intermolecular parallel experiment suggests the C-H bond 

activation is a rate-determining step. The key intermediates have been detected through 

ESI-MS, which supports the proposed mechanism. Ethynylated derivatives of 

biologically important N-aryl γ-lactams were synthesized. Moreover, the reactivity of 

the ethynylated product was explored, which has the potential for further diversification 

for medicinal chemistry applications. 

Limitations: Ortho-substituted N-aryl γ-lactam is incompatible with optimized 

reaction conditions, most likely due to steric hindrance of the ortho-substituents. 

 

7b.5 EXPERIMENTAL SECTION7c 

 

Reactions were performed using borosil Schlenk tube vial under an N2 atmosphere. 

Column chromatography was done by using 100-200 & 230-400 mesh size silica gel of 

Acme Chemicals. Gradient elution was performed by using distilled petroleum ether 

and ethyl acetate. TLC plates were detected under UV light at 254 nm. 1H NMR and 

13C NMR were recorded on Bruker AV 400, 700 MHz spectrometers using CDCl3 as 

NMR solvents. The residual CHCl3 for 1H NMR (δ = 7.26 ppm) and the deuterated 

solvent signal for 13C NMR (δ = 77.36 ppm) is used as reference.27 Multiplicity (s = 

single, d = doublet, t = triplet, q = quartet, m = multiplet, dd = double doublet), 

integration, and coupling constants (J) in hertz (Hz). HRMS signal analysis was 
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performed using a micro TOF Q-II mass spectrometer. X-ray analysis was conducted 

using a Rigaku Smartlab X-ray diffractometer at SCS, NISER. Reagents and starting 

materials were purchased from Sigma Aldrich, Alfa Aesar, TCI, Avra, Spectrochem, 

Carbanio, and other commercially available sources and used without further 

purification unless otherwise noted. 

(a) General reaction procedure for regioselective alkynylation of N-aryl γ-lactam: 

To a pre-dried sealed tube under N2, the mixture of 1-phenylpyrrolidin-2-one 1 (0.1 

mmol), (bromoethynyl)benzene 2 (0.2 mmol), [Cp*Co(CO)I2] (10 mol %), AgSbF6 (20 

mol %), Ag2CO3 (2 equivalent), and dichloroethane (1 mL) were added and sealed 

inside the glove box. The reaction mixture was vigorously stirred at 80 ℃ on the 

preheated aluminum block for 20 h. After 20 h (completion of the reaction as monitored 

by TLC analysis), the reaction mixture was cooled to room temperature and diluted with 

ethyl acetate, and passed through a short celite pad, the solvent was evaporated under 

reduced pressure, and the residue was purified by column chromatography using 

EtOAc/hexane mixture on silica gel to give the pure product 3. 
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Experimental characterization data of products:  

 
1-(2-(phenylethynyl)phenyl)pyrrolidin-2-one (3aa): was 

prepared according to the general procedure (7b.5a). The 

crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) giving 

16 mg (0.1 mmol), 94% yield. Physical State: yellow solid 

m.p.: 87–89 ℃ Rf -value: 0.3 (10% EtOAc/hexane). 1H 

NMR (CDCl3, 400 MHz): δ 7.61–7.59 (m, 1H), 7.50–7.47 (m, 2H), 7.41–7.27 (m, 6H), 

3.95 (d, J = 7.6 Hz, 2H), 2.60 (d, J = 8.0 Hz, 2H), 2.23 (quint, J = 7.6 Hz, 2H). 13C 

NMR (CDCl3, 100 MHz): δ 175.2, 140.6, 133.6, 131.8, 129.6, 128.9, 128.8, 128.0, 

127.7, 123.3, 121.5, 94.5, 86.3, 50.7, 31.9, 19.6. IR (KBr, cm-1): 3447, 2924, 1675, 

1206, 724. HRMS (ESI) m/z: [M+H]+ Calcd for C18H16NO: 262.1232; Found 262.1239. 

1-(5-methyl-2-(phenylethynyl)phenyl)pyrrolidin-2-one 

(3ba): was prepared according to the general procedure 

(7b.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 mesh 

size) giving 19 mg (0.1mmol), 69% yield. Physical 

State: orange liquid Rf -value: 0.3 (30% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): 

δ 7.49–7.46 (m, 3H), 7.35–7.33 (m, 3H), 7.14 (s, 1H), 7.10 (d, J = 8.0 Hz, 1H), 3.93 (t, 

J = 7.2 Hz, 2H), 2.95 (t, J = 8.0 Hz, 2H), 3.37 (s, 3H), 2.22 (quint, J = 7.2 Hz, 2H). 13C 

NMR (CDCl3, 100 MHz): δ 175.3, 140.4, 140.2, 133.4 (2C), 131.7, 128.7, 128.7, 

128.6, 123.5, 118.4, 93.8, 86.5, 50.7, 31.9, 21.7, 19.6. IR (KBr, cm-1): 3446, 1700, 1266, 

756. HRMS (ESI) m/z: [M+Na]+ Calcd for C19H17NONa: 298.1208; Found 298.1183. 
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1-(5-methoxy-2-(phenylethynyl)phenyl)pyrrolidin-2-

one (3ca): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 20 mg (0.1mmol), 68% 

yield. Physical State: solid brown m.p.: 80–82 ℃ Rf -value: 0.3 (30% EtOAc/hexane). 

1H NMR (CDCl3, 400 MHz): δ 7.50 (d, J = 8.4 Hz, 1H), 7.47–7.43 (m, 2H), 7.36–7.32 

(m, 3H), 6.87 (d, J = 2.4 Hz, 1H), 6.85–6.83 (m, 1H), 3.95 (t, J = 7.2 Hz, 2H), 3.82 (s, 

3H), 2.60 (t, J = 8.0 Hz, 2H), 2.22 (quint, J = 7.2 Hz, 2H). 13C NMR (CDCl3, 100 

MHz):  δ 175.2, 160.6, 141.9, 134.6, 131.6, 128.7, 128.6, 123.6, 114.1, 113.5, 113.4, 

93.1, 86.4, 55.8, 50.7, 31.9, 19.7. IR (KBr, cm-1): 3446, 2928, 1702, 1337, 697. HRMS 

(ESI) m/z: [M+H]+ Calcd for C19H18NO2: 292.1338; Found 292.1354. 

 1-(5-(benzyloxy)-2-

(phenylethynyl)phenyl)pyrrolidin-2-one (3da): was 

prepared according to the general procedure (7b.5a). 

The crude reaction mixture was purified by column 

chromatography using silica gel (100-200 mesh size) 

giving 21 mg (0.1mmol), 57% yield.    Physical State: solid brown m.p.: 93–95 ℃ Rf 

-value: 0.5 (30% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.50 (d, J = 8.4 Hz, 

1H), 7.47–7.45 (m, 2H), 7.43–7.37 (m, 4H), 7.35–7.32 (m, 4H), 6.97 (d, J = 2.4 Hz, 

1H), 6.92–6.89 (m, 1H), 5.07 (s, 2H),  3.95 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.6 Hz, 2H), 

2.22 (quint, J = 7.6 Hz, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.2, 159.7, 141.9, 136.6, 

134.6, 131.6, 128.9, 128.7, 128.6, 128.5, 127.9, 123.6, 114.7, 114.3, 113.7, 93.2, 86.4, 
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70.6, 50.7, 31.9, 19.6. IR (KBr, cm-1): 3446, 1697, 1203, 755. HRMS (ESI) m/z: 

[M+H]+ Calcd for C25H22NO2: 368.1650; Found 368.1661. 

 

1-(5-fluoro-2-(phenylethynyl)phenyl)pyrrolidin-2-

one (3ea): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 22 mg (0.1mmol), 79% 

yield. Physical State: solid brown m.p.: 91–93 ℃ Rf -value: 0.2 (30% EtOAc/hexane) 

1H NMR (CDCl3, 700 MHz): δ 7.52–7.51 (m, 2H), 7.36–7.32 (m, 4H), 7.15 (d, J = 7.7 

Hz, 1H), 7.07 (t, J = 8.4 Hz, 1H), 3.96 (t, J = 7.0 Hz, 2H), 2.60 (t, J = 7.7 Hz, 2H), 2.23 

(quint, J = 7.7 Hz, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.2, 163.6, (d, J = 7.7 Hz), 

142.1 (d, J = 2.2 Hz), 131.8, 130.0, (d, J = 9.2 Hz), 129.2, 128.7, 123.5 (d, J = 9.2 Hz), 

122.9, 114.7 (d, J = 21.3 Hz), 110.8, (d, J = 16.4 Hz), 99.7 (d, J = 3.5 Hz), 79.8, 50.5, 

31.8, 19.6. 19F NMR (CDCl3, 376 MHz): –107.59 IR (KBr, cm-1): 3446, 2983, 1699, 

1251, 757. HRMS (ESI) m/z: [M+H]+ Calcd for C18H15FNO: 280.1138; Found 

280.1154. 

 

1-(4,5-dimethyl-2-

(phenylethynyl)phenyl)pyrrolidin-2-one (3ga): 

was prepared according to the general procedure 

(7b.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 

mesh size) giving 24 mg (0.1mmol), 80% yield. 
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Physical State: yellow solid m.p.: 78-80 ℃ Rf -value: 0.3 (30% EtOAc/hexane) 1H 

NMR (CDCl3, 400 MHz): δ 7.48–7.45 (m, 2H), 7.37 (s, 1H), 7.35–7.32 (m, 3H), 7.09 

(s, 1H), 3.91 (t, J = 6.8 Hz, 2H), 2.58 (t, J = 7.6 Hz, 2H), 2.27(s, 3H), 2.24 (s, 3H), 2.21 

(quint, J = 7.6 Hz, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.3, 138.8, 138.1, 136.6, 

134.3, 131.7, 129.0, 128.7, 128.6, 123.6, 118.6, 93.5, 86.5, 50.8, 31.8, 20.2, 19.6, 19.5. 

IR (KBr, cm-1): 3438, 1700, 1274, 763. HRMS (ESI) m/z: [M+H]+ Calcd for 

C20H20NO: 290.1545; Found 290.1566. 

 

1-(4-methyl-2-(phenylethynyl)phenyl)pyrrolidin-2-

one (3ha): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 23 mg (0.1mmol), 83% 

yield. Physical State: colourless liquid Rf -value: 0.4 (20% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.49–7.46 (m, 2H), 7.41 (s, 1H), 7.36–7.33 (m, 3H), 7.20–7.19 

(m, 2H), 3.90 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 7.6 Hz, 2H), 2.53 (s, 3H), 2,21 (quint, J = 

7.6 Hz, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.3, 138.0, 137.7, 134.0, 131.8, 130.5, 

128.8, 128.7, 127.8, 123.4, 121.2, 94.0, 86.5, 50.7, 31.8, 21.2, 19.6. IR (KBr, cm-1): 

3446, 2924, 1700, 1301, 757. HRMS (ESI) m/z: [M+H]+ Calcd for C19H18NO: 

276.1388; Found 276.1394. 
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1-(4-methoxy-2-(phenylethynyl)phenyl)pyrrolidin-2-

one (3ia): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 21 mg (0.1mmol), 71% 

yield. Physical State: solid brown m.p.: 83–85 ℃ Rf -value: 0.4 (20% EtOAc/hexane). 

1H NMR (CDCl3, 400 MHz): δ 7.48–7.45 (m, 2H), 7.37–7.34 (m, 3H), 7.24 (d, J = 8.8 

Hz, 1H), 7.10 (d, J = 2.8 Hz, 1H), 6.95–6.92 (m, 1H), 3.92 (T, J = 7.2 Hz, 2H), 3.82 (s, 

3H), 2.66 (t, J = 8.0 Hz 2H), 2.24 (quint, J = 7.6 Hz, 2H). 13C NMR (CDCl3, 100 MHz):  

δ 176.7, 159.1, 132.7, 131.8, 129.1, 129.0, 128.8, 123.0, 122.4, 117.8, 116.2, 94.3, 85.8, 

56.0, 51.6, 31.6, 19.4. IR (KBr, cm-1): 3422, 1696, 1232, 758. HRMS (ESI) m/z: 

[M+H]+ Calcd for C19H18NO2: 292.1338; Found 292.1327. 

1-(4-chloro-2-(phenylethynyl)phenyl)pyrrolidin-2-

one (3ja): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 24 mg (0.1mmol), 80% 

yield.  Physical State: brown liquid Rf -value: 0.4 (20% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.57 (d, J = 2.4 Hz, 1H), 7.49–7.46 (m, 2H), 7.38–7.34 (m, 3H), 

7.33 (d, J = 2.4 Hz, 1H), 7.28 (s, 1H), 3.93 (t, J = 6.8 Hz, 2H), 2.59 (t, J = 8.4 Hz, 2H), 

2.23 (quint, J = 7.6 Hz, 2H). 13C NMR (CDCl3, 100 MHz):  δ 175.3, 139.1, 133.2, 

133.2, 131.8, 129.7, 129.3, 129.2, 128.8, 123.0, 122.8, 95.7, 85.1, 50.5, 31.7, 19.6. IR 

(KBr, cm-1): 3422, 1684, 1232, 756. HRMS (ESI) m/z: [M+H]+ Calcd for C18H15ClNO: 

296.0842; Found 296.0834.  
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1-(4-bromo-2-(phenylethynyl)phenyl)pyrrolidin-2-

one (3ka): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 22 (0.1mmol), 65% yield. 

Physical State: brown liquid Rf -value: 0.2 (30% EtOAc/hexane) 1H NMR (CDCl3, 

400 MHz): δ 7.73 (d, J = 2.4 Hz, 1H), 7.50–7.46 (m, 3H), 7.37–7.36 (m, 3H), 7.21 (d, 

J = 8.4 Hz, 1H), 3.93 (t, J = 7.2 Hz, 2H), 2.59 (t, J = 8.0 Hz, 2H), 2.23 (quint, J = 7.6 

Hz, 2H). 13C NMR (CDCl3, 100 MHz):  δ 175.2, 139.6, 136.2, 132.7, 131.9, 129.4, 

129.3, 128.8, 123.3, 122.8, 120.9, 95.8, 85.0, 50.5, 31.8, 19.6. IR (KBr, cm-1): 3430, 

1675, 1274, 763. HRMS (ESI) m/z: [M+H]+ Calcd for C18H15BrNO:  340.0337; Found 

340.0316.  

1-(4-iodo-2-(phenylethynyl)phenyl)pyrrolidin-2-

one (3la): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica 

gel (100-200 mesh size) giving 25 mg (0.1mmol), 

64% yield. Physical State: brown solid. m.p.: 88–90 ℃. Rf-value: 0.5 (30% 

EtOAc/hexane).1H NMR (CDCl3, 400 MHz): δ 7.93 (d, J = 2.0 Hz, 1H), 7.68 (d, J = 

8.4 Hz, 1H), 7.48–7.46 (m, 2H), 7.38–7.34 (m, 3H), 7.08 (d, J = 8.4 Hz, 1H), 3.93 (t, J 

= 6.8 Hz, 2H), 2.58 (t, J = 7.6 Hz, 2H), 2.22 (quint, J = 8.0 Hz, 2H). 13C NMR (CDCl3, 

100 MHz): δ 175.2, 142.1, 140.3, 138.6, 131.8, 129.5, 129.3, 128.8, 123.4, 122.8, 95.9, 

92.0, 84.9, 50.4, 31.8, 19.6. IR (KBr, cm-1): 3437, 1653, 1260, 749. HRMS (ESI) m/z: 

[M+H]+ Calcd for C18H15INO: 388.0198; Found 388.0215. 
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1-(2-(phenylethynyl)-4-

(trifluoromethyl)phenyl)pyrrolidin-2-one (3ma): 

was prepared according to the general procedure 

(7b.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 

mesh size) giving 18 mg (0.1mmol) 55% yield. Physical State: brown solid. m.p.: 90–

92 ℃. Rf -value: 0.3 (40% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.86 (d, J 

= 2.0 Hz, 1H), 7.61 (q, J = 1.6 Hz, 1H), 7.51–7.49 (m, 3H), 7.39–7.36 (m, 3H), 4.01 (t, 

J = 7.2 Hz, 2H), 2.62 (t, J = 8.0 Hz, 2H), 2.26 (quint, J = 7.6 Hz, 2H). 13C NMR (CDCl3, 

100 MHz): δ 175.2, 143.5, 131.9, 130.8 (q, J = 3.7 Hz), 129.9, 129.7, 129.4, 128.9, 

128.3, 126.2 (q, J = 3.6 Hz), 122.6, 121.9, 96.2, 85.2, 50.3, 31.8, 19.7. 19F NMR (CDCl3, 

376 MHz): –62.80. IR (KBr, cm-1): 3437, 1638, 1274, 749. HRMS (ESI) m/z: [M+H]+ 

Calcd for C19H15F3NO: 330.1106; Found 330.1127. 

1-(2-(phenylethynyl)-4-

(trifluoromethoxy)phenyl)pyrrolidin-2-one (3na): 

was prepared according to the general procedure 

(7b.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 

mesh size) giving 22 mg (0.1mmol), 64% yield. Physical State: brown solid. m.p.: 92–

94 ℃. Rf -value: 0.2 (30% EtOAc/hexane).1H NMR (CDCl3, 400 MHz): δ 7.50–7.48 

(m, 2H), 7.44 (d, J = 2.0 Hz, 1H), 7.38–7.35 (m, 4H), 7.24-7.22 (m, 1H), 3.95 (t, J = 

7.2 Hz, 2H), 2.60 (t, J = 7.6 Hz, 2H), 2.24 (quint, J = 7.6 Hz, 2H).13C NMR (CDCl3, 

100 MHz): δ 175.3, 148.0, 139.1, 131.9, 129.5, 129.4, 128.9, 125.8 (2C), 123.2, 122.6, 
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122.2, 95.9, 85.0, 50.5, 31.7, 19.6. 19F NMR (376 MHz, CDCl3): δ –57.88. IR (KBr, 

cm-1): 3437, 1635, 1274, 748. HRMS (ESI) m/z: [M+H]+ Calcd for C19H15F3NO2: 

346.1055; Found 346.1088. 

1-(4-acetyl-2-(phenylethynyl)phenyl)pyrrolidin-

2-one (3oa): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 11 mg (0.1mmol), 36% 

yield. Physical State: orange solid. m.p.: 77–81 ℃. Rf-value: 0.4 (20% 

EtOAc/hexane).1H NMR (CDCl3, 400 MHz): δ 8.17 (d, J = 1.4 Hz, 1H), 7.95 (d, J = 

8.4 Hz, 1H), 7.51–7.48 (m, 3H), 7.38–7.37 (m, 3H), 4.03 (t, J = 7.0 Hz, 2H), 2.63-2.61 

(m, 5H), 2.25 (quint, J = 7.7 Hz, 2H). 13C NMR (CDCl3, 100 MHz): δ 196.8, 175.2, 

144.5, 135.9, 134.1, 131.8, 129.3, 129.1, 128.8, 127.8, 122.8, 121.2, 95.7, 85.8, 50.4, 

31.9, 27.0, 19.8. IR (KBr, cm-1): 3441, 1698, 1264, 746. HRMS (ESI) m/z: [M+H]+ 

Calcd for C20H18NO2: 304.1338; Found 304.1329. 

 

 1-(2-(p-tolylethynyl)phenyl)pyrrolidin-2-one (3ab): 

was prepared according to the general procedure 

(7b.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 

mesh size) giving 24 mg (0.1mmol), 87% yield. 

Physical State: colourless liquid. Rf -value: 0.3 (40% EtOAc/hexane).1H NMR (CDCl3, 

400 MHz): δ 7.58 (d, J = 7.6 Hz, 1H), 7.39–7.35 (m, 3H), 7.33–7.27 (m, 2H), 7.16 (d, J 

= 8.0 Hz, 2H), 3.95 (t, J = 7.2 Hz, 2H), 2.60 (t, J = 8.0 Hz, 2H), 2.23 (s, 3H), 2.22 (quint, 
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J = 7.2 Hz, 2H). 13C NMR (CDCl3, 100 MHz): δ 175.3, 140.5, 139.1, 133.5, 131.7, 129.5, 

129.4, 128.0, 127.7, 121.1, 120.2, 94.7, 85.7, 50.6, 31.9, 21.8, 19.6. IR (KBr, cm-1): 3437, 

1686, 1266, 736. HRMS (ESI) m/z: [M+H]+ Calcd for C19H18NO: 276.1388; Found 

276.1400. 

1-(2-((4-fluorophenyl)ethynyl)phenyl)pyrrolidin-2-

one  (3ad): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 15 mg (0.1mmol), 54% 

yield.Physical State: colourless liquid. Rf -value: 0.2 (30% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.58 (d, J = 7.4 Hz, 1H), 7.48–7.45 (m, 2H), 7.41–7.37 (m, 1H), 

7.33–7.27 (m, 2H), 7.05 (t, J = 8.8 Hz, 2H), 3.93 (t, J = 7.2 Hz, 2H), 2,59 (t, J = 8.0 Hz, 

2H), 2.22 (quint, J = 7.6 Hz, 2H). 13C NMR (CDCl3, 100 MHz):  δ 175.1, 163.0 (d, J = 

248.4 Hz), 140.6, 133.7, 133.7, 133.6, 129.75, 127.8 (d, J = 18.5 Hz), 121.4, 119.4, 116.1 

(d, J = 21.9 Hz), 93.4, 86.1, 50.7, 31.9, 19.7. 19F NMR (376 MHz, CDCl3): δ –110.28. 

IR (KBr, cm-1): 3437, 1635, 1266, 748. HRMS (ESI) m/z: [M+H]+ Calcd for 

C18H15FNO2: 280.1138; Found 280.1161. 

 

  1-(2-((3-fluorophenyl)ethynyl)phenyl)pyrrolidin-2-

one (3ae): was prepared according to the general 

procedure (7b.5a). The crude reaction mixture was 

purified by column chromatography using silica gel 

(100-200 mesh size) giving 14 mg (0.1mmol), 50% 
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yield. Physical State: orange liquid. Rf -value: 0.3 (30% EtOAc/hexane). 1H NMR 

(CDCl3, 400 MHz): δ 7.60 (d, J = 7.6 Hz, 1H), 7.43–7.39 (m, 1H), 7.34–7.27 (m, 4H), 

7.17 (d, J = 9.2 Hz, 1H), 7.08-7.04 (m, 1H), 3.94 (t, J = 7.2 Hz, 2H), 2.61 (t, J = 8.0 Hz, 

2H), 2.24 (quint, J = 7.6 Hz, 2H). 13C NMR (CDCl3, 175 MHz):  δ 175.2, 140.7, 133.7, 

130.4, 130.4 (d, J = 8.7 Hz), 129.1, 128.0, 127.8, 127.7 (d, J = 2.9 Hz), 125.1 (d, J = 

9.8 Hz), 121.1, 118.5 (d, J = 22.5 Hz), 116.3 (d, J = 21.0 Hz), 93.1, 87.3, 50.7, 31.8, 

19.7. 19F NMR (376 MHz, CDCl3): δ –112.62. IR (KBr, cm-1): 3437, 1635, 1274, 748. 

HRMS (ESI) m/z: [M+H]+ Calcd for C18H15FNO: 280.1138; Found 280.1127. 

1-(2-(2-oxo-2-phenylethyl)-4-

(phenylethynyl)thiophen-3-yl)pyrrolidin-2-one (3pa): 

was prepared according to the general procedure 

(7b.5a). The crude reaction mixture was purified by 

column chromatography using silica gel (100-200 

mesh size) giving 35 mg (0.1mmol), 91% yield. Physical State: brown liquid Rf -value: 

0.4 (30% EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.69 (s, 1H), 7.47–7.44 (m, 

2H), 7.36–7.33 (m, 5H), 7.29–7.40 (m, 3H), 4.14 (m, 2H), 3.81 (t, J = 6.8 Hz, 2H), 2.57 

(t, J = 8.0 Hz, 2H), 2.22 (quint, J = 7.2 Hz, 2H). 13C NMR (CDCl3, 100 MHz):  δ 189.4, 

175.7, 141.1, 135.3, 133.8, 132.7, 131.8, 129.9, 129.2, 129.0, 128.8, 127.5, 123.7, 122.6, 

93.4, 81.3, 49.8, 48.0, 31.5, 19.8. IR (KBr, cm-1): 3437, 1653, 1635, 1250, 748. HRMS 

(ESI) m/z: [M+Na]+ Calcd for C16H14NOS: 268.0796; Found 268.0825. 
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 10-phenyl-7,8-dihydropyrido[1,2-a]indol-9(6H)-one (4aa): 

was prepared according to reported procedure.28  The crude 

reaction mixture was purified by column chromatography 

using silica gel (100-200 mesh size), giving 17 mg 

(0.1mmol), 66% yield. Physical State: off-white solid Rf -value: 0.35 (30% 

EtOAc/hexane). 1H NMR (CDCl3, 400 MHz): δ 7.71 (d, J = 8.4 Hz, 1H), 7.60 (d, J = 

7.2 Hz, 2H), 7.47–7.35 (m, 5H), 7.19–7.15 (m, 1H), 4.32 (t, J = 6.0 Hz, 2H), 2.76 (t, J 

= 6.0 Hz, 2H), 2.43 (quint, J = 6.0 Hz, 2H). 13C NMR (CDCl3, 100 MHz):  δ 190.1, 

136.8, 133.8, 130.8, 128.6, 128.2, 127.6, 127.0, 126.5, 123.4, 122.8, 121.6, 110.5, 42.2, 

38.4, 23.3. HRMS (ESI) m/z: [M+Na]+ Calcd for C18H16NO: 262.1232; Found 

262.1219. 
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NMR spectra of 1-(2-(phenylethynyl)phenyl)pyrrolidin-2-one (3aa): 

 

 

 

 

 

13C{1H} NMR of 3aa (100 MHz, CDCl3) 

1H NMR of 3aa (400 MHz, CDCl3) 
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Crystals of the compounds 3ca (1-(5-methoxy-2-(phenylethynyl)phenyl)pyrrolidin-2-

one) were obtained after slow evaporation of methanol and dichloromethane.  

 

 
 

Figure 7b.2. Crystal structure of 3ca (50% ellipsoid probability). 
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