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Preamble 

A literature survey revealed that the N-arylation and C-N bond formations have been well studied 

using Cu or Pd catalysts. Notably, the N-arylation and C-N bond formations have not been reported 

using Ni catalysts and a part of this thesis deals on the usage of nickel catalyst for the synthesis of 

tertiary amides via N-arylation and C-N bond formation. Next, the C-C bond formation by Heck 

coupling reactions has significantly attracted the attention of chemists. Aryl sulphonyl chlorides 

have also been introduced in the place of aryl halides for performing the Heck reactions. In this 

line, a part of this thesis work deals on synthesis of α-naphthol-based triarylmethanes via Heck 

coupling reaction. In recent years, the transition metal-catalyzed directed C-H functionalization 

reactions have emerged as one of the important synthetic organic transformations. In this line, a 

part of this thesis deals on the Pd-catalyzed bis-arylation of ortho C(sp2)-H bonds of D-(-)-

phenylglycine methyl esters and also β-C(sp3)-H arylation of ε-, ζ-, η-keto acids. 

This thesis entitled “Studies on the Ni-Catalyzed Synthesis of Tertiary Amides and Pd-Catalyzed 

Synthesis of α-Naphthol-Based Triarylmethanes, Ortho-Arylated D-(-)-Phenylglycine Methyl 

Esters and β-Arylated Keto Acids.  

Chapter 1: Construction of tertiary amides: Ni(II)-catalyzed N-arylation of secondary acyclic 

amides (2-picolinamides) with aryl halides.  

Chapter 2: Palladium-catalyzed desulfitative Heck reaction and synthesis of α-naphthol-based 

triarylmethanes. 

Chapter 3: Palladium-catalyzed ortho-arylation of D-(-)-2-phenylglycine methyl ester using 

bidentate picolinamide directing group. 

Chapter 4: Palladium-catalyzed bidentate ligand directed β-C(sp3)-H functionalization on ε-, ζ-, 

η-keto acids. 
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Objectives  

The research work carried out is focused on the utilization of Nickel(II) and Palladium(II) catalysts 

for the discovery of new methodologies toward the synthesis of tertiary amides, α-naphthol-based 

triarylmethanes, ortho-arylated D-(-)-phenylglycine methyl esters and β-arylated keto acids. 

Objectives 1 (Chapter 1) 

In particular, various tertiary amides are used as kinase inhibitor, anticoagulant, anticancer agents 

and antagonists. While the N-arylation and C-N bond formations have been well studied using Cu 

or Pd catalysts; the N-arylation of secondary amides and C-N bond formations have not been 

reported using Ni catalysts and a part of this thesis envisages the usage of nickel catalyst for the 

synthesis of tertiary amides via N-arylation of secondary amides and C-N bond formation.  

 

Objectives 2 (Chapter 2) 

Triarylmethane molecules have found significant applications in medicinal chemistry, natural 

product synthesis, material science and as protecting group in peptide synthesis. In particular, α-

naphthol-based triarylmethanes are utilized as anticancer agents and HIV-1 integrase antagonists. 

A part of this thesis work envisaged the synthesis of α-naphthol-based triarylmethanes via Heck 

coupling reaction. 

 

Objectives (Chapter 3) 

Natural and unnatural amino acids play an important role in peptidomimetics, glycopeptide 

synthesis, protein engineering and drug discovery. In particular phenylglycine amino acid 
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derivatives have found significant applications in medicinal chemistry (as aggregation, neurokinin 

and protease inhibitors, neurotransmitter and anticancer agents). A part of this thesis envisaged the 

synthesis of ortho-arylated D-(-)-phenylglycine methyl esters via the Pd-catalyzed bis-arylation of 

ortho C(sp2)-H bonds of D-(-)-phenylglycine methyl esters.  

 

Objective 4 (Chapter 4) 

Keto acids are an important class of building blocks and found various applications in the synthesis 

of various natural products, biologically active molecules. A part of this thesis envisaged on the 

synthesis of various β-arylated keto acids via the Pd-catalyzed β-C(sp3)-H arylation of ε-, ζ-, η-

keto acids.  
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Chapter 1: Construction of tertiary amides: Ni(II)-catalyzed N-arylation of secondary acyclic 

amides (2-picolinamides) with aryl halides. 

The work of Chapter 1 is, Reprinted (adapted) with permission from (Sankar, R.; Babu, S. A. Asian 

J. Org. Chem. 2017, 6, 269. Title; Construction of tertiary amides: Ni(II)-catalyzed N-arylation of 

secondary acyclic amides (2-picolinamides) with aryl halides). Copyright (2017) John Wiley and 

Sons. 

Introduction  

Nitrogen containing molecules have widespread applications in pharmaceuticals, organic 

materials, dyes and catalysis.1 The C-N coupling reactions are attractive route to synthesize 

nitrogen containing heterocycles, natural products, synthesis of ligands, bioactive compounds and 

materials.2 N-Arylation of amines/amides reaction via aromatic nucleophilic substitution3 and 

transition metal catalyzed coupling process are important route to assemble N-arylated nitrogen 

containing compounds (Figures 1 and 2). The decreased nucleophilicity of amides makes them 

challenging substrates for the transition metal-catalyzed N-arylation/alkylation. Although many 

synthetic routes involving transition metal catalyzed N-arylation of primary amides4 have been 

reported but limited reports are available for the N-arylation of secondary amides.5a-c In general, 

secondary amide N-arylation is a challenging reaction when compared to the N-arylation of 

primary amides. This is due to reduced nucleophilicity and steric hindrance provided by the second 

alkyl/aryl group on nitrogen atom that diminishes efficiency for coordination to the metal center 

and subsequently which slows down deprotonation step. A part of this thesis envisages the usage 

of nickel catalyst for the synthesis of tertiary amides via N-arylation of secondary amides and C-

N bond formation. 

Transition metals such as palladium6a and copper6b catalyzed N-arylations of primary and 

secondary amides have been studied extensively.6-8 On the other hand, N-arylations of amides have 

not been well explored using inexpensive transition metal catalysts such as nickel and iron. There 

are various synthetic methods have been discovered for N-arylation and C-N bond formation 

(Scheme 1). The classical amination methods such as nitration followed by reduction and 

nuclophilic aromatic substitution reactions were found to have more drawbacks than the transition 

metal-catalyzed amination methods. In 1903, Fritz Ullmann introduced the transition metal 

promoted N-arylation reactions (Scheme 2A),9a Mixing of aniline derivative 1c with ortho-

chlorobenzoic acid 2d in presence of metallic copper afforded the corresponding diarylamines 3e.  
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Figure 1. Representative examples of biologically active secondary and tertiary amides.  

 

Figure 2. Representative examples of biologically active picolinamides. 

 

Scheme 1. General amination methods. 
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Scheme 2. Fritz Ullmann and Irma Goldberg N-arylation reactions. 

This work was further developed by Irma Goldberg in 1906 (Scheme 2B).9b Initial work reveals 

the necessity of stoichiometric amount of copper but further studies by Irma Goldberg utilized 

catalytic amounts of copper. In 1983, Migita and Kosugi reported the palladium catalyzed N-

arylation using aryl bromides and tributyl (N, N-diethylamino) tin (1f) (Scheme 3A).10a This 

discovery was innovative and useful but it has limitations such as preparation of amine stannane 

reagents and the formation tributyltin derivative as a side product. 

Scheme 3. Palladium-catalyzed N-arylation reactions.  

 

Scheme 4. Buchwald work on N-arylation of 1h.  

In 1985, Boger and co-workers reported intramolecular N-arylation (Scheme 3B).10b In 1994 

Hartwig and coworkers reported mechanistic studies for the C-N bond formation that helped to 
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identify the reaction intermediates and to design the catalyst.10c Migita’s work was further 

developed by Buchwald and coworkers in 1994 (Scheme 4).10d 

 

Scheme 5. Stannane free palladium-catalyzed reactions.  

Due to the toxic nature and unstable stannane amine the previous discoveries were not attractive, 

the further studies on palladium-catalyzed N-arylation reaction have led to stannane free 

amination, was independently developed by Hartwig10e and Buchwald10f (Scheme 5A and 5B). 

 

Figure 3. Ligands used in the transition metal catalyzed N-arylation of primary/secondary amines 

and amides. 

 

Scheme 6. Barton’s work on copper-catalyzed N-arylation reactions. 
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Subsequently, Buchwald and Hartwig and other groups had discovered many synthetic routes to 

access N-aryl molecules by introducing various ligands (Figure 3) with transition metals.10,11 After 

Ullmann and Goldberg, further studies on copper-catalyzed N-arylation reactions led to various 

fruitful processes affording amine derivatives shown in Schemes 6 and 7.12, 13 

 

Scheme 7. Copper-catalyzed N-arylation reaction conditions. 

 

Scheme 8. Buchwald work on Amide N-arylation reactions. 

It is to be noted that due to the relatively decreased reactivity of amides, the N-arylation of amides 

are challenging than N-arylation primary/secondary amines and anilines. A literature survey 

revealed that the N-arylation and C-N bond formations have been well studied using primary 
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amides when compared to the N-arylation of secondary amides. In 2000, the palladium-catalyzed 

intermolecular amide N-arylation was reported by Buchwald (Scheme 8A)14a and previously he 

described the intramolecular amide N-arylation on 1996 (Scheme 8B).14b Further, some of the 

representative palladium-catalyzed N-arylation reactions revealing the importance of ligands in 

the N-arylation of amides have been summarized in Scheme 9.14  

 

Scheme 9. Palladium-catalyzed N-arylation of primary/secondary amides. 

In 1982, Yamamoto and Kurata reported copper and copper oxide catalyzed arylation of active 

hydrogen of functional groups such as imide, amide, aniline, phenol, benzoic acid (Scheme 

10A).15a Benzamide 1z was arylated using aryl bromide 2e and aryl iodide 2g. In 1989, Greiner 

reported amidation of N-heteroaryl acetamide 3y with aryl bromide 2e using copper chloride as 

catalyst (Scheme 10B).15b In 1996, Avendano and co-workers reported the Cu-based N-arylation 

using aryl lead triacetates 2u with amides (Scheme 10C).15c In 1997, Ukita and Co-workers 

reported the Cu-based arylation of amide heterocycles such as 2-hydroxy pyridine 1ac, 2-hydroxy 

quinolone, pyrimidone, pyrrolidone, etc (Scheme 10D).15d  
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Scheme 10. Copper-based N-arylation of amides.  

 

Scheme 11. Copper-based N-arylation of secondary amides. 

 Some of the representative copper-catalyzed N-arylation of secondary amides and also revealing 

the importance of ligands in the N-arylation of secondary amides have been summarized in Scheme 

11.16 

The palladium and copper-catalyzed amination and amidation using aryl halides, triflates, metal 

acetates, mesylates have provided efficient routes for the synthesis of a variety of 
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primary/secondary/tertiary amines, anilines and amides. The employment of nickel as a catalyst in 

amination and amidation reaction is also noteworthy choice.17 The first nickel catalyzed amination 

reaction was reported by Elersich and Co-workers in 1950.17b In 1975, Cramer and Coulson  

 

Scheme 12. Nickel-based N-arylation reactions.  

 

Scheme 13. Nickel-based N-arylation reactions.  

reported a comprehensive study of the effect of the variation in the reaction conditions and catalyst 

composition for the nickel-catalyzed amination reaction. The report describes nickel(0) complexes 

such as [Ni(CO)2 (dppe)] and [Ni(CO)2(PPh3)2] showed similar activity to the NiBr2 when used as 

catalyst for the N-arylation of piperidine 1j with 2e (Scheme 12A).17c Later Cristau and Desmurs 

reported mechanistic and synthetic studies of palladium, copper, nickel-catalyzed N-arylations.  
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Accordingly, the N-arylation of piperidine derivative 1af with bromobenzene 2e was described 

using a nickel catalyst (Scheme 12B).17d Some of the further developments and representative 

nickel-catalyzed N-arylation of amines have been summarized in Scheme 13.17,18 

A literature survey revealed that the N-arylation and C-N bond formations have been well studied 

using Cu or Pd catalysts. Notably, the N-arylation and C-N bond formations have not been reported 

using Ni catalysts and especially the usage of nickel catalyst for the synthesis of tertiary amides 

via N-arylation and C-N bond formation has not been explored well. This forms a basis for the 

present investigation on the usage of nickel catalyst for the synthesis of tertiary amides via N-

arylation.  

During the course of the investigation by our lab on nickel-catalyzed N-arylation of secondary 

amides, recently, Stradiotto and Co-workers reported18j the N-arylation of primary amide 1ak and 

the synthesis of secondary amide 3au (Scheme 14). However, this report does not deal with the N-

arylation of secondary amides.  

 

Scheme 14. Nickel-catalyzed N-arylation of primary amide. 

In recent years, the bidentate directing group (BDG)-assisted C-H functionalization reactions have 

received a substantial attention.19 The BDG-assisted C-H functionalization reactions have been 

explored using Pd, Cu and Ni catalysts.20,21 In continuation of our lab’s interest on the BDG-

assisted C-H functionalization reactions,22 we envisaged to perform the Ni-catalyzed N-arylation 

of 2-picolinamides (acyclic secondary amides, which were derived from 2-picolinic acid and 

amines) with aryl halides. It was envisaged that in this process, the picolinamide unit will serve as 

an internal ligand similar to the Cu-catalyzed, N-arylation of amides, which were derived from the 

8-aminoquinoline BDG and carboxylic acids 23 (Scheme 11F). Accordingly, Chapter 1 reports the 

nickel-catalyzed tertiary amide synthesis through coupling of secondary amide (2-piconilinamide) 

with aryl halides (Scheme 15). 



13 
 

 

Scheme 15. This work. Nickel-catalyzed N-arylation of secondary amides (2-piconilinamides) 

with aryl halides and synthesis of tertiary amides.  

Results and Discussion 

To explore the N-arylation and the C-N cross-coupling reaction of secondary acyclic amide with 

aryl halide using a nickel catalyst, we initially performed the optimization reactions using the 2- 

picolinamide 4a (prepared from 2-picolinic acid and n-butyl amine). Table 1 shows the results of 

the C-N cross-coupling reaction of 4a with 2l in the presence of various Ni catalysts, 

additives/bases and solvents. Heating the mixture of 4a, 2l and Na2CO3 without any catalyst in 

DMF at 140-150 oC did not give any product (entry 1, Table 1). Next, heating the mixture of 4a, 

2l and NiCl2 (10 mol%) without any base in DMF did not give any product (entry 2, Table 1). 

Then, heating the mixture of 4a, 2l, Na2CO3 and NiCl2 (10 mol%) in DMF afforded the tertiary 

amide 5a in 30% yield (entry 3, Table 1).  

Table 1. Optimization Reactions. Ni-Catalyzed N-Arylation of 4a with 2l. 

 

entry Ni catalyst  

[10 mol%] 

base  

[mmol] 

additive / ligand [mol%] solvent   5a; yield 

 [%] 

1 - Na2CO3 [1] - DMF 0 

2 NiCl2  - - DMF 0 

3 NiCl2  Na2CO3 [1] - DMF 30 

4 NiCl2  Na2CO3 [1] MesCOOH [20] DMF 30 

5[a] NiCl2  Na2CO3 [1] - MeNO2 0 
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6[a] NiCl2  Na2CO3 [1] - DMSO 0 

7[a] NiCl2  Na2CO3 [1] - MeCN 0 

8 NiCl2  K2CO3 [1] - DMF 14 

9 NiCl2  Cs2CO3 [1] - DMF 0 

10 NiCl2  tBuONa [1] - DMF 21 

11 NiCl2  tBuOK [1] - DMF 40 

12 NiCl2  tBuOK [1] P[Ph]3 [10] DMF 31 

13 NiCl2  tBuOK [1] BINAP [10] DMF 40 

14 - NaH [1.5] - DMF 0 

15 NiCl2  NaH [0.5] - DMF 49 

16 NiCl2  NaH [1] - DMF 71 

17 NiCl2  NaH [1.5] - DMF 80 

18[b] NiCl2  NaH [1.5] - DMF <5 

19 NiCl2·6H2O  NaH [1.5] - DMF 80 

20[c] NiCl2·6H2O  NaH [1.5] - DMF 34 

21[d] NiCl2·6H2O  NaH [1.5] - DMF 62 

22 Ni[C5HF6O2]2 xH2O  NaH [1.5] - DMF 0 

23 Ni[acac]2 NaH [1.5] - DMF 0 

24[e] NiCl2 tBuONa [1] TMEDA [10-30] DMF <15 

25[e] NiCl2 tBuONa [1] DMEDA [10] DMF 0 

26[e] NiCl2 NaH [1.5] TMEDA [10] DMF 0 

27[e] NiCl2 Na2CO3 [1] TMEDA [10] DMF 0 

[a] Reaction was performed at the boiling point of solvent used. [b] Reaction was performed at 100 oC. [c] 2l 

= 0.5 mmol (1 equiv). [d] 2l = 1 mmol (2 equiv). [e] Reactions were performed using the substrate 4b instead 

of 4a. 

Encouraged by this result, we performed the reaction of 4a and 2l in the presence of Na2CO3 and 

MesCOOH as an additive, which afforded 5a in 30% yield (entry 4, Table 1). We then performed 

the reaction of 4a and 2l in other solvents (e.g., MeNO2, DMSO and MeCN) and other bases (e.g., 

K2CO3 and Cs2CO3) and these reactions were not fruitful (entries 5-9, Table 1). The Ni-catalyzed 

reaction of 4a and 2l in the presence of t-BuONa or t-BuOK afforded 5a in 21-40% yields (entries 

10 and 11, Table 1). The Ni-catalyzed reaction of 4a and 2l in the presence of t-BuONa and 
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phosphine ligands P[Ph]3 or BINAP afforded 5a in 31-40% yields (entries 12 and 13, Table 1). 

Next, to improve the yield of 5a, we wished to use NaH as the base to perform the N-arylation of 

4a. In this regard, initially we performed the reaction of 4a and 2l in the presence of NaH without 

any Ni catalyst and this reaction did not give the product 5a (entry 14, Table 1). Next, heating the 

mixture of 4a (1 equiv), 2l (4 equiv), NaH (1-3 equiv) and NiCl2 (10 mol%) in DMF at 140-150 

oC for 24 h afforded 5a in 49-80% yields (entries 15-17, Table 1). Heating the mixture of 4a, 2l, 

NaH and NiCl2 (10 mol%) in DMF at 100 oC afforded 5a in only <5% yield (entry 18, Table 1). 

Next, we performed the N-arylation of 4a (1 equiv) with 2l (4 equiv) using NaH (3 equiv) and 

NiCl2·6H2O (10 mol%) as the catalyst instead of NiCl2 catalyst. This reaction afforded 5a in 80% 

yield (entry 19, Table 1). The Ni-catalyzed N-arylation of 4a (1 equiv) using 1-2 equivalents of 4a 

afforded 5a in 34-62% yields (entries 20 and 21, Table 1). The reaction of 4a and 2l in the presence 

of other Ni catalysts, such as Ni[C5HF6O2]2 ·xH2O and Ni[acac]2 and usage of chelating ligands 

e.g., DMEDA or TMEDA were also not fruitful (entries 22-27, Table 1). 

Next, we wished to test the generality of this Ni-catalyzed N-arylation method using various 

secondary acyl amides and different aryl iodides. Accordingly, various picolinamides were treated 

with different aryl iodides in the presence of NiCl2 or NiCl2·6H2O catalyst under the optimized 

reaction conditions (entries 17 and 19, Table 1). At first, we performed the Ni-catalyzed N-

arylation of 4a with PhI and different aryl iodides containing electron donating and withdrawing 

substituents (e.g., OMe, Me, Et and COMe) at the para position in the aryl ring, which afforded 

the corresponding tertiary amides 5a-e in 34-84% yields (Table 2). We then performed the Ni-

catalyzed N-arylation of 4a with aryl iodides containing Cl and Br substituents at the para position 

in the aryl ring. These reactions afforded the corresponding tertiary amides 5f (52%) and 5g (50%) 

in which Cl and Br substituents were found to be intact. Next, we performed the Ni-catalyzed N-

arylation of 4a with different di-substituted aryl iodides, which afforded the corresponding tertiary 

amides 5h-j in 42-83% yields (Table 2). 

Subsequently, we prepared various picolinamides 4b-g and subjected them to the Ni-catalyzed C-

N coupling reaction conditions. Accordingly, the Ni-catalyzed N-arylation of 4b-g with different 

aryl iodides afforded the corresponding tertiary amides 5k-x in 38-95% yields (Table 2). 
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Table 2. Ni-Catalyzed N-Arylation of Secondary Amides with ArI.[a-c] 

 
[a] NiCl2 was used to obtain 5a-m. [b] NiCl2·6H2O was used to obtain 5n-x. [c] 5a-j, 5k-m and 5n were 

obtained from 4a, 4b and 4c, respectively. 5o-q, 5r-t, 5u-w and 5x were obtained from 4d, 4e, 4f and 4g, 

respectively. 
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The substituents e.g., I and Cl were intact in 5k and 5n and the products 5k, 5n and 5x were 

obtained in low yields and this might be due to some specific reasons, which are not clear at this 

stage. Since the corresponding N-arylation reactions were performed using aryl iodides containing 

I and Cl substituents, there might be some side reactions. However, apart from the products 5k and 

5n, we did not get any other side products in characterizable amounts. 

Having done the Ni-catalyzed N-arylation of various picolinamides using different aryl iodides, 

next we wished to extend the value of this Ni-catalyzed N-arylation and C-N cross-coupling 

reaction of secondary amides using aryl bromides and chlorides as the coupling partners. Table 3 

shows the results of the Ni-catalyzed N-arylation of picolinamides with different aryl bromides 

and chlorides. Accordingly, the tertiary amides 5a/5b, and 5l were obtained in 84-94% yields from 

the corresponding Ni-catalyzed N-arylation of picolinamides with aryl bromides (Table 3). The 

tertiary amides 5o, 5y and 5q were obtained in 75-93% yields from the corresponding Ni-catalyzed 

N-arylation of picolinamide 4d and aryl bromides (Table 3). Similarly, the tertiary amides 5z and 

5aa were obtained in 58-78% from the corresponding Ni-catalyzed N-arylation of picolinamides 

4f and 4e with aryl bromides (Table 3).   

Next, the tertiary amides 5i, 5ab and 5w were also obtained in 65-73% yields from the 

corresponding Ni-catalyzed N-arylation of the picolinamides 4a and 4f with aryl chlorides (Table 

3). Finally, the tertiary amides 5ac, 5ad, 5ae, 5af and 5ag were obtained in 52-68% yields from 

the corresponding Ni-catalyzed N-arylation of the picolinamides 4h, 4i and 4c with aryl chlorides 

(Table 3). The Ni-catalyzed N-arylation of 3-methyl-2-picolinamide 4j with 2l also afforded the 

product 5ah in 41% yield (Scheme 16).  

Except for some specific cases, the yields obtained in the Ni-catalyzed N-arylation of 

picolinamides using aryl iodides and aryl bromides were comparable and the corresponding 

tertiary amides were obtained in good to excellent yields. On the other hand, while the Ni-catalyzed 

N-arylations of picolinamides with aryl chlorides were successful, satisfactory yields were 

obtained in the Ni-catalyzed N-arylation of picolinamides using aryl chlorides. We also attempted 

the removal of the picolinamide unit using a representative tertiary amide 5l. Accordingly, the 

amide hydrolysis reaction of 5l afforded the secondary amine 6 in 76% yield (Scheme 16). We 

performed some control experiments to apprehend the role of the 2-picolinamide unit in the Ni-

catalyzed N-arylations of amides 4a-j with aryl halides. Accordingly, the Ni-catalyzed N-
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arylations of amides 7a-c with 2l did not give the corresponding tertiary amides in characterizable 

amounts (Scheme 16). 

Table 3. Ni-Catalyzed N-Arylation of Secondary Amides with ArBr/ArCl.[a-c] 

 

[a] NiCl2·6H2O was used. [b] NiCl2 was used. [c] 5a/5b and 5l were obtained from 4a and 4b, respectively. 

5o/5y/5q were obtained from 4d. 5z, and 5aa were obtained from 4f and 4e, respectively. 5i and 5ab/3w 
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were obtained from 4a and 4f, respectively. 5ac/5ad, 5ae and 5af/5ag were obtained from 4h, 4i and 4c, 

respectively. 

 

Scheme 16. N-Arylation of 4j, 7a-c and Hydrolysis of picolinamide 5l. 

 

Scheme 17. A Plausible Mechanism for the Ni-Catalyzed N-Arylation of 1a. 

It is well known that the bidentate directing group served as a chelating ligand in the Ni-catalyzed 

C-H functionalization reactions. In concurrence with the Cu-catalyzed N-arylation of amides, in 

which the 8-aminoquinoline BDG unit served as an internal ligand and based on the control 
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experiments, a plausible mechanism is proposed for the Ni-catalyzed N-arylation of picolinamides 

with aryl halides (Scheme 17). 

Summary 

In summary, the work shown in this chapter 1 disclosed the nickel-catalyzed tertiary amide 

synthesis via the N-arylations of various picolinamides. This protocol employs least expensive and 

air-stable NiCl2 or NiCl2 ·6H2O catalysts. The metal catalyst does not utilize any external ligand 

for C-N coupling process since the bidentate directing group picolinamide unit served as an 

internal chelating ligand in the Ni-catalyzed N-arylations. 

 

General methods. 

IR spectra of all compounds were recorded as thin films or KBr pellets. 1H and 13C NMR spectra 

of all compounds were recorded (using TMS as an internal standard) in 400 MHz and 100 MHz 

spectrometers, respectively. The HRMS measurements were obtained from QTOF mass analyzer 

using electrospray ionization (ESI) method. Column chromatography was carried out on silica gel 

(100-200 mesh, eluent; EtOAc: hexane). Reactions were performed in an anhydrous solvent under 

a nitrogen atmosphere wherever necessary. Solutions were dried using anhydrous Na2SO4. Thin 

layer chromatography analysis was performed on silica gel/alumina plates and components were 

visualized by observation under iodine. Isolated yields of all the compounds were reported and 

yields were not optimized. The 1H NMR signals for some of the amides were obtained as broad 

signals. 

General Procedure for preparation of picolinamides 4: 

To an oven dried double neck RB flask (50 mL capacity), picolinic acid (1.85 g, 15 mmol, 1 equiv), 

DCM (30 mL) DMF (3 drops), was added under a nitrogen atmosphere. Next, to the reaction 

mixture, oxalyl chloride (2.25g, 1.2 equiv) was added drop wise at 0 oC. Then, the reaction mixture 

was stirred at room temperature for 5 h. After this period the solvent was removed under reduced 
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pressure vacuum and the resulting acid chloride was used in the next step without further 

purification.  To another oven dried double neck RB flask (100 mL capacity), n-butyl amine 

(1.43g, 1.3 equiv), triethylamine (3.04 g, 2 equiv) and DCM (30 mL) were added. Then, to this 

reaction mixture was added the acid chloride dissolved in DCM (5-8 mL) at 0 oC. Then, the mixture 

was stirred at rt for 12 h. After this period, the reaction mixture was quenched with saturated 

aqueous NaHCO3 (30 mL) and the organic layer was separated, further the aqueous solution was 

extracted with DCM (2×20 mL). The combined organic layers were washed with brine (30 mL) 

and dried over anhydrous Na2SO4 and concentrated in vacuum to afford a crude reaction mixture. 

Then, the crude reaction mixture was purified by silica gel column (100-200 mesh, eluent; EtOAc: 

hexane) to afford the corresponding picolinamides 4, 7. 

 

Figure 4. Secondary amide starting materials used for the synthesis of corresponding tertiary 

amide via the Ni-catalyzed N-arylation of picolinamides. 

N-Butylpicolinamide (4a): Following the general procedure, 4a was obtained after purification 

by column chromatography on silica gel (EtOAc:hexane = 1:4) as a 

brown oil; Rf = 0.6 (EtOAc:hexane = 1:4); yield: 94% (2.51 g); IR 

(KBr): 3377, 2959, 1669, 1529 cm-1; 1H NMR (400 MHz, CDCl3): δ 

8.55–8.54 (m, 1H), 8.22–8.20 (m, 1H), 8.07 (br s, 1H), 7.86 (td, 1H, J1 
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= 7.7 Hz, J2 = 1.2 Hz), 7.45–7.41 (m, 1H), 3.50 (q, 2H, J  = 7.1 Hz), 1.67–1.60 (m, 2H), 1.49–1.39 

(m, 2H), 0.97 (t, 3H, J = 7.3 Hz); 13C NMR (100 MHz, CDCl3): δ  164.2, 150.0, 148.0, 137.3, 

126.0, 122.1, 39.1, 31.7, 20.1, 13.8; HRMS (ESI): m/z [M + H]+ calcd for C10H15N2O: 179.1184; 

found 179.1186. 

N-Propylpicolinamide (4b): Following the general procedure, 4b was obtained after purification 

by column chromatography on silica gel (EtOAc:hexane = 1:4) as a 

brown oil; Rf = 0.6 (EtOAc:hexane = 1:4); yield: 98% (2.41 g); IR 

(KBr): 3387, 2967, 1668, 1590 cm-1; 1H NMR (400 MHz, CDCl3): δ 

8.52 (dd, 1H, J1 = 4.8 Hz, J2 = 0.8 Hz), 8.19 (d, 1H, J = 7.8 Hz), 8.10 

(br s, 1H), 7.84–7.80 (m, 1H), 7.42–7.40 (m, 1H), 3.42 (q, J = 6.9 Hz), 1.67-1.62 (m, 2H), 0.98 (t, 

3H, J = 7.4 Hz); 13C NMR (100 MHz, CDCl3): δ 164.3, 150.0, 148.0, 137.4, 126.1, 122.2, 41.1, 

22.9, 11.5; HRMS (ESI): m/z [M + H]+ calcd for C9H13N2O: 165.1028; found 165.1027. 

N-(2-Ethylhexyl)picolinamide (4c): Following the general procedure, 4c was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 1:4) as colorless oil; Rf = 0.7 (EtOAc:hexane = 

1:4); yield: 83% (2.91 g); IR (KBr): 3392, 2928, 1677, 1527 cm-1; 

1H NMR (400 MHz, CDCl3): δ 8.56–8.54 (m, 1H), 8.21 (d, 1H, J 

= 7.8 Hz), 8.09 (br s, 1H), 7.85 (td, 1H, J1 = 7.7 Hz, J2 = 1.7 Hz), 7.44–7.40 (m, 1H), 3.48–3.37 

(m, 2H), 1.62–1.56 (m, 1H), 1.44–1.29 (m, 8H), 0.94 (t, 3H, J = 7.4 Hz), 0.90 (t, 3H, J = 6.9 Hz); 

13C NMR (100 MHz, CDCl3): δ 164.3, 150.1, 148.0, 137.3, 126.0, 122.2, 42.2, 39.6, 31.1, 28.9, 

24.3, 23.0, 14.1, 10.9; HRMS (ESI): m/z [M + H]+ calcd for C14H23N2O: 235.1810; found 

235.1815. 

N-Benzylpicolinamide (4d): Following the general procedure, 4d was obtained after purification 

by column chromatography on silica gel (EtOAc:hexane = 1:4) as a 

colorless solid; Rf = 0.4 (EtOAc:hexane = 1:4); yield: 86% (2.73 g); IR 

(KBr): 3372, 2964, 1668, 1530 cm-1; 1H NMR (400 MHz, CDCl3): δ 

8.53 (d, 1H, J = 4.2 Hz), 8.43 (br s, 1H), 8.26 (d, 1H, , J = 7.8 Hz), 7.86 

(td, 1H, J1 = 7.7 Hz, J2 = 1.6 Hz), 7.44–7.30 (m, 6H), 4.69 (d, 2H, J = 6.1 Hz); 13C NMR (100 

MHz, CDCl3): δ 164.3, 149.8, 148.1, 138.2, 137.4, 128.7, 127.9, 127.5, 126.3, 122.4, 43.5; HRMS 

(ESI): m/z [M + H]+ calcd for C13H13N2O: 213.1028; found 213.1031.  
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N-Phenethylpicolinamide (4e): Following the general procedure, 4e was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 1:4) as a brown oil; Rf = 

0.4 (EtOAc:hexane = 1:4); yield: 85% (3.01 g); IR (KBr): 3380, 2931, 1671, 1526 cm-1; 1H NMR 

 (400 MHz, CDCl3): δ 8.53 (d, 1H, J = 4.6 Hz),  8.20 (d, 1H, J = 7.8 Hz), 8.18 (br s, 1H), 7.85 (td, 

1H, J1 = 7.7 Hz, J2 = 1.4 Hz), 7.42 (dd, 1H, J1 = 7.5 Hz, J2 = 4.8 Hz), 

7.35–7.20 (m, 5H), 3.76 (q, 2H, J = 6.9 Hz), 2.97 (t, 2H, J = 7.3 Hz); 

13C NMR (100 MHz, CDCl3): δ 164.3, 149.9, 148.1, 139.0, 137.3, 

128.8, 128.6, 126.5, 126.1, 122.2, 40.7, 36.0; HRMS (ESI): m/z [M 

+ H]+ calcd for C14H15N2O: 227.1184; found 227.1189. 

N-(Cyclohexylmethyl)picolinamide (4f): Following the general procedure, 4f was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane 

= 1:4) as a colorless solid; Rf = 0.6 (EtOAc:hexane = 1:4); yield: 82% 

(2.68 g); IR (KBr): 3377, 2924, 1670, 1529 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.56–8.55 (m, 1H), 8.23–8.20 (m, 1H), 8.14 (br s, 1H), 7.87 

(td, 1H, J1 = 7.7 Hz, J2 = 1.7 Hz), 7.44–7.41 (m, 1H), 3.33 (t, 2H, J = 6.6 Hz), 1.84–1.57 (m, 6H), 

1.31–1.13 (m, 3H), 1.07–0.98 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 164.2, 150.1, 148.0, 137.3, 

126.0, 122.0, 45.7, 38.1, 30.9, 26.4, 25.9; HRMS (ESI): m/z [M + H]+ calcd for C13H19N2O: 

219.1497; found 219.1509. 

N-(1-Benzylpiperidin-4-yl)picolinamide (4g): Following the general procedure, 4g was obtained 

after purification by column chromatography on alumina gel (EtOAc:hexane = 40:60) as a 

colorless solid; Rf = 0.15 (EtOAc:hexane = 1:4); yield: 87% 

(3.85 g); IR (KBr): 3379, 2938, 1670, 1521 cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.55–8.53 (m, 1H), 8.21–8.19 (m, 1H), 8.01 (d, 

1H, J = 7.9 Hz), 7.83 (td, 1H, J1 = 7.7 Hz, J2 = 1.7 Hz), 7.42–

7.38 (m, 1H), 7.35–7.30 (m, 4H), 7.29–7.23 (m, 1H), 4.05–3.98 (m, 1H), 3.52 (s, 2H), 2.87-2.84 

(m, 2H), 2.20 (t, 2H, , J = 10.0 Hz), 2.04–1.99 (m, 2H), 1.70–1.60 (m, 2H); 13C NMR (100 MHz, 

CDCl3): δ 163.5, 150.0, 148.0, 138.5, 137.3, 129.1, 128.2, 127.0, 126.1, 122.2, 63.1, 52.3, 46.5, 

32.2; HRMS (ESI): m/z [M + H]+ calcd for C18H22N3O: 296.1763; found 296.1784. 

N-Cyclopentylpicolinamide (4h): Following the general procedure, 4h was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 1:4) as a colorless solid; Rf 

= 0.6 (EtOAc:hexane = 1:4); yield: 80% (2.28 g); IR (KBr): 3311, 2959, 1654, 1524 cm-1; 1H NMR 
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(400 MHz, CDCl3): δ 8.50 (d, 1H,  J = 4.6 Hz), 8.16 (d, 1H, J = 7.8 Hz), 7.98 (br s, 1H), 7.83–

7.78 (m, 1H), 7.39–7.36 (m,1H), 4.42–4.33 (m,1H), 2.07–2.01 (m, 2H), 

1.75- 1.49 (m, 6H); 13C NMR (100 MHz, CDCl3): δ 163.8, 150.1, 147.9, 

137.3, 126.0, 122.1, 51.0, 33.1, 23.8; HRMS (ESI): m/z [M + H]+ calcd for 

C11H15N2O: 191.1184; found 191.1189. 

N-(Heptan-2-yl)picolinamide (4i): Following the general procedure, 4i was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 1:4) as colorless oil; Rf = 0.8 (EtOAc:hexane = 

1:4); yield: 89% (2.94 g); IR (KBr): 3380, 2930, 1673, 1521 cm-

1; 1H NMR (400 MHz, CDCl3): δ 8.53–8.52 (m,1H), 8.19 (dd, 1H, 

J1 = 7.8 Hz, J2 = 0.9 Hz), 7.87 (d, 1H, J = 7.8 Hz), 7.84–7.80 (m, 1H), 7.41–7.37 (m,1H), 4.21–

4.10 (m, 1H), 1.61–1.48 (m, 2H), 1.37–1.23 (m, 9H), 0.85 (t, 3H, J = 5.7 Hz); 13C NMR (100 MHz, 

CDCl3): δ 163.5, 150.1, 147.9, 137.3, 126.0, 122.2, 45.3, 37.0, 31.7, 25.8, 22.5, 21.0, 14.0; HRMS 

(ESI): m/z [M + H]+ calcd for C13H21N2O: 221.1654; found 221.1660. 

N-Benzyl-3-methylpicolinamide (4j): Following the general procedure, 4j was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 30:70) 

as a colorless solid; Rf = 0.5 (EtOAc : hexane = 1:4); yield: 80% (2.7 g); mp 

82-84 oC; IR (KBr): 3382, 3061, 1670, 1513; 1H NMR (400 MHz, CDCl3): δ 

8.54 (s, 1H), 8.36 (d, 1H, J = 4.4 Hz)), 7.59 (d, 1H, J = 7.7 Hz), 7.40-7.27 (m, 

6H), 4.65 (d, 2H, J = 6.0 Hz), 2.79 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

165.9, 147.1, 145.5, 140.9, 138.6, 135.5, 128.7, 127.8, 127.4, 125.7, 43.3, 

20.6. 

N-Butylbenzamide (7a): Following the general procedure, 7a was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 1:4) as colorless 

oil; Rf = 0.4 (EtOAc:hexane = 1:4); yield: 93% (2.45 g); IR (KBr): 3315, 

2959, 1639, 1543 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.79–7.64 (m, 

2H), 7.50-7.39 (m, 3H), 6.44 (br s, 1H), 3.44 (q, 2H,  J = 6.8 Hz), 1.63–

1.55 (m, 2H), 1.45–1.35 (m, 2H), 0.95 (t, 3H, J = 7.2 Hz); 13C NMR (100 MHz, CDCl3): δ 167.7, 

134.8, 131.3, 128.5, 126.9, 39.8, 31.7, 20.2, 13.8; HRMS (ESI): m/z [M + H]+ calcd for C11H16NO: 

178.1232; found 178.1235. 
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N-Butylthiophene-2-carboxamide (7b): Following the general procedure, 7b was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 1:4) as a colorless solid; Rf 

= 0.3 (EtOAc:hexane = 1:4); yield: 97% (2.66 g); IR (KBr): cm-1; 1H NMR (400 MHz, CDCl3): δ 

7.57 (d, 1H, J = 3.6 Hz), 7.45 (d, 1H, J = 5.0 Hz), 7.06–7.03 (m, 1H), 6.57 (br s, 1H), 3.41 (q, 2H, 

J = 6.9 Hz), 1.61–1.54 (m, 2H), 1.42–1.33 (m, 2H), 0.93 (t, 3H, J = 7.3 

Hz); 13C NMR (100 MHz, CDCl3): δ 162.1, 139.4, 129.7, 127.8, 127.6, 

39.8, 31.7, 20.1, 13.8; HRMS (ESI): m/z [M + H]+ calcd for C9H14NOS: 

184.0796; found 184.0792. 

N-Butylfuran-2-carboxamide (7c): Following the general procedure, 7c was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 

1:4) as a colorless oil; Rf = 0.3 (EtOAc:hexane = 1:4); yield: 87% (2.18 

g); IR (KBr): cm-1; 1H NMR (400 MHz, CDCl3): δ 7.42 (d, 1H, J = 0.8 

Hz), 7.08 (dd, 1H, J1 = 3.5 Hz, J2 = 0.6 Hz), 6.48–6.47 (m, 2H), 3.41 (q, 

2H, J  = 7.0 Hz), 1.61–1.53 (m, 2H), 1.43–1.34 (m, 2H), 0.94 (t, 3H, J = 7.3 Hz); 13C NMR (100 

MHz, CDCl3): δ 158.4, 148.2, 143.7, 113.9, 112.1, 38.9, 31.7, 20.1, 13.8; MS (ESI) C9H14NO2: 

m/z 168 [M + H]+. 

General Procedure for the Ni(II)-catalyzed N-arylation of secondary acyclic amides (2-

picolinamides) 4 with aryl halides:  

An oven dried Shlenk tube was charged with an appropriate picolinamide (0.25 mmol), 

NiCl2˖(H2O)6 (10 mol%, 6.0 mg), aryl halide (4 equiv, 1 mmol), NaH (3 equiv, 0.75 mmol, 30 mg) 

(60 % dispersion in mineral oil) and dry DMF (3.5 mL) under a nitrogen atmosphere. Then, the 

reaction mixture was stirred at 150 oC for 24 h. The resulting suspension was allowed to attain the 

room temperature. Then, 0.3 mL of EtOH was added to quench excess of NaH and the reaction 

mixture was stirred at rt for 5 min and then, water (10 mL) was added to the reaction mixture. 

Next, the reaction mixture was transferred into a separating funnel and extracted with EtOAc (3 × 

10 mL). Then, the combined organic layers were washed with saturated aqueous NaHCO3, dried 

with anhydrous Na2SO4, concentrated in vacuum to afford a crude reaction mixture. Then, the 

crude reaction mixture was purified by silica gel column (100-200 mesh, eluent; EtOAc: hexane) 

to afford the corresponding N-arylated picolinamides.  

N-Butyl-N-(4-methoxyphenyl)picolinamide (5a): Following the general procedure, 5a was 

obtained after purification by column chromatography on silica gel (EtOAc:hexane = 3:2) as a 
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brown oil; Rf = 0.3 (EtOAc:hexane = 2:3); yield: 80% (57 mg); IR 

(KBr): 2958, 1649, 1511 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.36 

(d, 1H, J = 4.5 Hz), 7.54 (td, 1H, J1 = 7.7 Hz, J2 = 1.5 Hz), 7.31 (d, 

1H, J = 7.8 Hz), 7.08 (dd, 1H, J1 = 6.8 Hz, J2 = 5.0 Hz), 6.97 (d, 2H, 

J = 8.8 Hz), 6.70 (d, 2H, J = 8.8 Hz), 3.91 (t, 3H, J = 7.6 Hz), 3.73 (s, 

3H), 1.65–1.58 (m, 2H), 1.43–1.34 (m, 2H), 0.92 (t, 3H, J = 7.3 Hz); 

13C NMR (100 MHz, CDCl3): δ 168.6, 157.9, 154.9, 148.6, 136.0, 135.5, 129.0, 123.4, 123.2, 

114.0, 55.3, 49.7, 29.6, 20.2, 13.9; HRMS (ESI): m/z [M + H]+ calcd for C17H21N2O2: 285.1603; 

found 285.1604. 

N-Butyl-N-(p-tolyl)picolinamide (5b): Following the general procedure, 5b was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 1:1 ) as a brown oil; Rf = 

0.4 (EtOAc:hexane = 2:3); yield: 75% (51 mg); IR (KBr): 2958, 1649, 

1513 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.32 (br s, 1H), 7.5 (t, 1H, J 

= 7.4 Hz), 7.27 (d,  1H, J = 7.4 Hz), 7.05 (t, 1H, J = 5.9 Hz), 6.95 (d, 

2H, J = 7.9 Hz), 6.89 (d, 2H, J = 7.9 Hz), 3.90 (t, 2H, J = 7.5 Hz), 2.2 

(s, 3H), 1.62–1.55 (m, 2H), 1.39–1.30 (m, 2H), 0.90 (t, 3H, J = 7.2 Hz); 

13C NMR (100 MHz, CDCl3): δ 168.6, 154.8, 148.6, 140.0, 136.4, 136.0, 129.5, 127.5, 123.5, 

123.3, 49.7, 29.6, 20.9, 20.1, 13.9; HRMS (ESI): m/z [M + H]+ calcd for C17H21N2O: 269.1654; 

found 269.1651. 

N-Butyl-N-(4-ethylphenyl)picolinamide (5c): Following the general procedure, 5c was obtained 

after purification by column chromatography on silica gel 

(EtOAc:hexane = 1:1) as a brown  oil; Rf = 0.4 (EtOAc:hexane = 2:3); 

yield: 84% (71 mg); IR (KBr): 2962, 1649, 1513 cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.30 (d, 1H, J = 3.8 Hz), 7.48 (t, 1H, J = 7.4 Hz), 7.26 

(d, 1H, J = 7.6 Hz), 7.03 (t, 1H, J = 5.4 Hz), 6.96 (d, 2H, J = 7.8 Hz), 

6.90 (d, 2H, J = 7.8 Hz), 3.89 (t, 2H, J = 7.4 Hz), 2.50 (q, 2H, J = 7.4 

Hz), 1.62–1.55 (m, 2H), 1.38–1.29 (m, 2H), 1.11 (t, 3H, J = 7.5 Hz), 0.87 (t, 3H, J =7.2 Hz); 13C 

NMR (100 MHz, CDCl3): δ 168.5, 154.8, 148.5, 142.7, 140.2, 136.0, 128.3, 127.5, 123.5, 123.3, 

49.7, 29.6, 28.2, 20.1, 15.2, 13.9; HRMS (ESI): m/z [M + H]+ calcd for C18H23N2O: 283.1810; 

found 283.1812. 
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N-Butyl-N-phenylpicolinamide (5d): Following the general procedure, 5d was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 45:55 ) as a yellow solid; 

Rf = 0.4 (EtOAc:hexane = 2:3); yield: 74% (47 mg); mp 49–51 oC; IR (KBr): 2958, 1648, 1595 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.30 (br s, 1H), 7.51 (br s, 1H), 7.34 (br s, 1H), 7.16–7.03 

 (m, 6H), 3.93 (br s, 2H), 1.60 (br s, 2H), 1.36 (br s, 2H), 0.89 (br s, 3H); 

13C NMR (100 MHz, CDCl3): δ 168.5, 154.7, 148.5, 142.9, 136.1, 128.9, 

127.7, 126.6, 123.7, 123.5, 49.8, 29.7, 20.2, 13.9; HRMS (ESI): m/z [M 

+ H]+ calcd for C16H19N2O: 255.1497; found 255.1509. 

 

N-(4-Acetylphenyl)-N-butylpicolinamide (5e): Following the general procedure, 5e was 

obtained after purification by column chromatography on silica gel (EtOAc:hexane = 45:55) as a 

brown  oil; Rf = 0.2 (EtOAc:hexane = 2:3); yield: 34% (26 mg); IR 

(KBr): 2959, 2932, 1681, 1599 cm-1; 1H NMR (400 MHz, CDCl3): δ 

8.31 (d, 1H, J = 4.0 Hz), 7.82 (d, 2H, J = 8.3 Hz), 7.65 (t, 1H, J = 7.7 

Hz), 7.55 (d, 1H, J= 7.7 Hz), 7.18–7.12 (m, 3H), 3.99 (t, 2H, J = 7.6 Hz), 

2.55 (s, 3H), 1.66–1.59 (m, 2H), 1.41–1.32 (m, 2H), 0.91 (t, 3H, J = 7.2 

Hz); 13C NMR (100 MHz, CDCl3): δ 197.1, 168.4, 154.0, 148.4, 147.5, 

136.5, 134.8, 129.2, 127.2, 124.3, 124.0, 50.0, 29.9, 26.6, 20.1, 13.8; HRMS (ESI): m/z [M + H]+ 

calcd for C18H21N2O2: 297.1603; found 297.1597. The 1H NMR signals for this amide were 

obtained as broad signals. 

N-Butyl-N-(4-chlorophenyl)picolinamide (5f): Following the general procedure, 5f was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as a brown  solid; Rf = 0.5 (EtOAc:hexane = 

2:3); yield: 52% (38 mg); mp 85-87 oC; IR (KBr): 2958, 1650, 1488, 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.33 (br s, 1H), 7.61–6.80 (m, 7H), 

3.91 (br s, 2H), 1.63–1.56 (m, 2H), 1.35 (br s, 2H), 0.90 (br s, 3H); 13C 

NMR (100 MHz, CDCl3): δ 154.2, 148.5, 138.1, 136.4, 132.1, 129.5, 129.3, 124.1, 123.7, 49.9, 

29.7, 20.1, 13.8; HRMS (ESI): m/z [M + H]+ calcd for C16H18ClN2O: 289.1108; found 289.1105. 

The 1H NMR signals for this amide were obtained as broad signals. 
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N-(4-Bromophenyl)-N-butylpicolinamide (5g): Following the general procedure, 5g was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as a brown  solid; Rf = 0.5 (EtOAc:hexane = 

2:3); yield: 50% (42 mg); mp 61-63 oC; IR (KBr): 2959, 1650, 1492 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.32 (br s, 1H), 7.60 (br s, 1H), 

7.45 (br s, 1H), 7.15 (br s , 3H), 6.98 (br s, 2H), 3.91 (br s, 2H), 1.63–

1.56 (m, 2H), 1.37-1.35 (m, 2H), 0.90 (br s, 3H); 13C NMR (100 MHz, CDCl3): δ 168.4, 154.2, 

148.5, 141.5, 136.4, 132.2, 129.1, 128.9, 124.0, 123.7, 49.9, 29.7, 20.1, 13.8; HRMS (ESI): m/z 

[M + H]+ calcd for C16H18BrN2O: 333.0603; found 333.0622. The 1H NMR signals for this amide 

were obtained as broad signals. 

N-Butyl-N-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)picolinamide (5h): Following the general 

procedure, 5h was obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 3:2) as a brown  solid; Rf = 0.3 (EtOAc:hexane = 2:3); 

yield: 42% (35 mg); mp 63-65 oC; IR (KBr): 2932, 1647, 1504 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.39 (d, 1H, J = 4.2 Hz), 7.55 (t, 1H, J = 

7.6 Hz), 7.31 (d, 1H, J = 7.7 Hz), 7.11 (t, 1H, J = 6.1Hz), 6.63-6.61 (m, 

2H), 6.48 (dd, 1H, J1 = 8.4 Hz, J2 = 1.5 Hz), 4.18 (s, 4H), 3.88 (t, 2H, J 

= 7.6 Hz), 1.65–1.57 (m, 2H), 1.42–1.33 (m, 2H), 0.92 (t, 3H, J = 7.3 

Hz); 13C NMR (100 MHz, CDCl3): δ 168.5, 154.8, 148.7, 143.2, 142.2, 136.1, 123.6, 123.2, 121.3, 

117.1, 116.5, 64.2, 49.8, 29.6, 20.2, 13.9; HRMS (ESI): m/z [M + H]+ calcd for C18H21N2O3: 

313.1552; found 313.1519. 

N-Butyl-N-(m-tolyl)picolinamide (5i): Following the general procedure, 5i was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 

1:1) as a brown  oil; Rf = 0.5 (EtOAc:hexane = 2:3); yield: 83% (56 mg); 

IR (KBr): 2958, 1649, 1587 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.33 

(br s, 1H), 7.52 (br s, 1H), 7.33 (br s, 1H), 7.07–6.79 (m, 5H), 3.93 (br s, 

2H), 2.22 (s, 3H), 1.63–1.59 (m, 2H), 1.37–1.36 (m, 2H), 0.90 (br s, 3H); 

13C NMR (100 MHz, CDCl3): δ 168.5, 154.8, 148.5, 142.6, 138.9, 136.0, 128.6, 128.1, 127.4, 

124.8, 123.6, 123.3, 49.7, 29.7, 21.2, 20.1, 13.8; HRMS (ESI): m/z [M + H]+ calcd for C17H21N2O: 

269.1654; found 269.1670. The 1H NMR signals for this amide were obtained as broad signals. 
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N-Butyl-N-(3,4-dimethylphenyl)picolinamide (5j): Following the general procedure, 5j was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 1:1) as a brown  oil; Rf = 0.5 (EtOAc:hexane = 2:3); 

yield: 80% (58 mg); IR (KBr): 2958, 1648, 1503 cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.34 (br s, 1H), 7.51 (t, 1H, J = 6.3 Hz), 7.29 (d, 1H, J 

= 5.4 Hz), 7.06 (br s, 1H), 6.89–6.84 (m, 2H), 6.70 (d, 1H, J = 7.1 Hz), 

3.91 (t, 2H, J = 7.1 Hz), 2.13 (s, 3H), 2.11 (s, 3H), 1.64–1.57 (m, 2H), 1.42–1.34 (m, 2H), 0.91 (t, 

3H, J = 6.9 Hz); 13C NMR (100 MHz, CDCl3): δ 168.6, 155.0, 148.6, 140.2, 137.3, 136.0, 135.1, 

129.9, 128.5, 125.2, 123.5, 123.3, 49.7, 29.6, 20.2, 19.7, 19.3, 13.9; HRMS (ESI): m/z [M + H]+ 

calcd for C18H23N2O: 283.1810; found 283.1771. 

N-(4-Iodophenyl)-N-propylpicolinamide (5k): Following the general procedure, 5k was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 1:1) as a brown solid; Rf = 0.5 (EtOAc:hexane = 2:3); 

yield: 38% (35 mg); mp 87-89 oC; IR (KBr): 2963, 1648, 1486 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.35 (br s, 1H), 7.63–7.48 (m, 4H), 7.18–7.15 

(m, 1H), 6.81 (br s, 2H), 3.89 (t, 2H, J = 6.8 Hz), 1.70–1.60 (m, 2H), 0.94 

(br s, 3H); 13C NMR (100 MHz, CDCl3): δ 168.3, 154.2, 148.5, 138.1, 136.4, 129.5, 127.7, 124.1, 

123.7, 91.5, 51.6, 20.9, 11.3; HRMS (ESI): m/z [M + H]+ calcd for C15H16IN2O: 367.0307; found 

367.0322. The 1H NMR signals for this amide were obtained as broad signals. 13C NMR of this 

compound contains residual grease peaks. 

N-(4-Methoxyphenyl)-N-propylpicolinamide (5l): Following the general procedure, 5l was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 3:2) as a brown oil; Rf = 0.2 (EtOAc:hexane = 2:3); yield: 

70% (36 mg); IR (KBr): 2964, 1647, 1511 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.35 (d, 1H, J = 3.6 Hz), 7.52 (t, 1H, J = 7.6 Hz), 7.29 (d, 1H, J 

= 7.6 Hz), 7.08 (t, 1H, J = 5.3 Hz), 6.97 (d, 2H, J = 8.2 Hz), 6.69 (d, 2H, J 

= 8.2 Hz), 3.87 (t, 2H, J = 7.4 Hz), 3.71 (s, 3H), 1.69–1.60 (m, 2H), 0.95 

(t, 3H, J = 7.2 Hz); 13C NMR (100 MHz, CDCl3): δ 168.7, 158.0, 154.9, 148.6, 136.0, 135.4, 129.0, 

123.4, 123.2, 114.0, 55.3, 51.5, 20.7, 11.3; HRMS (ESI): m/z [M + H]+ calcd for C16H19N2O2: 

271.1447; found 271.1415. 
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N-Propyl-N-(p-tolyl)picolinamide (5m): Following the general procedure, 5m was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 

1:1) as a yellow solid; Rf = 0.4 (EtOAc:hexane = 2:3); yield: 90% (57 mg); 

mp 87-89 oC; IR (KBr): 2963, 1648, 1512 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.38 (d, 1H, J = 3.4 Hz), 7.55 (t, 1H, J = 7.4 Hz), 7.33 (d, 1H, 

J = 7.6 Hz), 7.11 (t, 1H, J = 5.1 Hz), 6.99 (d, 2H, J = 7.5 Hz), 6.94 (d, 2H, 

J = 7.5 Hz), 3.91 (t, 2H, J = 7.4 Hz), 2.26 (s, 3H), 1.70-1.64 (m, 2H), 0.97 

(t, 3H, J = 7.2 Hz); 13C NMR (100 MHz, CDCl3): δ 168.6, 154.9, 148.6, 140.1, 136.4, 136.0, 129.5, 

127.5, 123.5, 123.3, 51.5, 21.0, 20.7, 11.3; HRMS (ESI): m/z [M + H]+ calcd for C16H19N2O: 

255.1497; found 255.1500. 

N-Propyl-N-(p-tolyl)picolinamide (5n): Following the general procedure described above, 5n 

was obtained after purification by column chromatography on silica 

gel (EtOAc:hexane = 45:55) as a brown solid; Rf = 0.3 

(EtOAc:hexane = 2:3); yield: 44% (38 mg); mp 48-50 oC; IR (KBr): 

2958, 2928, 2859, 1653, 1492 cm-1; 1H NMR (400 MHz, CDCl3): δ 

8.33 (br s, 1H), 7.60–6.99 (m, 7H),  3.94–3.82 (m, 2H), 1.55–1.24 

(m, 9H), 0.87 (t, 6H, J = 6.0 Hz); 13C NMR (100 MHz, CDCl3): δ 168.8, 154.5, 148.4, 141.5, 

136.3, 132.1, 129.0, 128.8, 123.8, 123.6, 52.6, 37.3, 30.3, 28.5, 23.6, 23.0, 14.1, 10.5; HRMS 

(ESI): m/z [M + H]+ calcd for C20H26ClN2O: 345.1734; found 345.1739. The 1H NMR signals for 

this amide were obtained as broad signals. 

N-Benzyl-N-(4-methoxyphenyl)picolinamide (5o): Following the general procedure, 5o was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 3:2) as a brown  oil; Rf = 0.3 (EtOAc:hexane = 2:3); 

yield: 95% (76 mg); IR (KBr): 2934, 1649, 1511 cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.38 (d, 1H, J = 4.3 Hz), 7.55 (t, 1H, J = 7.6 Hz), 

7.37–7.25 (m, 6H), 7.10 (t, 1H, J = 5.5 Hz), 6.83 (d, 2H, J = 8.7 Hz), 

6.61 (d, 2H, J = 8.7 Hz), 5.11 (s, 2H), 3.68 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 168.9, 158.0, 

154.6, 148.7, 137.1, 136.1, 135.3, 129.1, 128.8, 128.5, 127.4, 123.6, 123.4, 113.9, 55.3, 53.6; 

HRMS (ESI): m/z [M + H]+ calcd for C20H19N2O2: 319.1447; found 319.1447. 
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N-Benzyl-N-(p-tolyl)picolinamide (5p): Following the general procedure, 5p was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 

1:1) as a  pale yellow solid; Rf = 0.4 (EtOAc:hexane = 2:3); yield: 81% 

(61 mg); mp 110-112 oC; IR (KBr): 3030, 1650, 1512 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.38 (s, 1H), 7.55 (t, 1H, J = 6.8 Hz), 7.39–7.23 

(m, 6H), 7.11 (br s, 1H), 6.90 (d, 2H, J = 7.0 Hz), 6.81 (d, 2H, J = 7.0 

Hz), 5.14 (s, 2H), 2.21 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 168.8, 

154.4, 148.6, 140.0, 137.1, 136.5, 136.1, 129.5, 128.6, 128.5, 127.5, 127.4, 123.7, 123.5, 53.5, 

21.0; HRMS (ESI): m/z [M + H]+ calcd for C20H19N2O: 303.1497; found 303.1518. 

N-Benzyl-N-phenylpicolinamide (5q): Following the general procedure, 5q was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 

45:65) as slight yellow solid; Rf = 0.4 (EtOAc:hexane = 2:3); yield: 65% 

(46 mg); mp 91-93 oC; IR (KBr): 2928, 1649, 1595 cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.36 (br s, 1H), 7.59–7.56 (m, 1H), 7.45–7.44 (m, 1H), 

7.35–7.23 (m, 5H), 7.13–7.10 (m, 1H), 6.95–6.94 (m, 1H), 5.18 (s, 1H); 

13C NMR (100 MHz, CDCl3): δ 168.8, 154.4, 148.6, 142.8, 137.1, 136.1, 128.8, 128.5, 128.5, 

127.7, 127.4, 126.7, 123.9, 123.7, 53.6; HRMS (ESI): m/z [M + H]+ calcd for C19H17N2O: 

289.1341; found 289.1346. The 1H NMR signals for this amide were obtained as broad signals. 

N-(4-Methoxyphenyl)-N-phenethylpicolinamide (5r): Following the general procedure, 5r was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 3:2) as a pale yellow solid; Rf = 0.2 (EtOAc:hexane 

= 2:3); yield: 86% (71 mg); mp 121-123 oC; IR (KBr): 2933, 1647, 

1511 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.38 (d, 1H, J = 4.5 Hz), 

7.57–7.53 (m, 1H), 7.33–7.22 (m, 6H), 7.12-7.09 (m, 1H), 6.90 (d, 

2H, J = 8.8 Hz), 6.70 (d, 2H, J = 8.8 Hz), 4.15–4.11 (m, 2H), 3.74 (s, 

3H), 3.03 (t, 2H, J = 8.2 Hz); 13C NMR (100 MHz, CDCl3): δ 168.7, 158.0, 154.7, 148.7, 138.9, 

136.0, 135.6, 129.0, 128.9, 128.5, 126.4, 123.6, 123.3, 114.1, 55.3, 51.9, 33.7; HRMS (ESI): m/z 

[M + H]+ calcd for C21H21N2O2: 333.1603; found 333.1608. 
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N-Phenethyl-N-(p-tolyl)picolinamide (5s): Following the general procedure, 5s was obtained 

after purification by column chromatography on silica gel 

(EtOAc:hexane = 1:1) as a pale yellow solid; Rf = 0.4 (EtOAc:hexane 

= 2:3);  yield: 82% (65 mg); mp 101-103 oC; IR (KBr): 2963, 1649, 

1513 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.39 (d, 1H, J = 3.1 Hz), 

7.56 (t, 1H, J = 7.3 Hz), 7.36–7.21 (m, 6H), 7.13 (t, 1H, J = 5.0 Hz), 

6.99 (d, 2H, J = 7.5 Hz), 6.87 (d, 2H, J = 7.5 Hz), 4.15 (t, 2H, J = 8.1 

Hz), 3.03 (t, 2H, J = 8.1 Hz), 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 168.6, 154.6, 148.7, 

140.3, 138.9, 136.5, 136.1, 129.6, 129.0, 128.5, 127.4, 126.4, 123.7, 123.5, 51.9, 33.7, 21.0; HRMS 

(ESI): m/z [M + H]+ calcd for C21H21N2O: 317.1654; found 317.1668. 

N-Phenethyl-N-phenylpicolinamide (5t): Following the general procedure, 5t was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 45:65) as a pale yellow 

solid; Rf = 0.4 (EtOAc:hexane = 2:3); yield: 92% (70 mg); mp 81-83 

oC; IR (KBr): 2932, 1647, 1594 cm-1; 1H NMR (400 MHz, CDCl3): 

δ 8.36 (d, 1H, J = 1.9 Hz), 7.56 (br s, 1H), 7.40 (d, 1H, J = 6.6 Hz), 

7.30–7.13 (m, 11H), 6.99 (br s, 2H), 7.39-7.38 (m, 1H), 7.30–7.13 

(m, 9H), 7.00-6.98 (m, 2H), 4.18 (t, 2H, J = 7.9 Hz), 3.04 (t, 2H, J = 

7.9 Hz); 13C NMR (100 MHz, CDCl3): δ 168.6, 154.4, 148.6, 143.0, 

138.8, 136.1, 129.0, 128.9, 128.5, 127.6, 126.7, 126.4, 123.8, 123.6, 52.0, 33.8; HRMS (ESI): m/z 

[M + H]+ calcd for C20H19N2O: 303.1497; found 303.1500. The 1H NMR signals for this amide 

were obtained as broad signals. 

N-(Cyclohexylmethyl)-N-(4-methoxyphenyl)picolinamide (5u): Following the general 

procedure, 5u was obtained after purification by column chromatography 

on silica gel (EtOAc:hexane = 3:2) as a brown  oil; Rf = 0.3 

(EtOAc:hexane = 3:2); yield: 80% (65 mg); IR (KBr): 2925, 1649, 1511 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.36 (d, 1H, J = 4.6 Hz), 7.52 (td, 

1H, J1 = 7.7 Hz, J2 = 1.5 Hz), 7.26 (d, 1H, J = 7.8 Hz), 7.08–7.05 (m, 

1H), 6.97 (d, 2H, J = 8.8 Hz), 6.68 (d, 2H, J = 8.8 Hz), 3.79 (d, 2H, J = 

7.4 Hz), 3.72 (s, 3H), 1.79–1.62 (m, 6H), 1.17–1.07 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 

169.1, 157.8, 155.2, 148.6, 136.0, 135.8, 128.9, 123.3, 123.1, 114.0, 55.5, 55.3, 36.1, 30.8, 26.4, 

26.0; HRMS (ESI): m/z [M + H]+ calcd for C20H25N2O2: 325.1916; found 325.1937. 
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N-(Cyclohexylmethyl)-N-(p-tolyl)picolinamide (5v): Following the general procedure, 5v was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 1:1) as a yellow solid; Rf = 0.5 (EtOAc:hexane = 

2:3); yield: 83% (64 mg); mp 72-74 oC; IR (KBr): 2925, 1650, 1512 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.36 (d, 1H, J = 3.5 Hz), 7.52 (t, 

1H, J = 7.3 Hz), 7.28 (d, 1H, J = 7.0 Hz), 7.08 (t, 1H, J = 5.2 Hz), 6.97 

(d, 2H, J = 7.7 Hz), 6.92 (d, 2H, J = 7.7 Hz), 3.83 (d, 2H, J = 7.3 Hz), 2.24 (s, 3H), 1.79–1.63 (m, 

6H), 1.16–1.06 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 169.0, 155.1, 148.6, 140.4, 136.3, 135.9, 

129.5, 127.4, 123.4, 123.2, 55.4, 36.2, 30.8, 26.4, 25.8, 21.0; HRMS (ESI): m/z [M + H]+ calcd for 

C20H25N2O: 309.1967; found 309.1956. 

N-(Cyclohexylmethyl)-N-phenylpicolinamide (5w): Following the general procedure, 5w was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as a yellow solid; Rf = 0.5 (EtOAc:hexane = 

2:3); yield: 81% (59 mg); mp 111-113 oC; IR (KBr): 2924, 1649, 1594 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.36 (br s, 1H), 7.56-7.54 (m, 1H) 

7.34–7.07 (m, 7H), 3.85 (d, 2H, J = 6.9 Hz), 1.79–1.63 (m, 6H, 1.17-

1.07 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 168.2, 154.2, 147.9, 142.9, 136.9, 129.0, 127.7, 

126.7, 123.8, 123.6, 55.6, 36.2, 30.8, 26.4, 25.8; HRMS (ESI): m/z [M + H]+ calcd for C19H23N2O: 

295.1810; found 295.1821.  

N-(1-Benzylpiperidin-4-yl)-N-(p-tolyl)picolinamide (5x): Following the general procedure, 5x 

was obtained after purification by column chromatography on 

alumina gel (EtOAc:hexane = 4:1) as brown  solid; Rf = 0.2 

(EtOAc:hexane = 2:3); yield: 40% (39 mg); mp 91-93 oC; IR (KBr): 

2936, 1648, 1512 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.33 (d, 1H, 

J = 4.4 Hz), 7.50 (t, 1H, J = 7.0 Hz), 7.31–7.22 (m, 6H), 7.04 (dd, 

1H, J1 = 6.8 Hz, J2 = 5.2 Hz), 6.96 (d, 2H, J = 8.2 Hz), 6.92 (d, 2H, J 

= 8.2 Hz), 4.82–4.76 (m, 1H), 3.48 (s, 2H), 2.95 (d, 2H, J = 11.4 Hz), 

2.23 (s, 3H), 2.23-2.17 (m, 2H), 1.95–1.91 (m, 2H), 1.63–1.53 (m, 

2H); 13C NMR (100 MHz, CDCl3): δ 169.0, 155.3, 148.5, 138.2, 137.4, 135.9, 130.7, 129.2, 129.1, 

128.2, 127.0, 123.2, 122.9, 63.0, 53.4, 53.0, 30.3, 21.0; HRMS (ESI): m/z [M + H]+ calcd for 

C25H28N3O: 386.2232; found 386.2231. 



34 
 

N-Benzyl-N-(3-methoxyphenyl)picolinamide (5y): Following the general procedure, 5y was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 3:2) as brown solid; Rf = 0.3 (EtOAc:hexane = 2:3); 

yield: 75% (60 mg); mp 61-63 oC; IR (KBr): 2937, 1652, 1601 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.41 (br s, 1H), 7.59 (t, 1H, J = 7.0 Hz), 

7.44–7.15 (m, 7H), 7.02 (t, 1H, J = 7.5 Hz), 6.64–6.48 (m, 3H), 5.16 (s, 

2H), 3.60 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 168.8, 159.8, 154.4, 148.7, 143.8, 137.2, 136.2, 

129.4, 128.5, 128.4, 127.4, 123.9, 123.5, 119.9, 113.3, 112.6, 55.2, 53.5; HRMS (ESI): m/z [M + 

H]+ calcd for C20H19N2O2: 319.1447; found 319.1458. The 1H NMR signals for this amide were 

obtained as broad signals. 

N-(Cyclohexylmethyl)-N-(3,5-dimethylphenyl)picolinamide (5z): Following the general 

procedure, 5z was obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as a yellow solid; Rf = 0.7 (EtOAc:hexane = 

2:3); yield: 78% (63 mg); mp 86-88 oC; IR (KBr): 2924, 1651, 1594 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.37 (br s, 1H), 7.51 (br s, 1H), 

7.27 (d, 1H, J = 6.6 Hz), 7.08 (br s, 1H), 6.71-6.64 (m, 3H), 3.82 (d, 

2H, J = 6.7 Hz), 2.16 (s, 6H), 1.78–1.1.62 (m, 6H), 1.17-1.06 (m, 5H); 

13C NMR (100 MHz, CDCl3): δ 169.0, 155.2, 148.5, 142.8, 138.4, 135.9, 128.2, 125.2, 123.4, 

123.2, 55.3, 36.2, 30.8, 26.4, 25.8, 21.1; HRMS (ESI): m/z [M + H]+ calcd for C21H27N2O: 

323.2123; found 323.2126. The 1H NMR signals for this amide were obtained as broad signals. 

N-(4'-Bromo-[1,1'-biphenyl]-4-yl)-N-phenethylpicolinamide (5aa): Following the general 

procedure, 5aa was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 45:55) as brown  

solid; Rf = 0.5 (EtOAc:hexane = 2:3); yield: 58% (66 mg); mp 136-

138 oC; IR (KBr): 2932, 1648, 1483 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.37 (br s, 1H), 7.62–7.03 (m, 16H), 4.21 (br s, 2H), 3.07 

(t, 2H, J = 7.1 Hz); 13C NMR (100 MHz, CDCl3): δ 168.5, 154.3, 

148.6, 138.7, 136.3, 131.9, 129.0, 128.8, 128.5, 127.9, 127.8, 127.6, 

127.4, 127.3, 126.9, 126.5, 123.8, 121.8, 52.1, 33.9; HRMS (ESI): m/z 

[M + H]+ calcd for C26H22BrN2O: 457.0916; found 457.0931. The 1H NMR signals for this amide 

were obtained as broad signals. 
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N-(Cyclohexylmethyl)-N-(m-tolyl)picolinamide (5ab): Following the general procedure, 5ab 

was obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as a yellow solid; Rf = 0.7 (EtOAc:hexane = 

2:3); yield: 65% (49 mg); mp 88-90 oC; IR (KBr): 2924, 1651, 1587 cm-

1; 1H NMR (400 MHz, CDCl3): δ 8.37 (br s, 1H), 7.54–7.53 (m, 1H), 

7.31–7.28 (m, 1H), 7.09–6.80 (m, 5H), 3.84 (d, 2H, J = 6.3 Hz), 2.20 (s, 

3H), 1.79–1.64 (m, 6H), 1.20–1.10 (m, 5H); 13C NMR (100 MHz, CDCl3): δ 169.0, 155.0, 148.5, 

143.0, 138.8, 136.0, 128.5, 128.0, 127.3, 124.8, 123.5, 123.3, 55.4, 36.2, 30.8, 26.4, 25.8, 21.2; 

HRMS (ESI): m/z [M + H]+ calcd for C20H25N2O: 309.1967; found 309.1971. The 1H NMR signals 

for this amide were obtained as broad signals. 

N-Cyclopentyl-N-(m-tolyl)picolinamide (5ac): Following the general procedure, 5ac was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as a pale yellow solid; Rf = 0.5 (EtOAc:hexane = 

2:3); yield: 52% (36 mg); mp 67-69 oC; IR (KBr): 2957, 1648, 1586 cm-1; 

1H NMR (400 MHz, CDCl3): δ 8.34 (br s, 1H), 7.52–7.50 (m, 1H), 7.28–

7.26 (m, 1H), 7.06–6.88 (m, 1H), 5.04-5.02 (m, 1H), 2.24 (s, 3H), 2.02 (br 

s, 2H), 1.58–1.48 (m, 6H); 13C NMR (100 MHz, CDCl3): δ 169.2, 155.4, 148.5, 139.2, 138.4, 

135.9, 131.3, 128.2, 127.8, 123.2, 123.2, 122.9, 58.0, 29.5, 22.9, 21.2; HRMS (ESI): m/z [M + H]+ 

calcd for C18H21N2O: 281.1654; found 281.1656. The 1H NMR signals for this amide were 

obtained as broad signals. 

N-Cyclopentyl-N-phenylpicolinamide (5ad): Following the general procedure, 5ad was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as a pale yellow solid; Rf = 0.5 (EtOAc:hexane = 

2:3); yield: 68% (45 mg); mp 111-113 oC; IR (KBr): 2959, 1642, 1493 cm-

1; 1H NMR (400 MHz, CDCl3): δ 8.31 (br s, 1H), 7.51-7.49 (br s, 1H), 7.28–

7.04 (m, 7H), 5.06-5.04 (m, 1H), 2.02 (br s, 2H), 1.57–1.46 (m, 6H); 13C 

NMR (100 MHz, CDCl3): δ 169.2, 155.3, 148.5, 139.3, 136.0, 130.8, 128.5, 127.5, 123.3, 123.0, 

58.0, 29.5, 23.0; HRMS (ESI): m/z [M + H]+ calcd for C17H19N2O: 267.1497; found 267.1504. 

The 1H NMR signals for this amide were obtained as broad signals. 
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N-(Heptan-2-yl)-N-(m-tolyl)picolinamide (5ae): Following the general procedure, 5ae was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as a yellow oil; Rf = 0.6 (EtOAc:hexane = 

2:3); yield: 52% (40 mg); IR (KBr): 2956, 1648, 1586 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.33 (d, 1H, J = 4.1 Hz), 7.49 (t, 1H, J 

= 7.5 Hz), 7.24 (d, 1H, J = 7.7 Hz), 7.05–6.83 (m, 5H), 4.97-4.92 

(m, 1H), 2.22 (s, 3H), 1.75–1.67 (m, 1H), 1.47–1.32 ( m, 7H), 1.22 (d, 3H, J = 6.8 Hz), 0.90 (t, 

3H, J = 6.8 Hz); 13C NMR (100 MHz, CDCl3): δ 168.9, 155.5, 148.5, 139.2, 138.3, 135.8, 130.9, 

128.1, 128.0, 127.4, 123.1, 122.9, 52.1, 35.0, 31.8, 26.5, 22.6, 21.2, 19.1, 14.1; HRMS (ESI): m/z 

[M + H]+ calcd for C20H27N2O: 311.2123; found 311.2128. 

N-(2-Ethylhexyl)-N-(m-tolyl)picolinamide (5af): Following the general procedure, 5af was 

obtained after purification by column chromatography on silica gel (EtOAc:hexane = 45:55) as a 

 yellow oil; Rf = 0.6 (EtOAc:hexane = 2:3); yield: 67% (54 mg); IR (KBr): 2958, 1651, 1605 cm-

1; 1H NMR (400 MHz, CDCl3): δ 8.36 (br s, 1H), 7.54-7.52 (m, 1H), 

7.30-7.28 (m, 1H), 7.09–6.80 (m, 5H), 3.97–3.84 (m, 2H), 2.22 (s, 

3H), 1.59–1.23 (m, 9H), 0.86 (br s, 6H); 13C NMR (100 MHz, 

CDCl3): δ 169.0, 155.1, 148.5, 142.6, 138.8, 135.9, 128.5, 128.0, 

127.3, 124.7, 123.5, 123.3, 52.4, 37.3, 30.3, 28.5, 23.6, 23.0, 21.2, 

14.1, 10.5; HRMS (ESI): m/z [M + H]+ calcd for C21H29N2O: 325.2280; found 325.2296. The 1H 

NMR signals for this amide were obtained as broad signals. 

N-(2-Ethylhexyl)-N-phenylpicolinamide (5ag): Following the general procedure, 5ag was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55) as yellow oil; Rf = 0.6 (EtOAc:hexane = 

2:3); yield: 56% (43 mg); IR (KBr): 2958, 1650, 1595 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.34 (br s, 1H), 7.55-7.52 (m, 1H), 

7.33–7.7.31 (m, 1H), 7.18–7.05 (m, 6H), 4.02–3.86 (m, 2H), 1.59–

1.23 (m, 9H), 0.86 (t, 6H, J = 6.2 Hz); 13C NMR (100 MHz, CDCl3): δ 169.0, 155.0, 148.5, 142.8, 

136.0, 128.8, 127.6, 126.5, 123.5, 123.4, 52.5, 37.4, 30.3, 28.5, 23.7, 23.0, 14.1, 10.5; HRMS 

(ESI): m/z [M + H]+ calcd for C20H27N2O: 311.2123; found 311.2130. 

N-Benzyl-N-(4-methoxyphenyl)-3-methylpicolinamide (5ah): Following the general 

procedure, 5ah was obtained after purification by column chromatography on silica gel (EtOAc: 
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hexane = 55:45) as a yellow oil; Rf = 0.3 (EtOAc:hexane = 2:3); yield: 41% (34 mg); IR (KBr): 

3061, 2933, 1649, 1511; 1H NMR (400 MHz, CDCl3): δ 8.24 (d, 1H, 

J = 4.5 Hz)), 7.37-7.27 (m, 6H), 6.99 (dd, 1H, J1=7.8 Hz, J2=4.8 Hz), 

6.87 (d, 2H, J = 9.0 Hz), 6.60  (d, 2H, J = 9.0 Hz), 5.11 (s, 2H), 3.66 

(s, 3H), 2.31 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 169.0, 158.2, 

154.6, 146.1, 137.8, 137.2, 134.0, 129.8, 129.2, 128.9, 128.5, 127.5, 

123.1, 113.7, 55.2, 52.8, 17.9. 

 

Procedure for hydrolysis of 3l and preparation of 4-methoxy-N-propylaniline (6): To round 

bottom flask N-(4-methoxyphenyl)-N-propylpicolinamide (5l, 68 mg, 0.25 mmol), NaOH (80 mg, 

2 mmol) and ethanol (3 mL) were added. The mixture was refluxed at 70 oC for 3-5 h. Then, water 

(5 mL) was added and extracted with diethyl ether (3 × 10 mL). The resulting organic layer was 

dried with anhydrous Na2SO4 and the solvent was removed under reduced pressure. The residue 

was purified by column chromatography on silica gel to give the pure product 6.  

4-Methoxy-N-propylaniline (6): Following the general procedure, 6 was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 45:55) as 

a brown  oil; Rf = 0.9 (EtOAc:hexane = 2:3); yield: 76% (31 mg); IR (KBr): 2932, 

1599, 1513 cm-1; 1H NMR (400 MHz, CDCl3): δ 6.82 (dt, 2H, J1 = 8.9 Hz, J2 = 

3.6 Hz), 6.61 (dt, 2H, J1 = 8.9 Hz, J2 = 3.6 Hz), 3.78 (s, 3H), 3.07 (t, 2H, J = 7.1 

Hz), 1.70–1.61 (m, 2H), 1.03 (t, 3H, J = 7.4 Hz); 13C NMR (100 MHz, CDCl3): δ 

152.0, 142.9, 114.9, 114.0, 55.8, 46.9, 22.8, 11.7; HRMS (ESI): m/z [M + H]+ calcd for C10H16NO: 

166.1232; found 166.1226. 
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Chapter 2: Palladium-catalyzed desulfitative Heck reaction and synthesis of α-naphthol-based 

triarylmethanes. 

Introduction 

Triarylmethanes have gained significant attention and found applications in various branches of 

sciences, such as material science, natural products and medicinal chemistry.1,2 The application 

and chemistry of triphenylmethyl groups was first discovered by Gomberg in 19002a  and 

triphenylmethane core is present in various dyes and fluorescent molecules.2b-c The fluorescent 

property of triphenylmethane molecules was utilized to study live cell imaging2d-f and as metal 

sensors.2g Further, triphenylmethane compounds were used as protecting groups in nucleoside, 

oligonucleotide, peptide and carbohydrate chemistry.3a-c Triarylmethanes have found extensive 

applications in medicinal chemistry and triarylmethanes found to exhibit biological activities, such 

as anti-cancer, antitubercular3d-h and potassium ion channel blocker3i-k (Figure 1). 

 

Figure 1. Representative examples of biologically active triarylmethanes. 

Some of the classical synthetic routes affording triarylmethanes are given in Scheme 1. For 

examples, treatment of benzophenone 1a with aryl magnesium bromide 2a provides tritanol, 

further reduction of tritanol provides triphenylmethanes 3a (Scheme 1A). Friedel-Crafts reaction 

is one of the most commonly employed protocol to synthesis triarylmethanes in which 

diarylmethyl chloride 1b or diarylmethanol moieties reacts with benzene 2b or electron rich aryls 

in presence of Lewis acids to afford triarylmethanes 3a (Scheme 1B). Two-fold aromatic 

electrophilic substitution in acidic condition provides triarylmethanes 3a (Scheme 1C). The 

transition metal catalyzed coupling reaction which also afforded triarylmethanes 3a (Scheme 1D).  
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Some of the representative literature reports dealing with metal free and metal-based methods 

affording triarylmethanes are shown below. 

 

Scheme 1. Synthetic routes toward triarylmethanes.  

In 1926, Schaarschmidt and co-workers started utilizing concept of Friedel-Crafts reaction to 

synthesis triarylmethane using aryl aldehyde with benzene.4a,b Further the work by Hey4c-d and 

Ungnade4e independently reported access to substituted triarylmethane by employing 

functionalized aryls as well as functionalized benzaldehydes. In 1987, Roberts and Coworkers4f 

reported the Friedel-Crafts type synthesis as well as mechanistic aspects of Hey and Ungnade 

methods of triarylmethane synthesis. 

In 2005, Nair and co-workers reported gold-promoted condensation of aryl aldehyde 1c with 

electron-rich hetero aromatic compound 2c to produce triarylmethane 3a (Scheme 2A).5a In 2006, 

Carretero and co-workers reported the synthesis of unsymmetrical triarylmethane 3e from 

diarylamine 1e and 2,4,6-trimethoxy benzene 2d, using copper triflate (Scheme 2B).5b,m Roy and 

co-workers reported bimetallic combination of iridium and tin {[Ir(COD)Cl]2/SnCl4} as the 

catalyst to access various symmetric triarylmethanes (Scheme 2C)5c from aryl aldehyde 1f and 

anisole 2e. In 2010, Kim and Thirupathi reported, FeCl3·6H2O-catalyzed diaryl sulfone 1g  
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Scheme 2. Selected methods dealing on the synthesis of triarylmethanes by Friedel-Crafts and 

related reactions. 

synthesis and the same reaction condition also enables to use diaryl sulfone as electrophile which 

further reacts with aryl compound to give triarylmethane 3c (Scheme 2D).5d Prakash and co-

workers reported BF3-H2O Lewis acid system to access triarylmethanes (Scheme 2E).5e Recently, 

Chakravarty and Pallikonda reported triflic acid-catalyzed Friedel-Crafts reaction of secondary 

benzylic phosphate 1h with toluene 2g to afford triarylmethane 3g (Scheme 2F).5f,k Very recently, 

Maiti and co-workers reported multifold C-C bond formation in a three component reaction 

afforded indolo-triarylmethanes as well as indolocarbazole (Scheme 2G).5g In 2014, Zhang and 

Jiang reported enantioselective triarylmethane synthesis by using imidodiphosphoric acid 4A as a 

chiral catalyst (Scheme 2H).5h,i There are other inevitable reports available which deal with the 
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synthesis of triarylmethanes using various Lewis acid catalysts such as FeCl3,
5j BF3·OEt2,

5l 

Sc(OTf)3,
5n SeO2/YbCl3,

5o Bi(OTf)3.
5p  

In 1951, Crowley and Schick reported condensation of aryl ketones with hetero aryls in presence 

of strong acid such as H2SO4 to obtain heterotriarylmethanes6a. Panda and co-workers reported 

Grignard and Friedel-Crafts reaction-based to access aryl/heteroaryl triarylmethanes.6b In 1997, 

Katritzky and co-workers reported the synthesis of triarylmethanes via nucleophilic substitution 

reaction of nitrobenzene with diarylmethyl benzotriazole in presence of potassium tertiary 

butoxide.6c  Recently Baire and Chinta reported the synthesis of unsymmetrical triarylmethanes 

via Grignard type reaction (Scheme 3A).6d Ogawa and co-workers reported the synthesis of 

unsymmetrical triarylmethanes via metal free oxidative coupling of benzylamine by using salicylic 

acid as co-oxidant (Scheme 3B).6e   

 

Scheme 3. Synthesis of triarylmethanes.  

Suzuki Miyaura cross coupling reactions is one the powerful and fundamental method to construct 

C-C bonds.7a-d. In 2006, the first attempt to utilize this type of coupling process to synthesis 

triarylmethane was reported by Molander,7e which deals on the reaction between benzyl bromide 

or benzyl carbonate and potassium aryl trifluoroborates to produce diarylmethanes. But the attempt 

on the synthesis of triarylmethane was not fruitful and it ended with mixture of triarylmethane with 

bi-aryls. In 2008, Kuwano and Yu7f reported the synthesis of triarylmethane by using diarylmethyl 

carbonate 1m as electrophile with aryl boronic acid 2h (Scheme 4A). In 2009, Carretero and co-

workers reported a palladium-catalyzed Kumada-Corriu cross coupling reaction of racemic as well 

as enantioenriched secondary benzylic bromides with vinyl and aryl Grignard reagent (Scheme 

4B).7g In 2012, Jiang and Co-workers reported the synthesis of indole-based unsymmetrical 

triarylmethanes from the reaction of vinylogous imine, which was generated in situ from 

arylsulphonyl indole 1o with aryl boronic acid 2h (Scheme 4C).7h In 2014, Crudden and Co-

workers reported efficient route to enantioenriched triarylmethanes via Suzuki-Miyaura coupling 

(Scheme 4D).7i,j  
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Scheme 4. Palladium-catalyzed Suzuki-Miyaura cross-coupling reactions.  

C-H Functionalization is an attractive route to functionalize inert C-H bonds8a-c and various 

triarylmethanes have been synthesized by direct C-H arylation protocol (Scheme 5). In 2007, 

Oshima/Yorimitsu and co-workers reported the palladium-catalyzed direct C-H arylation protocol 

to access triarylmethanes (Scheme 5A).8d In 2011, Li and co-workers reported access to 

benzimidazole, benzoxazole and heteroaryl triarylmethanes (Scheme 5B).8e In 2012, Walsh and 

co-workers developed an efficient procedure to synthesis aryl/hetero triarylmethanes via 

palladium-catalyzed direct C-H functionalization (Scheme 5C).8f-h In 2014, Miura and co-workers 

reported palladium-catalyzed cross coupling of benzoxazole 2r with electrophile 

diarylmethylcarbonate 1t, which provided benzoxazole-based triarylmethane 3r (Scheme 5D).8i 

 

Scheme 5. Triarylmethane synthesis. 
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Naturally abundant transition metal such as Fe, Cu, Ni have been employed in various functional 

group transformations9a-e including the synthesis of symmetrical/unsymmetrical triarylmethanes. 

In 2009, Shi and co-workers developed Fe-catalyzed cross dehydrogenative coupling of 

diarylmethane 1s with 2s, which provided triarylmethanes 3s (Scheme 6A).9f In 2011, Wang and 

co-workers developed copper-catalyzed direct C-H functionalization of benzoxazoles or its 

relative aryl heterocycles (Scheme 6B).9g Zho/Jiang reported Rh-catalyzed synthetic protocol to 

access indole-based triarylmethanes (Scheme 6C).9h In 2012, Jarvo and co-workers developed 

nickel-catalyzed route to access enantioenriched triarylmethane from chiral diarylmethyl ether 1w 

(Scheme 6D).9i There are also other reports which deals with the efficient synthesis of 

triarylmethane using Ni9j-k and Cu9l metal catalysts. 

 

Scheme 6. Triarylmethane synthesis. 

Notably, phenol and α- or β-naphthol-based triarylmethanes also has received special applications 

in material science, natural products, and medicinal chemistry.10a-h Some of the examples of these 

class of compounds are given in Figure 1. In particular, some of the literature reports dealing with 

the synthesis of β-naphthol-based triarylmethane synthesis and α-naphthol-based triarylmethanes 

have been shown in Scheme 7. In 2011, Kotsuki and co-workers reported triflic acid-catalyzed 

condensation aldehydes with phenols and naphthols, which provided the corresponding 

triarylmethanes (Scheme 7A).10i In 2015, Schneider and co-workers reported enantioselective 

triarylmethane synthesis by utilizing chiral phosphoric acid catalyst 4B (Scheme 7B).10k In 2008, 

Wang co-workers developed calix[n]arene sulphonic acid as surfactant Bronsted acid catalyst for 

the synthesis of α–naphthol-based triarylmethane 3aa (Scheme 7C).10j  
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Scheme 7. Synthesis of α- or β-naphthol-based triarylmethanes. 

Recently, Xu and co-workers developed efficient protocol to access various functionalized β-

naphthol-based triarylmethanes (Scheme 7D).10m Yaragorla and co-workers reported the synthesis 

of an example of α–naphthol-based triarylmethane (Scheme 7E).10l Zhang and co-workers 

developed phosphine-catalyzed Friedel-Craft reaction on p-quinone methides 1ab as electrophile 

which undergoes addition with β-naphthol 2u to afford triarylmethane 3ac (Scheme 7F).10n    

Aryl sulphonyl chlorides are inexpensive compounds and have reactivity similar to aryl halides in 

cross-coupling reactions affording desulfitative coupling products.11a,b Miura and co-workers 

disclosed aryl sulphonyl chlorides undergo coupling reactions with suitable coupling partner under 

Mizoroki-Heck coupling reaction conditions.11d-e The aryl sulphonyl chlorides were also shown to 

undergo palladium-catalyzed C-C coupling reactions with suitable coupling partners under 

Stille,11f Suzuki-Miyaura,11a and Negishi11g reaction conditions. In 2009, Dong and co-workers 

reported Pd-catalyzed coupling of 2-arylpyridine with aryl sulphonyl chloride to provide 

sulfone.11h Cheng and co-workers reported coupling of aryl sulphonyl chloride benzoxazole, which 
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afforded arylated benzoxazole derivatives.11i In 2014, Doucet and Yuan reported palladium-

catalyzed direct desulfitative β-arylation on thiophene and benzo[b]thiophene moieties.11j In 2015, 

the same group reported desulfitative coupling of enones using variety of functionalized aryl 

sulphonyl chlorides. For instance, reaction enone 1ac with arylsulphonyl chloride 2w afforded 3ad 

in 77% yield (Scheme 8A).11k  

 

Scheme 8A. Desulfitative coupling reaction.  

Motivated by these reports on palladium-catalyzed desulfitative coupling process it was envisaged 

to elaborate this concept. Accordingly, a part of this thesis reports the Pd-catalyzed desulfitative 

reaction of aryl sulphonyl chloride with arylidenetetralones affording an access to α-naphthol-

based  triarylmethanes (Scheme 8B).       

 

Scheme 8B. Theme of this work. 

Results and Discussion  

At the outset arylidenetetralone 5a was assembled from α-tetralone and benzaldehyde using 

NaOH-mediated Aldol condensation. Then, arylidenetetralone 5a was treated with p-

toluenesulphonyl chloride 6a in the presence of various Pd catalysts, bases, oxidants and solvents 

and different reaction conditions. Treatment of 5a with 6a and Pd(CH3CN)2 catalyst, Na2CO3 in 

1,4-dioxane at 140 oC provided naphthol-based triarylmethane 7a (Table 1, entry 1, 24% yield) 

instead of the expected coupling product 4D shown in Scheme 8. Surprised by this unprecedented 

result, further optimization were carried out. The Pd-catalyzed reaction of 5a with 6a was screened 

using various bases, such as K2CO3, Li2CO3 and Cs2CO3 and the product 7a was obtained in 33% 

yield when Li2CO3 was used as the base (entry 3). In this case, formation traces of the by-product  
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Table 1.  Optimization of the reaction conditions.  Desulfitative cross coupling of aryl sulphonyl 

chloride with ketone 5a. 

 

 
a Reaction performed at 110 oC. b 6 equiv of base. c Toluene. d t-BuOH.  

8a were also observed. Next, the Pd-catalyzed reaction of 5a with 6a in the presence of Li2CO3 

and other bases was screened using different oxidants (entries 5-18). The reaction condition is 

shown in entries 7 and 11 employing PhI[OAc]2 or PhI[CF3CO2]2 as oxidant were found to afford 

the product 7a in a maximum of yield of 75% yield along with the by-product 8a (up to 17%).  
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Table 2a. Scope of the desulfitative coupling of benzylidene ketones with arylsulphonyl chlorides 

 
a 20 mol% of PhI(OAc)2.  
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Further, the reaction of 5a with 6a was performed using different Pd catalysts in the presence of 

Li2CO3 as the base and these reaction afforded the product 7a in a maximum of yield of 77% yield 

along with the by-product 8a (up to 48%) (entries 19-24). The Pd-catalyzed reaction of 5a with 6a 

in toluene or t-BuOH was not fruitful (entries 25 and 26). 

Having done the optimization reactions next, it was envisaged to investigate the scope and 

generality of this protocol. Accordingly, various arylidenetetralones 5a-i were assembled and were 

treated with sulphonyl chlorides 6a-d in the presence of PdCl2(CH3CN)2 catalyst under the 

optimized reaction condition shown in entry 7 of Table 1. Treatment of various arylidenetetralones 

5a-i (0.25 mmol) with p-toluenesulfonyl chloride (2.2 equiv, 0.55 mmol) in the presence of 

PdCl2(CH3CN)2 (5 mol%), PhI(OAc)2 (10 mol%), and Li2CO3 (3 equiv, 0.75 mmol) in 1,4–dioxane 

(2 mL) at 140 o C afforded the corresponding naphthol-based triarylmethane derivatives 7a-i in 

30-75% yields (Table 2a). Similarly, treatment of various arylidenetetralones 5a,d-f,g,i  (0.25 

mmol) with p-methoxybenzenesulfonyl chloride 6b (2.2 equiv, 0.55 mmol) in the presence of 

PdCl2(CH3CN)2 (5 mol%), PhI(OAc)2 (10 mol%), and Li2CO3 (3 equiv, 0.75 mmol) in  1,4–

dioxane (2 mL) at 140 o C gave the corresponding naphthol-based triarylmethane derivatives 7j-o 

in 31-60% yields (Table 2a). 

Further, treatment of arylidenetetralones 5d,e,g (0.25 mmol) with p-ethylbenzenesulfonyl chloride 

6c (2.2 equiv, 0.55 mmol) in the presence of PdCl2(CH3CN)2 (5 mol%), PhI(OAc)2 (10 mol%), 

and Li2CO3 (3 equiv, 0.75 mmol) in 1,4–dioxane (2 mL) at 140 o C furnished the corresponding 

naphthol-based triarylmethane derivatives 7p-r in 43-56% yields (Table 2b). Finally, the reaction 

of arylidenetetralones 5a,b,e-j (0.25 mmol) with benzenesulfonyl chloride 6d or 6b (2.2 equiv, 

0.55 mmol) in the presence of PdCl2(CH3CN)2 (5 mol%), PhI(OAc)2 (10 mol%), and Li2CO3 (3 

equiv, 0.75 mmol) afforded the corresponding  naphthol-based triarylmethane derivatives 7s-z in 

40-63% yields (Table 2b). 

Further elaboration of substrate scope was done by performing the reactions arylidenetetralones 

5l-n (0.25 mmol) with different arylsulfonyl chlorides 6a,d (2.2 equiv, 0.55 mmol) in the presence 

of PdCl2(CH3CN)2 (5 mol%), PhI(OAc)2 (10 mol%), and Li2CO3 (3 equiv, 0.75 mmol) in 1,4–

dioxane (2 mL) at 140 o C. These reactions also furnished the corresponding naphthol-based 

triarylmethane derivatives 7aa-ae in 21-62% yields (Table 3). While optimization reactions shown 

in Table 1 revealed that the Pd-catalyzed reaction of 5a with 6a gave the product 7a along with 

the by-product 8a in all the reactions (Table 2a, 2b and 3) the focus was to isolate the main product  
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Table 2b. Scope of the desulfitative coupling of benzylidene ketones with arylsulphonyl chlorides 

 
a 20 mol% of PhI(OAc)2. 

7 in pure form. Notably, in one of the reaction, the by-product 8ab was obtained in considerable 

amount than the main product 7ab. The reason for the formation of the by-product 8ab in the 
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particular reaction of 5l with 6d was not clear at this stage. Additionally, it was noted that the 

naphthol-based triarylmethane derivatives 7a-z and 7aa-7ae are air sensitive and slowly 

decompose in open atmosphere in concurrence with the literature reports that α-naphthols undergo 

oxidation in air and also their δ-position are relatively reactive.12-a-d,13a-b 

Table 3. Scope of the desulfitative coupling of benzylidene ketones with arylsulphonyl chlorides 

 

Accordingly, it is assumed that the by-product e.g., 8a and 8ab are perhaps formed via the aerobic 

dimerization of their δ-position of the corresponding naphthol-based triarylmethane derivatives 7a 

and 7ab. 12a-d,13a-b 
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It was necessary to confirm the structures of the naphthol-based triarylmethane derivatives 

obtained from the Pd-catalyzed reactions of arylidenetetralones 5 with different arylsulfonyl 

chlorides 6. At first, deuterium-proton exchange was performed by recording 1H NMR of 

representative samples of 7 in CDCl3 and D2O (Scheme 9).  

 

Scheme 9. Deuteration of naphthol-based triarylmethane derivatives. 

 

Scheme 10. Synthesis of O-benzylated naphthol-based triarylmethane derivatives 9a-e. 

It was also necessary to show that the naphthol-based triarylmethane derivatives 7a-z and 7aa-7ae 

can be stored without any decomposition. Accordingly, some of the naphthol-based triarylmethane 

derivatives 7 were subjected to O-benzylation of OH group14a in the presence of benzyl bromide 

(Scheme 10) to afford the O-benzylated naphthol-based triarylmethane derivatives 9a-e in 70-88% 

yields. Notably, the compound 9a was crystallized to obtain single crystals and the structure of the 

compound 9a was confirmed by single-crystal X-ray analysis.  
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Although an exact mechanism of this reaction comprising the Pd-catalyzed reactions of 

arylidenetetralones 5 with arylsulfonyl chlorides 6 is not known, a plausible mechanism is 

proposed in Scheme 11. The coordination of Pd[II] with 5 provides intermediate 11. Next oxidative 

addition of 11 with arylsulphonyl chlorides generates the Pd species 12 and then elimination of 

SO2 generates the Pd species 13 and then, the reductive elimination followed by ligand exchange 

provides intermediate 14. Then, the Pd catalyst is regenerated with the formation of 16 or 17 from 

14. Then, the formation Li-enolate from 16 or 17 results the product 7 as observed in the reactions. 

  

Scheme 11. Plausible reaction mechanism of desulfitative coupling reaction.   

Summary 

In summary, the chapter revealed the Pd-catalyzed desulfitative reaction of arylsulphonyl chloride 

with arylidenetetralone and this reaction afforded α-naphthol-based triarylmethane derivatives 

instead of Heck arylated product. The scope and generality of this protocol was investigated and 
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various arylidenetetralones were assembled and were treated with sulphonyl chlorides in the 

presence of PdCl2(CH3CN)2 catalyst to afford a library of α-naphthol-based triarylmethane 

derivatives. A plausible mechanism was proposed for the Pd-catalyzed desulfitative reaction of 

arylsulphonyl chloride with arylidenetetralone, which afforded α-naphthol-based triarylmethane 

derivatives. Further, investigation with regard to mechanism of the formation of dimeric product 

e.g., 8a and 8ab via oxidation and establishment of utility of this protocol and the products are 

under progress in our lab. 

 

General methods 

IR spectra of all compounds were recorded as thin films or KBr pellets. 1H and 13C NMR spectra 

of all compounds were recorded (using TMS as an internal standard) in 400 MHz and 100 MHz 

spectrometers, respectively. The HRMS measurements were obtained from QTOF mass analyzer 

using electrospray ionization (ESI) method. Column chromatography was carried out on silica gel 

(100-200 mesh, eluent; EtOAc: hexane). Reactions were performed in anhydrous solvent in a 

closed system. Solutions were dried using anhydrous Na2SO4. Thin layer chromatography analysis 

was performed on silica gel/alumina plates and components were visualized by observation under 

iodine. Isolated yields of all the compounds were reported and yields were not optimized. The 

isolated products (7a – 7ac) are colorless oils. The products are sensitive to atm and sometime 

decomposed. Hence, suitable measure be taken to store them after isolation.  

General Procedure for the synthesis of (E)-2-benzylidene-3,4-dihydronaphthalen-1(2H)-one 

(5) 

 

To an oven dried round bottom flask equipped with magnetic stirrer, α-tetralone (1 equiv), aryl 

aldehyde (1 equiv) and EtOH. To this solution was added saturated ethanolic NaOH solution. The 

mixture was allowed to stir at room temperature for 30 min. Then, the precipitate was filtered and 
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washed with cold water followed by cold methanol. The solid product was dried and used without 

further purification. 

General Procedure for Palladium-catalyzed desulfitative reaction of arylsulfonyl chlorides 

with and synthesis α-naphthol-based triarylmethanes 7. 

 

To an oven dried two neck-type round bottom flask set up (one side mounted with a condenser and 

the other side sealable with Teflon cap or rotaflow cap) was charged with (E)-2-benzylidene-3,4-

dihydronaphthalen-1(2H)-one 5 (0.25 mmol), PdCl2(CH3CN)2 (5 mol%), PhI(OAc)2 (10 mol%), 

Li2CO3 (3 equiv, 0.75 mmol), arylsulphonyl chloride (2.2 equiv, 0.55 mmol) and dry 1,4–dioxane 

(2 mL) and the flask was sealed with Teflon cap. Then the reaction mixture was stirred at 140 o C 

for 11-24 h. After this period, the reaction mixture was allowed to attain room temperature. The 

reaction mixture was dissolved with 25 mL of ethyl acetate (EtOAc) and washed with brine 

solution (15 mL x 3), the filtrate was dried with anhydrous Na2SO4. Then the solution was 

concentrated under reduced pressure and the crude reaction mixture was immediately purified by 

column chromatography with silica gel (100-200 mesh, eluent; EtOAc: hexane) to afford the 

corresponding triarylmethanes 7. After the isolation, the product was immediately processed to 

NMR analysis or to benzylation and other characterization methods. Storing the product in open 

atmosphere gets decomposed or oxidized, thus suggested to store at 0 o C using screw capped vials.   

General Procedure Benzylation of Benzhydryl Naphthol to access air stable triarylmethanes 

(9a–9e) 
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To an oven dried round bottom flask 2-benzhydrylnaphthalene-1-ol (1 equiv), benzyl bromide (1.2 

equiv), tertiarybutylammonium bromide (TBAB) (0.5 equiv), K3PO4 (1.5 equiv), H2O (1 mL) were 

added and stirred for 3-5 h at room temperature. After this period, the reaction mixture was diluted 

with water and extracted with CH2Cl2 (15 X 3). The combined organic layer was dried with 

anhydrous Na2SO4 and concentrated under reduced pressure. The crude reaction mixture was 

purified by column chromatography with silica gel column (100-200 mesh, eluent; EtOAc: 

hexane) to afford the corresponding air stable O-benzylated α-naphthol-based triarylmethane 

products. 

2-(4-Bromophenyl)(p-tolyl)methyl)naphthalen-1-ol (7a): Following the general procedure, 7a 

was obtained after purification by column chromatography on silica 

gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as 

a colorless oil; yield: 75% (61 mg) ; IR (KBr): 3506, 3060, 2925, 

1663, 1594 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.18-8.15 (m, 1H), 

7.83-7.80 (m, 1H), 7.52-7.48 (m, 2H), 7.42-7.29 (m,4H), 7.24 (d, 

2H, J = 7.1 Hz), 7.19 (d, 2H, J = 8.0 Hz), 7.13 (d, 2H, J = 8.0 Hz), 

7.04 (d, 1H, J = 8.5 Hz), 5.84 (s, 1H), 5.25 (s, 1H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3): δ  

148.8, 142.2, 138.9, 136.8, 133.7, 129.6, 129.4, 129.3, 128.9, 128.0, 127.6, 127.0, 126.0, 125.4, 

125.1, 123.6, 121.6, 120.3, 51.5, 21.1; HRMS (ESI): m/z [M + H]+ calcd for C24H21O: 325.1592; 

found: 325.1605. 

2-((4-Bromophenyl)(p-tolyl)methyl)naphthalen-1-ol (7b): Following the general procedure, 7b 

was obtained after purification by column chromatography on silica gel (EtOAc:hexane = 0.3:4.7); 

Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 60% (60 

mg) ; IR (KBr): 3485, 3021, 2925, 1663, 1595 cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.15 (dd, 1H, J1 = 6.3 Hz, J2 = 3.5 Hz), 7.83 (dd, 1H, 

J1 = 6.3 Hz, J2 = 3.5 Hz), 7.53 – 7.47 (m, 4H), 7.43 (d, 1H, J = 8.6 

Hz), 7.19 (d, 2H, J = 7.9 Hz), 7.11-7.08 (m, 4H), 7.02 (d, 1H, J = 8.5 

Hz), 5.83 (s, 1H), 5.27 (s, 1H), 2.39 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ  148.7, 141.6, 138.6, 137.0, 133.7, 131.8, 131.2, 129.7, 

129.2, 127.7, 127.7, 126.2, 125.6, 125.0, 123.2, 121.3, 120.8, 120.5, 50.6, 21.1; HRMS (ESI): m/z 

[M + H]+ calcd for C24H20BrO:403.0698; found: 403.0684. 
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2-((4-Chlorophenyl)(p-tolyl)methyl)naphthalen-1-ol (7c): Following the general procedure, 7c 

was obtained after purification by column chromatography on silica 

gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as 

a colorless oil; yield: 55% (47 mg) ; IR (KBr): 3492, 3032, 2918, 

1664, 1593 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.14 – 8.12 (m, 

1H), 7.83 – 7.80 (m, 1H), 7.51 – 7.49 (m, 2H), 7.41 (d, 1H, J = 8.5 

Hz), 7.34 – 7.30 (m ,2H), 7.19 – 7.08 (m, 6H), 7.00 (d, 1H, J = 8.5 

Hz), 5.82 (s, 1H), 5.23 (s, 1H), 2.38 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 148.7, 141.0, 138.6, 137.0, 133.7, 132.7, 130.8, 129.7, 129.2, 128.9, 127.7, 126.2, 125.6, 

125.0, 123.3, 121.3, 120.5, 50.6, 21.1; HRMS (ESI): m/z [M + H]+ calcd for C24H20ClO: 359.1203; 

found 359.1155. 

2-(Di-p-tolylmethyl)naphthalen-1-ol (7d): Following the general procedure, 7d was obtained 

after purification by column chromatography on silica gel 

(EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a 

colorless oil; yield: 30% (20 mg) ; IR (KBr): 3495, 2961, 2864, 

1663, 1592 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.19 (dd, 1H, J1 

= 6.2 Hz, J2 = 3.4 Hz), 7.82 (dd, 1H, J1 = 6.2 Hz, J2 = 3.4 Hz), 

7.51 -7.48 (m, 2H), 7.42 (d, 1H, J = 8.5 Hz), 7.20-7.13 (m, 8H), 

7.07 (d, 1H, J = 8.5 Hz), 5.80 (s, 1H), 5.28 (s, 1H), 2.39 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 

148.9, 139.1, 136.7, 133.7, 129.6, 129.3, 128.0, 127.6, 126.0, 125.3, 125.1, 123.7, 121.7, 120.2, 

51.3, 21.1; HRMS (ESI): m/z [M + H]+ calcd for C25H23O: 339.1749; found: 339.1737. 

2-(p-Tolyl(4-(trifluoromethyl)phenyl)methyl)naphthalen-1-ol (7e): Following the general 

procedure, 7e was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 

0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 66% (65 

mg) ; IR (KBr): 3470, 3039, 2929, 1665, 1618 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.14 – 8.12 (m, 1H), 7.85 – 7.83 (m, 1H), 

7.62 (d, 2H, J = 8.2 Hz), 7.54 – 7.51 (m, 2H), 7.44 (d, 1H, J = 

8.6 Hz), 7.34 (d, 2H, J = 8.3 Hz), 7.20 (d, 2H, J = 8.0 Hz), 7.11 (d, 2H, J = 8.0 Hz), 7.01 (d, 1H, J 

= 8.5 Hz), 5.95 (s, 1H), 5.26 (br s, 1H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 148.7, 146.8, 

138.4, 137.2, 133.7, 129.8, 129.2, 128.8, 127.8, 127.6, 126.2, 125.7, 125.6 (q, J = 3.7 Hz), 123.1, 
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122.9, 121.2, 120.6, 50.9, 21.1; HRMS (ESI): m/z [M - H]- calcd for C25H18F3O: 391.1310; found: 

391.1298. 

2-(p-Tolyl(4-(trifluoromethoxy)phenyl)methyl)naphthalen-1-ol (7f): Following the general 

procedure, 7f was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 57% (58 mg) ; 

IR (KBr): cm-1; 1H NMR (400 MHz, CDCl3): δ 8.15 – 8.14 (m, 

1H), 7.84 – 7.83 (m, 1H), 7.53 – 7.49 (m, 2H), 7.45 – 7.42 (m, 

1H), 7.26 – 7.19 (m, 6H), 7.12 – 7.11 (m, 2H), 7.03 – 7.00 (m, 

1H), 5.89 (s, 1H), 5.26 (s, 1H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 148.7, 148.0 (d, J = 

1.8 Hz), 141.2, 138.7, 137.1, 133.7, 130.8, 129.8, 129.2, 127.7, 127.7, 126.2, 125.6, 125.0, 123.3, 

121.3, 121.1, 120.5, 50.5, 21.1; HRMS (ESI): m/z [M - H]- calcd for C25H18F3O2: 407.1259; found: 

407.1244. 

2-((3-Fluorophenyl)(p-tolyl)methyl)naphthalen-1-ol (7g): Following the general procedure, 7g 

was obtained after purification by column chromatography on 

silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 

10:90);  as a colorless oil; yield: 64% (55 mg); IR (KBr): 3403, 

2918, 2854, 1664, 1617, 1592 cm-1; 1H NMR (400 MHz, CDCl3): 

δ 8.15-8.13 (m, 1H), 7.83-7.81 (m, 1H), 7.51 – 7.49 (m, 2H), 7.42  

(d, 1H, J = 8.5 Hz), 7.34-7.28 (m, 1H), 7.18 (d, 2H, J = 7.7 Hz) 

7.11 (d, 2H, J = 7.7 Hz), 7.03 – 6.97 (m, 3H), 6.92– (d, 1H, J = 

9.6 Hz), 5.85 (s, 1H), 5.23 (s, 1H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 163.2 (d, J = 245 

Hz), 148.7, 145.2 (d, J = 6.6 Hz), 138.5, 137.0, 133.7, 130.1 (d, J = 8.1 Hz), 129.7, 129.2, 127.7, 

126.2, 125.6, 125.1 (d, J = 5 Hz), 125.1, 123.3, 121.4, 120.5, 116.4 (d, J = 21.5 Hz), 113.8 (d, J = 

21.1 Hz), 51.0 (d, J = 1.6 Hz), 21.1; HRMS (ESI): m/z [M - H]- calcd for C24H18FO: 341.1342; 

found: 341.1329. 

2-((3-Bromophenyl)(p-tolyl)methyl)naphthalen-1-ol (7h): Following the general procedure, 7h 

was obtained after purification by column chromatography on silica gel (EtOAc:hexane = 0.3:4.7); 

Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 42% (42 mg); IR (KBr): 3440, 2925, 

1662, 1510 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.14 – 8.11 (m, 1H), 7.83 – 7.81 (m, 1H), 7.52 – 
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 7.49 (m, 2H), 7.45 – 7.37 (m, 3H), 7.24 – 7.08 (m, 6H), 7.01 (d, 

1H, J = 8.5 Hz), 5.83 (s, 1H), 5.21 (s, 1H), 2.38 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 148.6, 145.0, 138.3, 137.1, 133.7, 132.4, 

130.2, 130.1, 129.8, 129.2, 128.1, 127.7, 127.6, 126.2, 125.6, 

124.9, 123.1, 123.0, 121.3, 120.5, 50.8, 21.1; HRMS (ESI): m/z 

[M - H]- calcd for C24H18BrO: 401.0541; found: 401.0525. 

2-(p-Tolyl(3-(trifluoromethyl)phenyl)methyl)naphthalen-1-ol (7i): Following the general 

procedure, 7i was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 

0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 60% (59 

mg); IR (KBr): 3431, 3064, 3024, 1600, 1659, 1493 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.14-8.12 (m, 1H), 7.85 – 7.83 (m, 

1H), 7.58 – 7.38 (m, 7H), 7.20 (d, 2H, J = 8.0 Hz), 7.10 (d, 2H, 

J = 8.0 Hz), 7.00 (d, 1H, J = 8.5 Hz), 5.96 (s, 1H), 5.26 (s, 1H), 

2.39 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 148.7, 143.7, 138.3, 137.1, 133.7, 132.8, 131 (q, J = 

32 Hz), 129.8, 129.2, 129.1, 128.2, 127.8, 127.6, 126.2, 126.1 (q, J = 40 Hz), 125.7, 125.5, 125.0, 

123.7 (q, J = 3.4 Hz), 123.2, 122.8, 121.2, 120.7, 50.8, 21.1; HRMS (ESI): m/z [M + H]+ calcd for 

C25H20F3O:393.1466; found: 393.1452. 

2-((4-Methoxyphenyl)(phenyl)methyl)naphthalen-1-ol (7j): Following the general procedure, 

7j was obtained after purification by column chromatography on silica 

gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a 

colorless oil; yield: 48% (41 mg); IR (KBr): 3452, 3064, 2929, 1663, 

1595, 1510 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.17 (dd, 1H, J1 = 6.2 

Hz, J2 = 3.4 Hz), 7.82 (dd, 1H, , J1 = 6.2 Hz, J2 = 3.4 Hz), 7.51 – 7.48 

(m, 2H), 7.42 – 7.30 (m, 4H), 7.23 (d, 2H, J = 7.4 Hz), 7.15 (d, 2H, J 

=8.5 Hz), 7.03 (d, 1H, J = 8.5 Hz), 6.91 (d, 2H, J = 8.5 Hz), 5.82 (s, 1H), 5.29 (s, 1H), 3.80 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ 158.6, 148.8, 142.4, 133.9, 133.7, 130.4, 129.4, 128.8, 127.9, 

127.6, 125.4, 125.1, 123.7, 121.6, 120.3, 114.3, 55.3, 51.1; HRMS (ESI): m/z [M + H]+ calcd for 

C24H21O2:341.1542; found: 341.1529. 

2-((4-methoxyphenyl)(p-tolyl)methyl)naphthalen-1-ol (7k): Following the general procedure, 

7k was obtained after purification by column chromatography on silica gel (EtOAc:hexane =0.3: 
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4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 40% (35 mg); IR (KBr): 3474, 

3025, 2929, 2843, 1662, 1594, 1510 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.19 (dd, 1H, J1 = 6.1 

Hz, J2 = 3.3 Hz), 7.82 (dd, 1H, J1 = 6.1 Hz, J2 = 3.3 Hz), 7.51 – 7.40 

(m, 2H), 7.41 (d, 1H, J = 8.5 Hz), 7.19 – 7.11 (m, 6H), 7.04 (d, 1H, 

J = 8.5 Hz), 6.91 (d, 2H, J = 8.5 Hz), 5.77 (s, 1H), 5.29 (s, 1H), 3.83 

(s, 3H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 158.6, 148.8, 

139.3, 136.7, 134.1, 133.6, 130.4, 129.6, 129.2, 128.0, 127.5, 126.0, 

125.4, 125.1, 123.8, 121.7, 120.2, 114.2, 55.3, 50.8, 21.1; HRMS 

(ESI): m/z [M + H]+ calcd for C25H23O2:355.1698; found: 355.1685 (3.6 ppm). 

2-((4-Methoxyphenyl)(4-(trifluoromethyl)phenyl)methyl)naphthalen-1-ol (7l): Following the 

general procedure, 7l was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 

0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 55% (56 

mg); IR (KBr):  cm-1; 1H NMR (400 MHz, CDCl3): δ 8.14 – 

8.11 (m, 1H), 7.84 – 7.82 (m, 1H), 7.61 (d, 2H, J = 8.2 Hz), 7.53 

– 7.50 (m, 2H), 7.43 (d, 1H, J = 8.5 Hz), 7.33 (d, 2H, J = 8.2 

Hz), 7.13 (d, 2H, J = 8.5 Hz), 7.00 (d, 1H, J = 8.5 Hz), 6.91 (d, 

2H, J = 8.5 Hz), 5.93 (s, 1H), 5.30 (s, 1H), 3.83 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 158.8, 

148.7, 147.0 (d, J = 0.9 Hz), 133.7, 133.3, 130.4, 129.8, 129.0 (q, J = 32 Hz), 127.8, 127.5, 126.2, 

125.7, 125.6 (q, J = 3.9 Hz), 124.9, 123.2, 121.2, 120.6, 114.4, 55.3, 50.4; HRMS (ESI): m/z [M + 

H]+ calcd for C25H20F3O2:409.1415; found: 409.1400  (3.6 ppm). 

2-((4-Methoxyphenyl)(4-(trifluoromethoxy)phenyl)methyl)naphthalen-1-ol (7m): Following 

the general procedure, 7m was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 

0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless oil; 

yield: 31% (33 mg); IR (KBr): 3499, 2933, 1664, 1594, 1509 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.14 – 8.12 (m, 1H), 7.83 

– 7.81 (m, 1H), 7.52 – 7.48 (m, 2H), 7.42 (d, 1H, J = 8.6 Hz), 

7.23 – 7.18 (m, 4H), 7.12-7.11 (m, 2H),  6.99 (d, 1H, J = 8.5 

Hz), 6.92 – 6.89 (m, 2H), 5.85 (s, 1H), 5.23 (s, 1H), 3.83 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

158.8, 148.7, 148.0 (d, J = 1.4 Hz), 141.3, 133.7, 133.5, 130.7, 130.3, 127.7, 127.6, 126.2, 125.6, 
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125.0, 123.3, 121.3, 121.1, 120.5, 114.4, 55.3, 50.1; HRMS (ESI): m/z [M + H]+ calcd for 

C25H20F3O3:425.1365; found: 425.1349. 

2-((3-Fluorophenyl)(4-methoxyphenyl)methyl)naphthalen-1-ol (7n): Following the general 

procedure, 7n was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 60% (58 mg); 

IR (KBr): cm-1; 1H NMR (400 MHz, CDCl3): δ 8.15-8.12 (m, 

1H), 7.82-7.80 (m, 1H), 7.52 – 7.48 (m, 2H), 7.41 (d, 1H, J = 8.6 

Hz), 7.34 – 7.28 (m, 1H), 7.13 (d, 2H, J = 8.6 Hz), 7.01 – 6.96 

(m, 3H), 6.91 – 6.89 (m, 3H), 5.83 (s, 1H), 5.23 (s, 1H), 3.83 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ 163.1 (d, J = 250 Hz), 158.7, 148.7, 145.3, (d, J = 6.7 Hz), 133.7, 133.4, 130.3, 130.2 (d, J = 8.2 

Hz), 127.7, 127.6, 126.2, 125.5, 125.0, 125.0 (d, J = 2 Hz), 123.3, 121.3, 120.5, 116.4 (d, J = 21.7 

Hz), 114.4, 113.8 (d, J = 21.0 Hz), 55.3, 50.5 (d, J = 1.2 Hz); HRMS (ESI): m/z [M + H]+ calcd 

for C24H20FO2: 359.1447; found: 359.1432. 

2-((4-Methoxyphenyl)(3-(trifluoromethyl)phenyl)methyl)naphthalen-1-ol (7o): Following the 

general procedure, 7o was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 51% (52 mg); 

IR (KBr): 3417, 3064, 2950, 1665, 1511 cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.14-8.12 (m, 1H), 7.85-7.82 (m, 1H), 7.58 – 

7.37 (m, 7H), 7.13 (d, 2H, J = 8.6 Hz), 7.00 (d, 1H, J = 8.6 Hz), 

6.92 (d, 2H, J = 8.4 Hz), 5.94 (s, 1H), 5.29 (s, 1H), 3.83 (s, 3H); 

13C NMR (100 MHz, CDCl3): δ 158.8, 148.6, 143.9, 133.9, 133.3, 132.8, 131.0 (q, J = 31 Hz), 

130.3, 129.1, 127.8, 127.5, 126.2, 126.1 (q, J = 3.4 Hz), 125.7, 124.9, 124.1 ( q, J = 270 Hz), 123.7 

(q, J = 3.4 Hz), 123.2, 121.2, 120.6, 114.5, 55.3, 50.4; HRMS (ESI): m/z [M - H]- calcd for 

C25H19F3O2: 407.1259; found: 407.1242. 

2-((4-Ethylphenyl)(p-tolyl)methyl)naphthalen-1-ol (7p): Following the general procedure, 7p 

was obtained after purification by column chromatography on silica gel (EtOAc:hexane = 0.3:4.7); 

Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 56% (50 mg); IR (KBr): cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.18 (dd, 1H, J1 = 6.3 Hz, J2 = 3.5 Hz), 7.81 (dd, 1H, J1 = 6.1 Hz, J2 = 3.5 Hz), 

7.51 – 7.48 (m, 2H), 7.41 (d, 1H, J = 8.5 Hz), 7.21 – 7.12 (m, 8H), 7.06 (d, 1H, J = 8.5 Hz), 5.79 
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(s, 1H), 5.28 (s, 1H), 2.69 (q , 2H, J = 7.6 Hz), 2.38 (s, 3H), 1.28 (t, 

3H, J = 7.6 Hz); 13C NMR (100 MHz, CDCl3): δ 148.9, 142.9, 

139.3, 139.1, 136.7, 133.6, 129.6, 129.3, 129.26, 128.4, 128.0, 

127.5, 126.0, 125.3, 125.2, 123.7, 121.7, 120.2, 51.3, 28.5, 21.1, 

15.5; HRMS (ESI): m/z [M - H]- calcd for C26H23O: 351.1749; 

found: 351.1736. 

2-((4-Ethylphenyl)(4-(trifluoromethyl)phenyl)methyl)naphthalen-1-ol (7q): Following the 

general procedure, 7q was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 

0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 50% (50 

mg); IR (KBr): 3491, 2966, 2932, 1665, 1594 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.14 – 8.12 (m, 1H), 7.85 – 7.83 (m, 1H), 

7.62 (d, 2H, J = 8.2 Hz), 7.54 – 7.50 (m, 2H), 7.44 (d, 1H, J = 

8.6 Hz), 7.34 (d, 2H, J = 8.1 Hz), 7.22 (d, 2H, J = 8.1 Hz), 7.13 (d, 2H, J = 8.1 Hz), 7.02 (d, 1H, J 

= 8.6 Hz), 5.96 (s, 1H), 5.26 (s, 1H), 2.70 (q, 2H, J = 7.6 Hz), 1.29 (t, 3H, J = 7.6 Hz); 13C NMR 

(100 MHz, CDCl3): δ 148.7, 146.8, 143.5, 138.5, 133.7, 129.8, 129.24, 129.19, 128.6, 127.8, 

127.6, 126.2, 125.7, 125.6 (q, J = 4 Hz), 125.0, 123.1, 121.2, 120.6, 50.9, 28.5, 15.5; HRMS (ESI): 

m/z [M - H]- calcd for C26H20F3O: 405.1466; found: 405.1451. 

2-((4-Ethylphenyl)(3-fluorophenyl)methyl)naphthalen-1-ol (7r): Following the general 

procedure, 7r was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 43% (38 mg); IR 

(KBr): 3513, 3024, 2964, 2929, 1664, 1612, 1590 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.15 – 8.13 (m, 1H), 7.83 -7.81 (m, 1H), 7.52 

– 7.49 (m, 2H), 7.42 (d, 1H, J = 8.5 Hz), 7.35 – 7.28 (m, 1H), 7.21 

(d, 2H, J = 8.0 Hz), 7.13 (d, 2H, J = 8.0 Hz), 7.04 – 6.91 (m, 4H), 5.86 (s, 1H), 5.23 (s, 1H), 2.68 

(q, 2H, J = 7.6 Hz), 1.28 (t, 3H, J = 7.6 Hz); 13C NMR (100 MHz, CDCl3): δ  163.1 (d, J = 244 Hz),  

148.7, 145.2 (d, J = 6.7 Hz), 143.3, 138.6, 133.7, 130.1 (d, J = 8.3 Hz), 129.2, 128.5, 127.7 (d, J = 

2.8 Hz), 126.2, 125.5, 125.1 (d, J = 2.8 Hz), 125.0, 123.2, 121.4, 120.5, 116.4 (d, J = 21.5 ), 113.8 

(d, J = 21.1 Hz), 51.0 (d, J = 1.2 Hz), 28.5, 15.5; HRMS (ESI): m/z [M - H]- calcd for C25H20FO: 

355.1498; found: 355.1484. 
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2-Benzhydrylnaphthalen-1-ol (7s): Following the general procedure, 7s was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane = 

0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 55% 

(40 mg); IR (KBr): 3467, 3064, 1662, 1594  cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.18 – 8.16 (m, 1H), 7.84 – 7.81 (m, 1H), 7.53 – 7.48 (m, 

2H), 7.43 – 7.30 (m, 7H), 7.25 (d, 4H J = 6.9 Hz), 7.05 (d, 1H, J = 8.5 

Hz); 13C NMR (100 MHz, CDCl3): 148.8, 142.1, 133.7, 129.5, 128.9, 128.0, 127.6, 127.1, 126.1, 

125.5, 125.1, 123.5, 121.5, 120.4, 51.7; HRMS (ESI): m/z [M + H]+ calcd for C23H19O: 311.1436; 

found: 311.1426. 

2-((4-Bromophenyl)(phenyl)methyl)naphthalen-1-ol (7t): Following the general procedure, 7t 

was obtained after purification by column chromatography on 

silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 

10:90);  as a colorless oil; yield: 48% (46 mg); IR (KBr): 3524, 

3068, 3025, 1664, 1617, 1599 cm-1; 1H NMR (400 MHz, CDCl3): 

δ 8.13 – 8.10 (m, 1H), 7.83 – 7.81 (m, 1H), 7.51 – 7.48 (m, 4H), 

7.47-7.31 (m, 4H), 7.20 (d, 2H, J = 7.0 Hz), 7.09 (d, 2H, J = 8.4 

Hz), 7.00 (d, 1H, J = 8.4 Hz), 5.87 (s, 1H), 5.18 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 148.6, 

141.7, 141.4, 133.7, 131.8, 131.2, 129.3, 129.0, 127.8, 127.7, 127.3, 126.2, 125.6, 124.9, 123.1, 

121.2, 120.9, 120.6, 50.9; HRMS (ESI): m/z [M - H]- calcd for C23H16BrO: 387.0385; found: 

387.0371. 

2-(Phenyl(4-(trifluoromethyl)phenyl)methyl)naphthalen-1-ol (7u): Following the general 

procedure, 7u was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 55% (52 mg); IR 

(KBr): 3497, 3061, 2927, 1665, 1617, 1524  cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.12 – 8.10 (m, 1H), 7.85 – 7.83 (m, 1H), 7.61 (d, 

2H, J = 7.9 Hz), 7.53 – 7.51 (m ,2H), 7.44 (d, 1H, J = 8.6 Hz), 7.40 – 7.33 (m, 5H), 7.21 (d, 2H, J 

= 7.6 Hz), 7.01 (d, 1H, J = 8.5 Hz), 6.02 (s, 1H), 5.26 (s, 1H); 13C NMR (100 MHz, CDCl3): δ  

148.6, 146.8, 141.6, 133.7, 129.8, 129.4, 129.2, 129.0, 128.9, 127.9, 127.6, 127.3, 126.3, 125.7, 

125.7, 125.6, 124.9, 123.1, 122.9, 121.0, 120.7, 51.0; HRMS (ESI): m/z [M - H]- calcd for 

C24H16F3O: 377.1153; found: 377.1139. 
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2-(Phenyl(4-(trifluoromethoxy)phenyl)methyl)naphthalen-1-ol (7v): Following the general 

procedure, 7v was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 45% (44 mg); 

IR (KBr): 3524, 3060, 3032, 1665, 1594, 1506 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.14 -8.11 (m, 1H), 7.84 – 7.82 (m, 1H), 

7.53 – 7.50 (m, 2H), 7.44 (d, 1H, J = 8.6 Hz), 7.40 – 7.19 (m, 9H), 7.01 (d, 1H, J = 8.6 Hz), 5.94 

(s, 1H), 5.21 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 148.6, 148.1 (d, J = 1.4 Hz), 141.8, 141.0, 

133.7, 130.8, 129.3, 129.0, 127.8, 127.6, 127.3, 126.2, 125.7, 124.9, 123.3, 121.1 (d, J = 3.4 Hz), 

120.6, 50.7; HRMS (ESI): m/z [M - H]- calcd for C24H16F3O2: 393.1102; found: 393.1086. 

2-((3-Fluorophenyl)(phenyl)methyl)naphthalen-1-ol (7w): Following the general procedure, 

7w was obtained after purification by column chromatography on 

silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  

as a colorless oil; yield: 46% (52 mg); IR (KBr): cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.14 – 8.11 (m, 1H), 7.84 – 7.81 (m, 1H), 7.53- 7.49 

(m, 2H), 7.44- 7.28 (m, 5H), 7.22 (d, 2H, J = 7.5 Hz), 7.03 – 6.97 (m, 

3H), 6.91 (d, 1H, J = 10.0 Hz), 5.91 (s, 1H), 5.21 (s, 1H); 13C NMR 

(100 MHz, CDCl3): 163.1 (d, J = 245 Hz), 148.6, 145.0 (d, J = 7 Hz), 141.6, 133.7, 130.2 (d, J = 

8.1 Hz), 129.3, 129.0, 127.7, 127.7, 127.3,  126.2, 125.6, 125.1 (d, J = 2.7 Hz), 124.9, 123.1, 121.2, 

120.6, 116.5 (d, J = 21.8 Hz), 113.9 (d, J = 21.0 Hz), 51.2 (d, J = 1.2 Hz); HRMS (ESI): m/z [M - 

H]- calcd for C23H16FO: 327.1185; found: 327.1172 (5.8 ppm). 

2-(Phenyl(3-(trifluoromethyl)phenyl)methyl)naphthalen-1-ol (7x): Following the general 

procedure, 7x was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 61% (58 mg); 

IR (KBr): 3513, 3071, 3032, 1665,  1599 cm-1; 1H NMR (400 

MHz, CDCl3): δ 8.14 – 8.11 (m, 1H), 7.86 – 7.84 (m, 1H), 7.58 

(d, 1H, J = 7.7 Hz), 7.56 – 7.32 (m, 9H), 7.22 (d, 2H, J = 7.1 Hz), 

7.02 (d, 1H, J = 8.6 Hz), 6.04 (s, 1H), 5.32 (s, 1H); 13C NMR (100 MHz, CDCl3): δ  148.6, 143.7, 

141.6, 133.7, 132.9, 131.1 (q, J = 32 Hz), 129.3, 129.1, 129.0, 128.0, 127.6, 127.4, 126.3, 126.2 
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(q, J = 3.9 Hz), 125.7,  124.9, 124.1 (q, J = 271 Hz), 123.8 (q, J = 3.9 Hz), 123.2, 121.0, 120.8, 51.0 

; HRMS (ESI): m/z [M - H]- calcd for C24H16F3O: 377.1153; found:377.1139. 

2-((3-Bromophenyl)(phenyl)methyl)naphthalen-1-ol (7y): Following the general procedure, 7y 

was obtained after purification by column chromatography on silica 

gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a 

colorless oil; yield: 40% (38 mg); IR (KBr): 3512, 3057, 1662, 1592 

cm-1; 1H NMR (400 MHz, CDCl3): δ 8.12 – 8.10 (m, 1H), 7.84 – 7.81 

(m, 1H), 7.52 – 7.50 (m, 2H), 7.45 – 7.30 (m, 6H), 7.24 – 7.19 (m, 

3H), 7.14 (d, 1H, J =7.8 Hz), 7.00 (d, 1H, J = 8.6 Hz), 5.89 (s, 1H), 5.19 (s, 1H); 13C NMR (100 

MHz, CDCl3): 148.6, 144.8, 141.5, 133.7, 132.4, 130.3, 130.1, 129.3, 129.0, 128.1, 127.8, 127.7, 

127.3, 126.2, 125.6, 124.9, 123.1, 123.0, 121.1, 120.6, 51.0; HRMS (ESI): m/z [M + H]+ calcd for 

C23H18BrO: 389.0541; found: 389.0527 (3.5 ppm). 

2-((3,4-Difluorophenyl)(4-methoxyphenyl)methyl)naphthalen-1-ol (7z): Following the general 

procedure, 7z was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 50% (46 mg); IR 

(KBr): 3435, 3078, 2950, 1664, 1513 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.13 – 8.10 (m, 1H), 7.83 – 7.81 (m, 1H), 7.52- 7.49 (m, 

2H), 7.42 (d, 1H, J = 8.6 Hz), 7.16 – 7.10 (m, 3H), 7.02-6.89 (m, 

5H), 5.82 (s, 1H), 5.26 (s, 1H) 3.83 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 158.8, 150.4 (dd, J = 

251, 247 Hz), 149.2 (dd, J = 246, 246 Hz), 148.6 (d, J = 0.2 Hz), 139.8 (t, J = 4 Hz), 133.7, 133.3, 

130.2, 127.8, 127.4, 126.2, 125.7, 125.2 (dd, J = 6.1 Hz), 124.9, 123.2, 121.2, 120.6, 118.3 (d, J = 

17.5 Hz), 117.3 (d, J = 17.0 Hz), 114.4, 55.3, 49.8; HRMS (ESI): m/z [M - H]- calcd for 

C24H17F2O2: 375.1197; found: 375.1181. 

7-methoxy-2-(phenyl(p-tolyl)methyl)naphthalen-1-ol (7aa): Following the general procedure, 

7aa was obtained after purification by column chromatography on 

silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  

as a colorless oil; yield: 52% (46 mg); IR (KBr): 3399, 

3025, 2921, 1657, 1594 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.71 

(d, 1H, J = 8.9 Hz), 7.47 (d, 1H, J = 2.4 Hz), 7.39 – 7.31 (m, 4H), 

7.24 (d, 2H, J = 7.1 Hz), 7.20 – 7.12 (m, 5H), 6.89 (d, 1H, J = 8.4 Hz), 5.79 (s, 1H), 5.15 (s, 1H), 
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3.93 (s, 3H), 2.38 (s, 3H); 13C NMR (100 MHz, CDCl3): 157.5, 148.0, 142.2, 138.9, 136.8, 129.7, 

129.4, 129.3, 129.2, 129.1, 128.9, 127.0, 126.3, 125.6, 124.3, 120.1, 119.0, 99.9, 55.3, 51.9, 21.1; 

HRMS (ESI): m/z [M - H]+ calcd for C25H21O2: 353.1542; found:353.1527. 

2-Benzhydryl-7-methoxynaphthalen-1-ol (7ab): Following the general procedure, 7ab was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a 

colorless oil; yield: 22% (18 mg); IR (KBr): 3510, 3060, 2939, 

1663, 1594 cm-1; 1H NMR (400 MHz, CDCl3): δ 7.70 (d, 1H, J = 

9.0 Hz), 7.45 (d, 1H, J = 2.4 Hz), 7.38 – 7.29 (m, 7H), 7.24 – 7.22 

(m, 4H), 7.15 (dd, 2H, J1 = 9.0 Hz, J2 = 2.6 Hz), 6.87 (d, 1H, J = 8.5 Hz), 5.83 (s, 1H), 5.09 (s, 

1H), 3.93 (s, 3H); 13C NMR (100 MHz, CDCl3): 157.6, 148.0, 142.0, 129.4, 129.2, 129.1, 128.9, 

127.1, 126.1, 125.5, 124.1, 120.2, 119.0, 99.8, 55.3, 52.1; HRMS (ESI): m/z [M + H]+ calcd for 

C24H21O2: 341.1542; found: 341.1528. 

5-Methoxy-2-(phenyl(p-tolyl)methyl)naphthalen-1-ol (7ac): Following the general procedure, 

7ac was obtained after purification by column chromatography on silica gel (EtOAc:hexane = 

0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 

62% (55 mg); IR (KBr): 3492, 2929, 1651, 1598, 1509 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 7.83 (d, 1H, J = 8.8 Hz), 7.74 (d, 1H, J = 8.5 

Hz), 7.43 – 7.31 (m, 4H), 7.25 – 7.12 (m, 6H), 7.05 (d, 1H, J = 8.8 Hz), 

6.85 (d, 1H, J = 7.6 Hz), 5.86 (s, 1H), 5.25 (s, 1H), 4.02 (s, 3H), 2.39 

(s, 3H); 13C NMR (100 MHz, CDCl3): δ 155.5, 148.6, 142.3, 139.0, 

136.7, 129.6, 129.4, 129.3, 128.8, 127.3, 126.9, 126.1, 125.8, 125.5, 124.5, 114.3, 113.7, 104.0, 

55.6, 51.4, 21.1; HRMS (ESI): m/z [M + H]+ calcd for C25H23O2: 355.1698; found: 355.1579. 

4-Methyl-2-(phenyl(p-tolyl)methyl)naphthalen-1-ol (7ad): Following the general procedure, 

7ad was obtained after purification by column chromatography on 

silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  

as a colorless oil; yield: 47% (41 mg); IR (KBr): 3389, 3025, 2924, 

1660, 1601, 1511 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.22 (t, 1H, J = 

9.2 Hz), 7.96 (t, 1H, J = 8.9 Hz) 7.55 – 7.49 (m, 2H), 7.39 – 7.12 (m, 

9H), 6.92 (d, 1H, J = 10.1 Hz), 5.81 (d, 1H, J = 10.1 Hz), 5.10 (d, 1H, 
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J = 4.6 Hz), 2.58 (d, 3H, J = 10.4 Hz), 2.40 (d, 3H, J = 10.4 Hz); HRMS (ESI): m/z [M] calcd for 

C25H22O: 338.1671; found: 338.1704. 

2-Benzhydryl-4-methylnaphthalen-1-ol (7ae): Following the general procedure, 7ae was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a 

colorless oil; yield: 37% (30 mg); IR (KBr): cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.20 (d, 1H, J = 7.8 Hz), 7.95 (d, 1H, J = 8.1 Hz), 7.57 – 7.49 

(m, 2H), 7.39 – 7.23 (m, 10H), 6.89 (s, 1H), 5.85 (s, 1H), 5.05 (s, 1H), 

2.56 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 147.3, 142.2, 132.5, 129.4, 

128.9, 128.4, 127.0, 126.4, 125.9, 125.5, 125.1, 124.2, 122.9, 122.1, 52.0, 19.0; HRMS (ESI): m/z 

[M + H]+ calcd for C25H21O: 325.1592; found: 325.1580. 

1-(Benzyloxy)-2-((3,4-difluorophenyl)(4-methoxyphenyl)methyl)naphthalene (9a): 

Following the general procedure, 9a was obtained after purification 

by column chromatography on silica gel (EtOAc:hexane = 0.3:4.7); 

Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless solid; yield: 72% (30 

mg); IR (KBr): 3069, 2930, 1608, 1510 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.19 (d, 1H, J = 7.9 Hz), 7.88 (d, 1H, J = 7.2 Hz), 7.63 (d, 

1H, J = 8.5 Hz), 7.58 – 7.40 (m, 7H), 7.16 – 7.04 (m, 4H), 6.93 – 

6.82 (m, 4H), 6.17 (s, 1H), 4.86 (s, 2H), 3.82 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 158.3, 152.1, 

150.1 (dd, J = 240, 240 Hz), 148.8 (dd, J = 240, 240 Hz), 141.5 (t, J = 4.7 Hz), 137.3, 135.0, 134.0, 

132.0, 130.0, 128.7, 128.2, 128.2, 128.1, 127.8, 127.6, 126.3, 126.2, 125.2 (dd, J = 5.9 Hz), 124.3, 

122.4, 118.2 (d, J = 17.4 Hz), 116.9 (d, J = 17.0 Hz), 113.9, 76.3, 55.3, 47.8; HRMS (ESI): m/z 

[M + H]+ calcd for C31H25F2O2: 467.1823; found: 467.1806. 

1-(Benzyloxy)-7-methoxy-2-(phenyl(p-tolyl)methyl)naphthalene (9b): Following the general 

procedure, 9b was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 70% (34 mg); 

IR (KBr): 3065, 3026, 1627, 1510 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 7.76 (d, 1H, J = 8.9 Hz), 7.54 (d, 1H, J = 8.5 Hz), 7.51 

– 7.40 (m, 6H), 7.33 – 7.22 (m, 3H), 7.20 – 7.07 (m, 8H), 6.29 

(s, 1H), 4.85-4.78 (m, 2H), 3.85 (s, 3H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 158.0, 151.5, 
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144.2, 141.0, 137.7, 135.8, 133.3, 129.7, 129.5, 129.4, 129.3, 129.2, 129.1, 128.7, 128.3, 128.2, 

127.9, 126.3, 125.9, 123.8, 118.7, 100.7, 75.9, 55.2, 49.2, 21.1; HRMS (ESI): m/z [M + H]+ calcd 

for C32H29O2: 445.2168; found: 445.2150. 

1-(Benzyloxy)-2-((3-fluorophenyl)(phenyl)methyl)naphthalene (9c): Following the general 

procedure, 9c was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.3:4.7); Rf = 0.6 

(EtOAc : Hex = 10:90);  as a colorless oil; yield: 88% (29 mg); IR 

(KBr): 3061, 3034, 1613, 1588, cm-1; 1H NMR (400 MHz, CDCl3): δ 

8.20 (d, 1H, J = 7.6 Hz), 7.89-7.87 (m, 1H), 7.63 (d, 1H, J = 8.6 Hz), 

7.57 – 7.38 (m, 7H), 7.34 – 7.15 (m, 8H), 6.96 – 6.92 (m, 2H), 6.87 – 

6.84 (m, 1H), 6.29 (s, 1H), 4.84 (s, 2H); 13C NMR (100 MHz, CDCl3): 162.9 (d, J = 244 Hz), 

152.2, 146.7 (d, J = 6.7 Hz), 143.2, 137.3, 134.0, 132.0, 129.7 (d, J = 8.2 Hz), 129.5, 129.1, 128.8, 

128.7, 128.5, 128.2, 128.2, 128.1, 127.9, 127.8, 126.6, 126.2, 126.1, 125.2 (d, J = 2.7 Hz), 124.3, 

122.5, 116.5 (d, J = 21.5 Hz), 113.3 (d, J = 21.0 ), 76.3, 49.1 (d, J = 1.2 Hz); HRMS (ESI): m/z 

[M + H]+ calcd for C30H24FO: 419.1811; found: 419.1797. 

1-(Benzyloxy)-2-((4-methoxyphenyl)(3-(trifluoromethyl)phenyl)methyl)naphthalene (9d): 

Following the general procedure, 9d was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as 

a colorless oil; yield: 78% (39 mg); IR (KBr): 3062, 2062, 1609, 

1509 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.21 (d, 1H, J = 7.7 

Hz), 7.89 (d, 1H, J = 7.3 Hz), 7.64 (d, 1H, J = 8.6 Hz), 7.57 – 7. 

39 (m, 9H), 7.32 (d, 1H, J = 7.9 Hz), 7.15 (d, 1H, J = 8.6 Hz), 

7.06 (d 2H, J = 8.6 Hz), 6.87 (d, 2H, J = 8.7 Hz), 6.27 (s, 1H), 4.86-4.82 (m, 2H), 3.82 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ 158.3, 152.2, 145.4, 137.2, 135.0, 134.0, 132.8, 132.0, 130.6 (q, J = 

32 Hz), 130.4, 128.7, 128.7, 128.3, 128.2, 128.1, 127.8, 127.7, 126.3, 126.2, 126.1, (q, J = 3.9 Hz), 

124.4, 124.2 (q, J = 266 Hz), 123.2 (q, J = 3.9 Hz), 122.5, 113.9, 76.3, 55.3, 48.5; HRMS (ESI): 

m/z [M + H]+ calcd for C32H26F3O2: 499.1885; found: 499.1898.  

1-(Benzyloxy)-2-(p-tolyl(3-(trifluoromethyl)phenyl)methyl)naphthalene (9e): Following the 

general procedure, 9e was obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 0.3:4.7); Rf = 0.6 (EtOAc : Hex = 10:90);  as a colorless oil; yield: 85% (49 
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mg); IR (KBr): 3061, 2922, 1510, cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.21 (d, 1H, J = 7.8 Hz), 7.90 (d, 1H, J = 7.2 Hz), 7.64 

(d, 1H, J = 8.6 Hz), 7.57 – 7.32 (m, 12H), 7.18 – 7.14 (m, 3H), 

7.04 (d, 2H, J = 8.0 Hz), 6.29 (s, 1H), 4.91-4.82 (m, 2H), 2.37 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ 152.3, 145.3, 139.9, 137.3, 

136.3, 134.1, 132.8, 131.9, 130.6 (q, J = 32 Hz),  129.3 (d, J = 1.2 

Hz), 129.1, 128.9, 128.7, 128.7, 128.5, 128.3, 128.2, 128.1, 

127.8, 127.8, 126.2, 126.2, 126.1 (d, J = 3.9 Hz),  124.4, 124.2 (q, J = 271 Hz), 123.2 (q, J = 3.7 

Hz), 122.5, 76.4, 48.9, 33.6, 21.1; HRMS (ESI): m/z [M + H]+ calcd for C32H26F3O: 483.1936; 

found: 483.1919. 

3,3'-bis(phenyl(p-tolyl)methyl)-[1,1'-binaphthalene]-4,4'-diol(8a): Following the general 

procedure, 8a was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.4:4.6); Rf = 0.7 

(EtOAc : Hex = 20:80);  as a colorless oil; yield: 17% (14 mg); IR 

(KBr):3404, 3026, 1642, 1576 cm-1; 1H NMR (400 MHz, CDCl3): δ 

8.24 (d, 2H, J = 8.5 Hz), 7.48 – 7.11 (m, 24 H), 7.06-7.04 (m, 2H), 

5.85 (s, 2H), 5.31 (s, 2H),  2.37 (s, 3H), 2.36 (s, 3H); HRMS (ESI): 

m/z [M + H]+ calcd for C48H39O2: 647.2950; found:647.2923. 

 

3,3'-Dibenzhydryl-6,6'-dimethoxy-[1,1'-binaphthalene]-4,4'-diol (8ab): Following the general 

procedure, 8ab was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 0.4:4.6); Rf = 

0.7 (EtOAc : Hex = 20:80);  as intense red colored solid; 

yield: 45% (38 mg); IR (KBr): 3431, 3034, 1623, 1452 cm-1; 

1H NMR (400 MHz, CDCl3): δ 7.51 (d, 2H, J = 2.5 Hz), 7.37 

– 7.21 (m, 22H), 6.96 (dd, 2H, J1 = 9.2 Hz, J2 = 2.6 Hz), 6.87 

(s, 2H), 5.84 (s, 2H), 5.19 (s, 2H), 3.92 (s, 6H); 13C NMR (100 

MHz, CDCl3): δ 157.4, 147.6, 141.9, 141.9, 130.8, 129.4, 

128.9, 128.9, 128.5, 128.2, 128.1  127.1, 127.1, 126.2, 123.7, 
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118.7, 99.9, 55.3, 52.2; HRMS (ESI): m/z [M + H]+ calcd for C48H39O4: 679.2848; found: 

679.2873. 
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Chapter 3: Palladium-catalyzed ortho-arylation of D-(-)-2-phenylglycine methyl ester using 

bidentate picolinamide directing group 

Introduction 

Transition metal catalyzed C-H activation/functionalization is a well-known synthetic technique 

for C-C and C-hetero atom bond forming reactions and emerged as a reliable protocol to obtain 

functionalized small molecules.1,2a-k In this line, few reports described the transition metal-

catalyzed bidentate directing group-assisted sp2 and sp3 C-H functionalization of amino acids and 

the synthesis of unnatural amino acid derivatives. Given the importance of amino acids in 

peptidomimetics, glycopeptide synthesis, protein engineering and drug discovery, the synthesis of 

unnatural amino acids considered as a valuable.3a-d Especially, the non-proteinogenic amino acids 

such as phenylglycine derivatives have unique structural properties and applications toward 

peptidomimetics and drug discovery (Figure 1).4a-c Phenylglycine derivatives have found 

applications in the synthesis of biologically active peptides or the natural products,5,6 e.g., 

antibiotics, virginiamycin S,5a-b streptogramins B,5c-d pristinamycin I,5e dityromycin,5f β-lactam 

antibiotics,5g and anticancer activity5h-l and etc. Numerous methods been reported for the synthesis 

of phenylglycine unnatural amino acids.7a-g,8  

 

Figure 1. Representative examples of phenylglycine-based bio-active compounds 

Given the pronounced biological activities and utility in organic synthesis, development of new 

methods for the synthesis of functionalized phenylglycine unnatural amino acid derivatives will 
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be appreciated.1-9 A part of this thesis envisaged the synthesis of ortho- sp2 C-H arylated 

phenylglycine derivatives via the transition metal-catalyzed bidentate directing group-assisted sp2 

C-H activation/functionalization of phenylglycine linked with picolinamide as the bidentate 

directing group. Some of the reports dealing with the functionalization of amino acids and the 

synthesis of unnatural amino acid derivatives via the transition metal-catalyzed bidentate directing 

group-assisted sp2 and sp3 C-H activation/functionalization are discussed here.  

 

Scheme 1. Rhodium-catalyzed ortho-arylation tyrosine derivative. 

In 2009, Bedford and co-workers reported rhodium-catalyzed arylation of Boc-L-Tyr-OMe 1a 

with aryl bromides (Scheme 1),10a which afforded monoarylated product 3a. Further arylation of 

3a after removal of t-Bu group afforded 3c led to the synthesis of arylated Boc-L-Tyr-OMe 3c and 

3d. In 2010, Lavilla and co-workers reported selective arylation of tryptophan peptide (1b) with 

aryl iodide (2c), which afforded the arylated tryptophan peptide (3e) in moderate to good yields 

(Scheme 2A).10b In 2013, the same group also reported arylation at C-2 position of Fmoc-Trp-OH 

1c with aryl iodide 2d under microwave irradiation, which afforded 2-aryl Fmoc-Trp-OH 3f in 

56% yield (Scheme 2B).10c In 2013, Rahul and co-workers reported palladium-catalyzed arylation 

at C-5 position of Ac-L-His-OMe 1d using aryl iodide(s) 2d as coupling partner, which resulted 

3g in 86% yield (Scheme 2C).10d In 2014, Fairlamb and co-workers reported mild reaction 
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condition for C-2 arylation of Ac-Trp-OMe 1e and tryptophan peptides with aryl boronic acid(s) 

2e as coupling partner, which resulted 3h in 93% yield (Scheme 2D).10e 

 

Scheme 2. Palladium-catalyzed arylation of C(sp2)-H bond in amino acids and peptides 

Apart from the C(sp2)-H arylation of amino acids, introduction other functional groups via 

transition metal-catalyzed reactions involving borylation,10f-g acetoxylation,10h halogenation and 

alkenylation10i were also reported. 

 

Scheme 3. Picolinamide-assisted C-H arylation of 1f. 

The first picolinamide assisted C-H functionalization was reported by Daugulis and co-workers in 

2005 (Scheme 3)11a and the report described the arylation of C(sp3)-H and C(sp2)-H bonds with 

aryl iodides as coupling partner. The picolinamide 1f with 4-bromoiodobenzene 2f afforded ortho-

arylated picolinamide 3i in 81% yield. This paper also revealed the 8-aminoquinoline as the 

bidentate group for C(sp3)-H arylation of carboxamides.  

In 2009, Liang and co-workers reported Pd-catalyzed picolinamide and 8-aminoquinoline directed 

C(sp2)-H acetoxylation (Scheme 4A).11b The picolinamide 1g with PhI(OAc)2 in presence of 

AcOH/Ac2O afforded bis-acetoxylated product 3j in 77% yield. In 2013, Chen and co-workers 
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developed an efficient protocol for assembling ortho-alkylated aryls with the assistance of 

picolinamide (Scheme 4B).11d Recently, the same group reported ortho-iodination followed by 

cyclization to afford tetrahydroquinoline (Scheme 4C).11e Recently our group reported γ-arylation 

of allylamines assisted by picolinamide (Scheme 4D).11f 

 

Scheme 4. Representative examples of Pd-catalyzed picolinamide-directed C(Sp2)-H-

functionalization.  

In 2010, Yu and co-workers reported triflamide directed C(sp2)-H acetoxylation of 1k, which 

afforded the sp2 C-H acetoxylated product 3n (Scheme 5A).12a In 2013, the same group reported 

intramolecular amination of 1l, which afforded chiral and achiral indolines (Scheme 5B).12b Chen 

and co-workers developed an efficient route for alkylation of unactivated C(sp3)-H and ortho C-H 

bonds with the assistance picolinamide directing group (Scheme 5C).12c This work described few 

examples involving alkylation of phenylalanine and phenyl lycine derived picolinamides. Ma and 

co-workers reported ortho-alkylation of picolinamide derived from tyrosine 1n with methyl iodide 

2f to afford bis-ortho-alkylated unnatural amino acid 3q in 85% yield (Scheme 5D)12d. In 2015, 

Carretero and co-workers reported alkenylation of phenylalanine derivative 1o with electron 

deficient alkene 2g, which resulted ortho-alkenylated phenylalanine derivative 3r in 79% yield 

(Scheme 5E)12e. Recently, Yu and co-workers developed remote C(sp2)-H arylation of nosyl (Ns) 

protected phenylalanine derivative 1p with aryl iodide(s) 2h, which afforded bis-arylated 

phenylalanine derivatives 3s in 88% yield (Scheme 5F).12f 
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Scheme 5. Representative examples of Pd-catalyzed ligand directed C(sp2)-H functionalization of 

amino acids. 

 

Scheme 6. Pd-catalyzed C(sp2)-H functionalization of phenylglycine derivatives 
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In 2014, Shi and co-workers reported picolinamide-assisted borylation of C(sp3)-H and C(sp2)-H 

bonds of amino acids and chiral amines (Scheme 6A).13a The reaction of picolinamide of 

phenylglycine 1q with boronic ester B2pin2 afforded ortho-borylated product 3t in 82 % yield. 

Recently, Yu and co-workers reported enantioselective olefination of racemic phenylglycine 

derivative using kinetic resolution method (Scheme 6B).13c Previously in 2015, the same group 

also developed an efficient protocol for ortho-C-H functionalization of phenylglycine and 

mandelic acid (Scheme 6C).13b For instance, the reaction of Boc-D-Phg-OH 1s with electron 

deficient alkene 2j afforded ortho-alkenyl product 3w in 62% yield. During the course of 

investigation of the work shown in this Chapter, Jiang and co-workers reported bis-arylation, 

alkylation, alkoxylation and acetoxylation and mono-alkynylation, halogenation of rac-PA-Phg-

OMe rac-1t (Scheme 6D).13d In 2017, Jiang and Zeng patented the work on ortho-C-H 

functionalization of D-(-)-phenylglycine methyl ester13e. Urriolabeitia and Co-workers reported 

the synthesis isoquinoline-1-carboxylates and isoindoline-1-carboxylates from racemic 

phenylglycine methyl ester13f.   

Given the importance of unnatural amino acids in general and phenylglycine derivatives in 

particular, in medicinal chemistry and utility in organic synthesis, synthesis of library of 

functionalized phenylglycine unnatural amino acid derivatives will be appreciated. With this 

motive, it was envisaged to investigate the Pd-catalyzed picolinamide-assisted ortho-arylation of 

D-(-)-phenylglycine methyl ester. Accordingly, a part of this thesis reports the synthesis of ortho-

sp2 C-H arylated D-(-)-phenylglycine methyl ester derivatives via the Pd-catalyzed picolinamide-

assisted sp2 C-H activation/functionalization of D-(-)-phenylglycine methyl ester (Scheme 7). 

 

Scheme 7. This work. Pd-catalyzed picolinamide-assisted sp2 C-H activation/functionalization of 

D-(-)-phenylglycine methyl ester. 
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Results and Discussion 

At the outset, to identify efficient reaction conditions, optimization reactions were performed using 

D-(-)-phenylglycine methyl ester derived picolinamide (4a) (which was assembled from 

corresponding D-phenylglycine methyl ester and picolinic acid) with 4-methoxyiodobenzene (5a). 

Table 1. Optimization of ortho-arylation of PA-D-Phg-OMe with 4-methoxy phenyl iodidea  

 

a Conditions: 4a (0.20 mmol), 5a (0.80 mmol), Pd(OAc)2 (5 mol%), AgOAc (0.44 mmol), Toluene (2.5 

mL), at 110 o C, 42-44h. b Pd(OAc)2 (10 mol%), c DCE, dt-BuOH, et-Amyl-OH used as solvent. 

Heating picolinamide 4a (0.2 mmol) and aryl iodide 5a (0.8 mmol) with 5 mol% of Pd(OAc)2, and 

0.44 mmol of AgOAc at 110 o C afforded the C-H arylated phenylglycine derivative 6a (bis-ortho-

arylated product) in 23% yield and 7a (mono-ortho-arylated product) in 29% yield (Table 1, entry 

1). Next, the same reaction using 0.3 mmol of aryl iodide resulted only bis-arylated product 6a in 

20% yield (Table 1, entry 2). Increasing reaction period to 42 h resulted bis-ortho-arylated product 
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6a in 72 % yield and 7a in 8% yield (Table 1, entry 3). Similar results were observed when 

employing 10 mol% of Pd(OAc)2 (Table 1, entry 4) and increasing reaction period to 48 h (Table 

1, entry 5). Next, usage of other Pd(II) catalyst such as PdCl2 resulted 60% of 6a and 18% of 7a 

(Table 1, entry 6). Next, the reaction using 0.6 mmol of aryl iodide resulted only bis-arylated 

product 6a in 59% yield and mono-aryl product (7a) in 33% yield (Table 1, entry 7).  Usage of 

other additives, such as Ag2CO3 and KOAc afforded the product 6a in 22 and 68% yields (Table 

1, entries 8 and 9). The Pd-catalyzed arylation of 4a with 5a in other solvents, such as DCE, t-

BuOH, t-Amyl-OH were not fruitful and convincing than the other better results obtained (Table 

1, entries 10-12). 

Having done the optimization of reaction conditions, then it was envisaged to investigate the scope 

and generality of this reaction by using various aryl iodides possessing electron-donating and 

electron-withdrawing groups (Table 2). Accordingly, the Pd(II)-catalyzed reactions of 

picolinamide 4a and aryl iodides containing electron-donating groups at the para or meta position 

afforded the corresponding bis-ortho C-H arylated phenylglycine derivatives 6a-e in 56-79% 

yields and in one of the cases, the mono-ortho-arylated product 7b was obtained in 33% yield 

(Table 2). Then, the Pd(II)-catalyzed reaction of picolinamide 4a and 6-iodo-2,3-

dihydrobenzo[b][1,4]dioxine gave the bis-ortho C-H arylated phenylglycine derivatives 6f in 76% 

yield. Next, the Pd(II)-catalyzed reactions of picolinamide 4a and aryl iodides containing electron-

withdrawing groups at the para or meta position or PhI furnished the corresponding bis-ortho C-

H arylated phenylglycine derivatives 6g-m in 51-85% yields. The Pd(II)-catalyzed reaction of 

picolinamide 4a and aryl iodides containing CF3 groups afforded the corresponding bis-ortho C-

H arylated phenylglycine derivatives 6n-o in 40-50% yields. Furthermore, the Pd(II)-catalyzed 

reaction of picolinamide 4a and aryl iodides containing useful functional groups such as Ac or 

COOMe and disubstituted aryl iodides were also afforded the corresponding bis-ortho C-H 

arylated phenylglycine derivatives 6p-t in 22-80% yields. Notably, in some of these reactions the 

corresponding mono-ortho-arylated products 7c-e were also obtained in 24-52% yields (Table 2). 

Notably, the bis-ortho C-H arylated phenylglycine derivative 6u (28%) was also obtained from 

the corresponding Pd(II)-catalyzed reaction of picolinamide 4a with bis iodo compound. It is to be 

noted that while the Pd(II)-catalyzed reactions of picolinamide 4a with the corresponding aryl 

iodides gave the corresponding bis-ortho C-H arylated phenylglycine derivatives 6, in some cases 

only the mono ortho C-H arylated phenylglycine derivatives 7 were obtained depending on the 
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Table 2. Pd-catalyzed picolinamide-assisted sp2 C-H arylation of D-(-)-phenylglycine methyl ester 

4 with different aryl iodides. 

 

substituent present in the aryl iodides. While it cannot be generalized, however, the reactions 

involving aryl iodides containing meta substituent gave the mono ortho C-H arylated 

phenylglycine derivatives 7 in addition to the bis-ortho C-H arylated phenylglycine derivatives 6. 

While an exact reason is not clear at this stage, perhaps the reactions involving aryl iodides 
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containing meta substituent might be slow and hence, the corresponding reactions afforded both 6 

and 7. 

Table 2 (continued). Pd-catalyzed picolinamide-assisted sp2 C-H arylation of D-(-)-phenylglycine 

methyl ester 4 with different aryl iodides. 
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Having done the arylation of D-phenylglycine methyl ester 4a using picolinamide as the bidentate 

directing group, then it was envisaged to investigate the scope of arylation of D-phenylglycine 

methyl ester by linking with different bidentate directing groups. Accordingly, various amides 4b-

e of D-phenylglycine methyl ester linked with different bidentate directing groups were assembled. 

Acid chlorides, of quinoline-2-carboxylic acid, isoquinoline-1-carboxylic acid, 3-methyl picolinic  

acid and pyrazine-2- carboxylic acid were treated with D-phenylglycine methyl ester to assemble 

the corresponding amides 4b-e. Subsequently, these amides were subjected to the Pd(II)-catalyzed 

arylation with 5a (Table 3). C-H arylated products 6w, 7f and 6x were obtained from their 

corresponding amides. These results indicated that isoquinoline-1-carboxamide and 3-methyl- 

Table 3. Scope of bidentate directing groups in the Pd(II)-catalyzed sp2 C-H arylation of D-(-)-

phenylglycine methyl ester 4 with 5a.a  

 

a Reactions were done using the corresponding amides 4b-e of D-phenylglycine methyl ester linked with 

the corresponding different bidentate directing groups (carboxylic acids). 

picolinamide have served as the directing groups similar to picolinamide. Accordingly, C-H 

arylated products 6w, 7f and 6x were obtained from the Pd(II)-catalyzed arylation of their 

corresponding amides 4c and 4d with 5a (Table 3). On the other hand, the expected C-H arylated 

products 6v and 6y were not obtained from their corresponding amides. These results indicated 

that quinoline-2-carboxamide and pyrazine-2-carboxamide did not serve as the directing groups 
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and hence, C-H arylated products 6v and 6y were not obtained from the Pd(II)-catalyzed arylation 

of their corresponding amides 4b and 4e with 5a. 

After investigating the arylation of D-phenylglycine methyl ester 4a using picolinamide as the 

bidentate directing group, subsequently, the Pd(II)-catalyzed picolinamide-directed arylation of 

rac-phenylglycine methyl ester 4f with aryl iodides such as 5a and 4-acetyliodobenzene were 

performed, which afforded the bis-ortho C-H arylated, rac-phenylglycine derivatives 6z and 6aa  

Table 4. Pd(II)-catalyzed sp2 C-H arylation of rac-phenylglycine methyl ester 4f with 5a. 

 

Table 5. Pd(II)-catalyzed sp2 C-H arylation of phenylglycine methyl ester 4a with aryl bromides.  

 

in 72-80% yields (Table 4) (During the course of investigation of the work shown in this Chapter, 

Jiang and co-workers reported bis-arylation, rac-PA-Phg-OMe rac-1t (Scheme 6D).13d  
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Given that the Pd-catalyzed, picolinamide-directed arylations of D-phenylglycine methyl ester 

were carried using aryl iodides as coupling partners (Tables 1-4), trials were also made to use aryl 

bromides (Table 5). However, the Pd-catalyzed, picolinamide-directed arylations of D-

phenylglycine methyl ester with aryl bromides were not fruitful (Table 5). 

The plausible mechanism of picolinamide-directed ortho-arylation of D-(-)-phenylglycine methyl 

ester described in scheme 8. The first step involves bidentate co-ordination of Pd-catalyst with 

substrate 4. Next, the C-H activation at proximal C-H bond affords the transition state 9, which 

further undergoes oxidative addition with aryl iodide provides Pd(IV) species 10. Then the 

reductive elimination gives the mono ortho- arylated product 7. Next, the repetition of process 

from 8-10 with the product 7 affords the bis-ortho-arylated product 6.  

 

Scheme 8. Plausible mechanism of ortho- arylation. 

Summary 

In summary, Chapter 3 reported the investigations on the Pd(II)-catalyzed bidentate directing 

group picolinamide-assisted sp2 C-H activation/arylation of D-(-)-phenylglycine methyl ester and 

the synthesis of various ortho-sp2 C-H arylated D-(-)-phenylglycine methyl ester derivatives in 

good to high yields. Given the importance of phenylglycine derivatives in medicinal chemistry, 
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the synthesis of ortho-sp2 C-H arylated D-(-)-phenylglycine methyl ester derivatives shown in this 

work is a contribution to the library of unnatural amino acids. Given that during the course of 

investigation of the work shown in this Chapter, Jiang and co-workers reported13d the bis-arylation, 

phenylglycine methyl ester, further scope and generality could not be established at this stage. 

  

General. Melting points are uncorrected. IR spectra of compounds were recorded as thin films or 

KBr pellets using Perkin Elmer FT-IR spectrometer. 1H and 13C NMR spectra of compounds were 

recorded on Bruker 400 MHz and 100 MHz spectrometers respectively using TMS as an internal 

standard. Mass spectra were recorded using SYNAPT G2S High Definition Mass Spectrometer. 

Column chromatography was carried out using silica gel 100-200 mesh. Reactions were performed 

in anhydrous solvent under a nitrogen atmosphere. Solutions were dried using anhydrous Na2SO4. 

Thin layer chromatography analysis was performed on silica gel plates and components were 

visualized by observation under iodine. Isolated yields of all the compounds were reported. 

General Procedure for preparation of amide 4a-f. 

To a solution of picolinic acid (10 mmol) in dry dichloromethane (30 mL), 1-hydroxy 

benzotriazole hydrate (11 mmol), and 1,3-dicyclohexylcarbodiimide (11 mmol) were added at 0 

oC under nitrogen atmosphere. The suspension was warmed to room temperature and stirred for 1 

h. Then, D-(-)-α-phenylglycine (10 mmol) was added and mixture was stirred for 12 -15 h at room 

temperature. After this period, the resulting suspension was filtered through celite, extracted with 

chloroform (3x20 mL), and washed with brine solution. Then the filtrate was evaporated. The 

crude reaction mixture was purified by silica gel column (100-200 mesh, eluent; EtOAc: hexane) 

to afford the corresponding picolinamides 4a-f.  
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General Procedure for Palladium-Catalyzed ortho-Arylation of D-(-)-2-Phenylglycine 

Methyl Ester. 

To an oven dried round bottom flask (R)-methyl 2-phenyl-2-(picolinamido) acetate (0.2 mmol), 

Pd(OAc)2 (5 mol %), iodo benzene (4.0 equiv, 0.80 mmol), AgOAc (2.2 equiv) in anhydrous 

toluene (2.5 mL) were added. The suspension was heated at 110 oC for 40 - 44 h under nitrogen 

atmosphere. After the reaction period, the reaction mixture was diluted with EtOAc and 

concentrated under reduced pressure and purification of the resulting reaction mixture by column 

chromatography silica gel furnished the corresponding bis-arylated (R)-methyl 2-phenyl-2-

(picolinamido) acetates 6a-6aa. 

(R)-Methyl 2-phenyl-2-(picolinamido)acetate (4a): Following the general procedure, 4a was 

obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 40:60); Rf = 0.5 (EtOAc : Hex = 30:70);  as a brown 

solid; yield: 53% (715mg) ; mp 70-72 oC ; IR (KBr): 3386, 3061, 2953, 

1745, 1680, 1510 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.97 (d, 1H, J = 

7.0 Hz), 8.61-8.60 (m, 1H), 8.18 (d, 1H, J = 7.8 Hz), 7.85 (td, 1H, J1 = 7.7 

Hz, J2 = 1.6 Hz), 7.51 – 7.35 (m, 6H), 5.79 (d, 1H, J = 7.5 Hz), 3.79 (s, 

3H) ; 13C NMR (100 MHz, CDCl3): δ 171.1, 163.8, 149.2, 148.3, 137.3, 136.5, 129.0, 128.6, 127.4, 

126.5, 122.4, 56.6, 52.9 ; HRMS (ESI): m/z [M + H]+ calcd for C15H15N2O3: 271.1083; found 

271.1093. 

(R)-Methyl 2-phenyl-2-(quinoline-2-carboxamido)acetate (4b): Following the general 

procedure, 4b was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 40:60); Rf = 0.6 

(EtOAc : Hex = 30:70);  as a colorless solid; yield: 47% (745mg) ; 

mp 118-120 oC ; IR (KBr): 3383, 2954, 2857, 1745, 1681, 1518 

cm-1; 1H NMR (400 MHz, CDCl3): δ 9.19 (d, 1H, J = 7.1 Hz), 8.30 

(dd, 2H, J1 = 15.6 Hz, J2 = 8.5 Hz), 8.19 (d, 1H, J = 8.5 Hz), 7.89 

(d, 1H, J = 8.2 Hz), 7.79 (t, 1H, J = 7.1 Hz), 7.66-7.63 (m, 1H), 7.56 (d, 2H, J = 7.4 Hz), 7.45 – 

7.36 (m, 3H), 5.87 (d, 1H, J = 7,5 Hz), 3.82 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.3, 164.1, 

149.0, 146.6, 137.5, 136.5, 130.2, 130.0, 129.4, 129.1, 128.7, 128.1, 127.7, 127.5, 118.8, 56.8, 

52.9; HRMS (ESI): m/z [M + H]+ calcd for C19H17N2O3: 321.1239; found 321.1227.  
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(R)-Methyl 2-(isoquinoline-1-carboxamido)-2-phenylacetate (4c): Following the general  

 procedure, 4c was obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 35:65); Rf = 0.6 (EtOAc : Hex = 30:70);  as a 

colorless solid; yield: 50% (784mg) ; mp 100-102 oC ;  IR (KBr): 3383, 

3054, 2849, 1744, 1674, 1505 cm-1; 1H NMR (400 MHz, CDCl3): δ 

9.59 (t, 1H, J = 8.5 Hz), 9.24 (s, 1H), 8.56 – 8.52 (m, 1H), 7.89 – 7.28 

(m, 9H), 5.87-5.83 (m, 1H), 3.83 (d, 3H, J = 8.9 Hz) ; 13C NMR (100 

MHz, CDCl3): δ 171.3, 165.5, 147.2, 140.4,  137.4, 137.4, 136.6, 130.5, 

129.1, 128.8, 128.61, 128.60, 127.7, 127.5, 127.1, 126.8, 124.7, 56.84, 56.83, 52.9; HRMS (ESI): 

m/z [M + H]+ calcd for C19H17N2O3: 321.1239; found 321.1254.  

(R)-Methyl 2-(3-methylpicolinamido)-2-phenylacetate (4d): Following the general procedure, 

4d was obtained after purification by column chromatography on silica 

gel (EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 30:70);  as a 

colorless solid; yield: 55% (781mg) ; mp 75-77 oC ; IR (KBr): 3387, 

3039, 2950, 1745, 1679, 1497 cm-1; 1H NMR (400 MHz, CDCl3): δ 9.11 

(d, 1H, J = 6.6 Hz), 8.44 (d, 1H, J = 4.3 Hz), 7.58 (d, 1H, J = 7.7 Hz), 

7.51 (d, 2H, J = 7.6 Hz), 7.42 – 7.28 (m, 4H), 5.74 (d, 1H, J = 7.4 Hz), 

3.78 (s, 3H), 2.72 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.4, 165.4, 146.4, 145.7, 140.8, 

136.7, 135.7, 129.0, 128.5, 127.4, 126.0, 56.6, 52.8, 20.5; HRMS (ESI): m/z [M + H]+ calcd for 

C16H17N2O3: 285.1239; found 285.1227.  

(R)-Methyl 2-phenyl-2-(pyrazine-2-carboxamido)acetate (4e): Following the general 

procedure, 4e was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 60:40); Rf = 0.3 (EtOAc 

: Hex = 30:70);  as a brown semi solid; yield: 54% (744mg) ; IR (KBr): 

3390, 2953, 2853, 1745, 1680, 1515 cm-1; 1H NMR (400 MHz, CDCl3): 

δ 9.38 (d, 1H, J = 1.1 Hz), 8.78 (d, 1H, J= 2.4 Hz), 8.74 (d, 1H, J = 6.8 

Hz), 8.58 (d, 1H, J=1.5 Hz), 7.49 – 7.37 (m, 5H), 5.79 (d, 1H, J = 7.4 

Hz), 3.8 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 170.9, 162.5, 147.6, 144.5, 144.0, 142.8, 136.1, 

129.1, 128.8, 127.4, 56.5, 53.0; HRMS (ESI): m/z [M + H]+ calcd for C14H14N3O3: 272.1035; 

found 272.1028. 
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Methyl 2-phenyl-2-(picolinamido)acetate (4f): Following the general procedure, 4f was obtained 

after purification by column chromatography on silica gel (EtOAc:hexane = 40:60); Rf = 0.5 

(EtOAc : Hex = 30:70);  as a brown solid; yield: 53% (715 mg) ; mp 98-

100 oC ; IR (KBr): 3387, 3062, 2961, 1745, 1680, 1510 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.97 (d, 1H, J = 6.8 Hz), 8.60 

 (d, 1H, J = 4.5 Hz), 8.17 (d, 1H, J = 7.8 Hz), 7.85 (t, 1H, J = 7.7 Hz), 

7.51 – 7.35 (m, 6H), 5.80 (d, 1H, J = 7.5 Hz), 3.79 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 171.1, 163.8, 149.2, 148.3, 137.3, 136.5, 129.0, 

128.6, 127.4, 126.5, 122.4, 56.6, 52.9 ; HRMS (ESI): m/z [M + H]+ calcd for C15H15N2O3: 

271.1083; found 271.1071. 

(R)-Methyl 2-(4,4''-dimethoxy-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6a): 

Following the general procedure, 6a was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 60:40); Rf = 0.4 

(EtOAc : Hex = 30:70);  as a colorless solid; yield: 72% (69 mg) ; mp 

150-152 oC ;  IR (KBr): 3375, 2952, 2836, 1745, 1680, 1610 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.52 (d, 1H, J = 4.6 Hz), 8.45 (d, 1H, J = 

8.6 Hz), 8.06 (d, 1H, J = 7.8 Hz), 7.77 (td, 1H, J1 = 7.7 Hz, J2 = 1.5 Hz), 

7.40 – 7.35 (m, 6H), 7.25 (d, 2H, J = 7.6 Hz), 7.00 (d, 4H, J = 8.8 Hz), 

6.18 (d, 1H, J = 8.7 Hz), 3.88 (s, 6H), 3.65 (s, 3H); 13C NMR (100 MHz, CDCl3): δ  171.5, 162.9, 

159.1, 149.5, 148.0, 142.7, 137.1, 133.9, 133.4, 130.7, 130.4, 127.4, 126.1, 122.2, 113.6, 55.3, 

52.9, 52.6; HRMS (ESI): m/z [M + H]+ calcd for C29H27N2O5: 483.1920; found 483.1904 

 (R)-Methyl 2-(4,4''-dimethyl-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6b): 

Following the general procedure, 6b was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 40:60); Rf = 0.6 

(EtOAc : Hex = 30:70);  as a colorless solid; yield: 78% (70 mg) ; mp 

131-133 oC ;  IR (KBr): 3382, 3027, 2946, 1747, 1682, 1512 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.52 (d, 1H, J = 4.6 Hz), 8.44 (d, 1H, J = 8.6 

Hz), 8.07 (d, 1H, J = 7.8 Hz), 7.77 (td, 1H, J1 = 7.7 Hz, J2 = 1.4 Hz), 7.40 

– 7.27 (m, 12H), 6.16 (d, 1H, J = 8.8 Hz), 3.63 (s, 3H), 2.46 (s, 6H) ; 13C 

NMR (100 MHz, CDCl3): δ 171.5, 162.9, 149.5, 147.9, 143.0, 138.1, 137.3, 137.0, 133.5, 130.2, 
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129.5, 128.9, 127.4, 126.0, 122.2, 52.9, 52.6, 21.4; HRMS (ESI): m/z [M + H]+ calcd for 

C29H27N2O3: 451.2022; found 451.2040. 

(R)-Methyl 2-(picolinamido)-2-(3,3'',5,5''-tetramethyl-[1,1':3',1''-terphenyl]-2'-yl)acetate 

(6c): Following the general procedure, 6c was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 25:75); Rf = 0.7 (EtOAc : Hex = 30:70);  as a 

colorless solid; yield: 79% (76 mg) ; mp 168-170 oC ;  IR (KBr): 

3379, 3023, 2950, 1747, 1682, 1507 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.57 (d, 1H, J = 4.2 Hz), 8.52 (d, 1H, J = 8.9 Hz), 

8.11 (d, 1H, J = 7.8 Hz), 7.79 (td, 1H, J1 = 7.7 Hz, J2 = 1.7 Hz), 

7.42 – 7.38 (m, 2H), 7.30-7.28 (m, 1H), 7.09 (s, 6H), 6.19 (d, 1H, J = 9.0 Hz), 3.62 (s, 3H), 2.41 

(s, 12H); 13C NMR (100 MHz, CDCl3): δ 171.5, 162.8, 149.8, 148.0, 143.3, 140.8, 137.7, 137.0, 

133.1, 129.8, 129.3, 127.5, 127.3, 126.0, 122.4, 52.8, 52.4, 21.4; HRMS (ESI): m/z [M + H]+ calcd 

for C31H31N2O3: 479.2335; found 479.2346.  

(R)-Methyl 2-(4,4''-diethyl-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6d): 

Following the general procedure, 6d was obtained after purification 

by column chromatography on silica gel (EtOAc:hexane = 25:75); 

Rf = 0.8 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 78% (74 

mg) ; IR (KBr): 3376, 3035, 2964, 1745, 1682, 1510 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.49 (d, 1H, J = 4.6 Hz), 8.40 (d, 1H, J = 8.5 

Hz), 8.05 (d, 1H, J = 7.8 Hz), 7.77 (td, 1H, J1 = 7.6 Hz, J2 = 1.4 Hz), 

7.40 – 7.26 (m, 12H), 6.16 (d, 1H, J = 8.7 Hz), 3.62 (s, 3H), 2.75 (q, 

4H, J = 7.6 Hz), 1.32 (t, 6H, J = 7.6 Hz); 13C NMR (100 MHz, 

CDCl3): δ 171.5, 162.9, 149.5, 147.9, 143.5, 143.0, 138.3, 137.0, 

133.5, 130.2, 129.5, 127.7, 127.4, 126.0, 122.2, 53.0, 52.6, 28.7, 15.5; HRMS (ESI): m/z [M + H]+ 

calcd for C31H31N2O3: 479.2335; found 479.2341.  

 (R)-Methyl 2-(3,3''-dimethoxy-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6e): 

Following the general procedure, 6e was obtained after purification by column chromatography 

on silica gel (EtOAc:hexane = 55:45); Rf = 0.3 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 

56% (54 mg) ; mp 98-100 oC ; IR (KBr): 3372, 3062, 2838, 1741, 1680, 1508 cm-1; 1H NMR (400 

MHz, CDCl3): δ  8.49 (d, 1H, J = 4.4 Hz), 8.40 (d, 1H, J = 8.4 Hz), 8.05 (d, 1H, J = 7.8 Hz), 7.78 
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– 7.75 (m, 1H), 7.42 – 7.35 (m, 4H), 7.30 – 7.28 (m, 1H), 6.99 – 6.97 

(m, 6H), 6.18 (d, 1H, J = 8.8 Hz), 3.81 (s, 6H), 3.65 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 171.5, 162.8, 159.3, 149.4, 148.0, 142.9, 142.2, 

137.0, 133.1, 130.1, 129.3, 127.4, 126.1, 122.2, 121.9, 114.9, 113.8, 

55.1, 52.9, 52.7 ; HRMS (ESI): m/z [M + H]+ calcd for C29H27N2O3: 

483.1920; found 483.1901.  

 

(R)-Methyl 2-(3'-methoxy-[1,1'-biphenyl]-2-yl)-2-(picolinamido)acetate (7b): Following the 

general procedure, 7b was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 65:35); Rf = 0.4 (EtOAc 

: Hex = 30:70);  as a colorless solid; yield: 33% (25 mg) ; IR (KBr): 

3374, 3054, 2951, 1747, 1681, 1588 cm-1; 1H NMR (400 MHz, CDCl3): 

δ 8.78 (d, 1H, J = 5.8 Hz), 8.59 (d, 1H, J = 4.5 Hz), 8.14 (d, 1H, J = 7.8 

Hz), 7.85 – 7.81 (m, 1H), 7.60 – 7.57 (m, 1H), 7.46 – 7.34 (m, 5H), 7.09 

– 7.08 (m, 2H), 6.97 – 6.95 (m, 1H), 5.89 (d, 1H, J = 6.9 Hz), 3.84 (s, 

3H), 3.72 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.5, 163.6, 159.3, 149.3, 148.2, 142.5, 141.5, 

137.3, 134.2, 130.7, 129.4, 128.4, 128.2, 127.2, 126.4, 122.3, 121.9, 114.9, 113.6, 55.2, 53.8, 52.8 

; HRMS (ESI): m/z [M + H]+ calcd for C22H21N2O4: 377.1501; found 377.1515. 

 (R)-Methyl 2-(2,6-bis(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)phenyl)-2-(picolinamido)acetate 

(6f): Following the general procedure, 6f was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 75:25); Rf = 

0.1 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 76% 

(82mg) ; mp 125-127 oC ; IR (KBr): 3381, 3077, 2954, 1744, 

1679, 1509 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.54 – 8.48 

(m, 2H), 8.05 (d, 1H, J = 7.7 Hz), 7.77 (t, 1H, J = 7.7 Hz), 7.39 

– 7.23 (m, 4H), 6.95 – 6.90 (m, 6H), 6.20 (d, 1H, J = 8.8 Hz), 

4.33 (s, 8H), 3.69 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 171.6, 162.9, 149.5, 148.0, 143.2, 143.2, 

142.4, 137.0, 134.2, 133.7, 130.2, 127.3, 126.0, 122.8, 122.2, 118.7, 117.0, 64.42, 64.38, 52.8, 

52.7.  

(R)-Methyl 2-(4,4''-difluoro-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6g): 

Following the general procedure, 6g was obtained after purification by column chromatography 
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on silica gel (EtOAc:hexane = 30:70); Rf = 0.6 (EtOAc : Hex = 30:70);  

as a colorless solid; yield: 51% (47mg) ; mp 77-79 oC ; IR (KBr): 3379, 

3050, 2954, 1745, 1681, 1510 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.52 

(d, 1H, J = 4.6 Hz), 8.37 (d, 1H, J = 8.2 Hz), 8.04 (d, 1H, J = 7.8 Hz), 

7.79 (t, 1H, J = 7.8 Hz),7.43 – 7.37 (m, 6H), 7.25 (d, 2H, J = 7.6 Hz), 

7.14 (t, 4H, J = 8.6 Hz), 6.04 (d, 1H, J = 8.2 Hz), 3.65 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 171.3, 162.8, 162.4 (d, J = 240 Hz), 149.2, 148.0, 

142.1, 137.1, 136.8 (d, J = 3.4 Hz), 133.7, 131.3, (d, J = 7.7 Hz), 130.5, 

127.5, 126.2, 115.1 (d, J = 21.2 Hz), 52.9, 52.8 ; HRMS (ESI): m/z [M + H]+ calcd for 

C27H21F2N2O3: 459.1520; found 459.1505. 

(R)-methyl 2-(4,4''-dichloro-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6h): 

Following the general procedure, 6h was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 30:70); Rf = 0.7 

(EtOAc : Hex = 30:70);  as a colorless solid; yield: 51% (50 mg) ; mp 

170-172 oC ; IR (KBr): 3385, 3062, 2950, 1743, 1680, 1509 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 8.53 (d, 1H, J = 4.2 Hz), 8.35 (d, 1H, J = 8.2 

Hz), 8.03 (d, 1H, J = 7.8 Hz), 7.79 (td, 1H, J1 = 7.7 Hz, J2 = 1.6 Hz), 7.43 

– 7.34 (m, 10H), 7.23 (d, 2H, J = 7.6 Hz), 6.02 (d, 1H, J = 8.2 Hz), 3.67 

(s, 3H); 13C NMR (100 MHz, CDCl3): δ 171.2, 162.8, 149.1, 148.1, 141.9, 139.3, 137.1, 133.8, 

133.3, 130.9, 130.5, 128.4, 127.6, 126.3, 122.0, 53.0, 52.9; HRMS (ESI): m/z [M + H]+ calcd for 

C27H21Cl2N2O3: 491.0929; found 491.0911. 

(R)-Methyl 2-(4,4''-dibromo-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6i): 

Following the general procedure, 6i was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 30:70); Rf = 0.7 

(EtOAc : Hex = 30:70);  as a colorless solid; yield: 60% (70mg) ; mp 171-

172 oC ;  IR (KBr): 3391, 3054, 2957, 1743, 1680, 1508 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.54 – 8.53 (m, 1H), 8.34 (d, 1H, J = 8.1 Hz), 8.03 

(d, 1H, J = 7.8 Hz), 7.79 (td, 1H, J1 = 7.7 Hz, J2 = 1.7 Hz), 7.58 (d, 4H, J 

= 8.2 Hz), 7.43 – 7.37 (m, 2H), 7.29 (d, 4H, J = 8.6 Hz), 7.23 (d, 2H, J = 

7.6 Hz), 6.02 (d, 1H, J = 8.1 Hz), 3.67 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 171.2, 162.8, 149.1, 
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148.1, 141.8, 139.8, 137.1, 133.2, 131.3, 131.2, 130.4, 127.6, 126.3, 122.0, 53.0, 52.8; HRMS 

(ESI): m/z [M + H]+ calcd for C27H21Br2N2O3: 578.9919; found 578.9943. 

(R)-Methyl 2-([1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6j): Following the general 

procedure, 6j was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 35:65); Rf = 0.5 (EtOAc 

: Hex = 30:70);  as an oily liquid; yield: 85% (71 mg) ; IR (KBr): 3379, 

3056, 2950, 1744, 1681, 1508 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.52 

– 8.51 (m, 1H), 8.41 (d, 1H, J = 8.1 Hz), 8.06 (dd, 1H, J1= 7.8 Hz, J2= 

0.8 Hz), 7.79 – 7.75 (m, 1H), 7.46 – 7.39 (m, 13H), 7.31 – 7.29 (m, 1H), 

6.13 (d, 1H, J= 8.6 Hz), 3.63 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

171.4, 162.8, 149.4, 148.0, 143.1, 141.0, 137.0, 133.3, 130.2, 129.6, 128.2, 127.7, 127.4, 126.1, 

122.2, 52.9, 52.6 ; HRMS (ESI): m/z [M + H]+ calcd for C27H23N2O3: 423.1709; found 423.1723.  

(R)-Methyl 2-(3,3''-dichloro-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6k): 

Following the general procedure, 6k was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 30:70); Rf = 0.6 

(EtOAc : Hex = 30:70); yield: 68% (67mg) ; as an oily liquid ; IR (KBr): 

3380, 3058, 2951, 1744, 1681, 1508 cm-1; 1H NMR (400 MHz, CDCl3): 

δ 8.57 (d, 1H, J = 3.6 Hz), 8.39 (d, 1H, J = 8.2 Hz), 8.04 (d, 1H, J = 7.8 

Hz), 7.78 (td, 1H, J1 = 7.7 Hz, J2 = 1.7 Hz), 7.44 – 7.25 (m, 12H), 6.01 

(d, 1H, J = 8.4 Hz), 3.71 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 171.2, 

162.9, 149.1, 142.5, 141.7, 137.1, 134.1, 133.3, 130.4, 129.9, 129.4, 

128.0, 127.8, 127.6, 126.2, 122.1, 52.9, 52.8; HRMS (ESI): m/z [M + H]+ calcd for C27H21Cl2N2O3: 

491.0929; found 491.0910.  

 (R)-Methyl 2-(3,3''-difluoro-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6l): 

Following the general procedure, 6l was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 35:65); Rf = 0.6 

(EtOAc : Hex = 30:70);  as an oily liquid; yield: 76% (70mg) ; IR (KBr): 

3380, 3060, 2953, 1745, 1682, 1581, 1510 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.53 (d, 1H, J = 4.6 Hz), 8.40 (d, 1H, J = 8.4 Hz), 8.04 (d, 1H, 

J = 7.8 Hz), 7.79-7.76 (m, 1H), 7.46 – 7.38 (m, 4H), 7.28 – 7.13 (m, 8H), 

6.07 (d, 1H, J = 8.5 Hz), 3.69 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 
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171.3, 162.9, 162.5 (d, J = 246 Hz), 149.1, 148.1, 142.9 (d, J = 7.7 Hz), 141.7 (d, J = 1.2 Hz), 

137.1, 133.3, 130.3, 129.7 (d, J = 8.5 Hz), 127.6, 126.2, 125.4, 122.1, 116.9 (d, J = 21.4 Hz), 114.7 

(d, J = 20.7 Hz), 52.8, 52.8; HRMS (ESI): m/z [M + H]+ calcd for C27H21F2N2O3: 459.1520; found: 

459.1502. 

(R)-Methyl 2-(3,3''-dibromo-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate(6m): 

Following the general procedure, 6m was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 30:70);  as 

an oily liquid; yield: 52% (60 mg) ; IR (KBr): cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.59 (d, 1H, J = 0.3 Hz), 8.38 (d, 1H, J = 

8.1 Hz), 8.05 (d, 1H, J = 7.8 Hz), 7.78 (t, 1H, J = 7.6 Hz), 7.59 

– 7.24 (m, 12H), 6.00 (d, 1H, J = 8.2 Hz), 3.72 (s, 3H);  13C NMR (100 MHz, CDCl3): δ 171.1, 

162.9, 149.1, 142.8, 141.6, 137.1, 133.3, 132.7, 130.8, 130.4, 129.7, 128.2, 127.6, 126.1, 122.4, 

122.1, 53.0, 52.9; HRMS (ESI): m/z [M + H]+ calcd for C27H21Br2N2O3: 578.9919; found 

578.9940.  

(R)-Methyl 2-(4,4''-bis(trifluoromethyl)-[1,1':3',1''-terphenyl]-2'-yl)-2-

(picolinamido)acetate (6n): Following the general procedure, 6n 

was obtained after purification by column chromatography on silica 

gel (EtOAc:hexane = 25:75); Rf = 0.8 (EtOAc : Hex = 30:70);  as a 

colorless solid; yield: 40% (45 mg) ; mp 166-168 oC ; IR (KBr): 3382, 

3066, 2946, 1745, 1681, 1616 cm-1; 1H NMR (400 MHz, CDCl3): δ  

8.44 (d, 1H, J = 4.4 Hz), 8.23 (d, 1H, J = 7.7 Hz), 8.02 (d, 1H, J = 7.8 

Hz), 7.81-7.69 (m, 5H), 7.55 – 7.25 (m, 8H), 5.95 (d, 1H, J = 7.8 Hz), 

3.70 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.0, 162.8, 148.8, 

148.1, 144.7, 141.7, 137.2, 132.9, 130.5, 130.0 – 129.7 (m), 127.7, 126.4, 125.2 (q, J = 3.5 Hz), 

121.9, 53.1, 53.0; HRMS (ESI): m/z [M + H]+ calcd for C29H21F6N2O3: 559.1456 ; found 559.1434.  

(R)-methyl 2-(3,3''-bis(trifluoromethyl)-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate 

(6o): Following the general procedure, 6o was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 28:72); Rf = 0.7 (EtOAc : Hex = 30:70);  as an 

oily liquid; yield: 50% (55 mg) ; IR (KBr): 3385, 3066, 2954, 1747, 1682, 1507 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.47 (d, 1H, J = 2.0 Hz), 8.30 (d, 1H, J = 7.3 Hz), 8.02 (d, 1H, J = 7.8 Hz), 
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7.77 (t, 1H, J = 7.6 Hz), 7.72 – 7.60 (m, 8H), 7.45 (t, 1H, J = 7.7 

Hz), 7.39 (t, 1H, J = 5.6 Hz), 7.29 (d, 2H, J = 7.1 Hz), 5.88 (d, 

1H, J = 7.7 Hz), 3.70 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

170.9, 162.9, 149.0, 148.2, 141.3-141.7 (m), 141.5, 137.1, 133.3, 

133.0 – 132.8 (m), 130.6, 130.3, 128.7, 127.7, 126.5 – 126.4 (m), 

126.2, 125.4, 124.6 (q, J1 = 7.2 Hz, J2 = 3.6 Hz), 122.7, 122.0, 

53.0, 52.8; HRMS (ESI): m/z [M + H]+ calcd for C29H20F6N2O3: 

559.1456; found 559.1442.  

 (R)-Methyl 2-(4,4''-diacetyl-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6p): 

Following the general procedure, 6p was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 80:20); Rf = 0.1 (EtOAc : Hex = 30:70);  as a 

colorless solid; yield: 80% (81 mg) ; mp 166-168 oC ;  IR (KBr): 

3374, 3056, 2953, 1742, 1682, 1507 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.45 (t, 1H, J = 4.5 Hz), 8.29 (t, 1H, J = 8.0 Hz), 8.05 – 

8.00 (m, 5H), 7.77 ( t, 1H, J = 7.68 Hz), 7.54-7.52 (m, 4H), 7.46 – 

7.38 (m, 2H), 7.29 – 7.25 (m, 2H), 5.99 (t, 1H, J = 8.0 Hz), 3.68 

(s, 3H), 2.68 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 197.8, 171.0, 162.9, 148.9, 148.1, 148.0, 

145.9, 142.1, 137.2, 136.3, 132.8, 130.3, 129.9, 128.3, 127.7, 126.3, 122.1, 53.0, 53.0, 26.8; HRMS 

(ESI): m/z [M + H]+ calcd for C31H27N2O5: 507.1920; found 507.1908. 

(R)-Dimethyl 2'-(2-methoxy-2-oxo-1-(picolinamido)ethyl)-[1,1':3',1''-terphenyl]-4,4''-

dicarboxylate (6q): Following the general procedure, 6q was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane =80:20); Rf 

= 0.1 (EtOAc : Hex = 30:70); as a colorless solid; yield: 64% 

(68mg) ; mp 190-192 oC ; IR (KBr): 3381, 3004, 2952, 1723, 1681, 

1508 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.48 – 8.46 (m, 1H), 

8.29 (d, 1H, J = 8.2 Hz), 8.13 (d,   

4H, J = 8.3 Hz), 8.03 – 8.00 (m, 1H), 7.78 (td, 1H, J1 = 7.7 Hz, J2 

= 1.7 Hz), 7.50 (d, 4H, J = 8.5 Hz), 7.45 – 7.38 (m, 2H), 7.27 (d, 

2H, J = 1.7 Hz), 6.00 (d, 1H, J = 8.2 Hz), 3.97 (s, 6H), 3.66 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ 171.1, 166.9, 162.8, 149.0, 148.1, 145.7, 142.2, 137.1, 132.9, 130.3, 129.7, 129.5, 129.4, 127.6, 
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126.3, 122.0, 52.9, 52.88, 52.2; HRMS (ESI): m/z [M + H]+ calcd for C31H27N2O7: 539.1818; 

found 539.1796.  

(R)-Methyl2-(4,4''-dibromo-3,3''-difluoro-[1,1':3',1''-terphenyl]-2'-yl)-2-

(picolinamido)acetate (6r): Following the general procedure, 6r was obtained after purification 

by column chromatography on silica gel (EtOAc:hexane = 28:72); 

Rf = 0.7 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 28% 

(34mg) ; mp 98-100 oC ;  IR (KBr): 3381, 3077, 2954, 1744, 1679, 

1509 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.54 (d, 1H, J = 4.0 Hz), 

8.34 (d, 1H, J = 7.8 Hz), 8.03 (d, 1H, J = 7.8 Hz), 7.80 (td, 1H, J1 

= 7.6 Hz, J2 = 1.4 Hz), 7.64 – 7.61 (m, 2H), 7.44 – 7.39 (m, 2H), 

7.28 – 7.18 (m, 4H), 7.09 (d, 2H, J = 7.1 Hz), 6.00 (d, 1H, J = 8.1 

Hz), 3.72 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.0, 162.8, 

159.9, 157.4, 148.8, 148.3, 142.0 (d, J = 6.9 Hz), 140.8 (d, J = 1.1 Hz), 137.2, 133.3, 133.1, 130.5, 

127.8, 126.4, 122.0, 118.0 (d, J = 21.9 Hz), 108.7 (d, J = 20.6 Hz), 53.1, 52.9 ; HRMS (ESI): m/z 

[M + H]+ calcd for C27H19Br2F2N2O3: 614.9730; found 614.9756.  

(R)-methyl 2-(4'-bromo-3'-fluoro-[1,1'-biphenyl]-2-yl)-2-(picolinamido)acetate (7c): 

Following the general procedure, 7c was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 35:65); Rf = 0.6 

(EtOAc : Hex = 30:70);  as a colorless solid; yield: 48% (42mg) ; IR (KBr): 

3383, 3058, 2845, 1744, 1679, 1508 cm-1; 1H NMR (400 MHz, CDCl3): δ 

8.93 (d, 1H, J = 6.2 Hz), 8.60 (dd, 1H, J1 = 3.8 Hz, J2 = 0.5 Hz), 8.12 (dd, 

1H, J1 = 7.8 Hz, J2 = 0.6 Hz), 7.84 (t, 1H, J = 7.7 Hz), 7.65 (t, 1H, J = 7.9 

Hz), 7.56 (dd, 1H, J1 = 7.1 Hz, J2 = 1.8 Hz), 7.47 – 7.25 (m, 7H), 5.80 (d, 

1H, J = 6.8 Hz), 3.74 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.1, 163.6, 

149.1, 148.3, 141.7 (d, J = 7.1 Hz), 140.3 (d, J = 1.4 Hz), 137.3, 134.4, 133.4, 130.5, 128.9, 128.6, 

127.0, 126.6 (d, J = 3.5 Hz), 126.5, 122.3, 118.0 (d, J = 22.6 Hz), 108.5, 53.4, 53.0; HRMS (ESI): 

m/z [M + H]+ calcd for C21H17Br FN2O3:443.0407; found 443.0423.  

(R)-Methyl 2-(picolinamido)-2-(3,3'',4,4''-tetrachloro-[1,1':3',1''-terphenyl]-2'-yl)acetate 

(6s): Following the general procedure, 6s was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 28:72); Rf = 0.7 (EtOAc : Hex = 30:70);  as a 

colorless solid; yield: 64% (72mg) ; mp 147-149 oC ;  IR (KBr): 3382, 3058, 2852, 1744, 1681, 
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1509 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.56 (d, 1H, J = 3.8 Hz), 8.36 (d, 1H, J = 7.5 Hz), 8.04 

(d, 1H, J = 7.8 Hz), 7.80 (t, 1H, J = 7.6 Hz), 7.52 (s, 4H), 7.44 

– 7.23 (m, 5H), 5.96 (d, 1H, J = 7.9 Hz), 3.74 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ 171.0, 162.9, 148.9, 148.4, 140.7, 137.2, 

133.3, 132.4, 132.2, 131.6, 130.6, 130.2, 128.9, 127.8, 126.3, 

122.0, 53.1, 53.0 ; HRMS (ESI): m/z [M + H]+ calcd for 

C27H19Cl4N2O3: 559.0150; found 559.0126. 

(R)-Methyl 2-(3',4'-dichloro-[1,1'-biphenyl]-2-yl)-2-(picolinamido)acetate (7d): Following the 

general procedure, 7d was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 35:65); Rf = 0.6 (EtOAc 

: Hex = 30:70);  as an oily liquid; yield: 24% (20 mg)  ;  IR (KBr): 3384, 

3054, 2849, 1744, 1679, 1508 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.91 

(d, 1H, J = 6.1 Hz), 8.61 (d, 1H, J = 4.3 Hz), 8.12 (d, 1H, J = 7.8 Hz), 

7.84 (t, 1H, J = 7.7 Hz), 7.64 (s, 1H), 7.57 – 7.27 (m, 7H), 5.78 (d, 1H, J 

= 6.7 Hz), 3.74 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.1, 163.6, 

149.1, 148.3, 140.3, 140.1, 137.3, 134.5, 132.4, 131.9, 131.6, 130.6, 130.3, 129.0, 128.9, 128.6, 

127.1, 126.5, 122.3, 53.6, 52.9 ; HRMS (ESI): m/z [M + H]+ calcd for C27H17Cl2N2O3: 415.0616; 

found 415.0635. 

(R)-Methyl 2-(picolinamido)-2-(3,3'',5,5''-tetrachloro-[1,1':3',1''-terphenyl]-2'-yl)acetate  

(6t): Following the general procedure, 6t was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane 

= 20:80); Rf = 0.9 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 

22% (26 mg) ; mp 148-150 oC ;  IR (KBr): 3375, 3058, 2946, 1743, 

1682, 1559 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.60 (d, 1H, J = 4.7 

Hz), 8.39 (d, 1H, J = 7.9 Hz), 8.05 (d, 1H, J = 7.8 Hz),  7.80 (td, 1H, 

J1= 7.7 Hz, J2= 1.6 Hz), 7.46 – 7.23 (m, 10H), 5.93 (d, 1H, J = 8.0 

Hz), 3.78 (s, 3H) ; 13C NMR (100 MHz, CDCl3): 171.0, 162.9, 148.9, 148.6, 143.4, 140.5, 137.1, 

134.8, 133.4, 130.6, 128.3, 128.2, 128.24, 128.21, 127.8, 126.3, 122.1, 53.2, 52.8; HRMS (ESI): 

m/z [M + H]+ calcd for C27H19Cl4N2O3: 559.0150; found 559.0175.  

(R)-Methyl 2-(3',5'-dichloro-[1,1'-biphenyl]-2-yl)-2-(picolinamido)acetate (7e): Following the 

general procedure, 7e was obtained after purification by column chromatography on silica gel 
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(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 52% (43 

mg) ; IR (KBr): 3383, 3054, 2954, 1744, 1679, 1558 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 8.88 (d, 1H, J = 6.5 Hz), 8.60 (d, 1H, J = 4.6 

Hz), 8.13 (d, 1H, J = 7.8 Hz), 7.84 (t, 1H, J = 7.7 Hz), 7.57 (d, 1H, 

J = 7.4 Hz), 7.47 – 7.26 (m, 7H), 5.76 (d, 1H, J = 7.0 Hz), 3.75 (s, 

3H) ; 13C NMR (100 MHz, CDCl3): 171.0, 163.6, 149.1, 148.3, 

143.1, 139.8, 137.3, 134.8, 134.5, 130.5, 129.0, 128.6, 128.2, 127.8, 

127.5, 126.5, 122.3, 53.7, 53.0 ; HRMS (ESI): m/z [M + H]+ calcd 

for C21H17Cl2N2O3: 415.0616; found 415.0636.  

 (R)-methyl2-(4,4''''-diiodo-[1,1':4',1'':3'',1''':4''',1''''-quinquephenyl]-2''-yl)-2-

(picolinamido)acetate (6u): Following the general procedure, 6u was obtained after purification 

by column chromatography on silica gel (EtOAc:hexane = 30:70); 

Rf = 0.7 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 28% 

(46 mg) ; mp 145-147 oC ; IR (KBr): 3375, 3055, 2957, 1742, 

1680, 1509 cm-1; 1H NMR (400 MHz, CDCl3): δ 8.44-8.40 (m, 

2H), 8.05 (d, 1H, J = 7.8 Hz), 7.83 – 7.75 (m, 6H), 7.65 (d, 4H, J 

= 8.2 Hz), 7.52 (d, 4H, J = 8.2 Hz), 7.44 – 7.28 (m, 9H), 6.17 (d, 

1H, J = 8.4 Hz), 3.68 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 

171.4, 162.9, 149.3, 148.0, 142.6, 140.6, 140.3, 139.2, 137.9, 

137.1, 133.3, 130.4, 130.1, 129.0, 127.6, 126.7, 126.2, 122.1, 93.2, 

53.2, 52.8 ; HRMS (ESI): m/z [M + H]+ calcd for C39H29I2N2O3: 

827.0268; found 827.0301.  

(R)-Methyl2-(4,4''-dimethoxy-[1,1':3',1''-terphenyl]-2'-yl)-2-(isoquinoline-1-carboxamido) 

acetate (6w): Following the general procedure, 6w was obtained 

after purification by column chromatography on silica gel 

(EtOAc:hexane = 60:40); Rf = 0.3 (EtOAc : Hex = 30:70);  as a 

colorless solid; yield: 53% (57 mg) ; mp 177-179 oC ; IR (KBr): 3370, 

3062, 2838, 1745, 1675, 1512 cm-1; 1H NMR (400 MHz, CDCl3): δ 

9.47 (d, 1H, J = 8.6 Hz), 8.61 (d, 1H, J = 8.8 Hz), 8.43 (d, 1H, J = 

5.5 Hz), 7.82 (d, 1H, J = 8.1 Hz), 7.78 (d, 1H, J = 5.5 Hz), 7.70-7.67 

(m, 1H), 7.64-7.60 (m, 1H), 7.40 – 7.37 (m, 5H), 7.28 – 7.26 (m, 2H),  
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6.99 (d, 4H, J = 8.4 Hz), 6.23 (d, 1H, J = 8.9 Hz), 3.88 (s, 6H), 3.63 (s, 3H) ; 13C NMR (100 MHz, 

CDCl3): δ 171.7, 164.4, 159.1, 147.6, 142.8, 140.1, 137.2, 133.9, 133.4, 130.7, 130.4, 130.3, 128.5, 

127.8, 127.3, 127.0, 126.7, 124.2, 113.6, 55.3, 52.8, 52.6; HRMS (ESI): m/z [M + H]+ calcd for 

C33H29N2O5:533.2076; found 533.2107. 

(R)-Methyl 2-(isoquinoline-1-carboxamido)-2-(4'-methoxy-[1,1'-biphenyl]-2-yl)acetate (7f): 

Following the general procedure, 7f was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 65:35); Rf = 0.4 

(EtOAc : Hex = 30:70);  as a colorless solid; yield: 28% (24 mg) ; mp 

100-102 oC ;  IR (KBr): 3386, 3062, 2838, 1745, 1674, 1505 cm-1; 1H 

NMR (400 MHz, CDCl3): δ  9.55 (d, 1H, J = 8.5 Hz), 8.98 (d. 1H, J = 

6.6 Hz), 8.50 (d, 1H, J = 5.4 Hz), 7.86 – 7.62 (m, 5H), 7.49 – 7.34 (m, 

5H), 7.01 (d, 2H, J = 8.2 Hz), 5.93 (d, 1H, J = 6.8 Hz), 3.87 (s, 3H), 3.74 

(s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.7, 165.3, 159.1, 147.3, 142.4, 140.4, 137.3, 134.4, 

132.6, 131.1, 130.7, 130.5, 128.7, 128.5, 127.9, 127.8, 127.2, 127.1, 126.8, 124.6, 113.8, 55.3, 

53.9, 52.7; HRMS (ESI): m/z [M + H]+ calcd for C26H23N2O4:427.1658; found 427.1680. 

(R)-Methyl 2-(4,4''-dimethoxy-[1,1':3',1''-terphenyl]-2'-yl)-2-(3-methylpicolinamido)acetate 

(6x): Following the general procedure, 6x was obtained after 

purification by column chromatography on silica gel (EtOAc:hexane 

= 65:35); Rf = 0.4 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 

87% (86 mg) ; mp 158-160 oC ; IR (KBr): 3371, 3054, 2932, 1746, 

1678, 1512 cm-1; 1H NMR (400 MHz, CDCl3): δ  8.53 (d, 1H, J = 8.8 

Hz), 8.35 (d, 1H, J = 3.5 Hz),  7.51 (d, 1H, J = 7.6 Hz), 7.38-7.36 (m, 

5H), 7.27-7.25 (m, 3H), 6.99-6.97 (m, 4H), 6.16 (d, 1H, J = 9.0 Hz), 

3.87 (s, 6H), 3.60 (s, 3H), 2.64 (s, 3H) ; 13C NMR (100 MHz, CDCl3): δ 171.8, 164.4, 159.1, 146.9, 

145.2, 142.8, 140.5, 135.4, 134.0, 133.4, 130.7, 130.4, 127.3, 125.5, 113.6, 55.3, 52.6, 52.5, 20.4 

; HRMS (ESI): m/z [M + H]+ calcd for C30H29N2O5: 497.2076; found 497.2059. 

Methyl 2-(4,4''-dimethoxy-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6z): 

Following the general procedure, 6z was obtained after purification by column chromatography 

on silica gel (EtOAc:hexane = 60:40); Rf = 0.4 (EtOAc : Hex = 30:70);  as a colorless solid; yield: 

72% (70 mg) ; mp 180-182 oC ; IR (KBr): 3377, 2961, 2830, 1744, 1680, 1512 cm-1; 1H NMR 

(400 MHz, CDCl3): δ  8.52 (d, 1H, J = 4.4 Hz),  8.44 (d, 1H, J = 8.6 Hz), 8.06 (d, 1H, J = 7.8 Hz), 
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7.77 (t, 1H, J = 7.7 Hz), 7.40 – 7.24 (m, 8H), 7.00 (d, 4H, J = 8.1 

Hz), 6.17 (d, 1H, J = 8.7 Hz), 3.89 (s, 6H), 3.65 (s, 3H) ; 13C NMR 

(100 MHz, CDCl3): δ 171.5, 162.9, 159.1, 149.5, 147.9, 142.7, 

137.0, 133.9, 133.4, 130.7, 130.4, 127.4, 126.1, 122.2, 113.6, 55.3, 

52.9, 52.6 ; HRMS (ESI): m/z [M + H]+ calcd for C29H27N2O5: 

483.1920; found 483.1902. 

 

Methyl 2-(4,4''-diacetyl-[1,1':3',1''-terphenyl]-2'-yl)-2-(picolinamido)acetate (6aa): 

Following the general procedure, 6aa was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 80:20); Rf = 0.1 (EtOAc : Hex = 30:70);  as a 

colorless solid; yield: 80% (81 mg) ; mp 187-189 oC ; IR (KBr): 

3377, 3056, 2957, 1743, 1682, 1508 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 8.44 (d, 1H, J = 4.5 Hz), 8.29 (d, 1H, J = 7.9 Hz), 8.05 

– 8.00 (m, 5H), 7.77 (t, 1H, J = 7.7 Hz), 7.52 (d, 4H, J = 7.8 Hz), 

7.45 – 7.38 (m, 2H), 7.26 (d, 2H, J = 7.6 Hz), 5.99 (d, 1H, J = 8.0 

Hz), 3.67 (s, 3H), 2.67 (s, 6H) ; 13C NMR (100 MHz, CDCl3): δ 

197.8, 171.0, 162.9, 149.0, 148.1, 145.9, 142.1, 137.2, 136.3, 132.8, 130.3, 129.9, 128.3, 127.7, 

126.3, 122.1, 53.0, 52.9, 26.8 ; HRMS (ESI): m/z [M + H]+ calcd for C31H27N2O5: 507.1920; found 

507.1909. 
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Chapter 4: Palladium-catalyzed bidentate ligand directed β-C(sp3)-H functionalization on ε-, ζ-, 

η-keto acids. 

Introduction 

Transition metal-catalyzed mono or bidentate ligand-directed C-H activation and functionalization 

of C(sp3)-H and C(sp2)-H organic molecules is one of the potential tools in organic synthesis, 

which enables the synthesis of natural products, biologically active molecules and pharmaceutical 

ingredients.1,2 In general, due to the relative inertness of C(sp3)-H bonds, the functionalization of 

C(sp3)-H bond is more challenging than the C(sp2)-H bonds. Given that organic molecules have 

diverse C-H bonds achieving selective reactivity of desired C-H bond is a challenging task.  Early 

examples of metal-catalyzed C-H functionalization were reported in the late 1930s. Kharasch and 

Isbell disclosed that arenes are aurated by gold(III) chloride, demonstrating that transition metal 

complexes can participate in C-H activation chemistry. The report also described arene 

chlorination is catalyzed by AuCl3, this may be the first example of transition-metal catalysis in 

C-H bond functionalization.3a In 1955, Murahashi3b reported cobalt-catalyzed carbonylation to the 

ortho-C(sp2)-H bond of aromatic aldimine, which afforded isoindolinone. Subsequently, 

Murahashi reported azo benzene also underwent ortho-carbonylation reactions.3c Kleiman3d and 

Cope3e research groups independently reported cyclometallation pathways for C-H activation.  

Currently, this mechanistic approach has been corroborated as C-H activation/functionalization 

reactions.3f,2a In 1967, Fujiwara and Moritani disclosed C-H alkenylation of benzene with styrene 

palladium chloride complex.3g  In 1969, the first transition-metal catalyzed C(sp3)-H 

functionalization was disclosed by Shilov and co-workers, this report described the reaction of 

alkanes with Pt salts, which afforded a mixture of alcohols and alkyl halides.3h-i Bergman3j and 

Graham3k independently reported the oxidative addition of unactivated alkane C-H bonds to 

iridium metal complex [Cp*(PMe3) Ir] to form stable alkyl hydride products. In 1993, Murai and 

co-workers developed an efficient route for directed C(sp2)-H functionalization on aromatic 

ketones.3l Later, many research groups reported various catalytic directing group-aided C-H 

functionalization2j using different mono or bidentate-directing groups and metal catalysts.4a-d,2a-c  

To date, the directed C(sp2)-H bond functionalization can now be considered a reliable tool to 

access a variety of functional groups. However, functionalization of unactivated C(sp3)-H bonds 

remains is still emerging and considered as a challenging process. Along with this line, a part of 

this thesis envisaged to investigate the Pd-catalyzed bidentate ligand-directed site-selective 
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functionalization of C(sp3)-H bonds of keto acids. Some of the literature reports pertaining to the 

transition metal-catalyzed bidentate ligand-directed site-selective functionalization of C(sp3)-H 

bonds have been shown here. 

The ability of palladium metal to activate C-H bond via chelation is known since 1960. Nitrogen 

containing ligands were identified to promote the palladium insertion into the ortho-C-H bonds3e 

and later, various C(sp3)-H bonds.3m-n In 2005, Daugulis and Shabashov5a-d described the Pd-

catalyzed bidentate directing group-directed C-H activation/arylation of β-C(sp3)-H and β-C(sp2)-

H bonds of carboxamides.  These reports introduced 8-aminoquinoline (AQ) and 2-picolinamide 

bidentate ligands for the site-selective functionalization at β-C(sp3)-H (Scheme 1A ) and γ-C(sp3)-

H, γ-C(sp2)-H (Scheme 1B) bonds of carboxamides respectively.  Later diverse functional group 

transformations have been reported using these bidentate ligands.2i  

 

Scheme 1. Pd-catalyzed bidentate directing group-directed site-selective arylation of C(sp3)-H 

bonds of carboxamides.  

In 2013, Carretero and co-workers described N-(2-pyridyl) sulfonyl auxiliary for γ-C-H arylation 

of amino acid methyl ester 1c, which successfully afforded γ-arylated compounds 3c (Scheme 

1C).5e-h In 2010, Daugulis and Shabashov reported selective mono arylation of primary β-C(sp3)-

H bonds by introducing 2-methylthio aniline as bidentate auxiliary (Scheme 1D)5c-d. Shi and co-

workers introduced 2-(pyridin-2-yl)isopropyl (PIP) amine as the directing group for the C(sp3)-H 
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alkoxylation.5i Further, PIP-directed mono-arylation of alanine derived amide 1e with aryl iodide 

2b was reported (Scheme 1E).5j In 2014, Ackermann and co-workers introduced 

triazolyldimethylmethyl (TAM) amine as the directing group for C(sp3)-H and C(sp2)-H 

functionalization (Scheme 1F).5k In 2013, Ma and Fan introduced 2-methoxyiminoacetyl (MIA) 

as the bidentate directing group for the C(sp3)-H functionalization.5l 

In 2006, Corey and co-workers reported the Pd-catalyzed bidentate directing group-directed site-

selective β-C-H acetoxylation as well as β-C-H arylation of amino acids derivatives (Scheme 

2A).6a The Pd-catalyzed bidentate directing group-directed β-C(sp3)-H alkylation of aliphatic 

carboxamide and amino acids derived amides were also reported (Scheme 2B).6b In 2011, Chatani 

and co-workers disclosed 8-aminoquinoline-directed β-alkynylation of C(sp3)-H bonds6c (Scheme 

2C). Rao and co-workers reported an efficient route for the β-C-H alkoxylation of primary and 

secondary carboxamide (Scheme 2D).6d In 2014, Wu and co-workers described intramolecular 

amination of various carboxamide, which afforded various β-lactams (Scheme 2E).6e In 2015, 

Besset and co-workers disclosed 8-aminoquinoline-directed β-trifluoromethylthiolation of various 

carboxamides (Scheme 2F).6f 

 

Scheme 2. Pd-catalyzed 8-aminoquinoline-directed site-selective functionalization of C(sp3)-H 

bonds of carboxamides.  
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The reaction conditions of the first report on the Pd-catalyzed 8-aminoquinoline-directed C(sp3)-

H arylation of carboxamides (Scheme 1A)5b utilizes AgOAc as the iodide scavenger, later, the 

process was improved by using K2CO3 or CsOAc instead of AgOAc (Scheme 3A).7a In 2014, Bull 

and co-workers reported the Pd-catalyzed 8-aminoquinoline-directed C-3 arylation of prolines 

(Scheme 3B).7b Zeng and co-workers disclosed the C(sp3)-H arylation using aryl bromides as 

coupling partner (Scheme 3C).7c In 2015, our lab reported the regio and stereoselective C-3 

arylation of tetrahydrofuran and benzodioxane via the Pd-catalyzed 8-aminoquinoline-directed 

C(sp3)-H functionalization strategy (Scheme 3D).7d-h Duan and co-workers reported 

enantioselective arylation of β-C(sp3)-H bond using chiral phosphoramide ligand L1 (Scheme 

3E).7i Shuto and co-workers reported the C(sp3)-H arylation of tetrasubstituted cyclopropanes 

(Scheme 3F).7j,k There are other significant reports which described the β-C(sp3)-H arylation via 

the Pd-catalyzed 8-aminoquinoline-directed C-H functionalization strategy.7l-o 

 

Scheme 3. Pd-catalyzed 8-aminoquinoline -directed site-selective arylation of C(sp3)-H bonds of 

carboxamides. 

Keto acids are important class of organic molecules in organic synthesis and they serve as synthetic 

building block for various transformations, which provide access to diverse functionalized organic 
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molecules through the functionalization of ketone moiety (Scheme 4).8 In particular, conventional 

and enzymatic direct reductive amination of keto acids provides amino acids, biologically active  

 

Scheme 4. Functional group transformations of ketone moiety.  

molecules, drug candidates as well as ligand9a-d and enantioenriched amino acids.10 Similar to the 

α-, β-, γ-, δ- amino acid classification, the keto acids can be classified as α-, β-, γ-, δ- keto acids. 

Accordingly, the direct reductive amination keto acids will provide the valuable non-proteinogenic 

α-, β-, γ-, δ- natural/unnatural amino acids. Given the importance of α-, β-, γ-, δ- keto acids, a part 

of this thesis work envisioned to synthesize β-C-H arylated keto acids via the C(sp3)-H activation 

methodology. Accordingly, this chapter reports the Pd(II)-catalyzed bidentate directing group, 8-

aminoquinoline-directed β-C(sp3)-H arylation of ε-, ζ-, η-keto acids and the synthesis of 

corresponding β-C-H functionalized/arylated ε-, ζ-, η-keto acids (Scheme 5). 
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Scheme 5. Pd(II)-catalyzed 8-aminoquinoline-directed β-C(sp3)-H arylation of ε-, ζ-, η-keto acids. 

Results and Discussion 

To start with the Pd(II)-catalyzed bidentate directing group, 8-aminoquinoline-directed β-C(sp3)-

H arylation of keto acids, initially ε-keto carboxamide 4a was assembled from the corresponding 

keto acid and 8-aminoquinoline. Given that the reaction conditions involving 8-aminoquinoline-

directed β-C(sp3)-H arylation of carboxamide are established well using the Pd(OAc)2 catalyst and 

AgOAc additive,5-7 only some required optimization reactions were performed as shown in Table 

1. It was also envisaged to perform the Pd(II)-catalyzed bidentate directing group, 8-

aminoquinoline-directed β-C(sp3)-H arylation of keto carboxamides in neat condition without any 

solvent. Heating a mixture of ε-keto carboxamide 4a (0.15 mmol) and 2a (0.3 mmol) in the absence 

Table 1. Optimization of Pd(II)-catalyzed 8-aminoquinoline-directed β-C(sp3)-H arylation of ε-

keto carboxamide 4a with 2a.  

 

of Pd(OAc)2 catalyst and AgOAc additive at 110 oC, the expected β-C-H arylated product 5a 

(Table 1, entry 1) was not obtained. Heating a mixture of carboxamide 4a (0.15 mmol) and 2a (0.3 
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mmol) in the presence of 5 mol% of Pd(OAc)2 catalyst and AgOAc additive at 110 oC afforded 

the product 5a in 40% yield (Table 1, entry 2). Then, the reaction of carboxamide 4a (0.15 mmol) 

and 2a (0.45 or 0.6 mmol) in the presence of 5 mol% of Pd(OAc)2 catalyst and AgOAc additive at 

110 oC afforded product 5a in 57-72% yields (Table 1, entries 3 and 4). Then, the reaction of 

carboxamide 4a (0.15 mmol) and 2a (0.45 or 0.6 mmol) in the presence of 5-10 mol% of Pd(OAc)2 

catalyst and AgOAc additive at 110 oC afforded product 5a in 57-72% yields (Table 1, entries 3-

5).  

Table 2. Pd(II)-catalyzed 8-aminoquinoline-directed β-C(sp3)-H arylation of ε-keto carboxamide 

4a with different aryl iodides. 

 

Subsequently, it was envisaged to show the generality and perform the Pd(II)-catalyzed bidentate 

directing group, 8-aminoquinoline-directed β-C(sp3)-H arylation of ε-keto carboxamide using 

different aryl iodides. Accordingly, ε-keto carboxamide 4a (0.15 mmol) was treated with aryl 

iodides containing electron-donating substituents e.g., OMe, Me, Et, i-Pr at the para position and 

PhI in the presence of 5 mol% of Pd(OAc)2 catalyst and AgOAc additive at 110 oC in neat 

condition. These reactions afforded the corresponding β-C-H arylated products 5a-e in 46-81% 

yields (Table 2). Next, the reaction of ε-keto carboxamide 4a with aryl iodides containing electron-

donating substituents e.g., OMe and Me at the meta position and electron-withdrawing substituents 

e.g., Ac in the presence of 5 mol% of Pd(OAc)2 catalyst and AgOAc additive at 110 oC in neat 
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condition also afforded the corresponding β-C-H arylated products 5f-i in 34-78% yields (Table 

2).  

Table 3. Pd(II)-catalyzed 8-aminoquinoline-directed β-C(sp3)-H arylation of ε-keto carboxamide 

4b with different aryl iodides. 

 

Next, it was envisaged to extend the substrate scope and ε-keto carboxamide 4b was assembled 

and treated with different aryl iodides. Accordingly, the ε-keto carboxamide 4b (0.15 mmol) was 

treated with aryl iodides containing electron-donating substituents e.g., OMe, Me, and Et at the 

para position and PhI in the presence of 5 mol% of Pd(OAc)2 catalyst and AgOAc additive at 110 

oC in neat condition. These reactions afforded the corresponding β-C-H arylated products 5j-m in 

57-78% yields (Table 3). Further, the ε-keto carboxamide 4b was treated with aryl iodides 

containing electron-donating and electron-withdrawing substituents e.g., Me, OMe, Br and F at 

the meta position and disubstituted aryl iodides in the presence of 5 mol% of Pd(OAc)2 catalyst 

and AgOAc additive at 110 oC in neat condition, which also afforded the corresponding β-C-H 

arylated products 5n-t in 55-80% yields (Table 3). 
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After investigating the substrate scope using ε-keto carboxamides 4a,b, next the ζ-keto 

carboxamide 4c was assembled and subjected to the Pd(II)-catalyzed C-H arylation with different 

aryl iodides (Table 4). Accordingly, the ζ-keto carboxamide 4c (0.15 mmol) was treated with aryl 

iodides containing electron-donating substituents e.g., OMe and Me at the para or meta position, 

PhI and disubstituted aryl iodide in the presence of 5 mol% of Pd(OAc)2 catalyst and AgOAc 

additive at 110 oC in neat condition. These reactions afforded the corresponding β-C-H arylated 

products 5u-y in 60-90% yields (Table 4). 

Table 4. Pd(II)-catalyzed 8-aminoquinoline-directed β-C(sp3)-H arylation of ζ-keto carboxamide 

4c with different aryl iodides. 

 

To further elaborate the substrate scope of this protocol involving the Pd(II)-catalyzed directed β-

C(sp3)-H arylation of keto carboxamides, the η-keto carboxamide 4d, γ-keto carboxamide 4e and 

δ-keto carboxamides 4f,g were assembled. Then, the η-keto carboxamide 4d (0.15 mmol) was 

treated with 2b in the presence of 5 mol% of Pd(OAc)2 catalyst and AgOAc additive at 110 oC in 

neat condition and this reaction afforded the product 5z in 91% yield (Scheme 6). Finally, the γ-

keto carboxamide 4e or δ-keto carboxamides 4f,g 4d (0.15 mmol) were treated with 2a in the 

presence of 5 mol% of Pd(OAc)2 catalyst and AgOAc additive at 110 oC in neat condition. Notably, 

the β-C(sp3)-H arylation of keto carboxamides 4e-g were not fruitful. While an exact reason for 

the failure of the reactions involving keto carboxamides 4e-g is not known at this stage, however, 

it is assumed that the chelation and palladacycle formation process involving the activation of the 

β-C(sp3)-H bond are perhaps disturbed by the keto group present in the keto carboxamides 4e-g. 

Accordingly, the corresponding C-H activation and functionalization did not occur to give the 

corresponding C-H arylated products 5aa-ac (Scheme 6). This observation is contrary to the 

substrates ε-keto carboxamide 4a,b, ζ-keto carboxamide 4c and η-keto carboxamide 4d, which 
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underwent the activation of the β-C(sp3)-H bond to afford the corresponding β-C(sp3)-H arylated 

products (Tables 1-4). Given that the keto groups are relatively far away from the β-C(sp3)-H 

bonds in in the keto carboxamides 4a-d, it is assumed that the chelation and palladacycle formation 

process involving the activation of the β-C(sp3)-H bond are perhaps not disturbed by the keto group 

present in the keto carboxamides 4a-d.  

 

 

Scheme 6. Pd(II)-catalyzed 8-aminoquinoline-directed β-C(sp3)-H arylation of η-keto 

carboxamide 4d and γ- keto carboxamide 4e, δ-keto carboxamides 4f,g with aryl iodide 2b and 2a 

respectively.  

The plausible mechanism for Pd(II)-catalyzed 8-aminoquinoline-directed β-C(sp3)-H arylation of 

carboxamide 4 is described in scheme 7. The first step involves bidentate co-ordination of Pd-

catalyst with substrate 4 provides transition state 6. Next, the C(sp3)-H activation at  β-carbon  

affords 7, which further undergoes oxidative addition with aryl iodide provides Pd(IV) species 8. 

Then the reductive elimination gives the β-arylated carboxamide 5.  
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Scheme 7. A Plausible Mechanism for the Pd-Catalyzed β-arylation of carboxamide 4. 

Summary 

In summary, chapter 4 reported the Pd(II)-catalyzed bidentate directing group, 8-aminoquinoline-

directed β-C(sp3)-H activation and arylation of ε-, ζ-, η-keto carboxamides. Synthesis of a library 

of β-C(sp3)-H arylated/functionalized ε-, ζ-, η-keto carboxamides was shown. The reaction 

condition does not employ any solvent and the Pd(II)-catalyzed 8-aminoquinoline-directed β-

C(sp3)-H arylation of ε-, ζ-, η-keto carboxamides were performed in neat condition. Given that the 

keto carboxylic acid derivatives are important synthetic building blocks, the work shown here is 

although premature, however it will be a contribution to the library of β-arylated keto carboxylic 

acid derivatives.  
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General. Melting points are uncorrected. IR spectra of compounds were recorded as thin films or 

KBr pellets using Perkin Elmer FT-IR spectrometer. 1H and 13C NMR spectra of compounds were 

recorded on Bruker 400 MHz and 100 MHz spectrometers respectively using TMS as an internal 

standard. Mass spectra were recorded using SYNAPT G2S High Definition Mass Spectrometer. 

Column chromatography was carried out using silica gel 100-200 mesh. Reactions were performed 

in anhydrous solvent under a nitrogen atmosphere. Solutions were dried using anhydrous Na2SO4. 

Thin layer chromatography analysis was performed on silica gel plates and components were 

visualized by observation under iodine. Isolated yields of all the compounds were reported. 

General Procedure for preparation of carboxamide 4a-g 

To a solution of keto acid (10 mmol) in dry dichloromethane (30 mL), 1-hydroxy benzotriazole 

hydrate (11 mmol), and 1,3-dicyclohexylcarbodiimide (11 mmol) were added at 0 oC under 

nitrogen atmosphere. The suspension was warmed to room temperature and stirred for 1h. Then 8-

amino quinoline (10 mmol) was added and mixture was stirred for 12 -15 h at room temperature. 

After this period, the resulting suspension was filtered through celite, extracted with chloroform 

(3x20 mL) and washed with brine solution. Then the filtrate was evaporated. The crude reaction 

mixture was purified by silica gel column (100-200 mesh, eluent; EtOAc: hexane) to afford the 

corresponding Carboxamides 4a-g.  

General Procedure Palladium-Catalyzed β-C(sp3)-H Arylation on ε-, ζ-, η-Keto Acids. 

Carboxamide 4a-g (0.15 mmol), Pd(OAc)2 (2.3 mg, 5 mol %), aryl iodide (0.60 mmol), AgOAc 

(2.2 equivalents) was heated at 110 oC, for 24 h under nitrogen atmosphere. After the reaction 

period, the reaction mixture was diluted with EtOAc and concentrated in vacuum and purification 

of the resulting reaction mixture by column chromatography silica gel furnished the corresponding 

C-H arylated products 5a-z. 
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6-Oxo-N-(quinolin-8-yl)heptanamide (4a): Following the general procedure described above, 4a 

was obtained after purification by column chromatography on 

silica gel (EtOAc:hexane = 25:75 ); Rf = 0.6 (EtOAc : Hex = 

30:70);  as colorless solid; Yield: 81% (2187 mg); mp 102 – 

104 oC; IR (KBr): 3350, 2933, 1712, 1681, 1525 cm-1 ; 1H 

NMR (400 MHz, CDCl3): δ 9.82 (s, 1H), 8.82 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.78 (dd, 1H, J1 

= 7.2 Hz, J2 = 1.7 Hz), 8.17 (dd, 1H, J1 = 8.2 Hz, J2 = 1.4 Hz), 7.56 – 7.45 (m, 3H), 2.60 (t, 2H, J 

= 7.1 Hz), 2.53 (t, 2H, J = 7.4 Hz), 2.16 (s, 3H), 1.87 – 1.71 (m ,4H); 13C NMR (100 MHz, CDCl3): 

δ 208.8, 171.4, 148.2, 138.3, 136.4, 134.5, 127.9, 127.4, 121.6, 121.5, 116.4, 43.4, 37.9, 30.0, 25.0, 

23.3; HRMS (ESI): m/z [M + H]+ calcd for C16H19N2O2 : 271.1447; found: 271.1440. 

6-Oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (4b): Following the general procedure described 

above, 4b was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 30:70); Rf 

= 0.5 (EtOAc : Hex = 30:70);  as colorless solid; 

Yield:72% (2390mg); mp 94 – 96 oC;  IR (KBr): 3353, 

3056, 1682, 1596, 1524 cm-1 ; 1H NMR (400 MHz, CDCl3): δ 9.85 (s, 1H), 8.82 (dd, 1H, J1 = 4.2 

Hz, J2 = 1.6 Hz), 8.80 (dd, 1H, J1 = 7.2 Hz, J2 = 1.5 Hz), 8.18 (dd, 1H, J1 = 8.2 Hz, J2 = 1.5 Hz), 

7.98 (d, 2H, J = 7.3 Hz), 7.58 – 7.45 (m, 6H), 3.09 (t, 2H, J = 6.9 Hz),  2.66 (t, 2H, J = 7.0 Hz), 

1.95 – 1.93 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 200.0, 171.4, 148.2, 138.3, 136.9, 136.4, 

134.5, 133.0, 128.6, 128.1, 127.9, 127.4, 121.6, 121.4, 116.4, 38.3, 38.0, 25.3, 23.8; HRMS (ESI): 

m/z [M + H]+ calcd for C21H21N2O2 : 333.1603; found: 333.1589. 

7-Oxo-7-phenyl-N-(quinolin-8-yl)heptanamide (4c): Following the general procedure described 

above, 4c was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 

30:70); Rf = 0.5 (EtOAc : Hex = 30:70); as colorless 

solid; Yield: 89% (3079 mg); mp 98 – 100 oC; IR 

(KBr): 3356, 2936, 1682, 1525 cm-1; 1H NMR (400 MHz, CDCl3): δ 9.86 (s, 1H), 8.83 – 8.79 (m, 

2H), 8.19 (t, 1H, J = 8.1 Hz), 7.99 (t, 2H, J = 8.1 Hz), 7.58 – 7.47 (m, 6H), 3.05 (q, 2H, J = 8.0 

Hz), 2.64 (q, 2H, J = 8.0 Hz), 1.95 – 1.82 (m, 4H), 1.60 – 1.53 (m, 2H); 13C NMR (100 MHz, 

CDCl3): δ 200.3, 171.7, 148.2, 138.3, 137.0, 136.4, 134.5, 133.0, 128.6, 128.1, 127.9, 127.5, 121.6, 

121.4, 116.4, 38.4, 38.0, 29.0, 25.5, 24.0.  
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8-Oxo-8-phenyl-N-(quinolin-8-yl)octanamide (4d) : Following the general procedure described 

above, 4d was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 

30:70); Rf = 0.5 (EtOAc : Hex = 30:70); as colorless 

solid; Yield: 94%; mp 70 – 72 oC; IR (KBr): 3352, 

2935, 1682, 1524 cm-1; 1H NMR (400 MHz, CDCl3): δ 9.83 (s, 1H), 8.83 – 8.80 (m, 2H), 8.18 (d, 

1H, J = 8.3 Hz), 7.97 (d, 2H, J = 8.3 Hz), 7.59 – 7.45 (m, 6H), 3.00 (t, 2H, J = 7.5 Hz), 2.60 (t, 

2H, J = 7.6 Hz), 1.89 – 1.76 (m, 4H), 1.52-1.50 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 200.5, 

171.8, 148.2, 138.3, 137.0, 136.4, 134.5, 132.9, 128.6, 128.1, 127.9, 127.5, 121.6, 121.4, 116.4, 

38.5, 38.2, 29.1, 25.5, 24.2; HRMS (ESI): m/z [M + H]+ calcd for C23H25N2O2 :361.1916; found: 

361.1901. 

4-Oxo-4-phenyl-N-(quinolin-8-yl)butanamide (4e) : Following the general procedure described 

above, 4e was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 40:50); 

Rf = 0.3 (EtOAc : Hex = 30:70);  as colorless solid; 

Yield: 98% (3273 mg); mp 136 - 138 oC; IR (KBr): 

3355, 2932, 1675, 16000, 1526 cm-1 ; 1H NMR (400 

MHz, CDCl3): δ 10.2 (s, 1H), 8.84 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.76 (dd, 1H, J1 = 6.9 Hz, J2 

= 2.0 Hz), 8.16 (dd, 1H, J1 = 8.3 Hz, J2 = 1.7 Hz), 8.03 (d, 2H, J = 8.9 Hz), 7.55 – 7.45 (m, 3H), 

6.95 (d, 2H, J = 8.9 Hz), 3.88 (s, 3H), 3.48 (t, 2H, J = 6.8 Hz), 3.05 (t, 2H, J = 6.7 Hz); 13C NMR 

(100 MHz, CDCl3): δ 197.1, 170.8, 163.6, 148.2, 138.3, 136.3, 134.6, 130.4, 130.0, 127.9, 127.4, 

121.6, 121.4, 116.4, 113.7, 55.5, 33.4, 31.8; HRMS (ESI): m/z [M + H]+ calcd for C20H19N2O3 : 

335.1396; found: 335.1379. 

5-Oxo-N-(quinolin-8-yl)hexanamide (4f): Following the general procedure described above, 4f 

was obtained after purification by column chromatography on 

silica gel (EtOAc:hexane = 55:45); Rf = 0.2 (EtOAc : Hex = 

30:70);  Yield: 78% (1996 mg); mp 67 – 69 oC; IR (KBr): 3351, 

2938, 1713, 1683, 1526 cm-1; 1H NMR (400 MHz, CDCl3): δ 

9.76 (s, 1H), 8.74 – 8.70 (m, 2H), 8.08 (dd, 1H, J1 = 8.3 Hz, J2 = 1.6 Hz)), 7.49 – 7.36 (m, 3H), 

2.56 (q, 4H, J = 7.2 Hz)), 2.11 (s, 3H), 2.07 – 2.00 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 208.4, 
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171.1, 148.2, 138.2, 136.3, 134.4, 127.9, 127.3, 121.6, 121.5, 116.3, 42.5, 36.7, 30.0, 19.4; HRMS 

(ESI): m/z [M + H]+ calcd for C15H17N2O2 : 257.1290; found: 257.1277. 

5-Oxo-5-phenyl-N-(quinolin-8-yl)pentanamide (4g): Following the general procedure described 

above, 4g was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 30:70); Rf = 

0.5 (EtOAc : Hex = 30:70); as colorless solid; Yield: 78% (248 

mg); mp 91 – 93 oC; IR (KBr): 3351, 3057, 1685, 1596, 1525 

cm-1 ; 1H NMR (400 MHz, CDCl3): δ 9.86 (s, 1H), 8.80 (d, 

2H, J = 5.4 Hz), 8.16 (dd, 1H, J1 = 8.2 Hz, J2 = 1.1 Hz), 8.00 (d, 2H, J = 7.7 Hz), 7.58 – 7.44 (m, 

6H), 3.20 (t, 2H, J = 7.0 Hz), 2.73 (t, 2H, J = 7.2 Hz), 2.32 – 2.25 (m, 2H); 13C NMR (100 MHz, 

CDCl3): δ 199.7, 171.2, 148.2, 138.3, 136.8, 136.4, 134.5, 133.1, 128.6, 128.1, 127.9, 127.4, 121.6, 

121.5, 116.4, 37.6, 36.9, 20.0; HRMS (ESI): m/z [M + H]+ calcd for C20H19N2O2 : 319.1447; found: 

319.1432. 

3-(4-Methoxyphenyl)-6-oxo-N-(quinolin-8-yl)heptanamide (5a): Following the general 

procedure described above, 5a was obtained after purification 

by column chromatography on silica gel (EtOAc:hexane = 

50:50); Rf = 0.5 (EtOAc : Hex = 30:70); as colorless solid; 

Yield: 73% (41 mg); mp 102 – 104 oC; IR (KBr): 3350, 2933, 

1712, 1681, 1525 cm-1; 1H NMR (400 MHz, CDCl3): δ 9.68 

(s, 1H), 8.76 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.72 (dd, 1H, 

J1 = 7.0 Hz, J2 = 2.0 Hz), 8.13 (dd, 1H, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.52 – 7.42 (m, 3H), 7.20 (d, 2H, 

J = 8.6 Hz), 6.84 (d, 2H, J = 8.7 Hz), 3.75 (s, 3H), 3.29 – 3.21 (m, 1H), 2.89 – 2.79 (m, 2H), 2.44 

-2.36 (m, 1H), 2.31 – 2.23 (m, 1H), 2.16 – 2.06 (m, 1H), 2.05 (s, 3H), 1.97 – 1.88 (m, 1H); 13C 

NMR (100 MHz, CDCl3): δ 208.7, 170.0, 158.3, 148.0, 138.2, 136.3, 135.1, 134.3, 128.5, 127.9, 

127.3, 121.6, 121.5, 116.4, 114.1, 55.2, 46.0, 41.8, 41.1, 30.0, 29.9; HRMS (ESI): m/z [M + H]+ 

calcd for C23H25N2O3: 377.1865; found: 377.1881. 

6-Oxo-N-(quinolin-8-yl)-3-(p-tolyl)heptanamide (5b): Following the general procedure 

described above, 5b was obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 30:70);  as colorless solid; Yield: 72% (39 mg); 

mp 70 – 72 oC; IR (KBr): 3352, 2924, 1714, 1686, 1525 cm-1;  1H NMR (400 MHz, CDCl3): δ 

9.71 (s, 1H), 8.77 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.73 (dd, 1H, J1 = 7.0 Hz, J2 = 2.0 Hz), 8.14 
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(dd, 1H, J1 = 8.3 Hz, J2 = 1.5 Hz), 7.52 – 7.42 (m, 3H), 7.18 (d, 2H, J = 8.0 Hz), 7.12 (d, 2H, J = 

8.0 Hz), 3.30 – 3.23 (m, 1H), 2.86 (d, 2H, J = 7.4 Hz), 2.45 

– 2.37 (m, 1H), 2.32 – 2.23 (m, 1H), 2.29 (s, 3H), 2.16 – 2.06 

(m, 1H), 2.04 (s, 3H), 1.99 – 1.88 (m, 1H); 13C NMR (100 

MHz, CDCl3): δ 208.7, 170.0, 148.1, 140.1, 138.2, 136.3, 

136.3, 134.4, 129.5, 127.9, 127.4, 127.3, 121.6, 121.5, 116.4, 

45.8, 41.8, 41.5, 30.0, 29.8, 21.0; HRMS (ESI): m/z [M + 

H]+ calcd for C23H25N2O2: 361.1916; found: 361.1900. 

3-(4-Ethylphenyl)-6-oxo-N-(quinolin-8-yl)heptanamide (5c): Following the general procedure 

described above, 5c was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 

30:70); Rf = 0.6 (EtOAc : Hex = 30:70); as colorless solid; 

Yield: 46% (26 mg); mp 87 – 89 oC; IR (KBr): 3351, 2963, 

1714, 1687, 1525 cm-1; 1H NMR (400 MHz, CDCl3): δ 9.71 

(s, 1H), 8.77 (dd, 1H, J1 = 4.2 Hz, J2 = 1.9 Hz), 8.74 (dd, 1H, 

J1 = 7.0 Hz, J2 = 1.8 Hz), 8.14 (dd, 1H, J1 = 8.2 Hz, J2 = 1.6 Hz), 7.53 – 7.43 (m, 3H), 7.20 (d, 2H, 

J = 8.1 Hz), 7.14 (d, 2H, J = 8.0 Hz), 3.31 – 3.24 (m, 1H), 2.86 (d, 2H, J = 7.3 Hz), 2.60 (q, 2H, J 

= 7.6 Hz), 2.46 – 2.37 (m, 1H), 2.33 – 2.24 (m, 1H), 2.17 – 2.08 (m, 1H), 2.05 (s, 3H), 2.01 – 1.91 

(m, 1H), 1.20 (t, 3H, J = 7.6 Hz); 13C NMR (100 MHz, CDCl3): δ 208.7, 170.1, 148.1, 142.6, 

140.3, 138.2, 136.3, 134.4, 128.2, 127.9, 127.5, 127.3, 121.6, 121.5, 116.4, 45.8, 41.8, 41.5, 30.0, 

29.8, 28.4, 15.4; HRMS (ESI): m/z [M + H]+ calcd for C24H27N2O2: 375.2073; found: 375.2061.  

3-(4-Isopropylphenyl)-6-oxo-N-(quinolin-8-yl)heptanamide (5d): Following the general 

procedure described above, 5d was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 25:75); Rf = 0.8 (EtOAc : Hex = 30:70);  

as colorless solid; Yield: 81% (47 mg); mp 74 – 76 oC; IR 

(KBr): 3352, 2960, 1714, 1688, 1525 cm-1; 1H NMR (400 

MHz, CDCl3): δ 9.70 (s, 1H), 8.77 (dd, 1H, J1 = 4.2 Hz, J2 

= 1.6 Hz), 8.74 (dd, 1H, J1 = 7.1 Hz, J2 = 1.8 Hz), 8.13 (dd, 1H, J1 = 8.2 Hz, J2 = 1.6 Hz), 7.52 – 

7.41 (m, 3H), 7.20 (d, 2H, J = 8.2 Hz), 7.16 (d, 2H, J = 8.2 Hz), 3.31 – 3.24 (m, 1H), 2.86 (d, 2H, 

J = 7.3 Hz), 2.46 – 2.37 (m, 1H), 2.33 – 2.25 (m, 1H), 2.17 – 2.08 (m, 1H), 2.05 (s, 3H), 2.01 – 
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1.91 (m, 1H), 1.19 (d, 3H, J = 6.9 Hz), 1.19 (d, 3H, J = 6.9 Hz); 13C NMR (100 MHz, CDCl3): δ 

208.8, 170.1, 148.1, 147.2, 140.5, 138.2, 136.3, 134.4, 127.9, 127.4, 127.3, 126.8, 121.6, 121.5, 

116.4, 45.8, 41.8, 41.5, 33.6, 30.0, 29.8, 24.0, 23.9; HRMS (ESI): m/z [M + H]+ calcd for 

C25H29N2O2: 389.2229; found: 389.2211.  

6-Oxo-3-phenyl-N-(quinolin-8-yl)heptanamide (5e): Following the general procedure described 

above, 5e was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 30:70 ); Rf = 

0.7 (EtOAc : Hex = 30:70);  as colorless solid; Yield: 75% (39 

mg); mp 70 – 72 oC; IR (KBr): 3351, 2934, 1713, 1687, 1525 

cm-1 ; 1H NMR (400 MHz, CDCl3): δ 9.71 (s, 1H), 8.73 (dd, 

1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.60 (dd, 1H, J1 = 6.8 Hz, J2 = 2.1 Hz), 8.14 (dd, 1H, J1 = 8.2 Hz, J2 

= 1.6 Hz), 7.53 – 7.42 (m, 3H), 7.34 – 7.30 (m, 4H), 7.23 – 7.20 (m, 1H), 3.33 – 3.27 (m, 1H), 

2.88 (d, 2H, J = 7.4 Hz), 2.46 – 2.38 (m, 1H), 2.31 – 2.23 (m, 1H), 2.18 – 2.10 (m, 1H), 2.04 (s, 

3H), 2.02 – 1.92 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 208.6, 169.9, 148.1, 143.2, 138.2, 136.3, 

134.3, 128.8, 127.9, 127.6, 127.3, 126.8, 121.6, 121.5, 116.5, 45.7, 41.9, 41.7, 30.0, 29.8; HRMS 

(ESI): m/z [M + H]+ calcd for C22H23N2O2: 347.1760; found: 347.1745.  

6-Oxo-N-(quinolin-8-yl)-3-(m-tolyl)heptanamide (5f): Following the general procedure 

described above, 5f was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 

30:70); Rf = 0.6 (EtOAc : Hex = 30:70); as colorless solid; 

Yield: 78% (42 mg); mp 102 – 104 oC; IR (KBr): 3351, 2925, 

1712, 1686, 1524 cm-1; 1H NMR (400 MHz, CDCl3): δ 9.70 

(s, 1H), 8.74 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.73 (dd, 1H, J1 = 7.0 Hz, J2 = 1.9 Hz), 8.14 (dd, 

1H, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.53 – 7.42 (m, 3H), 7.20 (t, 1H, J = 7.5 Hz), 7.10 (s, 1H), 7.09 (d, 

1H, J = 9.3 Hz), 7.01 (d, 1H, J = 7.5 Hz), 3.29 – 3.22 (m, 1H), 2.87 (d, 2H, J = 7.4 Hz), 2.48 – 

2.38 (m, 1H), 2.32 (s, 3H), 2.31 – 2.24 (m, 1H), 2.16 – 2.08 (m, 1H), 2.05 (s, 3H), 2.00 – 1.91 (m, 

1H); 13C NMR (100 MHz, CDCl3): δ 208.7, 170.0, 148.1, 143.2, 138.3, 138.2, 136.3, 134.3, 128.6, 

128.3, 127.9, 127.6, 127.3, 124.6, 121.6, 121.5, 116.4, 45.7, 41.8, 41.8, 30.0, 29.8, 21.5; HRMS 

(ESI): m/z [M + H]+ calcd for C23H25N2O2: 361.1916; found: 361.1902. 

3-(3-Methoxyphenyl)-6-oxo-N-(quinolin-8-yl)heptanamide (5g): Following the general 

procedure described above, 5g was obtained after purification by column chromatography on silica 



127 
 

 gel (EtOAc:hexane = 50:50); Rf = 0.6 (EtOAc : Hex = 30:70); as colorless solid; Yield: 66% (37 

mg); mp 136 – 138 oC; IR (KBr): 3350, 2937, 1713, 1686, 

1525 cm-1; 1H NMR (400 MHz, CDCl3): δ 9.71 (s, 1H), 8.77 

(dd, 1H, J1 = 4.1 Hz, J2 = 1.3 Hz), 8.73 (dd, 1H, J1 = 6.9 Hz, 

J2 = 2.0 Hz), 8.13 (d, 1H, J = 8.2 Hz), 7.52 – 7.42 (m, 3H), 

7.22 (t, 1H, J = 7.9 Hz), 6.88 (d, 1H, J = 7.7 Hz), 6.83 (t, 1H, 

J = 2.2 Hz), 6.74 (dd, 1H, J1 = 8.2 Hz, J2 = 2.2 Hz), 3.78 (s, 

3H), 3.31 – 3.24 (m, 1H), 2.87 (d, 2H, J = 7.3 Hz), 2.46 – 2.38 (m, 1H), 2.33 – 2.25 (m, 1H), 2.16 

– 2.09 (m, 1H), 2.05 (s, 3H), 2.00 – 1.90 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 208.6, 169.9, 

159.9, ,148.1, 144.9, 138.2, 136.3, 134.3, 129.8, 127.9, 127.3, 121.6, 121.5, 119.9, 116.4, 113.3, 

112.0, 55.2, 45.7, 41.9, 41.7, 30.0, 29.7; HRMS (ESI): m/z [M + H]+ calcd for C23H25N2O3: 

377.1865; found: 377.1854. 

3-(3,5-Dimethylphenyl)-6-oxo-N-(quinolin-8-yl)heptanamide (5h): Following the general 

procedure described above, 5h was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.6 (EtOAc : Hex = 30:70); as 

colorless solid; Yield: 39% (22 mg); mp 110 – 112 oC; IR 

(KBr): 3352, 2919, 1713, 1687, 1525 cm-1; 1H NMR (400 

MHz, CDCl3): δ 9.70 (s, 1H), 8.78 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.74 (dd, 1H, J1 = 7.0 Hz, J2 

= 1.8 Hz), 8.15 (dd, 1H, J1 = 8.3 Hz, J2 = 1.5 Hz), 7.54 – 7.43 (m, 3H), 6.89 (s, 2H), 6.83 (s, 1H), 

3.25 – 3.18 (m, 1H), 2.85 (d, 2H, J = 6.7 Hz), 2.47 – 2.37 (m, 1H), 2.28 (s, 6H), 2.33 – 2.25 (m, 

1H), 2.15 – 2.08 (m, 1H), 2.06 (s, 3H), 1.99 – 1.90 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 208.8, 

170.1, 148.0, 143.1, 138.3, 138.1, 136.3, 134.4, 128.5, 127.9, 127.3, 125.3, 121.6, 121.4, 116.4, 

45.8, 41.9, 41.8, 30.0, 29.8, 21.4; HRMS (ESI): m/z [M + H]+ calcd for C24H27N2O2: 375.2073; 

found: 375.2055.  

 3-(4-Acetylphenyl)-6-oxo-N-(quinolin-8-yl)heptanamide (5i): Following the general procedure 

described above, 5i was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 75:25); Rf = 

0.2 (EtOAc : Hex = 30:70); as colorless solid; Yield: 34% (20 

mg); IR (KBr): cm-1 ; 1H NMR (400 MHz, CDCl3): δ 9.69 (s, 

1H), 8.76 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.69 (dd, 1H, J1 = 



128 
 

5.8 Hz, J2 = 3.2 Hz), 8.14 (dd, 1H, J1 = 8.3 Hz, J2 = 1.5 Hz), 7.90 (d, 2H, J = 8.3 Hz), 7.53 – 7.43 

(m, 3H), 7.39 (d, 2H, J = 8.3 Hz), 3.43 – 3.36 (m, 1H), 2.96 – 2.84 (m, 2H), 2.55 (s, 3H), 2.46 – 

2.38 (m, 1H), 2.30 – 2.13 (m, 2H), 2.06 (s, 3H), 2.04 – 1.95 (m, 1H); 13C NMR (100 MHz, CDCl3): 

δ 208.1, 197.8, 169.4, 149.0, 148.1, 138.2, 136.4, 135.9, 134.1, 128.9, 127.9, 127.3, 121.6, 116.5, 

45.2, 41.8, 41.5, 30.0, 29.5, 26.6. 

3-(4-Methoxyphenyl)-6-oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (5j): Following the 

general procedure described above, 5j was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 50:50); Rf = 0.5 (EtOAc : Hex = 30:70); 

as colorless solid; Yield: 76% (50 mg); mp 100 – 102 oC; IR 

(KBr): 3351, 2933, 1683, 1524 cm-1;  1H NMR (400 MHz, 

CDCl3): δ 9.71 (s, 1H), 8.77 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 

Hz), 8.74 (dd, 1H, J1 = 7.0 Hz, J2 = 1.9 Hz), 8.13 (dd, 1H, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.85-7.83 (m, 

2H), 7.53 – 7.38 (m, 6H), 7.26 (d, 2H, J = 8.6 Hz), 6.86 (d, 2H, J = 8.7 Hz), 3.43 – 3.35 (m, 1H), 

3.76, (s, 3H), 3.01 – 2.77 (m, 4H), 2.33 – 2.24 (m, 1H), 2.17 – 2. 06 (m, 1H); 13C NMR (100 MHz, 

CDCl3): δ 200.0, 170.1, 158.3, 148.1, 138.2, 136.8, 136.3, 135.2, 134.4, 132.9, 128.6, 128.5, 128.0, 

127.9, 127.3, 121.6, 121.5, 116.4, 114.2, 55.2, 46.1, 41.4, 36.7, 30.5; HRMS (ESI): m/z [M + H]+ 

calcd for C28H27N2O3: 439.2022; found: 439.2004. 

6-Oxo-6-phenyl-N-(quinolin-8-yl)-3-(p-tolyl)hexanamide (5k): Following the general 

procedure described above, 5k was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 30:70);  

as colorless solid; Yield: 78% (49 mg); mp 118 – 120 oC; 

IR (KBr): 3351, 2925, 1683, 1524 cm-1; 1H NMR (400 

MHz, CDCl3): δ 9.73 (s, 1H), 8.78 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.74 (dd, 1H, J1 = 7.0 Hz, J2 

= 2.0 Hz), 8.15 (dd, 1H, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.85-7.83 (m, 2H), 7.54 – 7.38 (m, 6H), 7.24 

(d, 2H, J = 8.0 Hz), 7.13 (d, 2H, J = 7.9 Hz), 3.44 – 3.36 (m, 1H), 3.02 – 2.91 (m, 3H), 2.85 – 2.77 

(m, 1H), 2.30 (s, 3H), 2.33 – 2.25 (m, 1H), 2.20 – 2.12 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 

200.0, 170.1, 148.0, 140.2, 138.3, 136.8, 136.3, 134.4, 132.9, 129.5, 128.5, 128.0, 127.9, 127.5, 

127.4, 121.6, 121.4, 116.5, 46.0, 41.7, 36.8, 30.4, 21.1; HRMS (ESI): m/z [M + H]+ calcd for 

C28H27N2O2: 423.2073; found: 423.2062.  
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3-(4-Ethylphenyl)-6-oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (5l): Following the general 

procedure described above, 5l was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 30:70); 

as colorless solid; Yield: 63% (41 mg); mp 84 – 86 oC; IR 

(KBr): 3351, 2930, 1683, 1524 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 9.73 (s, 1H), 8.77 – 8.73 (m, 2H), 8.13 (dd, 1H, 

J1 = 8.3 Hz, J2 = 1.6 Hz), 7.84 (d, 2H, J = 7.2 Hz), 7.52 – 7.37 (m, 6H), 7.28-7.26 (m, 2H), 7.15 

(d, 2H, J = 8.0 Hz), 3.45 – 3.38 (m, 1H), 3.03 – 2.94 (m, 1H), 2.93 (d, 2H, J = 7.3 Hz), 2.86 – 2.76 

(m, 1H), 2.60 (q, 2H, J = 7.6 Hz), 2.34 – 2.24 (m, 1H), 2.22 – 2.11 (m, 1H), 1.19 (t, 3H, J = 7.6 

Hz); 13C NMR (100 MHz, CDCl3): δ 200.0, 170.1, 148.1, 142.6, 140.5, 138.2, 136.8, 136.3, 134.4, 

132.9, 128.5, 128.3, 128.0, 127.9, 127.5, 127.3, 121.6, 121.5, 116.4, 46.0, 41.7, 36.8, 30.4, 28.4, 

15.5; HRMS (ESI): m/z [M + H]+ calcd for C29H29N2O2: 437.2229; found: 437.2214.   

6-Oxo-3,6-diphenyl-N-(quinolin-8-yl)hexanamide (5m): Following the general procedure 

described above, 5m was obtained after purification by 

column chromatography on silica gel (EtOAc:hexane = 

30:70); Rf = 0.7 (EtOAc : Hex = 30:70); as colorless solid; 

Yield: 57% (35 mg); mp 154 – 156 oC; IR (KBr): 3350, 

2930, 1683, 1524 cm-1;  1H NMR (400 MHz, CDCl3): δ 

9.74 (s, 1H), 8.78 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.74 (dd, 1H, J1 = 6.9 Hz, J2 = 2.0 Hz), 8.14 

(dd, 1H, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.84 (d, 2H, J = 7.2 Hz), 7.53 – 7.31 (m, 10H), 7.24 – 7.20 (m, 

1H), 3.47 – 3.41 (m, 1H), 3.03 – 2.93 (m, 3H), 2.85 – 2.76 (m, 1H), 2.36 – 2.27 (m, 1H), 2.22 – 

2.12 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 199.9, 169.9, 148.1, 143.3, 138.2, 136.8, 136.3, 

134.3, 132.9, 128.8, 128.5, 128.0, 127.9, 127.6, 127.3, 126.8, 121.6, 121.5, 116.5, 45.8, 42.1, 36.7, 

30.4; HRMS (ESI): m/z [M + H]+ calcd for C27H25N2O2: 409.1916; found: 409.1901.  

 3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-6-oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (5n): 

Following the general procedure described above, 5n was 

obtained after purification by column chromatography on 

silica gel (EtOAc:hexane = 70:30); Rf = 0.3 (EtOAc : Hex 

= 30:70); as colorless solid; Yield: 80% (56 mg); mp 130 – 

132 oC; IR (KBr): 3349, 2931, 1682, 1525 cm-1; 1H NMR 
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(400 MHz, CDCl3): δ 9.72 (s, 1H), 8.78 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.74 (dd, 1H, J1 = 7.0 

Hz, J2 = 1.8 Hz), 8.13 (dd, 1H, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.87-7.85 (m, 2H), 7.54-7.38 (m, 6H), 

6.85-6.81 (m, 3H), 4.20 (s, 4H), 3.35 – 3.28 (m, 1H), 3.01 – 2.93 (m, 1H), 2.88 (d, 2H, J = 7.4 Hz), 

2.85 – 2.78 (m, 1H), 2.30 – 2.21 (m, 1H), 2.14 – 2.05 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 

200.0, 170.0, 148.1, 143.6, 142.3, 138.2, 136.8, 136.6, 136.3, 134.4, 132.9, 128.5, 128.0, 127.8, 

127.4, 121.6, 121.5, 120.6, 117.4, 116.5, 116.2, 64.3, 64.3, 46.0, 41.5, 36.7, 30.5; HRMS (ESI): 

m/z [M + H]+ calcd for C29H27N2O4: 467.1971; found: 467.1955.  

6-Oxo-6-phenyl-N-(quinolin-8-yl)-3-(m-tolyl)hexanamide (5o): Following the general 

procedure described above, 5o was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 30:70); 

as colorless solid; Yield: 79% (50 mg); mp 116 – 118 oC; 

IR (KBr): 3351, 2925, 1683, 1524 cm-1; 1H NMR (400 

MHz, CDCl3): δ 9.73 (s, 1H), 8.77 (dd, 1H, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.75 (dd, 1H, J1 = 7.1 Hz, J2 

= 1.8 Hz), 8.14 (dd, 1H, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.86-7.84 (m, 2H), 7.53 – 7.38 (m, 6H), 7.23 – 

7.14 (m, 3H), 7.02 (d, 1H, J = 7.5 Hz), 3.44 – 3.36 (m, 1H), 3.03 – 2.95 (m, 1H), 2.93 (d, 2H, J = 

7.4 Hz),   2.85 – 2.77 (m, 1H), 2.34 – 2.26 (m, 1H), 2.32 (s, 3H), 2.21 – 2.11 (m, 1H); 13C NMR 

(100 MHz, CDCl3): δ 200.0, 170.1, 148.1, 143.3, 138.4, 138.2, 136.8, 136.3, 134.4, 132.9, 128.7, 

128.5, 128.3, 128.0, 127.9, 127.6, 127.3, 124.7, 121.6, 121.5, 116.4, 45.9, 42.1, 36.8, 30.4, 21.5; 

HRMS (ESI): m/z [M + H]+ calcd for C28H27N2O2: 423.2073; found: 423.2069.  

3-(3-Methoxyphenyl)-6-oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (5p): Following the 

general procedure described above, 5p was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 50:50); Rf = 0.5 (EtOAc : Hex = 30:70); 

as colorless solid; Yield: 73% (80 mg); mp 92 – 94 oC; IR 

(KBr): 3350, 2936, 1682, 1524 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 9.74 (brs, 1H), 8.79 – 8.73 (m, 2H), 8.15 (t, 1H, J = 8.3 Hz), 7.86 (t, 2H, J = 8.3 Hz), 

7.55 – 7.38 (m, 6H), 7.30 – 7.22 (m, 1H), 6.97-6.89 (m, 2H), 6.76 (t, 1H, J = 7.3 Hz), 3.79 (d, 3H, 

J = 9.5 Hz), 3.43 – 3.42 (m, 1H), 3.03 – 2.80 (m, 4H), 2.33 – 2.28 (m, 1H), 2.21 – 2.14 (m, 1H); 

13C NMR (100 MHz, CDCl3): δ 199.9, 169.9, 159.9, 148.1, 145.0, 145.0, 138.3, 138.3, 136.8, 

136.3, 134.4, 132.9, 132.9, 129.8, 129.8, 128.5, 128.0, 127.9, 127.9, 127.3, 121.6, 121.5, 120.0, 
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116.5, 116.5, 113.3, 113.3, 112.1, 55.2, 45.9, 42.2, 36.7, 36.7, 30.3, 30.3; HRMS (ESI): m/z [M + 

H]+ calcd for C28H27N2O3: 439.2022; found: 439.2012. (The more number of signals indicated that 

compound seems to be rotomer). 

3-(3,4-Dimethylphenyl)-6-oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (5q): Following the 

general procedure described above, 5q was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 40:60); Rf = 0.6 (EtOAc : Hex = 30:70); 

as colorless solid; Yield: 78% (51 mg); mp 136 – 138 oC; 

IR (KBr): 3351, 2936, 1683, 1524 cm-1;  1H NMR (400 

MHz, CDCl3): δ 9.72 (s, 1H), 8.78 – 8.74 (m, 2H), 8.14 (dd, 1H, J1 = 8.2 Hz, J2 = 1.5 Hz), 7.86-

7.84 (m, 2H), 7.53 -7.37 (m, 6H), 7.10 (s, 1H), 7.08 (s, 2H), 3.40 – 3.33 (m, 1H), 3.02 – 2.94 (m, 

1H), 2.91 (d, 2H, J = 7.4 Hz), 2.86 – 2.78 (m, 1H), 2.32 – 2.24 (m, 1H), 2.22 (s, 3H), 2.19 (s, 3H), 

2.17 – 2.10 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 200.1, 170.2, 148.0, 140.7, 138.3, 136.9, 

136.3, 134.9, 134.4, 132.9, 130.0, 128.8, 128.5, 128.0, 127.9, 127.4, 125.0, 121.5, 121.4, 116.5, 

46.1, 41.8, 36.8, 30.4, 19.9, 19.4; HRMS (ESI): m/z [M + H]+ calcd for C29H29N2O2: 437.2229; 

found: 437.2145.  

3-(3,5-Dimethylphenyl)-6-oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (5r): Following the 

general procedure described above, 5r was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 30:70); 

as colorless solid; Yield: 63% (41 mg); mp 156 – 158 oC; 

IR (KBr): 3351, 2918, 1682, 1524 cm-1; 1H NMR (400 

MHz, CDCl3): δ 9.72 (s, 1H), 8.78 – 8.74 (m, 2H), 8.13 (d, 

1H, J = 8.2 Hz), 7.86-7.84 (m, 2H), 7.53 – 7.38 (m, 6H), 6.95 (s, 2H), 6.83 (s, 1H), 3.39 – 3.32 

(m, 1H), 3.03 – 2.95 (m, 1H), 2.91 (d, 2H, J = 7.4 Hz), 2.86 – 2.77 (m, 1H), 2.33 – 2.24 (m, 1H), 

2.28 (s, 6H), 2.20 – 2.10 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 200.1, 170.2, 148.0, 143.2, 

138.3, 138.2, 136.9, 136.3, 134.4, 132.9, 128.5, 128.5, 128.0, 127.9, 127.3, 125.4, 121.6, 121.4, 

116.4, 46.0, 42.0, 36.8, 30.4, 21.4; HRMS (ESI): m/z [M + H]+ calcd for C29H29N2O2: 437.2229; 

found: 437.2214. 
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3-(3-Bromophenyl)-6-oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (5s): Following the general 

procedure described above, 5s was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 35:65); Rf = 0.6 (EtOAc : Hex = 

30:70);as colorless solid; Yield: 55% (40 mg); mp 108 – 

110 oC; IR (KBr): 3351, 2938, 1683, 1526 cm-1; 1H NMR 

(400 MHz, CDCl3): δ 9.72 (s, 1H), 8.80 – 8.70 (m, 1H), 

8.72 (dd, 1H, J1 = 6.4 Hz, J2 = 2.3 Hz), 8.16 – 8.14 (m, 1H), 7.87 – 7.85 (m, 2H), 7.56 – 7.40 (m, 

7H), 7.35 (d, 1H, J = 7.8 Hz),  7.28 – 7.27 (m, 1H), 7.18 (t, 1H, J = 7.7 Hz), 3.46 – 3.38 (m, 1H), 

3.03 – 2.88 (m, 3H), 2.86 – 2.77 (m, 1H), 2.35 – 2.26 (m, 1H); 2.19 – 2.10 (m, 1H); 13C NMR (100 

MHz, CDCl3): δ 199.6, 169.4, 148.2, 145.9, 138.2, 136.7, 136.3, 134.2, 133.1, 130.5, 130.4, 130.0, 

128.6, 128.0, 127.9, 127.3, 126.6, 123.0, 121.6, 121.6, 116.5, 45.6, 41.8, 36.5, 30.2; HRMS (ESI): 

m/z [M + H]+ calcd for C27H24BrN2O2: 487.1021; found: 487.1006.  

3-(3-Fluorophenyl)-6-oxo-6-phenyl-N-(quinolin-8-yl)hexanamide (5t): Following the general 

procedure described above, 5t was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 40:60); Rf = 0.6 (EtOAc : Hex = 30:70); 

as colorless solid; Yield: 56% (36 mg); mp 137 – 139 oC; 

IR (KBr): 3352, 2936, 1681, 1524 cm-1; 1H NMR (400 

MHz, CDCl3): δ 9.74 (brs, 1H), 8.80 – 8.71 (m, 2H), 8.18-

8.14 (m, 1H), 7.88-7.85 (m, 2H), 7.57 – 7.38 (m, 6H), 7.32 – 7.25 (m, 1H), 7.16 – 7.06 (m, 2H), 

6.94 – 6.88 (m, 1H), 3.47 – 3.46 (m, 1H), 3.03 – 2.78 (m, 4H), 2.34 – 2.28 (m, 1H), 2.19 – 2.12 

(m, 1H); HRMS (ESI): m/z [M + H]+ calcd for C27H24FN2O2: 427.1822; found: 427.1808.  

 3-(4-Methoxyphenyl)-7-oxo-7-phenyl-N-(quinolin-8-yl)heptanamide (5u): Following the 

general procedure described above, 5u was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 45:55); Rf = 0.6 (EtOAc : Hex = 

30:70); as colorless oil; Yield: 70% (47 mg); IR (KBr): 

3352, 2933, 1683, 1524 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 9.69 (s, 1H), 8.77 – 8.73 (m, 2H), 8.13 (d, 1H, J = 8.2 Hz), 7.90 (d, 2H, J = 7.8 Hz), 

7.55 – 7.23 (m, 6H), 7.29-7.24 (m, 2H), 6.84 (d, 2H, J =  7.2 Hz), 3.74 (s, 3H), 3.37 – 3.30 (m, 
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1H), 3.01 – 2.82 (m, 4H), 1.91 – 1.65 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 200.1, 170.4, 158.2, 

148.0, 138.3, 136.9, 136.3, 135.7, 134.4, 132.9, 128.5, 128.5, 128.0, 127.9, 127.4, 121.6, 121.4, 

116.5, 114.1, 55.2, 46.1, 41.7, 38.4, 35.7, 22.2; HRMS (ESI): m/z [M + H]+ calcd for C29H29N2O3: 

453.2178; found: 453.2162.  

7-Oxo-7-phenyl-N-(quinolin-8-yl)-3-(p-tolyl)heptanamide (5v): Following the general 

procedure described above, 5v was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 

30:70); as colorless oil; Yield: 86% (56 mg); IR (KBr): 

3352, 2926, 1684, 1524 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 9.71 (s, 1H), 8.77 – 8.74 (m, 2H), 8.14 (d, 1H, 

J = 8.2 Hz), 7.89 (d, 2H, J = 7.4 Hz), 7.53 – 7.41 (m, 6H), 7.22 (d, 2H, J =  7.4 Hz), 7.11 (d, 2H, 

J =  7.4 Hz), 3.37 – 3.32 (m, 1H), 3.00 – 2.86 (m, 4H), 2.29 (s, 3H), 1.92 – 1.63 (m, 4H); 13C NMR 

(100 MHz, CDCl3): δ 200.1, 170.3, 148.0, 140.7, 138.3, 136.9, 136.3, 136.0, 134.4, 132.9, 129.5, 

129.4, 129.2, 128.5, 128.0, 127.9, 127.4,127.4,  121.5, 121.4, 116.4, 45.9, 42.1, 38.4, 35.6, 22.2, 

21.0; HRMS (ESI): m/z [M + H]+ calcd for C29H29N2O2: 437.2229; found: 437.2208.  

3-(3-Methoxyphenyl)-7-oxo-7-phenyl-N-(quinolin-8-yl)heptanamide (5w): Following the 

general procedure described above, 5w was obtained 

after purification by column chromatography on silica 

gel (EtOAc:hexane = 50:50); Rf = 0.5 (EtOAc : Hex = 

30:70); as colorless oil; Yield: 60% (40 mg); IR (KBr): 

3351, 2936, 1683, 1524 cm-1; 1H NMR (400 MHz, 

CDCl3): δ 9.71 (s, 1H), 8.77 – 8.74 (m, 2H), 8.15 (d, 1H, J = 8.2 Hz), 7.90 (d, 2H, J = 7.5 Hz), 

7.55 – 7.41 (m, 6H), 7.22 (t, 1H, J = 7.8 Hz), 6.93 (d, 1H, J = 7.5 Hz), 6.89 (s, 1H), 6.73 (d, 1H, J 

= 8.2 Hz), 3.78 (s, 3H), 3.39 – 3.33 (m, 1H), 3.04 – 2.87 (m, 4H), 1.93 – 1.68 (m, 4H); 13C NMR 

(100 MHz, CDCl3): δ 200.1, 170.2, 159.8, 148.1, 145.4, 138.3, 136.9, 136.3, 134.4, 132.9, 129.7, 

128.5, 128.0, 127.9, 127.4, 121.6, 121.4, 120.0, 116.4, 113.3, 111.9, 55.1, 45.8, 42.6, 38.4, 35.5, 

22.2; HRMS (ESI): m/z [M + H]+ calcd for C29H29N2O3: 453.2178; found: 453.2160.  

7-Oxo-3,7-diphenyl-N-(quinolin-8-yl)heptanamide (5x): Following the general procedure 

described above, 5x was obtained after purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.6 (EtOAc : Hex = 30:70); as colorless oil; Yield: 90% (58 mg); 
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 IR (KBr): 3352, 2933, 1684, 1524 cm-1; 1H NMR (400 

MHz, CDCl3): δ 9.72 (s, 1H), 8.76 – 8.74 (m, 2H), 8.13 

(d, 1H, J = 8.2 Hz), 7.90 (d, 2H, J = 7.4 Hz), 7.55 – 7.18 

(m, 11H), 3.41 – 3.36 (m, 1H), 3.01 – 2.88 (m, 4H), 1.92 

– 1.67 (m, 4H); 13C NMR (100 MHz, CDCl3): δ 200.1, 

170.2, 148.1, 143.8, 138.3, 136.9, 136.3, 134.4, 132.9, 128.7, 128.5, 128.0, 127.9, 127.6, 127.4, 

126.6, 121.6, 121.4, 116.4, 45.8, 42.5, 38.4, 35.6, 22.1; HRMS (ESI): m/z [M + H]+ calcd for 

C28H27N2O2: 423.2073; found: 423.2057.  

3-(2,3-Dihydrobenzo[b][1,4]dioxin-6-yl)-7-oxo-7-phenyl-N-(quinolin-8-yl)heptanamide (5y): 

Following the general procedure described above, 5y 

was obtained after purification by column 

chromatography on silica gel (EtOAc:hexane = 

75:25); Rf = 0.3 (EtOAc : Hex = 30:70); as colorless 

oil; Yield: 83% (99 mg); IR (KBr): 3354, 2932, 1682, 

1524 cm-1; 1H NMR (400 MHz, CDCl3): δ 9.70 (s, 

1H), 8.78 – 8.74 (m, 2H), 8.13 (d, 1H, J = 8.0 Hz), 7.90 (d, 2H, J = 7.6 Hz), 7.55 – 7.41 (m, 6H), 

6.83 (s, 1H), 6.80 (s, 2H), 4.19 (s, 4H), 3.31 – 3.24 (m, 1H), 3.03 – 2.82 (m, 4H), 1.89 – 1.67 (m, 

4H); 13C NMR (100 MHz, CDCl3): δ 200.2, 170.3, 148.1, 143.5, 142.1, 138.3, 137.0, 136.9, 136.3, 

134.4, 132.9, 128.5, 128.0, 127.9, 127.4, 121.6, 121.4, 120.6, 117.3, 116.4, 116.1, 64.3, 64.3, 46.0, 

41.8, 38.4, 35.7, 22.1; HRMS (ESI): m/z [M + H]+ calcd for C30H29N2O4: 481.2127; found: 

481.2111.  

8-Oxo-8-phenyl-N-(quinolin-8-yl)-3-(p-tolyl)octanamide (5z) : Following the general 

procedure described above, 5z was obtained after 

purification by column chromatography on silica gel 

(EtOAc:hexane = 30:70); Rf = 0.7 (EtOAc : Hex = 

30:70); as colorless solid; Yield: 91% (62 mg); mp 112 

– 114 oC; IR (KBr): 3353, 2858, 1683, 1524 cm-1; 1H 

NMR (400 MHz, CDCl3): δ 9.71 (s, 1H), 8.77 – 8.74 

(m, 2H), 8.14 (d, 1H, J = 8.2 Hz), 7.91 (d, 2H, J = 7.7 Hz), 7.56 – 7.42 (m, 6H), 7.20 (d, 2H, J = 

7.6 Hz), 7.12 (d, 2H, J = 7.6 Hz), 3.32 – 3.27 (m, 1H), 2.90 (t, 2H, J = 7.4 Hz), 2.85 (d, 2H, J = 

7.2 Hz), 2.30 (s, 3H), 1.91 – 1.66 (m, 4H), 1.38 – 1.26 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 
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200.4, 170.4, 148.0, 141.0, 138.3, 137.0, 136.3, 135.9, 134.4, 132.8, 129.3, 128.5, 128.0, 127.9, 

127.4, 127.4, 121.5, 121.4, 116.4, 46.0, 42.1, 38.5, 36.0, 27.2, 24.2, 21.0; HRMS (ESI): m/z [M + 

H]+ calcd for C30H31N2O2: 451.2386; found: 451.2371.  
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Appendix 

X-ray-Crystal structures 
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NMR Spectra Examples for Chapter 1 
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NMR Spectra Examples for Chapter 2 
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NMR Spectra Examples for Chapter 3 
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NMR Spectra Examples for Chapter 4 
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