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XIX 
 

ABSTRACT 

This thesis presents for the first time use of five membered cyclic sulfamidate imines 

as powerful nucleophiles. 5-alkylidene/alkyl-substituted cyclic sulfamidate 

imines/aza-heterocyclic scaffolds have been prepared by utilizing this unique 

reactivity of five membered cyclic sulfamidate imines in an efficient, cost-effective 

and eco-friendly manner. 

To begin with a general introduction of the synthetic application of five membered 

cyclic sulfamidate imines which exclusively focused on the nucleophilic addition or 

hydrogenation to the azomethine functionality of the titled compounds.  

The next chapter illustrates a very simple, mild and robust method for the synthesis 

of exclusively Z-trisubstituted 5-alkylidene cyclic sulfamidate imines in good to 

excellent yields via a condensation reaction of 4-aryl-5H-1,2,3-oxathiazole-2,2-

dioxides with several aryl/alkyl-substituted aldehydes using 10 mol% of L-proline as 

a cheap, nontoxic  and naturally available organocatalyst in DMF at room 

temperature.  In addition, the syntheses of 5-alkyl substituted cyclic sulfamidate 

imines, trans-β-amino-α-azido/triazole
 
and 2-hydroxy-4-triazole-5-phenylpyrrolidine 

derivatives have been achieved from corresponding 5-alkylidene cyclic sulfamidate 

imines through our developed method. 

The  third chapter describes a stereoselective synthesis of functionalized spiro-

sulfamidate imine fused δ-lactone scaffold via a one-pot three-component sequential 

reaction between 4-aryl-5H-1,2,3-oxathiazole-2,2-dioxides, trans-β-aryl/alkyl-

substituted acroleins and paraformaldehyde in CH2Cl2 at room temperature in the 

presence of commercially available L-proline and DBU as the organocatalysts. 

Moreover, highly enantioselective synthesis of the above title compounds were 

achieved by using (S)-(-)-α,α-diphenyl-2-pyrrolidinemethanol trimethylsilyl ether as 

a catalyst instead of L-proline. Furthermore, the obtained Michael adduct was 

converted into the synthetically valuable intermediate β-amino-α-azido derivative 

through some efficient steps. 



XX 
 

Chapter four demonstrates an unprecedented synthesis of pharmacologically 

interesting 4,6-diarylpicolinates in high to excellent yields via a domino reaction of 

cyclic sulfamidate imines with Morita-Baylis-Hillman acetates of 

nitroolefins/nitrodienes in the presence of DABCO as an organic base at 55 °C. 

Furthermore, the biologically interesting imidazo[1,2-a]pyridine (alpidem derivative)
 

has been prepared in high chemical yield through a unique procedure. 

In chapter five, a facile, green, metal-free new one-pot synthetic strategy has been 

developed for the easy access to a wide array of functionalized pyridines having an 

ester, a nitrile or an acetyl group at the C-3 position in good to excellent yields via a 

domino SN2/elimination/6π-aza-electrocyclization/aromatization reaction of several 

4-aryl/hetero-aryl-substituted 5-membered cyclic sulfamidate imines with a broad 

range of MBH acetates of acrylate/acrylonitrile/MVK in 2-MeTHF promoted by 

DABCO as an organobase under an O2 atmosphere. Finally, a potential PDE10A 

inhibitor14 triazolopyridine derivative was prepared in 81% yield from 4,6-diphenyl 

nicotinonitrile using some reported method. 

This sixth chapter unfolds a novel L-proline catalyzed Michael reaction between 4-

aryl/ heteroaryl-substituted cyclic sulfamidate imines and a range of β-styryl/aryl-

substituted acroleins at room temperature, where resultant Michael adducts 

subsequently undergo in situ elimination/ cyclization/aromatization under the 

influence of DABCO as an organobase to generate an important class of 2-aryl-4-

(E)-styrylpyridines/2,4-diarylpyridines in good to high yields. Interestingly, 

commercially available 2-arylisonicotinic acids as useful intermediates for the 

synthesis of highly active CypA inhibitors were  prepared by the oxidation of alkene 

double bonds 2-aryl-4-styrylpyridines  using KMnO4 as a strong oxidizing agent. 

The final chapter of the thesis focuses on the future prospect of the developments as 

reported in this thesis, many effective methods can be designed for the development 

of various heterocyclic scaffolds involving cyclic sulfamidate imines as powerful 

nucleophiles taking several readily available starting materials. 
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Chapter 1 

1.1 General Introduction 

The design and development of a highly efficient new synthetic protocol for the 

access to a series of synthetically as well as biologically useful molecules from 

simple and easily accessible starting materials, under metal-free conditions is the 

central theme of contemporary organic chemistry. 

In past few decades, 5-membered cyclic sulfamidate imines and their derivatives 

(Figure 1.1) have received considerable interest in chemical community because 

of their useful application in medicinal chemistry in addition to their traditional 

roles as important reactive intermediates in organic synthesis(Figure 1.2).
[1-6]

   

 

Figure 1.1 Common structures of 5-membered cyclic sulfamidate and sulfamidate 

imine 

 

Figure 1.2 Different sulfamidate bioactive compounds 
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1.2 Background 

Cyclic sulfamidate imines and their derivatives represent a very broad family of 

reagents with a variety of applications in organic synthesis. Importantly, the 

reduction of a prochiral C=N bond of cyclic sulfamidate imine can be easily 

performed by using common reducing agents to produce a synthetically attractive 

chiral 4,5-cyclic sulfamidate. A literature study revealed that enormous works 

have been carried out for the enantioselective reduction of a prochiral C=N bond 

of cyclic sulfamidate imines to access the optically active chiral sulfamidates 

catalysed by transition metal-salts through asymmetric transfer hydrogenation.
[7-

11]
 On the other hand, nucleophilic addition to imine bond of cyclic sulfamidate 

imines is an alternative powerful route to the synthyesis of cyclic sulfamidate with 

a α-tertiary amines.
[12-19]

  Furthermore, the obtained cyclic sulfamidate can be  

converted into a variety of chemically and biologically important molecules by 

using appropriate nucleophiles like N/C/P/S/O/halides/Se-containing 

molecules.
[20-32][37-40]

  

1.3 Synthesis 

To the best of our knowledge, in 1965, Prof. J. B. Wright group first synthesized 

cyclic sulfamidate imine by the reaction of o-hydroxy ketones with excess 

sulfamide upon heating at 180-190 ºC,  leading to good yield of 1,2,3-

benzothiazine 2,2-dioxide as a heterocyclic system as described in Scheme 1.1.
[33] 

 

 

 

 

 

Scheme 1.1 Synthesis of six-membered cyclic sulfamidate imines 
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In 1981, Kamal group developed a novel reaction of chlorosulfonylisocyanate as a 

powerful electrophile with several substituted 2-hydroxybenzaldehydes/ 2-

hydroxyacetophenones at 100-105 ºC in toluene for the synthesis of six membered 

cyclic sulfamidate imines in good yields (66-83%)  as described in Scheme 

1.2.
[34]

 

 

Scheme 1.2 Synthesis of 1,2,3-benzoxathiazine 2,2-dioxide by using of 

chlorosulfonylisocyanate 

 

In 2000, Okada et al. modified the sulfamoylation reaction of a hydroxyl group 

and they took DMA or NMP as the best solvent for the same reaction.
[35]

 

For the first time, in 2008, Zhou et al. disclosed the preparation of five membered 

cyclic sulfamidate imines by reacting α-hydroxy ketone and pyridine with a neat 

mixture of formic acid with chlorosulfonylisocyanate in acetonitrile at room 

temperature followed by the azeotropic removal of the crude mixture with 10 

mol% of p-TSA.
[8]

 Some of the examples are described in Scheme 1.3. 
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Scheme 1.3 Synthesis of 5-membered cyclic sulfamidate imines 

To bypass the above drawbacks, α-hydroxyketones were heated with sulfuric 

diamide (H2NSO2NH2) in refluxing xylene to produce oxathiazole in good yields 

as reported by Lee group in 2011.
[9]

 Some of the good results are summarized in 

Scheme 1.4.  

 

Scheme 1.4 Synthesis of cyclic sulfamidate imines using sulfuric diamide 
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1.4 Properties 

A number of reactions have been performed by utilizying cyclic sulfamidate 

imines as electrophiles in a variety of novel reactions such as asymmetric 

hydrogenation, enantioselective alkylation/arylation reaction promoted by 

transition-metal-salts. Some of them are summarized in Section 1.4.1-1.4.3. 

1.4.1 Asymmetric hydrogenation of C=N bond  

In 2008, Zhou group has reported an asymmetric hydrogenation of cyclic imines 

using Pd(CF3CO2)2/(S,S)-f-binaphane as a catalyst in 2,2,2-trifluoroethanol to 

efficiently synthesize cyclic sulfamidates with high enantioselectivities (upto 99% 

ee) as described in Scheme 1.5.
[7]

 

 

 

Scheme 1.5 Pd-catalyzed asymmetric hydrogenation of five membered cyclic 

imines  
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In 2010, Lee et al. unfolded a highly efficient and practical ATH-based procedure 

for the synthesis of chiral cyclic sulfamidates from the corresponding cyclic 

imines in presence of chiral Rh catalysts (S,S)- or (R,R)-2, Cp*RhCl(TsDPEN) 

(Cp* = pentamethylcyclopentadienyland (TsDPEN = (1S,2S)- or (1R,2R)-N-p-

toluenesulfonyl- 1,2-diphenylethylenediamine) taking 5:2 mixture of HCO2H and 

Et3N as the hydrogen source as described in Scheme 1.6.
[8]

 

Scheme 1.6 Rh-catalyzed asymmetric hydrogen transfer of Cyclic Imines 

In 2011, Lee and his co-workers successfully achieved a highly enantioselective 

synthesis of 4,5-cyclic sulfamidates through asymmetric transfer hydrogenation 

(ATH) of the corresponding cyclic sulfamidate imines using chiral Rh catalysts 

(S, S)-Cp*RhCl(TsDPEN) (TsDPEN = N-p- Ts-1,2-diphenylethylenediamine, 

Cp* = pentamethylcyclopentadienyl) in the presence of HCO2H/Et3N mixture as a 

well-defined hydrogen source at room temperature.
[9]

 Some of the examples are 

summarized in Scheme 1.7. 
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Scheme 1.7 Rh-catalyzed transfer hydrogenation of 5H-[1,2,3]-oxathiazole-2,2-

dioxide derivatives 

In 2011, Lee group explored cyclic sulfamidate imines in the asymmetric transfer 

hydrogenation reaction accompanied by dynamic kinetic resolution to afford 

chiral cyclic sulfamidate with high enantiomeric excess which further furnished 

Norephedrine as described in Scheme 1.8. The ATH process was catalyzed by the 

well-defined chiral Rh-complexes, (S,S)- or (R,R)-Cp*RhCl(TsDPEN) in the 

presence of HCO2H/Et3N as the hydrogen source under mild reaction conditions 

(rt,15min).
[11] 
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Scheme 1.8 Preparation of Norephedrine form 4-methyl-5-phenyl-5H-1,2,3-

oxathiazole-2,2-dioxide 

1.4.2 Enantioselective alkylation or arylation 

In 2010, Lee group has demonstrated a Grignard addition of alkylmagnesium 

bromide to cyclic sulfamidate imines at 0 °C, affording a variety of N-substituted 

quaternary sulfamidates in high yields (upto 86%).
[12]

 Some of the interesting 

results are discussed in Scheme 1.9.    
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Scheme 1.9 Grignard addition to cyclic sulfamidate imines 

 

In 2013, Hayashi group revealed a new rhodium-catalyzed asymmetric addition of 

arylboronates to cyclic ketimines in the presence of ferrocenyl-substituted chiral 

tetrafluoro-benzobarrelene(tfb) (Fc-tfb*) in a solvent system of 1:1 mixture of t-

amyl alcohol and toluene at 60 ºC to obtain corresponding sulfamidates in high 

yields (upto 99%)  with high to excellent enantioselectivity (upto 99% ee).
[13]

 

Some of the important examples are depicted in Scheme 1.11. 

 

Scheme 1.10 Rhodium-catalyzed asymmetric arylation of cyclic ketimines 

Another highly enantioselective 1,2 addition of arylboronates to cyclic N-

sulfamidate alkylketimine taking 3 mol% of rhodium/diene complex as a catalyst 

and MeOH as additive in dioxane at 80 ºC to provide corresponding sulfamidates 
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in good to excellent yields  98% with excellent enantioselectivity (upto 99%) was 

established by Feng and Lin groups in 2014.
[15]

 Some interesting examples are 

summarized in Scheme 1.11.   

 

Scheme 1.11 Reaction scope for the Rhodium-catalyzed asymmetric arylation of 

cyclic N-sulfamidate imines 

In 2014, Hu group achieved a highly enantioselective rhodium/sulfur olefin 

complex catalyzed 1,2-addition of arylboroxines/arylboronic acids to cyclic N-

sulfonyl aryl alkyl ketimines in DCE at 60 ºC for the access of optically active α-

arylalkylsubstituted benzosultams and benzosulfamidates in high yields (upto 

99%) with good to excellent enantioselectivity (upto 99%).
[16] 

Some of the 

promising results are summarized in Scheme 1.12. 



                                                                                                                                     Chapter 1 

11 
 

 
 

Scheme 1.12 Rhodium-catalyzed asymmetric arylation of cyclic ketimines 

In addition to this work, in 2015, Mondschein et al. reported a method for the 

synthesis of chiral α-tertiary amines via Rh-catalyzed 1,2-addition of 

arylboronicacids to cyclic ketimines. The desired chiral α-tertiary amines were 

effectively accessed to good yields with excellent enantioselectivities using a 

commercially available chiral ligand SL-W001-1 (Walphos). The reactions gave 

best result when they used 2 equivalents of arylboronic acids, 5 mol% Rh salt, 5.5 

mol% ligand in presence of 2Me-THF at 60ºC. First they have studied the scope 

of the reaction using 3,5-difluorophenylketimine with different arylboronic acids 

(Scheme 1.13).
[18]
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Scheme 1.13 Reactions of 3,5-difluorophenylketimine with different arylboronic 

acids 

Furthermore, for the enrichment of the generality of the reported reaction they 

studied the scope of cyclic ketimine substrates against several arylboronic acids. 

The total reaction scope includes vinyl, aryl, and heteroarylboronic acids with 

good to excellent yield (40-99%) and excellent enantiomeric excess (88-99% ee) 

(Scheme 1.14).     

Scheme 1.14 Reactions of different cyclic ketimines with arylboronic acids 
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1.4.3 Aziridination 

In 2010, Tang group unfolded a highly diastereoselective synthesis of cis-

vinylaziridines containing a quaternary cabon center via sulfurylide-mediated 

aziridination of cyclic ketimines followed by Pd(0)-catalyzed isomerization. The 

reactions of sulfur ylide and ketimines underwent in presence of 10 mol% of t-

BuOK as base in THF.
[36]

 For the isomerization step, 10 mol% loading of 

Pd(PPh3)4 was optimum. The optimal condition was not only applicable for 

various aryl substituents with different electronic and steric characteristics but 

alkyl substituents also reacted well with excellent diastereoselectivity in moderate 

to good yields. These reactions provided an easy access to cis-

trisubstitutedvinylaziridines as describes in Scheme 1.15.  

Scheme 1.15 Stereoselective aziridination of cyclic imines 

In addition to the five membered ketimines, they have investigated about the 

reactivity of some benzo-fused five and six membered ketimines under identical 

conditions. Also, in all these cases, the reactions performed well with the 

satisfactory outcomes (Scheme 1.16) 
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Scheme 1.16 Stereoselective aziridination of benzofusedcyclic imines 

1.5 Synthetic application of cyclic sulfamidates through 

nucleophilic ring-opening reaction 

Cyclic Sulfamidates are also very interesting molecules which undergo ring-

opening reactions in the presence of a variety of suitable nucleophiles (S, O, N, C, 

halide, P, Se) to produce a novel class of corresponding chiral amino products.    

Sulfur nucleophiles:  

Treatment of sulfamidates with thiocyanate ion in DMF at room temperature gave 

S-cyanocysteines with 68-91% yields. D-allosamine-derived sulfamidate reacted 

with thioacetate ion in DMF at room temperature to provide thioester in 82% 

yield.
[20-24]

 All the reactions are summarized in Scheme 1.17.  
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Scheme 1.17 Reaction of sulfamidate with thiocyanate and thioacetates 

Oxygen nucleophiles: 

Hydrolysis of N-benzyl protected sulfamidate with 4 M HCl in dioxane produced 

corresponding N-benzyl protected β-amino alcohol. In the same condition,N-

(alkyloxycarbonyl)sulfamidates was hydrolyzed  to produce corresponding β-aryl-

β-carbamato-alcohols with good yield (    )(Scheme 1.18).
[20,24-26]

  

 

Scheme 1.18 Synthesis of β-N-protected amino alcohols  
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Nitrogen nucleophiles: 

Azide, pyrazole or imidazole can effectively attack at C-5 position of cyclic 

sulfamidates to provide corresponding β-amino analogues in high yields at room 

temperature upon heating (60-80 ºC).
[20,21,24,27]

 All the reactions are summarized 

in Scheme 1.19.  

 

Scheme 1.19 Opening of cyclic sulfamidates using nitrogen electrophiles 

Carbon nucleophiles: 

A very efficient well-known carbon nucleophile is cyanide ion (NaCN), which 

reacted with cyclic sulfamidates in DMF at room temperature to afford the 

corresponding nitrile counterparts in good yields (82-100%) as discussed in 

Scheme 1.20.
[20,24,28,29]
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Scheme 1.20 Opening of cyclic sulfamidates using NaCN 

Halogen atom as a nucleophile: 

Fluoride ion can act as a nucleophile for the ring-opening of five membered cyclic 

sulfamidates to get a variety of β-amino fluorides by using 1:4 KF/CaF2 or 

tetrabutylammonium fluoride.
[30-32] 

Some of the important reactions are 

summarized in Scheme 1.21.  

 

Scheme 1.21 Ring opening of cyclic sulfamidate with halide 

Phosphorous nucleophile: 

Ring-opening of N-protected cyclic sulfamidates with appropriate phosphorous 

nucleophile is an efficient alternative route for the synthesis of chiral 

aminophosphines.  Metal phosphides like Potassium diphenylphosphide (KPPh2) 
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or metal diarylphosphinites are commonly used as phosphorous nucleophiles as 

discussed in Scheme 1.22.
[37-39]

 

 

Scheme 1.22 Ring opening of cyclic sulfamidate with phosphorous nucleophile 

Selenium nucleophile: 

In 2010, Chandrasekaran et al. synthesized N-alkyl-β-aminodiselenides 

derivatives in high yield by reacting sulfamidates with potassium selenocyanate 

and benzyltriethylammoniumtetrathiomolybdate ([BnNEt3]2MoS4) via a 

sequential one-pot multicomponent reaction. A few representative examples are 

summarized in Scheme 1.23.
[40]
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Scheme 1.23 Ring opening of cyclic sulfamidate with selenium nucleophile 

1.6 Conclusion 

A systematic perusal of literature survey reveals that enormous works have been 

documented for the syntheses of cyclic sulfamidate imines and their derivatives 

which mainly focused on transition metal-catalyzed asymmetric transfer 

hydrogenation or nucleophilic attack on prochiral C=N bond. However, there is 

no successful report in the literature for the direct functionalization on cyclic 

sulfamidate imine at its C-5 position due to lack of synthetic method available. 

Moreover, we surprised that 5-membered cyclic sulfamidate imine as a 

nucleophile has highly overlooked. Therefore, it is a meaningful idea to explore 

cyclic sulfamidate imine as a nucleophile in a variety of reactions under metal-

free conditions to provide aforesaid compounds as well as other interesting 

biologically active compounds.  

 

Figure 1.3 Reactivity profile of 5H-1,2,3-oxathiazole-2,2-dioxides 
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Chapter 2 

L-Proline catalyzed highly efficient synthesis of Z-

5-alkylidene cyclic sulfamidate imines: an easy 

access to 5-alkyl-substituted cyclic sulfamidate 

imines  

2.1 Introduction 

The synthesis of five-membered cyclic sulfamidate imines and their derivatives 

have been rapidly growing interest in recent years, because of their applications as 

important reactive intermediates and in medicinal chemistry as discussed 

profoundly in Section 1.1. Over the intervening years, a number of methods have 

been developed for the synthesis of 5-membered cyclic sulfamidate imines.  

Recent progress on the synthesis of 5-membered cyclic sulfamidate imines and 

their applications are described in Section 1.3-1.4. 

2.2 Review of literature 

A few methods are available for the synthesis 5-membered cyclic sulfamidate 

imines as described in Section 1.3.
[1-5]

 Most of the reports found in the literatures 

regarding the synthetic application of five membered cyclic sulfamidate imines 

have exclusively focused on the reactivity of the prochiral C=N bond.
[4-10]

 In 

addition, recently very few reports have been published taking sulfamidate imine 

as a nucleophile. 

In 2014, Zhang group developed an asymmetric pseudo three component domino 

reaction utilizing readily available cyclic N-sulfonylimines and simple aldehydes 

in the presence of trans-perhydroindolic acid as an efficient organocatalyst for the 

preparation of piperidine derivatives consisting of three contiguous stereocenters 

in excellent yields with good diastereoselectivity and excellent enantioselectivity 

(up to 89% yield, 80:20 dr, and 99% ee) as shown in Scheme 2.1.
[11]
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Scheme 2.1 Domino reaction between cyclic N-sulfonylimines and simple 

aldehydes 

In 2015, Vicario group had used the concept of the reactivity of C-5 acidic proton 

by performing [4 + 2] cycloaddition reaction of in situ generated electron-rich 

diene intermediate from 4-alkenyl-5H-1,2,3-oxathiazole 2,2-dioxides with α,β-

unsaturated aldehydes through the iminium/enamine activation mechanism. The 

reaction proceeds in presence of 20 mol% O-TMS diphenylprolinol as catalyst 

and 20 mol% of Brønsted base DABCO as co-catalyst to produce highly 

substituted cyclohexene adduct with five contiguous stereogenic centres (Scheme 

2.2).
[12]

   

 

 

Scheme 2.2 Cycloaddition reaction between 4-cyclohexenyl cyclic sulfamidate 

imines and α,β-unsaturated aldehydes 
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Furthermore, they surveyed the performance of their reported procedure by taking 

more conformationally flexible cyclic sulfamidate imines and acrolein 

derivatives. All of these reactions ended up in good to high yields with excellent 

enantio-and high diastereo-slectivites (Scheme 2.3).  

 

Scheme 2.3 Cycloaddition reaction between 4-alkenyl cyclic sulfamidate imines 

and α,β-unsaturated aldehydes  

2.2.1 Conclusion 

From all the review works, it is clear that five membered cyclic sulfamidate 

imines are very important in terms of both synthetically as well as 

pharmaceutically and there are a numbers of procedures available for their 

synthesis and their applications. Surprisingly, even with considerable progress, 

there is no successful report to directly functionalize the 5-position of five 

membered cyclic sulfamidate imines. So it is an open challenge to directly 

functionalize C-5position of our titled compound.  

 

 

 

 

Figure 2.1 5-Alkylidine/alkyl substituted cyclic sulfamidate imine 



                                                                                     2 Chapter

 

28 
 

2.3 Present work 

From review work, we have seen that five-membered cyclic sulfamidate imines 

are useful precursors for the synthesis of a variety of organic molecules. Owing to 

their great synthetic importance, several methods have been developed for the 

synthesis of 5-membered cyclic sulfamidate imines. Even with such a progress, 

the synthesis of 5-alkyl-substituted cyclic sulfamidate imines is still less explored 

due to poor synthetic method available in the literature. Thus, it will be an 

interesting idea to functionalize the five membered cyclic sulfamidate imine 

directly at C-5 position in order to explore the more chemistry. Therefore, we are 

interested to synthesize the 5-alkylidene/alkyl-substituted cyclic sulfamidate 

imines in a more practical and efficient manner.  

The retro-synthetic path (Scheme 2.13) illustrates that the active methylene 

protons of cyclic sulfamidate imine (I) is in equilibrium form of cyclic enamine 

(II) which may be efficiently involved in the condensation reaction with aldehyde 

in the presence of catalytic amount of a mild acids and bases to access the 

compound III.  

 

Scheme 2.4 Retrosynthetic part for the functionalization of 5-position of cyclic 

sulfamidate imine 

In recent years, naturally available, inexpensive L-proline has emerged as a potent 

bi-functional (acid-base) organocatalyst for various organic transformations.
[13-19]

 

As a part of our continued interest towards the development of organocatalytic 

mediated new synthetic transformations in an environment friendly manner, we 

wish to report a clean, organocatalytic, mild and highly efficient synthesis of Z-5-
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alkylidene cyclic sulfamidate imines through a condensation reaction of 4-aryl-

5H-1,2,3-oxathiazole-2,2-dioxides with enolizable/non-enolizable aldehydes 

using L-proline as the catalyst (Scheme 2.5). 

 

Scheme 2.5 Condensation reaction between 5-membered cyclic sulfamidate imine 

and aldehydes 

2.3.1 Results and discussions 

2.3.1.1 Screening of solvents and catalysts 

To find out the best conditions, we initiated the optimization reaction by using 4-

phenyl-5H-1,2,3-oxathiazole-2,2-dioxide (1a) and benzaldehyde (2a) as model 

substrate in the presence of L-proline as an organocatalyst (10 mol%) in EtOH 

(1.0 mL). Despite less conversion, after 12 h we were able to isolate the desired 

product 3aa in 25% yield. The product was well characterized by its 

spectroscopic data (
1
H, 

13
C NMR and HRMS data).  Disappearance of 

1
H NMR 

peak at δ 5.59 ppm indicates the total consumption of 1a and appearance of a new 

peak at δ 6.66 ppm which belongs to the benzylidine C-H proton. Total number of 

carbon peaks in the 
13

C spectrum are 11 which perfectly match with our desired 

compound 3aa. The HRMS data shows the presence of molecular ion peak 

[M+Na]
+
 at 308.0409 which corresponds  to the molecular weight of 3aa. The 

stereochemistry of exo-cyclic C=C bond of 3aa was exclusively Z-configuration 

which was assigned by single crystal X-ray diffraction analysis data (Figure 2.2). 

All these significant results prompted us to investigate the condensation reaction 

of 1a in detail.  
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Figure 2.2 Molecular structure of compound 3aa 

Screening of solvents revealed that common organic solvents led to inferior 

results (10-45% yields), except polar aprotic solvent DMSO (86% yield, entry 4, 

Table 2.1) and DMF (95% yield, entry 3, Table 2.1). Interestingly single 

diastereomer was observed in all these cases as determined by the 
1
H NMR data 

of crude reaction mixture. With respect to yield, DMF was chosen as best solvent 

for this condensation reaction. Further catalysts screening have been done by 

taking some commercially available catalyst, such as α-amino acids (glycine, L-

phenylalanine, L-aspartic acid) and ammonium acetate in DMF. In all these cases 

reaction proceeds smoothly (except entry 11, L-aspartic acid) leading to the 

product 3aa in good yields (66-83%). As we have seen that L-proline is a superior 

catalyst for this condensation reaction, we assumed that this reaction may require 

a catalyst which contains both acid and basic nature. To verify our assumption we 

performed the condensation reaction in presence of only acids (pTSA and 

PhCO2H) and bases (DABCO and pyrrolidine) in which no reaction took place 

(entries 13-16) in the same conditions. We are pleased to inform that when we 

carried out the same reaction in presence of secondary amine salts (entries 17 and 

18) we observed our desired product 3aa in high yield. It is worth mentioning 

here that tertiary amine salts were ineffective (entries 19 and 20) for this reaction. 

All these optimization data have been summarized in Table 2.1 and L-proline and 
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DMF has been chosen as the best catalyst and solvent (entry 3 in Table 2.1) 

respectively for this reaction.    

Table 2.1 Optimization table of this condensation reaction.
a,b

 

 

entry catalyst (10 mol%) Solvent time (h) yield (%)
c
 

1 L-Proline EtOH 12 25 

2 L-Proline MeOH 12 45 

3 L-Proline DMF 12 95 

4 L-Proline DMSO 12 86 

5 L-Proline Hexane 12 10 

6 L-Proline MeCN 12 23 

7 L-Proline THF 12 17 

8 L-Proline DCM 12 20 

9 Glycine DMF 12 83 

10 L-Phenylalanine DMF 12 66 

11 L-Aspartic acid DMF 12 17 

12 NH4OAc DMF 12 73 

13 DABCO DMF 6 NR 

14 Pyrrolidine DMF 6 NR 

15 pTSA DMF 6 NR 

16 PhCO2H DMF 6 NR 

17
d
 Pyrrolidine-PhCO2H DMF 12 79 

18
d
 Et2NH-PhCO2H DMF 12 72 

19
d
 Et3N-PhCO2H DMF 48 10 

20
d
 DABCO-PhCO2H DMF 48 17 
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a
Unless otherwise specified, all reactions were carried out with 4-phenyl-5H-

1,2,3-oxathiazole-2,2-dioxide (0.5 mmol, 1a), benzaldehyde (0.55 mmol, 2a) and 

catalysts (10 mol%) in solvent (1.0 mL) at room temperature under argon 

atmosphere. 
b
Only single diastereomer was observed in all these cases. 

c
Isolated 

product after column chromatography. 
d
(1:1) ratio of amine and PhCO2H was 

used. 
e
NR = no reaction. 

2.3.1.2 Plausible mechanism 

On the basis of above results, we propose the following plausible mechanism for 

the formation of product 3aa, summarized in Scheme 2.6. In the first step the 

adduct 5 was generated by nucleophilic reaction of L-proline and benzaldehyde 

(2a), which is subsequently attacked by cyclic enamine 4 to form intermediate 6. 

After that intermediate 6 underwent imine-enamine tautomerization (IET) to form 

intermediate 7. Finally, the nitrogen lone pair of cyclic enamine 7 pushed proline 

out and the desired product 3aa was formed. 

Scheme 2.6 Plausible mechanism of the condensation reaction 

2.3.1.3 Generality and substrate scope 

Having the optimal reaction conditions in hand, we studied the generality and 

scope of this novel condensation reaction by treating various imines (1a-g) and 

aldehydes (2a-q) under our standard conditions. All the results are compiled in 
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Table 2.2. It is evident from Table 2.2 that aromatic aldehyde with various 

substituents such as Me, MeO, OH, OBn, Cl, Br on the phenyl ring gives 

excellent yields (90-97%, 3ab-ah) with cyclic imine 1a at our optimal condition. 

Strong electron withdrawing group (NO2, CN) containing aromatic aldehyde gave 

the condensation product with lower yield (55-65%, 3ak and 3al) in compared to 

others. Not only aromatic aldehydes but also hetero-aryl aldehydes were good 

enamine acceptors for these reactions, the excellent yields (93-96%) of 3ai and 

3aj were isolated (entries 9-10). It is worth mentioning that enolizable aldehydes, 

such as propanal (2m), butanal (2n), pentanal (2o) and 2,2-

dimethoxyacetaldehyde (2p) are known to be very challenging substrate for cross 

aldol reaction. Most interestingly aliphatic aldehydes reacted efficiently with 

cyclic imine 1a at 0 °C, isolated the desired products with excellent yields (82-

94%, 3am-ap) in this procedure. Similarly, several structurally diverse aryl and 

heteroaryl substituted cyclic sulfamidate imines (1b-g) gave clean and complete 

condensations with several aromatic, hetero-aromatic and aliphatic aldehydes by 

this procedure, provided the corresponding anticipated products in high to 

excellent yields (85-97%, 3be-ga).  
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Table 2.2 Synthesis of Z-5 alkylidene-4-aryl-1,2,3-ozathiazole-2,2-dioxides
a,b
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a
Unless otherwise specified, all reactions were carried out with 4-aryl-5H-1,2,3-

oxathiazole-2,2-dioxides (0.5 mmol, 1a-g), aldehydes (0.55 mmol, 2a-q) and L-

proline (10 mol%) in dry DMF (1.0 mL) at room temperature under argon. 
b
Only 

single diastereomer (Z) was observed by 
1
H NMR of the crude products in all 

these cases. 
c
Isolated product after column chromatography. 

d
Reactions were 

performed with aldehydes (1.5 mmol) at 0 ºC. 
e
70% aqueous solution of 2,2-

dimethoxy acetaldehyde was used. 

However, when 4-methyl substituted cyclic sulfamidate (1h) was used as an 

enamine donor, the condensation reactions with aromatic aldehydes (2 equiv.) 

occurred not only at the 5 position but also at the methyl position, resulting in 

dialkylidene products in high yields (83-87%, 3ha and 3hb, Scheme 2.16). Our 

present conditions are mild enough to tolerate several sensitive functional groups 

like OH, CH(OMe)2, OBn, Cl, Br, F, CN, NO2, furyl, indolyl etc 
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Scheme 2.7 Condensation reaction of cyclic imine 1h with aldehydes 

Interestingly, when we treat α,β-unsaturated aldehyde (4a and 4b) with cyclic 

imine 1a in our present condition, the afforded 1,4-adduct (4aa and 4ab) as major 

product with moderate yields (59-63%) and good diastereomeric ratio values (3:1 

to 4:1). This reaction offers a direct route for the synthesis of 5-alkyl-substituted 

cyclic sulfamidate imines (Scheme 2.8). 

 

Scheme 2.8 1,4-addition reaction of 1a with α,β-unsaturated aldehydes 
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2.3.1.4 Synthesis of 2-hydroxy pyrrolidine derivative  

To investigate the application potential of our current methodology, we extended 

the synthesis of 5-alkylidene cyclic imine into a novel access of 5-alkyl 

substituted cyclic sulfamidate imines (8-10) in high yield via the chemoselective 

reduction of the exo-cyclic C=C bonds of the corresponding condensation product 

3ab, 3af and 3an using 10% Pd/C in THF (Scheme 2.9). 

 

Scheme 2.9 Chemoselective reduction of C=C bond 

After that highly diastereoselective synthesis of cis-cyclic sulfamidate 11 (only cis 

isomer) and 12 (cis:trans = 5:1) were ensued with excellent yields (92-96%) 

through the reductions of sterically less hindered side of prochiral C=N bonds of 

the corresponding cyclic imines (8 and 9) using NaBH4 in MeOH at 0 ºC 

(Scheme 2.10). The relative configuration of the product 11 was assigned using 

the ORTEP data of its Boc protected from 13 as shown in Figure 2.3. 
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Scheme 2.10 Reduction of prochiral C=N bond 

 

 

Figure 2.3 Molecular structures of compound 13 

Next the cyclic sulfamidates 13 and 14 were subjected to nucleophilic substitution 

reaction with NaN3 in DMF at 65 °C for 4-5 h following known procedure
 [24]

 to 

obtain corresponding trans-β-amino-α-azido compounds 15 and 16 in 

stereospecific manner.  The relative configuration of the product 15 was 

confirmed by its ORTEP data as shown in Figure 2.4. Further, the synthesis of 

highly biologically significant trans-β-amino-α-triazoles
[20-23]

17 and 18 were 

achieved (Scheme 2.11) in a 1,4-substituted fashion from the corresponding azido 

compounds 15 and 16  using literature procedure
[24-29]

. 
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Scheme 2.11 Syntheses of trans-β-amino-α-azido/triazoles. 

 
 

Figure 2.4 Molecular structure of compound 15 

The resulting compound 18, which possesses a dimethoxy group, is a very 

important synthetic precursor for further elaboration. For example, a novel access 

of 2-hydroxy-4-triazole-5-phenylpyrrolidine derivative 19 was achieved in 

excellent yield (95%) via the deprotection of the dimethoxy group using a 

catalytic amount of pTSA in a mixture of aqueous acetone at 60 ºC and followed 

by cyclization (Scheme 2.12). 
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Scheme 2.12 Synthesis of 2-hydroxy pyrrolidine derivative 

 

 2.4 Conclusion 

A  simple, mild (room temperature),  new  method for the synthesis of exclusively 

Z-5-alkylidene-4-aryl-1,2,3-oxathiazole-2,2-dioxides through a condensation 

reaction of 4-aryl-5H-1,2,3-oxathiazole-2,2-dioxides with both enolizable and 

non-enolizable aldehydes using L-proline as an efficient organocatalyst  has been 

developed. Moreover, this condensation reaction provides in good to excellent 

yields of title compounds with excellent substrate scope. In addition, the 

chemoselective hydrogenation of exo-cyclic C=C double bonds of cyclic 

sulfamidate imines can be achieved in THF medium using 10 % Pd/C, offering an 

efficient new synthetic strategy for the easy access of 5-alkyl-4-aryl-5H-1,2,3-

oxathiazole-2,2-dioxides. Furthermore, the synthesis of trans-β-amino-α-

azido/triazole derivatives has been developed through this methodology.  
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2.5 Experimental section 

2.5.1 General Information 

All reactions were carried out under air and monitored by TLC using Merck 60 

F254 pre coated silica gel plates (0.25 mm thickness) and the products were 

visualized by UV detection. Flash chromatography was carried out with silica gel 

(200-300 mesh). FT-IR spectra were recorded on a Bruker Tensor-27 

spectrometer. 
1
H and 

13
C NMR spectra were recorded on a Bruker Avance (III) 

400 MHz spectrometer. Data for 
1
H NMR are reported as a chemical shift (δ 

ppm), multiplicity (s = singlet, d = doublet, q = quartet, m = multiplet), coupling 

constant J (Hz), integration, and assignment, data for 
13

C are reported as a 

chemical shift. High resolutions mass spectral analyses (HRMS) were carried out 

using ESI-TOF-MS. Single crystal X-ray structural studies were performed on a 

CCD Agilent Technologies (Oxford Diffraction) SUPER NOVA diffractometer. 

Data were collected at 293(2) K using graphite-monochromoated Mo Kα 

radiation (λα = 0.71073 Å). The strategy for the Data collection was evaluated by 

using the CrysAlisPro CCD software. The data were collected by the standard 

'phi-omega scan techniques, and were scaled and reduced using CrysAlisPro RED 

software. The structures were solved by direct methods using SHELXS-97 and 

refined by full matrix least-squares with SHELXL-97, refining on F
2
.
[30]

  

The positions of all the atoms were obtained by direct methods. All non-hydrogen 

atoms were refined anisotropically. The remaining hydrogen atoms were placed in 

geometrically constrained positions and refined with isotropic temperature 

factors, generally 1.2Ueq of their parent atoms.  

2.5.2 Materials 

 All these starting materials and catalysts were either purchased from commercial 

sources or synthesized by literature known procedures.
[1-5] 

N,N-

dimethylformamide was dried over calcium hydride under argon atmosphere and 

distilled under reduced pressure before prior used. 
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General procedure for the synthesis of Z-5-alkylidene-4-aryl-

1,2,3-oxathiazole-2,2-dioxide:  

      To a stirred solution of 4-aryl-5H-1,2,3-oxathiazole-2,2-dioxides (0.5 mmol, 1a-g), 

aldehydes (0.55 mmol, 2a-q)  and L-proline (10 mol% yield) in dry DMF (1.0 mL) 

at room temperature under argon atmosphere as shown in Scheme 2.22. The 

progress of the reaction was monitored by TLC. After completion of the reaction, 

the mixture was extracted with ethyl acetate (3 × 10 mL), washed with water and 

brine respectively and dried with Na2SO4. The organic phase was evaporated by 

rotary evaporator under reduced pressure to give the crude product. The crude 

product was purified by column chromatography over silica gel to furnish the pure 

product. The product was characterized by corresponding spectroscopic data (IR, 

NMR, HRMS). 

 

 

 

Scheme 2.13 Synthesis of Z-5-alkylidene-4-aryl-1,2,3-oxathiazole-2,2-dioxide 

 

 (Z)-5-Benzylidene-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3aa): yellow solid; 

mp: 132 °C;  95% yield; IR (KBr): ν  2925, 2854, 1638, 

1599, 1519, 1491, 1449, 1372  cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.82-7.85 (m, 2H), 7.77-7.79 (m, 2H), 7.70-7.74 

(m, 1H), 7.60-7.64 (m, 2H), 7.46-7.48 (m, 3H), 6.66 (s, 1H); 

13
C NMR (100 MHz, CDCl3): δ 172.2, 143.6, 134.0, 131.9, 131.7, 131.3, 130.2, 

129.7, 129.5, 128.3, 121.0; HRMS (ESI) m/z calculated for C15H11NO3S 

[M+Na]
+
: 308.0352, found 308.0409.  
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The stereochemistry of exo-cyclic C=C double bond of compound 3aa was 

assigned by ORTEP data as shown Figure 2.2. 

(Z)-5-(4-Methylbenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3ab): 

greenish yellow solid; mp: 140 °C;  92% yield;  IR 

(KBr): ν 2921, 2854, 1635, 1603, 1517, 1487, 1448, 

1372, 1346 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.81-

7.84 (m,  2H), 7.66-7.74 (m, 3H), 7.58-7.63 (m, 2H), 

7.27 (d, J = 7.2 Hz, 2H), 6.65 (s, 1H), 2.41 (s, 3H); 
13

C NMR (100 MHz, CDCl3): 

δ 172.2, 143.1, 142.9, 133.9, 131.8, 130.3, 130.1, 129.6, 128.5, 128.4, 121.4, 22.1; 

HRMS (ESI) m/z calculated for C16H13NO3S [M+Na]
+
: 322.0508, found 

322.0645. 

(Z)-5-(4-Methoxybenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3ac): 

yellowish solid;  mp: 138 °C;  96% yield; IR (KBr): ν 

2960, 2925, 2853, 2840, 1598, 1512, 1487, 1363, 1340, 

1308 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.79-7.83 

(m, 2H), 7.74-7.78 (m, 2H), 7.68-7.73 (m, 1H), 7.57-7.63 (m, 2H), 6.94-7.00 (m, 

2H), 6.63 (s, 1H), 3.88 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 172.0, 162.7, 

142.4, 133.9, 133.7, 130.1, 129.6, 128.5, 124.0, 121.4, 115.1, 55.9 ; HRMS (ESI) 

m/z  calculated for C16H13NO4S [M+Na]
+
: 338.0457, found 338.0513. 

 (Z)-5-(4-Benzyloxy-3-Methoxybenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-

dioxide (3ad): light yellow solid; mp: 157 °C;  97% 

yield; IR (KBr): ν 2957, 2923, 1628, 1596, 1510, 

1487, 1424, 1369, 1350 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.76-7.80 (m, 2H), 7.66-7.72 (m, 1H), 

7.55-7.61 (m, 2H), 7.34-7.44 (m, 5H), 7.24-7.32 (m, 2H), 6.91 (d, J = 8.6 Hz, 

1H), 6.58 (s, 1H), 5.20 (s, 2H), 3.92 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ  

172.0, 151.7, 150.0, 142.4, 136.4, 133.7, 130.1, 129.6, 129.0, 128.5, 128.4, 127.5, 

126.7, 124.5, 121.6, 114.0, 113.6, 71.1, 56.4; HRMS (ESI) m/z calculated for 

C23H19NO5S [M+Na]
+
: 444.0876, found 444.1051. 
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(Z)-5-(4-Hydroxy-3-Methoxybenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-

dioxide (3ae): yellowish  solid;  mp: 138 °C;    93% 

yield;  IR (KBr): ν 3441, 1639, 1598, 1515, 1487, 1463, 

1433, 1371 cm
-1

; 
1
H NMR (400 MHz, CDCl3):  δ 7.80-

7.82 (m, 2H), 7.68-7.73 (m, 1H), 7.58-7.62 (m, 2H), 

7.43-7.44 (m, 1H), 7.22-7.24 (m, 1H), 6.96 (d, J = 8.3 Hz, 1H), 6.60 (s, 1H), 6.12 

(s, 1H), 3.97 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 172.1, 149.7, 147.2, 142.2, 

133.7, 130.1, 129.6, 128.5, 127.8, 123.9, 121.9, 115.3, 112.8, 56.5; HRMS (ESI) 

m/z  calculated for C16H13NO5S [M+Na]
+
: 354.0407, found 354.0504.  

(Z)-5-(2-Hydroxybenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3af): 

yellow solid; mp: 190 °C;  91% yield; IR (KBr): ν 3447, 

3076, 2925, 2854, 1633, 1603, 1520, 1484, 1460, 1365, 1332 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ  8.11 (d, J = 8.0 Hz, 

1H), 7.85 (d, J = 7.6 Hz, 2H), 7.68-7.71 (m, 1H), 7.57-7.61 

(m, 2H), 7.29-7.31 (m, 1H), 7.24 (s, 1H), 7.02-7.06 (m, 1H), 6.81 (d, J = 8.3 

Hz,1H), 5.50 (s,  1H); 
13

C NMR (100 MHz, CDCl3): δ 172.3, 155.5, 143.3, 133.9, 

133.4, 131.9, 130.3, 129.6, 128.5, 122.0, 119.0, 115.9, 115.0; HRMS (ESI) m/z 

calculated for C15H11NO4S [M+Na]
+
: 324.0301, found 324.0611. 

(Z)-5-(4-Chlorobenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3ag): 

white solid; mp: 172 °C;  90% yield ; IR (KBr): ν 2923, 

1683, 1586, 1523, 1491, 1448, 1411, 1375, 1349 cm
-1

; 
1
H 

NMR (400 MHz, CDCl3): δ 7.80-7.84 (m, 2H), 7.70-7.76 

(m, 3H), 7.60-7.64 (m, 2H), 7.42-7.46 (m, 2H), 6.62 (s, 1H); 

13
C NMR (100 MHz, CDCl3): δ  172.1, 143.7, 138.0, 134.1, 132.8, 130.1, 129.9, 

129.7, 128.1, 119.4; HRMS (ESI) m/z  calculated for C15H10ClNO3S [M]
+
: 

319.0064, found 319.0123. 
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(Z)-5-(4-Bromobenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3ah): 

pale yellow solid; mp: 180 °C;  92% yield ; IR (KBr): ν 

2925, 1643, 1582, 1533, 1491, 1447, 1384, 1347, 1330 cm
-

1
; 

1
H NMR (400 MHz, CDCl3): δ  7.81-7.83 (m, 2H), 7.71-

7.75 (m, 1H), 7.56-7.67 (m, 6H), 6.60 (s, 1H); 
13

C NMR 

(100 MHz, CDCl3): δ 172.0, 143.8, 134.1, 132.9, 132.8, 130.1, 129.7, 128.0, 

126.5, 119.5; HRMS (ESI) m/z calculated for C15H10BrNO3S [M+Na]
+
: 

385.9457, found 385.9532. 

(Z)-5-(2-indolylmethylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3ai): 

reddish solid;  mp: 250 °C;  96% yield; IR (KBr): ν 3431, 

2924, 1626, 1612, 1479, 1342 cm
-1

; 
1
H NMR (400 MHz, 

acetone-d6): δ  10.90 (s, 1H, NH), 7.98-8.02 (m, 2H), 

7.78-7.82 (m, 1H), 7.66-7.72 (m, 3H), 7.54-7.57 (m, 1H), 

7.24-7.31 (m, 3H), 7.09-7.13 (m, 1H);  
13

C NMR (100 MHz, acetone-d6): δ 170.8, 

141.5, 139.6, 133.6, 130.0, 129.9, 129.4, 128.3, 128.2, 125.7, 121.8, 120.8, 113.1, 

112.2, 112.1; HRMS (ESI) m/z  calculated for C17H12N2O3S [M+Na]
+
: 324.0563, 

found 324.0642. 

(Z)-5-(2-Furylmethylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3aj): light 

yellowish solid; mp: 90 °C;  93% yield; IR (KBr): ν 2924, 

2853, 1641, 1526, 1491, 1462, 1380, 1349  cm
-1

;  
1
H NMR 

(400 MHz, CDCl3): δ  7.78-7.84 (m, 2H), 7.68-7.74 (m, 1H), 

7.57-7.64 (m, 3H), 7.25 (d, J = 3.8 Hz, 1H), 6.71 (s, 1H), 6.63-

6.67 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ  170.9, 147.8, 147.0, 141.3, 134.1, 

129.9, 129.7, 128.0, 119.6, 114.2, 108.5; HRMS (ESI) m/z  calculated for 

C13H9NO4S [M+Na]
+
: 298.0144, found 298.0225. 

 



                                                                                     2 Chapter

 

46 
 

(Z)-5-(4-Nitrobenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3ak): 

yellowish solid; mp: 158 °C;  55% yield; IR (KBr): ν 

2923, 2853, 1612, 1528, 1490, 1449, 1381, 1353, 

1332 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ  8.50-8.51 

(m, 1H), 8.28-8.31 (m, 1H), 8.19-8.21 (m, 1H), 7.83-

7.88 (m, 2H), 7.74-7.80 (m, 1H), 7.62-7.71 (m, 3H), 

6.71 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 171.9, 148.9, 144.8, 136.4, 134.5, 

132.8, 130.6, 130.2, 129.9, 127.6, 126.1, 125.7, 117.4; HRMS (ESI) m/z  

calculated for C15H10N2O5S [M+Na]
+
: 353.0203, found 353.0234. 

(Z)-5-(4-Cyanobenzylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3al): pale 

yellowish solid; mp: 190 °C;  65% yield; IR (KBr): ν 

3058, 2924, 2221, 1648, 1600, 1538, 1491, 1447, 1386, 

1331 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.82-7.89 (m, 

4H), 7.71-7.78 (m, 3H), 7.61-7.66 (m, 2H), 6.65 (s, 1H); 
13

C NMR (100 MHz, 

CDCl3): δ 171.9, 145.0, 135.4, 134.5, 133.0, 131.7, 130.2, 129.9, 127.7, 118.3, 

117.8, 114.5; HRMS (ESI) m/z  calculated for C16H10N2O3S [M+Na]
+
: 333.0337 

found 333.0409. 

(Z)-5-Propylidene-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3am): colourless 

liquid;  90% yield ; IR (KBr): ν 2931, 2365, 1656, 1631, 

1538, 1376, 1344 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ  7.74-

7.78 (m, 2H), 7.66-7.70 (m, 1H), 7.53-7.58 (m, 2H), 5.96 (t, J 

= 7.8 Hz, 1H), 2.43-2.51 (m, 2H), 1.15 (t, J = 7.5 Hz); 
13

C 

NMR (100 MHz, CDCl3): δ  170.8, 145.8, 134.1, 130.1, 129.6, 128.2, 126.2, 

21.4, 13.1; HRMS (ESI) m/z  calculated for C11H11NO3S [M+H]
+ 

: 238.0532, 

found 238.1668. 

(Z)-5-Butylidene-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3an): colourless 

liquid;  94% yield; IR (KBr): ν 2963, 2874, 1719, 1660, 

1543, 1493, 1454, 1384, 1345 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.74-7.78 (m, 2H), 7.66-7.70 (m, 1H),  7.54-7.58 
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(m, 2H), 5.95 (t, J = 7.8 Hz, 1H), 2.39-2.45 (m, 2H), 1.53-1.60 (m, 2H), 0.95 (t, J 

= 7.6 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 170.7, 146.2, 134.1, 130.0, 129.6, 

128.1, 124.9, 29.7, 22.0, 14.1; HRMS (ESI) m/z  calculated for C12H13NO3S 

[M+K]
+
: 290.0248, found 290.0343. 

(Z)-5-Pentylidene-4-phenyl-1,2,3-oxathiazole-2,2-dioxide (3ao): colourless 

liquid;  92% yield; IR (KBr): ν 2959, 2867, 1660, 1542, 

1492, 1449, 1383, 1346 cm
-1

; 
1
H NMR (400 MHz, CDCl3): 

δ 7.73-7.77 (m, 2H), 7.65-7.71 (m, 1H), 7.53-7.58 (m, 2H), 

5.98 (t, J = 7.8 Hz, 1H), 2.41-2.47(m, 2H), 1.46-1.55 (m, 

2H), 1.32-1.43 (m, 2H), 0.93 (t, J =7.3 Hz, 3 H ); 
13

C NMR (100 MHz, CDCl3): δ 

170.7, 146.1, 134.1, 130.1, 129.6, 126.1, 125.2, 30.7, 27.6, 22.7, 14.0; HRMS 

(ESI) m/z  calculated for C13H15NO3S [M+Na]
+
: 288.0665, found 288.0683. 

(Z)-5-(1,1-Dimethoxyethylidene)-4-phenyl-1,2,3-oxathiazole-2,2-dioxide 

(3ap): colourless liquid;  82% yield; IR (KBr): ν 2927, 2831, 

1603, 1546, 1493, 1451, 1383 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3):  δ  7.78-7.81 (m, 2H), 7.68-7.73(m, 1H), 7.55-7.60 

(m, 2H), 5.92 (d, J = 6.8 Hz, 1H), 5.27 (d, J = 7.0 Hz, 1H), 

3.43 (s, 6 H); 
13

C NMR (100 MHz, CDCl3): δ  171.0, 145.7, 134.6, 130.2, 129.7, 

127.4, 117.6, 99.14, 54.5;  HRMS (ESI) m/z  calculated for C12H13NO5S 

[M+Na]
+
: 306.0407, found 306.0465. 

(Z)-5-(4-Hydroxy-3-methoxybenzylidene)-4-(4-fluorophenyl)-1,2,3-

oxathiazole-2,2-dioxide (3be): yellowish solid;  mp: 197 

°C;  97% yield; IR (KBr): ν 3435, 2957, 2924, 2853, 

1637, 1598, 1513, 1463, 1433 cm
-1

; 
1
H NMR (400 MHz, 

acetone-d6): δ 8.70 (s, 1H), 8.07-8.11 (m, 2H), 7.43-7.54 

(m, 4H), 6.98-7.02 (m, 2H), 3.91 (s, 3H); 
13

C NMR (100 MHz, acetone-d6): δ 

171.0, 167.1, 164.6, 150.7, 147.8, 141.6, 133.0, 132.9, 126.9, 124.8, 124.7, 123.4, 

122.3, 116.6, 116.4, 115.9, 114.6, 55.5; HRMS (ESI) m/z  calculated for 

C16H12FNO5S [M+Na]
+
: 372.0312, found 372.0405 
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(Z)-5-(Pentylidene)-4-(4-fluorophenyl)-1,2,3-oxathiazole-2,2-dioxide (3b): 

colourless liquid;  89% yield;  IR (KBr): ν 2960, 2932, 

2873, 1660, 1605, 1544, 1506, 1414, 1383 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ  7.77-7.84 (m, 2H), 7.22-7.29 (m, 

2H), 5.95 (t, J =7.8 Hz, 1H), 2.42-2.48 (m,  2 H), 1.47-1.56 

(m, 2 H), 1.32-1.43 (m, 2 H), 0.93 (t, J = 7.3 Hz, 3 H); 
13

C NMR (100 MHz, 

CDCl3): δ 169.5, 167.7, 165.2, 146.0, 132.7, 132.6, 125.2, 124.4, 124.3, 117.2, 

117.0, 30.7, 27.6, 22.8, 14.0; HRMS (ESI) m/z  calculated for C13H14FNO3S 

[M+Na]
+
: 306.0571, found 306.0571. 

(Z)-5-(Benzylidene)-4-(4-chlorophenyl)-1,2,3-oxathiazole-2,2-dioxide (3ca): 

yellowish solid; mp: 190 °C;  94% yield; IR (KBr): ν 3094, 

3067, 1638, 1593, 1517, 1488, 1449, 1403, 1374, 1335 cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ 7.75-7.81 (m, 4H), 7.57-7.63 

(m,  2H), 7.45-7.50 (m, 3H), 6.63 (s, 1H); 
13

C NMR (100 

MHz, CDCl3):  δ 171.1, 143.3, 140.8, 132.1, 131.8, 131.5, 131.1, 130.1, 129.5, 

126.6, 121.0; HRMS (ESI) m/z  calculated for C15H10ClNO3S [M+Na]
+
: 

341.9962, found 342.0030. 

(Z)-5-(2-furylmethylidene)-4-(4-chlorophenyl)-1,2,3-oxathiazole-2,2-dioxide 

(3cj):  yellowish solid; mp: 140 °C;   90% yield;   IR (KBr): 

ν 3093, 2920, 1628, 1591, 1489, 1407, 1345 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ  7.78-7.80 (m, 1H), 7.75-7.77 (m, 1H), 

7.65-7.67 (m, 1H), 7.59-7.61 (m, 1H), 7.56-7.58 (m, 1H), 

7.27 (d, J = 8.8 Hz, 1H), 6.68 (s, 1H), 6.65-6.67 (m, 1H); 
13

C NMR (100 MHz, 

CDCl3): δ  169.8, 147.7, 147.2, 141.1, 140.8, 131.2, 131.2, 126.4, 120.0, 114.3, 

108.5 ppm; HRMS (ESI) m/z  calculated for C13H8ClNO4S [M+Na]
+
: 331.9755, 

found 331.9875. 
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(Z)-5-Benzylidene-4-(2-chlorophenyl)-1,2,3-oxathiazole-2,2-dioxide (3da): 

pale yellowish solid; mp: 119 °C;  91% yield; IR (KBr): ν 

3048, 1652, 1597, 1548, 1468, 1383, 1338 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ  7.72-7.75 (m, 2H), 7.59-7.62 (m, 

2H), 7.48-7.55 (m, 2H), 7.41-7.47 (m, 3H), 6.27 (s, 1H); 

13
C NMR (100 MHz, CDCl3): δ 171.1, 143.8, 133.5, 133.4, 132.1, 131.8, 131.2, 

130.9, 130.9, 129.5, 127.6, 127.5, 120.6; HRMS (ESI) m/z  calculated for 

C15H10ClO3S [M+Na]
+
: 341.9962, found 342.0050.  

(Z)-5-(2indolylmethylidene)-4-(2-chlorophenyl)-1,2,3-oxathiazole-2,2-dioxide 

(3di):   reddish solid; mp: 190 °C;  95% yield;  IR (KBr): 

ν 3418, 1634, 1613, 1523, 1509, 1467, 1439, 1375 cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ  9.18 (br s, 1 H), 7.59-

7.65 (m, 3 H), 7.45-7.58 (m, 3 H), 7.33-7.39 (m, 1H), 

7.12-7.18 (m,1 H), 6.94 (s, 1 H), 6.45 (s, 1 H); 
13

C NMR (100 MHz, CDCl3):  δ 

169.5, 142.0, 139.7, 133.5, 131.3, 131.0, 129.6, 128.1, 127.6, 127.5, 122.4, 121.7, 

114.8, 112.2, 111.3; HRMS (ESI) m/z  calculated for C17H11ClN2O3S [M+ Na]
+
: 

381.0071, found 381.0121. 

(Z)-5-(4-Methylbenzylidene)-4-(4-bromophenyl)-1,2,3-oxathiazole-2,2-dioxide 

(3eb): yellowish solid;  mp: 156 °C;  94% yield; IR 

(KBr): ν 2922, 2853, 1637, 1585, 1512, 1481, 1371  cm
-

1
; ; 

1
H NMR (400 MHz, CDCl3): δ 7.74-7.77 (m,  2H), 

7.65-7.72 (m, 4H), 7.26-7.30 (m, 2H), 6.59 (s, 1H), 2.42 

(s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 171.2, 143.2, 142.8, 133.1, 131.9, 131.5, 

130.4, 129.1, 128.4, 127.2, 121.3, 22.1;  

(Z)-5-(Pentylidene)-4-(4-bromophenyl)-1,2,3-oxathiazole-2,2-dioxide (3eo): 

colourless liquid;  90% yield; IR (KBr): ν 3072, 2954, 

2929, 2866, 1600, 1588, 1530, 1482, 1371 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 7.71-7.73 (m, 2H), 7.69-7.71 (m, 2 

H), 5.94 (t, J = 7.8 Hz, 1 H), 2.45 (q, J = 7.5 Hz, 2H), 
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1.46-1.55 (m, 2 H), 1.33-1.43 (m, 2 H), 0.93 (t, J = 7.3 Hz, 3 H); 
13

C NMR (100 

MHz, CDCl3): δ 169.7, 145.9, 133.0, 131.4, 129.4, 126.9, 125.2, 30.6, 27.6, 22.8, 

14.0; HRMS (ESI) m/z  calculated for C13H14BrNO3S [M+Na]
+
: 365.9770, found 

365.9743.  

(Z)-5-(4-Methylbenzylidene)-4-(2-chlorophenyl)-1,2,3-oxathiazole-2,2-dioxide 

(3fs): yellowish solid; mp: 134 °C;   85% yield; IR (KBr): 

ν 2924, 2362, 2344, 1636, 1608, 1522, 1498, 1469, 1440, 

1390, 1349 cm
-1

; 
1
H NMR (400 MHz, CDCl3):  δ 8.18-

8.21 (m, 1H), 7.79-7.81 (m, 2H), 7.36-7.48 (m, 5H), 7.23 

(s, 1H), 2.51 (s, 3H) ; 
13

C NMR (100 MHz, CDCl3): δ 172.1, 145.6, 144.3, 136.1, 

132.4, 132.0, 130.5, 130.5, 130.4, 130.3, 129.3, 127.9, 125.2, 22.1; HRMS (ESI) 

m/z  calculated for C16H12ClNO3S [M+Na]
+
: 356.0119, found 356.0192. 

(Z)-5-Butylidene-4-(4-methylphenyl)-1,2,3-oxathiazole-2,2-dioxide (3fn): 

colourless liquid;  91% yield; IR (KBr): ν 3069, 3037, 

2937, 2877, 2361, 2342, 1659, 1610, 1574, 1533, 1507, 

1467, 1428, 1372, 1345, 1304, 1200, 1161, 1103, 1048 cm
-

1
; 

1
H NMR (400 MHz, CDCl3): δ 7.66-7.69 (m, 2H), 7.34-

7,37 (m, 2H), 5.98 (t, J  = 7.8 Hz, 1H), 2.46 (s, 3H), 2.42 (q, J = 7.8 Hz, 1H), 

1.51-1.60 (m, 2H), 0.98 (t, J = 7.3 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

170.6, 146.2, 145.4, 130.3, 130.2, 125.3, 124.6, 29.7, 22.1, 22.0 14.1; HRMS 

(ESI) m/z  calculated for C13H15NO3S [M+Na]
+
: 288.0665, found 288.1004. 

(Z)-5-Benzylidene-4-(2-furyl)-1,2,3-oxathiazole-2,2-dioxide (3ga): light 

greenish solid; mp: 150 °C;  89% yield; IR (KBr) ν 2924, 

2853, 1638, 1577, 1513, 1467, 1370, 1331 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ  7.88-7.90 (m, 1H), 7.82-7.86 (m, 2H), 

7.64-7.66 (m, 1H), 7.43-7.49 (m, 4H), 6.75-6.78 (m, 1H); 
13

C 

NMR (100 MHz, CDCl3): δ 158.0, 149.9, 145.3, 141.7, 132.0, 131.7, 131.6, 

129.4, 123.2, 120.6, 114.2; HRMS (ESI) m/z calculated for C13H9NO4S [M+Na]
+
: 

298.0144, found 298.0242. 
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 (Z)-5-Benzylidene-4-(trans-2-phenylethylene)-1,2,3-oxathiazole-2,2-dioxide 

(3ha): 87% yield; 
1
H NMR (400 MHz, CDCl3): δ 8.16 (d, J 

= 15.28 Hz, 1H), 7.82-7.84 (m, 2H), 7.69 (d, J = 7.6 Hz, 

2H), 7.47-7.50 (m, 6H), 7.08 (d, J = 15.28 Hz, 1H), 6.73 (s, 

1H);
   13

C NMR (100 MHz, CDCl3): δ 167.1, 148.7, 143.8, 

133.9, 132.1, 131.4 (2C), 130.9, 129.3, 129.2, 129.1, 115.5, 

110.9; HRMS (ESI) m/z calculated for C17H13NO3S [M+Na]
+
: 334.0508, found 

334.0563 

(Z)-5-(4-methylbenzylidene)-4-[trans-2-(4-methylphenylethylene)]-1,2,3-

oxathiazole-2,2-dioxide (3hb): 83% yield; 
1
H NMR 

(400 MHz, DMSO-d6): δ 8.14 (d,  J = 15.6 Hz, 1H), 

7.87 (d, J = 8.0Hz, 2H), 7.76 (d, J= 8.0 Hz, 2H), 

7.67-7.71 (m, 2H), 7.39 (d, J = 8.0Hz, 2H), 7.35 (d, J 

= 8.0 Hz, 2H), 2.38 (s, 6H); 
13

C NMR (100 MHz, 

DMSO-d6): δ 168.0, 148.0, 142.9, 142.5, 141.9, 131.5, 131.2, 130.0, 129.7 (2C), 

128.5, 117.2, 114.4, 21.2; HRMS (ESI) m/z calculated for  C19H17NO3S [M+K]
+
: 

378.0561, found 378.0328. 

 5-(3-phenylpropanal)-4-phenyl-5H-1,2,3-oxathiazole-2,2-dioxide(4aa): 

trans:cis = 80:20;  orange solid; mp 58 °C;  63% yield; IR 

(KBr): ν 3064, 2943, 2863, 1714, 1598, 1569, 1496, 1450, 

1369 cm
-1

; 
1
NMR (400 MHz, CDCl3): δ (major 

diastereomer) 9.92 (s, 1H), 7.95-7.98 (m, 2H), 7.72-7.77 (m, 

1H), 7.59-7.64 (m, 2H), 7.20-7.25 (m, 1H), 7.14-7.18 (m, 2H), 6.76-6.79 (m, 2H), 

6.28 (d, J = 2.4 Hz, 1H), 4.04-4.08 (m, 1H), 3.49-3.57 (m, 1H), 2.99-3.04 (m, 

1H);
 13

C NMR (100 MHz, CDCl3):  δ (major diastereomer) 200.5, 178.1, 135.5, 

134.2, 129.9, 129.8, 129.2, 128.9, 128.8, 128.4, 89.5, 46.3, 41.7; HRMS (ESI) 

m/z  calculated for C17H15NO4S [M+Na]
+
: 352.0614, found 352.0700.                                                                                                                                                                                                                                            
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5-[3-(4-methoxyphenyl)propanal]-4-phenyl-5H-1,2,3-oxathiazole-2,2-dioxide  

(4ab): orange solid;  mp: 62 °C; 59% yield;  IR (KBr): ν 2928, 

2841, 1720, 1601, 1569, 1514, 1451, 1370 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ (mixture of diastereoisomers,  trans:cis 

= 75: 25) 9.87 (s, 0.75 H), 9.49-9.50 (m, 0.25H), 7.93-7.96 (m, 

1.5H), 7.86-7.90 (m, 0.5H), 7.71-7.76 (m, 1.5H), 7.57-7.63 (m, 

2.5H), 7.25-7.28 (m, 0.7H), 6.88-6.91 (m, 0.7H), 6.65-6.70 (m, 4H),  6.25 (d, J = 

2.5 Hz, 0.75 H), 6.00 (d, J = 2.24 Hz, 0.25H), 3.99-4.03 (m, 0.75H), 3.89-3.93 (m, 

0.25 H), 3.80 (s, 0.75H), 3.71 (m, 2.25H), 3.42-3.50 (m, 0.75H), 2.93-3.02 (m, 

1H), 2.75-2.82 (m, 0.25H); 
13

C NMR (100 MHz, CDCl3): δ (major diastereomer) 

200.6, 178.2, 159.8, 135.4, 130.3, 129.9, 129.8, 129.3, 126.1, 114.1, 89.8,  55.4, 

46.6,  41.0 HRMS (ESI) m/z  calculated for C18H17NO5S[M+Na]
+
: 382.0720, 

found 382.0720. 

General experimental procedure for the synthesis of 5-alkyl-4-

phenyl-5H-1,2,3,-oxathiazole-2,2-dioxides: 

5-Alkylidene-4-phenyl-1,2,3-oxathiazole-2,2-dioxide was hydrogenated in the 

presence of 10% yield Pd/C in THF medium at 10 °C for 1 h (Scheme 2.18). The 

reaction was monitored by TLC. After completion of the reaction, the reaction 

mixture was filtered through Celite and washed with EtOAc. The filtrate was 

concentrated under reduced pressure to leave the crude product which was 

purified by column chromatography over silica-gel to furnish the desired product. 

The product was fully characterized by spectroscopic data (IR, NMR, HRMS). 

5-(4-Methylbenzyl)-4-Phenyl-5H-1,2,3-oxathiazole-2,2-dioxide (8):  88% 

yield;  IR (KBr): ν  2925, 1596, 1568, 1514, 1449, 1362 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.89-7.92 (m, 2H), 

7.71-7.76 (m, 1H), 7.57-7.61 (m, 2H), 7.05-7.13 (m, 4H), 

5.98-6.01 (m, 1H), 3.27-3.32 (m, 1H), 3.12-3.18 (m, 1H), 
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2.33 (s, 3H); 
13

C NMR (100 MHz, CDCl3):  δ 178.5, 137.9, 135.7, 131.2, 129.9 

(2C), 129.8, 129.6, 127.8, 88.6, 39.9, 21.4; HRMS (ESI) m/z  calculated for 

C16H15NO3S [M+Na]
+
: 340.0404, found 340.0786. 

5-(1,1-dimethoxyethyl)-4-Phenyl-5H-1,2,3-oxathiazole-2,2-dioxide (9): 

colourless gummy liquid;  86% yield;  IR (KBr): ν 2931, 

2364, 2340, 1634, 1600, 1570, 1452, 1355 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ  7.91-7.92 (m, 1H), 7.89-7.90 (m, 1H), 

7.67-7.72 (m, 1H), 7.54-7.59 (m, 2H), 5.99 (dd, J = 8.8, 2.8 

Hz),4.63 (dd, 6.8, 4.2 Hz, 1H), 3.48 (s, 3H), 3.33 (s, 3H), 2.28-2.34 (m, 1H), 2.14-

2.21 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 179.2, 135.6, 129.8, 127.6, 102.1, 

85.0, 55.8, 54.7, 38.2; HRMS (ESI) m/z  calculated for C12H15NO5S [M+Na]
+
: 

308.0563, found 308.0691. 

5-(2-Hydroxylbenzyl)-4-Phenyl-5H-1,2,3-oxathiazole-2,2-dioxide (10): light 

greenish solid;   91% yield; IR (KBr): ν 3493, 2924, 1598, 

1567, 1502, 1456, 1368 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

8.10-8.13 (m, 2H), 7.69-7.74 (m, 1H), 7.55-7.60 (m, 2H), 

7.17-7.22 (m, 2H), 6.90-6.95 (m, 1H), 6.80-6.82 (m, 1H), 

6.17-6.21 (m, 1H), 5.30 (s, 1H), 3.56-3.61 (m, 1H), 2.86-2.93 (m, 1H); 
13

C NMR 

(100 MHz, CDCl3): δ  179.2, 153.7, 135.8, 132.5, 130.3, 129.8, 129.6, 127.6, 

121.8, 115.6, 87.4, 36.6; HRMS (ESI) m/z  calculated for C15H13NO4S [M+Na]
+ 

: 

326.0457, found 326.0471. 

General experimental procedure for the synthesis of 5-alkyl-4-

phenyl-1,2,3,-oxathiazolidine-2,2-dioxide:   

To a stirred solution of 5-alkyl-4-phenyl-5H-1,2,3,-oxathiazole-2,2-dioxide in 

MeOH was added NaBH4  at 0 ºC. The stirring was continued for 30 min 

(Scheme 2.19). Then MeOH was evaporated before being quenched with 1N HCl. 

After that the reaction mixture was extracted with EtOAc, washed with brine and 

dried with Na2SO4. Evaporation of the solvent left the crude product which was 

purified column chromatography over silica gel to provide the pure product. All 
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the products were characterized by their spectroscopic data (IR, NMR and 

HRMS).  

cis-4-Phenyl-5-(4-methylbenzyl)-1,2,3-oxathiazolidine-2,2-dioxide (11) white 

solid;  96% yield; IR (KBr): ν 3285, 2923, 1515, 1457, 

1402, 1375, 1332 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

(cis isomer)  7.38-7.46 (m, 5H), 7.05-7.08 (m, 2H), 6.91-

6.96 (m, 2H), 5.24-5.30 (m, 1H), 5.05 (d, J = 4.0 Hz, 

1H), 4.96 (dd, J = 5.6, 4.0 Hz, 1H), 2.68-2.76 (m, 1H), 2.41-2.47 (m, 1H), 2.31 (s, 

3H); 
13

C NMR (100 MHz, CDCl3): δ (cis isomer) 137.1, 135.3, 132.3, 129.7, 

129.6, 129.4, 129.3, 128.0, 86.7, 63.7, 36.5, 21.4; HRMS (ESI) m/z  calculated 

for C16H17NO3S [M+Na]
+
: 326.0821, found 326.0903 

The relative configuration (cis) of the product was assigned by the coupling 

constant of vicinal hydrogen (JH-5,H-4 = 4.4 Hz), which was further confirmed by 

single crystal x-ray diffraction data of its Boc protected form (Figure 2.3). 

 

 

Scheme 2.14 Boc protection of cyclic sulfamidates 

Cis-N-Boc-4-Phenyl-5-(4-methylbenzyl)-1,2,3-oxathiazolidine-2,2-dioxide  

(13):  white solid; mp: 125 °C; yield;  IR (KBr) ν 2984, 

2935, 1731, 1633, 1519, 1374, 1323 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 7.37-7.46 (m, 5H), 7.06-7.10 (m, 2H), 

6.89-6.92 (m, 2H), 5.27-5.32 (m, 1H), 5.17 (d, J = 4.4 Hz, 

1H), 2.49-2.63 (m, 2H), 2.32 (s, 3H), 1.43 (s, 9H); 
13

C NMR (100 MHz, CDCl3): 

δ 148.5, 139.5, 137.4, , 131.4, 129.7, 129.6, 129.2(2C), 128.3, 85.8, 83.5, 65.1, 

36.1, 28.2, 21.4; HRMS (ESI) m/z  calculated for C21H25NO5S [M+Na]
+
: 

426.1346, found 426.1387. 
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 Cis-4-Phenyl-5-(1,1-dimethoxyethyl)-1,2,3-oxathiazolidine-2,2-dioxide (12): 

syn : anti = 5:1; colourless gummy liquid;  92% yield;  IR 

(KBr): ν 2925, 2854, 1632, 1461 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ  (major diastereomer) 7.34-7.42 (m, 5H), 5.45-

5.55 (m, 1H), 5.19-5.24 (m, 1H), 5.13 (br s, 1H),  4.97 (dd, 

J = 6.0, 4.8 Hz, 1H), 4.36-4.39 (m, 1H), 3.34 (s, 3H), 3.23 (s, 3H), 1.62-1.69 (m, 

1H), 1.45-1.52 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ (major diastereomer) 

135.2, 129.6, 129.5, 127.6, 102.2, 83.2, 63.4, 54.2, 54.1, 34.7; HRMS (ESI) m/z  

calculated for C12H17NO5S [M+Na]
+
: 310.0720, found 310.0815.  

Trans-N-Boc-2-Azido-1-phenyl-3-(4-methylphenyl)-1-aminopropane (15):  

white crystalline solid;  95% yield   IR (KBr): ν 3394, 

2978, 2925, 2856, 2117, 2082, 1689, 1509, 1456, 

1350, 1319, 1241, 1161  cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.32-7.37 (m, 2H), 7.23-7.30 (m, 3H), 7.14  (s, 4H), 5.29 (br s, 1H), 

4.83 (br s, 1H), 3.84-3.89 (m, 1H), 2.84-2.95 (m, 2H), 2.34 (s, 3H), 1.46 (s, 9H); 

13
C NMR (100 MHz, CDCl3): δ 155.6, 140.7, 136.9, 134.3, 129.8, 129.5, 129.0, 

128.0, 126.7, 80.3, 69.8, 56.4, 38.7, 28.7, 21.4; HRMS (ESI) m/z  calculated for 

C21H26N4O2 [M+Na]
+
: 389.1948, found 389.1985. 

The relative configuration (trans) of the product was confirmed by single crystal 

x-ray diffraction data (Figure 2.4). 

Cis-N-Ethoxycarbonyl-4-phenyl-5-(1,1-dimethoxyethyl)-1,2,3-oxathiazolidine 

-2,2-dioxide (14): colourless gummy liquid; IR (KBr): ν 

2986, 2940, 2838, 1742, 1633, 1460, 1378, 1313 cm
-1

; 
1
H 

NMR (400 MHz, CDCl3): δ (major)  7.37 (s, 5H), 5.24-

5.29 (m, 1H), 5.22 (d, J = 5.6 Hz, 1H), 4.39 (dd, J = 7.5, 

3.5 Hz, 1H), 4.20-4.24 (m, 2H), 3.32 (s, 3H), 3.23 (s, 3H), 1.59-1.66 (m, 1H), 

1.44-1.52 (m, 1H), 1.17-1.24 (m, 3H); 
13

C NMR (100 MHz, CDCl3): δ (major) 

149.7, 134.2, 129.2, 127.9, 101.5, 80.6, 65.3, 64.4, 54.9, 53.8, 34.1, 14.2;  HRMS 

(ESI) m/z  calculated for C15H21ClNO7S [M+Na]
+
: 382.0931, found 382.1012. 
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Trans-1-N-Ethoxycarbonyl-3-azido-4-phenyl-1,1-dimethoxy-4-aminobutane 

(16): colourless gummy liquid;  92% yield;  IR (KBr): ν 

2928, 2853, 2108, 1701, 1531, 1428, 138 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ  7.27-7.38 (m, 5H), 5.46 (d, J = 9.2 

Hz), 4.84 (m, 1H), 4.55 (dd, J = 6.8, 4.8 Hz, 1H), 4.07-4.13 (m, 2H), 3.83-3.88 

(m, 1H), 3.34 (s, 3H), 3.33 (s, 3H), 1.80-1.94 (m, 2H), 1.19-1.25 (m, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 156.5, 140.0, 129.1, 128.2, 126.7, 102.4, 64.5, 62.7, 

61.6, 53.8, 35.8, 14.8;  HRMS (ESI) m/z  calculated for C15H22N4O4 [M+Na]
+
: 

345.1533, found 345.1600. 

Trans-1-(4-Methylphenyl)-1-N-Boc-amino-2-(4-phenyltriazole)-1-

phenylpropane (17): white solid compound;  96% 

yield; IR (KBr): ν 3393, 3270, 3119, 3054, 3031, 2962, 

2926, 2856, 1705, 1516, 1458, 1365  cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 7.59-7.62 (m, 2H), 7.34-7.38 (m, 

2H), 7.28-7.30 (m, 1H), 7.16-7.23 (m, 3H), 6.98-7.02 (m, 4H), 6.94 (s, 1H), 6.87-

6.91(m, 2H), 6.42 (d, J = 8.7 Hz, 1H), 5.26-5.31 (m, 1H), 4.68-4.74 (m, 1H), 

3.49-3.56 (m,1H), 3.33-3.38 (m, 1H), 2.25 (s, 3H), 1.43 (s, 9H); 
13

C NMR (100 

MHz, CDCl3): δ 155.8, 146.8, 139.7, 137.0, 133.8, 130.6, 129.8, 129.1, 129.0, 

129.0, 128.4, 128.1, 126.3, 125.9, 122.1, 80.3, 69.3, 53.7, 39.0, 31.3, 21.3;HRMS 

(ESI) m/z  calculated for C29H32N4O2[M+H]
+
: 469.2598, found: 469.2616. 

 ethyl ((1S,2R)-4,4-dimethoxy-1-phenyl-2-(4-phenyl-1H-1,2,3-triazol-1 

yl)butyl) carbamate (18): white solid compound;  91% yield; IR (KBr): ν 3297, 

3123, 3061, 2949, 2634, 1708, 1541, 1461, 1370  cm
-1

; 

1
NMR (400 MHz, CDCl3): δ 7.67-7.71 (m, 2H), 7.36-

7.41(m, 2H), 7.29-7.33 (m, 1H), 7.18-7.23 (m, 4H), 6.98-

7.01 (m, 2H), 6.42-6.44 (m, 1H), 5.23-5.25 (m, 1H), 

4.80-4.85 (m, 1H), 4.05-4.14 (m, 2H), 3.30 (s, 3H), 3.25 (s, 3H), 2.59-2.66 (m, 

1H), 2.35-2.40 (m, 1H), 1.20-1.25 (m, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

156.6, 147.1, 139.2, 130.5, 129.2, 129.1, 128.6, 128.3, 126.3, 126.0, 121.9, 102.0, 
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63.1, 61.6, 54.2, 53.9, 35.9, 14.8;  HRMS (ESI) m/z  calculated for 

C23H28N4O4[M+H]
+
: 425.2183, found: 425.2266. 

Synthesis of  1-Ethoxycarbonyl-2-hydroxy-4-(4-phenyltriazole)-5-

phenylpyrrolidine (19): 

To a stirred solution of compound 18 (0. 1 mmol ) in acetone/water (3: 1) medium 

was added pTSA (0.01 mmol). The reaction mixture was heated at 60 °C for 4 h 

(Scheme 2.21). The progress of the reaction was monitored by TLC. After 

completion of the reaction, the mixture was extracted with ethyl acetate (3 × 10 

mL), washed with water and brine respectively and dried with Na2SO4. The 

organic phase was evaporated by rotary evaporator under reduced pressure to give 

the crude product. The crude product was purified by column chromatography 

over silica gel to furnish the pure product (95% yield). The product was 

characterized by corresponding spectroscopic data (IR, NMR, HRMS). 

(19) White Solid;  95% yield ; IR (KBr): ν 3447, 3133, 2985, 2911, 1698, 1433, 

1384  cm
-1

; 
1
H NMR (400 MHz, DMSO-d6, mixture of 

diastereomer = 90:10): δ (major diastereomer) 8.20 (s, 

1H), 7.62-7.64 (m, 2H), 7.38-7.43 (m, 2H), 7.29-7.33 (m, 

1H), 7.10-7.18 (m, 5H), 6.69 ( br s), 5.77-5.81 (m, 1H), 

5.59-5.65 (m, 1H), 5.38 (d, J = 7.8 Hz, 1H), 4.05-4.08 (m, 

2H), 2.80-2.87 (m, 1H), 2.56-2.62 (m, 1H), 1.18-1.21 (m, 3H) ; 
13

C NMR (100 

MHz, DMSO-d6): δ (major diastereomer)154.1, 145.7, 137.2, 130.6, 128.8, 

127.8, 127.7, 127.6, 127.1, 126.7, 124.9, 121.0, 79.7, 63.9, 60.7, 59.4, 35.8 14.5; 

HRMS (ESI) m/z  calculated for C21H22N4O3 [M+K]
+
: 417.1323, found 417.1426. 
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Table 2.3 Crystal data and structure refinement for 3aa 

Compound Compound 3aa 

Empirical formula C15H11NO3S 

Molecular weight 285.31 

Temperature 150(2) K 

Wavelength (Å) 0.71073 

Crystal system, space group Monoclinic,  P 21/c 

a (Å) 

b (Å) 

c (Å) 

 (
o
) 

 (
o
) 

γ (
o
) 

12.6212(3) 

6.9825(2) 

15.3469(9) 

90 

101.991(3) 

90 

Volume (Å
3
) 1322.97(9) 

Z, Calculated density (mg/m
3
) 4,  1.432 

Absorption coefficient (mm
-1

) 0.250 

F(000) 592 

Crystal size (mm) 0.23 × 0.18 × 0.13 

θ range (deg) 3.22 to 24.99 

Limiting indices -13<=h<=15, -8<=k<=8, -18<=l<=11 

Reflections collected / unique 8823 / 2319 [R(int) = 0.0227] 

Completeness to θ = 25.00 99.9 % yield 

Max. and min. transmission 0.9682 and 0.9446 

Data / restraints / parameters 2319 / 0 / 181 

Goodness-of-fit on F
2
 1.032 

Final R indices [I>2sigma(I)] R1 = 0.0338, wR2 = 0.0861 

R indices (all data) R1 = 0.0377, wR2 = 0.0896 

Largest diff. peak and hole (e.A
-3

) 0.164 and -0.411 

CCDC 913688 
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Table 2.4 Crystal data of compound 13 

Compound Compound 13 

Empirical formula                         C21 H25 N O5 S 

Molecular weight 403.48 

Temperature 150(2) K 

Wavelength (Å) 0.71073  

Crystal system, space group Monoclinic,  P21/n 

a (Å) 

b (Å) 

c (Å) 

 (
o
)                                                                                                                                  

 (
o
)                                                                

γ (
o
) 

9.8446(3)  

14.2440(3)  

15.0095(3)  

90  

97.378(2)  

90. 

Volume (Å
3
) 2087.30(9)  

Z, Calculated density (mg/m
3
) 4,  1.284  

Absorption coefficient (mm
-1

) 0.186  

F(000) 856 

Crystal size (mm) 0.23 × 0.18 × 0.12  

θ range (deg) 3.00 to 24.99  

Limiting indices -11<=h<=9, -16<=k<=16, -17<=l<=1 

Reflections collected / unique 17195 / 3671 [R(int) = 0.0243] 

Completeness to θ = 25.00 99.8 % yield 

Max. and min. transmission 0.9780 and 0.9584 

Data / restraints / parameters 3671 / 0 / 257 

Goodness-of-fit on F^2 1.094 

Final R indices [I>2sigma(I)] R1 = 0.0393, wR2 = 0.1062 

R indices (all data) R1 = 0.0448, wR2 = 0.1111 

Largest diff. peak and hole (e.A
-3

) 0.262 and -0.320  

CCDC 913689 
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Table 2.5     Crystal data of compound 15 

Compound     Compound  15 

Empirical formula                         C21 H26 N4 O2 

Molecular weight 366.45 

Temperature 293(2) K 

Wavelength (Å) 0.71073  

Crystal system, space group monoclinic, P 21/c 

a (Å) 

b (Å) 

c (Å) 

 (
o
)                                                                                                                                  

 (
o
)                                                                

γ (
o
) 

5.47870(10)  

21.0779(6)  

16.8942(4)  

90  

93.526(2) 

90  

Volume (Å
3
) 1947.24(8)  

Z, Calculated density (mg/m
3
) 4,  1.243  

Absorption coefficient (mm
-1

) 0.082  

F(000) 776 

Crystal size (mm) 0.08 x 0.05 x 0.02  

θ range (deg) 3.09 to 25.00  

Limiting indices -6<=h<=6, -25<=k<=24, -17<=l<=20 

Reflections collected / unique 13935 / 3431 [R(int) = 0.0367] 

Completeness to θ = 25.00 99.9 % yield 

Max. and min. transmission 0.9984 and 0.9935 

Data / restraints / parameters 3431 / 0 / 248 

Goodness-of-fit on F^2 1.068 

Final R indices [I>2sigma(I)] R1 = 0.0501, wR2 = 0.1321 

R indices (all data) R1 = 0.0634, wR2 = 0.1427 

Largest diff. peak and hole (e.A
-3

) 0.752 and -0.203  

CCDC 913690 
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2.6 Copies of 
1
H and 

13
C NMR spectra of some important 

compounds described in Chapter 2 

 

 

Figure 2.5 400 MHz 
1
H NMR spectrum of 3aa in CDCl3 

 

 

 

Figure 2.6 100 MHz 
13

C NMR spectrum of 3aa in CDCl3 
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Figure 2.7 400 MHz 
1
H NMR spectrum of 3ab in CDCl3 

 

 

 

Figure 2.8 100 MHz 
13

C NMR spectrum of 3ab in CDCl3 
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Figure 2.9 400 MHz 
1
H NMR spectrum of 3ac in CDCl3 

 

 

 

Figure 2.10 100 MHz 
13

C NMR spectrum of 3ac in CDCl3 
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Figure 2.11 400 MHz 
1
H NMR spectrum of 3ad in CDCl3 

 

 

 

Figure 2.12 100 MHz 
13

C NMR spectrum of 3ad in CDCl3 
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Figure 2.13 400 MHz 
1
H NMR spectrum of 3ae in CDCl3 

 

 

 

Figure 2.14 100 MHz 
13

C NMR spectrum of 3ae in CDCl3 
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Figure 2.15 400 MHz 
1
H NMR spectrum of 3af in CDCl3 

 

 

 

Figure 2.16 100 MHz 
13

C NMR spectrum of 3af in CDCl3 
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Figure 2.17 400 MHz 
1
H NMR spectrum of 3ag in CDCl3 

 

 

 

Figure 2.18 100 MHz 
13

C NMR spectrum of 3ag in CDCl3 

 

 



                                                                                     2 Chapter

 

68 
 

 

 

 

Figure 2.19 400 MHz 
1
H NMR spectrum of 3ah in CDCl3 

 

 

 

Figure 2.20 100 MHz 
13

C NMR spectrum of 3ah in CDCl3 
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Figure 2.21 400 MHz 
1
H NMR spectrum of 3ai in CDCl3 

 

 

Figure 2.22 100 MHz 
13

C NMR spectrum of 3ai in CDCl3 
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Figure 2.23 400 MHz 
1
H NMR spectrum of 3aj in CDCl3 

 

 

Figure 2.24 100 MHz 
13

C NMR spectrum of 3aj in CDCl3 



                                                                                     2 Chapter

 

71 
 

 

 

 

 

Figure 2.25 400 MHz 
1
H NMR spectrum of 3ak in CDCl3 

 

 

 

Figure 2.26 100 MHz 
13

C NMR spectrum of 3ak in CDCl3 
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Figure 2.27 400 MHz 
1
H NMR spectrum of 3al in CDCl3 

 

 

Figure 2.28 100 MHz 
13

C NMR spectrum of 3al in CDCl3 
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Figure 2.29 400 MHz 
1
H NMR spectrum of 3am in CDCl3 

 

 

 

Figure 2.30 100 MHz 
13

C NMR spectrum of 3am in CDCl3 
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Figure 2.31 400 MHz 
1
H NMR spectrum of 3an in CDCl3 

 

 

 

Figure 2.32 100 MHz 
13

C NMR spectrum of 3an in CDCl3 
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Figure 2.33 400 MHz 
1
H NMR spectrum of 3ao in CDCl3 

 

 

 

Figure 2.34 100 MHz 
13

C NMR spectrum of 3ao in CDCl3 
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Figure 2.35 400 MHz 
1
H NMR spectrum of 3ap in CDCl3 

 

 

 

Figure 2.36 100 MHz 
13

C NMR spectrum of 3ap in CDCl3 

 

 



                                                                                     2 Chapter

 

77 
 

 

 

 

Figure 2.37 400 MHz 
1
H NMR spectrum of 3be in CDCl3 

 

 

 

Figure 2.38100 MHz 
13

C NMR spectrum of 3be in CDCl3 
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Figure 2.39 400 MHz 
1
H NMR spectrum of 3bo in CDCl3 

 

 

 

Figure 2.40 100 MHz 
13

C NMR spectrum of 3bo in CDCl3 
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Figure 2.41 400 MHz 
1
H NMR spectrum of 3ca in CDCl3 

 

 

 

Figure 2.42 100 MHz 
13

C NMR spectrum of 3ca in CDCl3 
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Figure 2.43 400 MHz 
1
H NMR spectrum of 3cj in CDCl3 

 

 

 

Figure 2.44 100 MHz 
13

C NMR spectrum of 3cj in CDCl3 
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Figure 2.45 400 MHz 
1
H NMR spectrum of 3da in CDCl3 

 

 

 

Figure 2.46 100 MHz 
13

C NMR spectrum of 3da in CDCl3 
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Figure 2.47 400 MHz 
1
H NMR spectrum of 3di in CDCl3 

 

 

 

Figure 2.48 100 MHz 
13

C NMR spectrum of 3di in CDCl3 
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Figure 2.49 400 MHz 
1
H NMR spectrum of 3eb in CDCl3 

 

 

 

Figure 2.50 100 MHz 
13

C NMR spectrum of 3eb in CDCl3 
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Figure 2.51 400 MHz 
1
H NMR spectrum of 3eo in CDCl3 

 

 

 

Figure 2.52 100 MHz 
13

C NMR spectrum of 3eo in CDCl3 
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Figure 2.53 400 MHz 
1
H NMR spectrum of 3fs in CDCl3 

 

 

 

 

Figure 2.54 100 MHz 
13

C NMR spectrum of 3fs in CDCl3 
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Figure 2.55 400 MHz 
1
H NMR spectrum of 3fn in CDCl3 

 

 

 

Figure 2.56 100 MHz 
13

C NMR spectrum of 3fn in CDCl3 
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Figure 2.57 400 MHz 
1
H NMR spectrum of 3ga in CDCl3 

 

 

 

Figure 2.58 100 MHz 
13

C NMR spectrum of 3ga in CDCl3 
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Figure 2.59 400 MHz 
1
H NMR spectrum of 3ha in CDCl3 

 

 

 

 

Figure 2.60 100 MHz 
13

C NMR spectrum of 3ha in CDCl3 
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Figure 2.61 400 MHz 
1
H NMR spectrum of 3hb in DMSO-d6 

 

    

 

Figure 2.62 100 MHz 
13

C NMR spectrum of 3hb in DMSO-d6 
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Figure 2.63 400 MHz 
1
H NMR spectrum of 4aa in CDCl3 

 

 

 

Figure 2.64 100 MHz 
13

C NMR spectrum of 4aa in CDCl3 

 



                                                                                     2 Chapter

 

91 
 

 

 

 

Figure 2.65 400 MHz 
1
H NMR spectrum of 4ab in CDCl3 

 

 

 

Figure 2.66 100 MHz 
13

C NMR spectrum of 4ab in CDCl3 
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Figure 2.67 400 MHz 
1
H NMR spectrum of 8 in CDCl3 

 

 

 

 

Figure 2.68 100 MHz 
13

C NMR spectrum of 8 in CDCl3 
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Figure 2.69 400 MHz 
1
H NMR spectrum of 9 in CDCl3 

 

 

 

Figure 2.70 100 MHz 
13

C NMR spectrum of 9 in CDCl3 
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Figure 2.71 400 MHz 
1
H NMR spectrum of 10 in CDCl3 

 

 

 

Figure 2.72 100 MHz 
13

C NMR spectrum of 10 in CDCl3 
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Figure 2.73 400 MHz 
1
H NMR spectrum of 11 in CDCl3 

 

 

 

Figure 2.74 100 MHz 
13

C NMR spectrum of 11 in CDCl3 
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Figure 2.75 400 MHz 
1
H NMR spectrum of 12 in CDCl3 

 

 

 

Figure 2.76 100 MHz 
13

C NMR spectrum of 12 in CDCl3 
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Figure 2.77 400 MHz 
1
H NMR spectrum of 13 in CDCl3 

 

 

 

Figure 2.78 100 MHz 
13

C NMR spectrum of 13 in CDCl3 
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Figure 2.79 400 MHz 
1
H NMR spectrum of 14 in CDCl3 

 

 

 

Figure 2.80 100 MHz 
13

C NMR spectrum of 14 in CDCl3 
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Figure 2.81 400 MHz 
1
H NMR spectrum of 15 in CDCl3 

 

 

 

Figure 2.82 100 MHz 
13

C NMR spectrum of 15 in CDCl3 
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Figure 2.83 400 MHz 
1
H NMR spectrum of 16 in CDCl3 

 

 

 

Figure 2.84 100 MHz 
13

H NMR spectrum of 16 in CDCl3 
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Figure 2.85 400 MHz 
1
H NMR spectrum of 17 in CDCl3 

 

 

 

Figure 2.86 100 MHz 
13

C NMR spectrum of 17 in CDCl3 

 

 



                                                                                     2 Chapter

 

102 
 

 

 

Figure 2.87 400 MHz 
1
H NMR spectrum of 18 in CDCl3 

 

 

 

Figure 2.88 100 MHz 
13

C NMR spectrum of 18 in CDCl3 
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Figure 2.89 400 MHz 
1
H NMR spectrum of 19 DMSO-d6 

 

 

 

Figure 2.90 100 MHz 
13

C NMR spectrum of 19 in DMSO-d6 
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Chapter 3 

Stereoselective synthesis of functionalized spiro-

sulfamidate imine fused δ-lactone scaffold via a 

one-pot sequential three-component reaction 

3.1 Introduction 

Spiro-δ-lactone and their derivatives are commonly occurring building blocks 

found in various kinds of natural products and pharmaceuticals.
[1-8] 

 A range of 

biologically active compounds possessing these privileged scaffolds are well 

documented (Figure 3.1).
[9-19]

   

 

Figure 3.1 Respective examples containing spiro fused δ-lactone moieties 

In view of the great applications, a few general and reliable protocols have been 

developed to construct this important scaffold.
[20-28]

 Some of the important 

examples are summarized in Section 3.2. 
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3.2 Review work 

In 2012, Lu and his coworkers reported a NHC-catalyzed pseudo three-

component highly stereoselective domino reaction between oxindole and alkynyl 

aldehydes in the presence of 30 mol% t-BuOK in THF at 65 ºC for 2 h to form 

spirooxindole 4H-pyran-2-one derivatives (major product) with three contiguous 

stereogenic centers in good yields with good to high diastereoselectivities.
[20]

  

Some of the promising results are summarized in Scheme 3.1. 

 

Scheme 3.1 Reaction between alkynyl aldehydes and oxindoles 

A highly enantioselective preparation of oxa-spirocyclic indanone derivatives 

bearing four contiguous stereogenic centers and multiple functional groups in 

high yields and high stereoselectivities (up to 99% ee and 95:5 dr) via a cascade 

reaction of aldehydes, nitro-alkenes and ninhydrin in the presence of 10 mol% of 

(S)-2-(diphenyl((trimethylsilyl)oxy)methyl)pyrrolidine followed by DBU and 

oxidation by PCC in toluene is reported by Huang et al. in 2014.
[21]

  Some of the 

examples are described in Scheme 3.2. 
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Scheme 3.2 Stereoselective synthesis of oxa-spirocyclic indanone derivatives 

In 2013, Zhang et al.
 

revealed an efficient asymmetric tandem Michael-

hemiacetalization reaction between 1-nitromethylcycloalkanol and α,β-

unsaturated aldehydes in the presence of 20 mol % of (S)-α,α-diphenylprolinol 

trimethylsilyl ether and 20 mol % of imidazole in toluene at 4 ºC  to  form spiro-

δ-lactols which were in situ oxidized by using PCC.
[23] 

 This sequential method 

delivers spiro cis-δ-lactones with good overall yields as well as high to excellent 

enantioselectivities and diastereoselectivities as described in the Scheme 3.3. 

Scheme 3.3 Synthesis of spiro-δ-lactone by Michael-hemiacetalization reaction 
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In 2013, Feng group reported a catalytic asymmetric hetero-Diels-Alder reaction 

of Brassard’s diene with isatins under mild reaction conditions using 10 mol% of 

Mg(II)/N,N-dioxide complex as  catalyst at 35 ºC in CH2Cl2, followed by 

addition of TFA to the reaction mixture to afford the corresponding chiral 

spirolactones  with excellent enantio- and diastereoselectivities (up to 99% ee and 

>99:1 dr) within 3 h as shown in Scheme 3.4.
[24]

 

 

Scheme 3.4 HAD reaction of Brassard type diene with isatin derivatives 

3.2.1 Conclusion 

Summarizing all the review works, a few general and reliable methods are 

available for the efficient constructions of spiro-δ-lactones in a stereoselective 

manner. Despite these great efforts, there is no such method still available for the 

synthesis of spiro-δ-lactone fused cyclic sulfamidate imine moiety including the 

use of transition metal catalyst. In addition, example of direct alkylation at C-5 

position of 5-membered cyclic sulfamidate imine is largely overlooked in spite of 

5-memberd cyclic sulfamidate imines and their derivatives having huge 

applications in organic synthesis as reactive intermediates.
[29-35] 

Apart from that, 

its several synthetic analogues show potential biological activities against 
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sulfatase, α-glucosidase and amyloglucosidase inhibitors.
[36-37] 

Therefore, it would 

be highly interesting to develop a simple organocatalytic and efficient one-pot 

synthetic method for the stereoselective preparation of multi-functionalized spiro-

δ-lactone fused cyclic sulfamidate imines using achiral starting materials. 

 

Figure 3.2 spiro-δ-lactone fused cyclic sulfamidate imine scaffold 

3.3 Present work 

The development of an organocatalytic efficient multi-component chemical 

transformation for the construction of structurally, stereochemically multifaceted 

architectures in a single synthetic operation using simple raw materials is one of 

the main focuses in synthetic organic chemistry as well as in modern drug 

discovery program
[38-43]

. This new synthetic technique is associated with several 

advantages as compared to a classical step-by-step processes because of potential 

structural modifications, reduction of the number of synthetic steps, avoidance of 

exhausting isolation and purification steps, belittlement of by-products. Moreover, 

it reduces the cost and environmental burden of the manufacturing process.
[44-48]

 
 

In continuing our interest in the development of organocatalytic mediated one-pot 

protocol
[49-54]

 for the synthesis of biologically important spiro-cyclic 

compounds
[49-50]

 and 5-alkyl-substitituted cyclic sulfamidate imines,
[53]

 herein, 

we describe a simple, mild, convenient and high-yielding one-pot three-

component method for the stereoselective synthesis of functionalized spiro-

sulfamidate imine fused δ-lactone derivatives via a Michael-condensation-

hemiacetalization sequence process between 5-membered cyclic sulfamidate 

imine, trans-β-substituted acroleins and paraformaldehyde in the presence of 
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commercially available, cheap L-proline and DBU as the organocatalysts, 

followed by in situ oxidation of spiro-δ-lactol as shown in Scheme 3.5. 

 

Scheme 3.5 Formation of spiro-sulfamidate imine fused δ-lactone derivatives 

3.3.1 Results and discussion 

3.3.1.1 Screening of solvents and catalysts 

To optimize the reaction conditions, cyclic sulfamidate imine 1a and trans-

cinnamaldehyde 2a were initially selected as model substrates in the presence of a 

catalytic amount of L-proline (20 mol %) in MeOH at room temperature under 

nitrogen atmosphere for 24 h, followed by the addition of formaldehyde and 

DABCO (30 mol %). Gratifyingly, after 30 h, a poor yield (37%) of desired spiro-

sulfamidate imine fused δ-lactol (4aa) was isolated with a non-separable mixture 

of diastereomers. In order to simplify the isolation and characterization processes, 

finally, the crude spiro-δ-lactol (4aa) was converted into the corresponding more 

stable δ-lactone fused spiro-sulfamidate imines 5aa (24%) and 6aa (8%) with a 

moderate diastereoselectivity (5aa/6aa ratio of 7:3, entry 1, Table 3.1) using PCC 

in CH2Cl2 at 40 ºC for 8 h. To our delight, both the isomers 5aa and 6aa were 

fully separable by normal column chromatography technique. The desired spiro-

δ-lactones 5aa and 6aa were fully characterized by their spectroscopic data (IR, 

1
H, 

13
C NMR and HRMS). The 

1
H NMR data shows the appearance of 

characteristic double doublets of benzyl proton (δ 4.02) along with the 

disappearance of characteristic peak of starting material at δ 5.59. Total proton 

count at aliphatic region (5H) and aromatic region (10H) matches with our desired 

product. Further, 
13

C NMR data shows appearance of 4 peaks (δ 95.0, 72.2, 45.4, 

33.7 ppm) in the aliphatic regions and additional peaks in the aromatic region 

clears the formation of our desired spiro compound 5aa. The quaternary carbon 
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assigned at δ 95.0 ppm. The HRMS spectrum shows the presence of molecular 

ion peak [M+Na]
+
: 380.0556 which corresponds to the molecular weight of 

product of 5aa. The relative configuration of major isomer 5aa is cis-form, which 

was unequivocally assigned by its single crystal X-ray diffraction data (Figure 

3.3). The poor yield of 4aa (37%) was accounted due to the incomplete 

condensation-hemiacetalization reaction between paraformaldehyde and Michael 

adduct (3aa) in MeOH. Next, our efforts were focused on optimization of the step 

2 by conducting the reactions in different organic solvents (instead of MeOH) 

such as THF, toluene and CH2Cl2 in the presence of DABCO (30 mol%) at room 

temperature for 16 h (entries 2-4). Surprisingly, in all these cases, the major 

spiro-δ-lactone (5aa) was isolated in good yields (59-65%, entries 2-4). Since, 

CH2Cl2 has a lower boiling point as well as is suitable media for PCC oxidation; it 

was chosen to be the best solvent for further investigations. In order to evaluate 

the effects of catalysts on this three step sequence process, we tested several 

readily available α-aminoacids (L-proline, glycine and L-phenyl alanine) and 

organic bases (DBU and Hünig base) as the catalysts. As shown in Table 3.1, 

glycine and L-phenyl alanine were inferior catalysts for this transformation which 

resulted in lower yields (entries 8 and 9). Collectively, the best results with 

respect to yield, time and diastereoselectivity were obtained by performing the 

reaction in CH2Cl2 with 20 mol% L-proline and 30 mol% DBU at room 

temperature. Under these optimal conditions, a very good yield (67%) of major 

isomer 5aa and moderate diastereomeric ratio (3:1) were observed (entry 6). 

 

Figure 3.3 Crystal data and structure refinement for 5aa 
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Table 3.1 Optimization of Michael-condensation-hemiacetalization sequence       

process  

 

Entry Conditions dr
c
 

5aa:6aa 

Yield
b
 (%) 

5aa:6aa 

1 I.  L-proline, MeOH, rt, 24 h 

II. HCHO, DABCO, MeOH, 30 h 
70:30 24:8 

2 I. L-proline, MeOH, rt, 24 h 

II. HCHO, DABCO, THF, rt, 20 h 
70:30 63:20 

3 I. L-proline, MeOH, rt, 24 h 

II. HCHO, DABCO, CH2Cl2, rt, 16 h 
75:25 65:19 

4 I. L-proline, MeOH, rt, 24 h 

II. HCHO, DABCO, toluene, rt, 20 h 
72:28 59:18 

5 I. L-proline, CH2Cl2,  rt, 24 h 

II. HCHO, DABCO, CH2Cl2, rt, 20 h 
75:25 63:17 

6. I. L-proline, CH2Cl2,  rt, 24 h 

II. HCHO, DBU, CH2Cl2, rt, 20 h 
75:25 67:21 

7 I. L-proline, CH2Cl2,  rt, 24 h 

II. HCHO, (i-Pr)2NEt, CH2Cl2, rt, 20 h 
71:29 42:11 

8. I. Glycine, CH2Cl2,  rt, 24 h 

II. HCHO, DBU, CH2Cl2, rt, 20 h 
70:30 15:3 

9. I. L-phenyl-alanine, CH2Cl2, rt, 24 h 

II. HCHO, DBU, CH2Cl2, rt, 9 h 
nd >10 
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a
Unless otherwise mentioned, all the reactions were performed with 5-memberd 

cyclic sulfamidate imines 1a-f (0.2 mmol), 2a-j (0.22 mmol) and L-proline (0.04 

mmol) in dry CH2Cl2 (1.0 mL) at room temperature under nitrogen atmosphere 

for 24-30 h, after that HCHO (0.26 mmol) and DBU (0.06 mmol) were added for 

7-9 h and followed by PCC (0.6 mmol) oxidation in CH2Cl2 (2.0 mL) at 40 ºC for 

6-8 h. 
b
Diastereomeric ratio was calculated by the corresponding peak of the 

1
H 

NMR spectrum of the crude product. 
c
Isolated yield after column 

chromatography. 
d
Yield of mixture of diastereomers. 

3.3.1.2 Plausible mechanism 

A plausible mechanism for the formation of spiro-δ-lactones 5aa and 6aa has 

been depicted in Scheme 3.6. Presumably, in the first step, iminium species 7 is 

generated via a condensation reaction of trans-cinnamaldehyde 2a with L-proline. 

Then the cyclic enamine 1a (tautomeric form of 1a) attacks iminium species 7 to 

form intermediate 8 which undergoes hydrolysis to generate Michael adduct 3aa. 

In the second step, a carbanion intermediate 9 is formed by removing an acidic 

proton from cyclic sulfamidate imine of 3aa using a base which may attack 

formaldehyde and subsequently undergo intramolecular hemiacetalization through 

the chair-like six-membered TS 1-4 leading to the spiro δ-lactols 10 and 11. The 

resulting diastereoselectivity may be explained from the above transition states 

(TS 1-4). For instance, in general, the bulky phenyl group prefers to adopt an 

equatorial position rather than an axial one in a chair form of a six-membered ring 

as shown in TS 1-TS 4. Thus, the fate of diastereomeric ratio depends on the 

orientation of the C-O and C-C-Ph parts of cyclic sulfamidate imine in a chair-

form. For example, in both the cases TS 1 and TS 2, the smaller size C-O bond 

and larger size C-C-Ph substituents are adopted at an axial and an equatorial 

position respectively, which are energetically minima in comparison to the TS3 

and TS4. Finally, in the third step, spiro-δ-lactones 5aa and 6aa are obtained via 

in situ oxidation of corresponding 10 and 11 by pyridinium chlorochromate 

(PCC). 
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Scheme 3.6 Probable mechanism for the formation of spiro-δ-lactones 

3.3.1.3 Generality and substrate scope 

Next, we utilized these optimized reaction conditions to investigate the scope and 

generality of this sequential one-pot three component reaction by the various 

combinations of structurally varied diverse steric and stereoelectronic 

environments of β-aryl/alkyl-substituted acroleins (1a-f) with 4-aryl-substituted 

cyclic sulfamidate imines (2a-j) in the presence of a strong electrophilic 

paraformaldehyde. The resulting functionalized spiro-δ-lactols were further 

converted into the corresponding more stable spiro-δ-lactones through in situ 

oxidation by PCC. The results are summarized in Table 3.2. Neither electron 

donating (Me, OMe, OBn) nor electron withdrawing substituents (Br, Cl and 

NO2) on the aromatic ring of trans-β-aryl-substituted acroleins had a noticeable 

effect on the outcome. All produced good to high overall yields (77-85%, entries 

2-8) and moderate to good diastereomeric ratio values (72:28 to 85:15) of the 

spiro-δ-lactones 5ab-ah and 6ab-ah, when 4-phenyl-5H-1,2,3-oxathiazole-2,2-

doxide (1a) was used as a nucleophile. Not only aryl but also a hetero-aryl-

substituted β-acrolein 2i (entry 9) afforded the good combined yield (75%) of 

spiro-δ-lactones 5ai (57%) and 6ai (18%) with a moderate dr (74:26). It is 

noteworthy that alkyl-substituted β-acroleins are well known to be poor Michael 

acceptors. Pleasantly, in our optimal conditions, alkyl-substituted β-acrolein 2j 

(entry 10) reacted smoothly with a cyclic imine 1a, leading to the desired spiro-δ-
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lactones 5aj and 6aj in high combined yield 81% (59% of 5aj and 22% of 6aj). 

Similarly, incorporation of several functional groups such as electron donating 

(Me and OMe) and electron withdrawing (Cl and Br) groups on aryl rings of 4-

aryl-substituted cyclic sulfamidate imines (1b-f, entries 11-17) did not pose any 

difficulty with β-aryl/alkyl-substituted acrolein derivatives by this sequential one-

pot procedure and resulted in clean and complete Michael-condensation-

hemiacetalization reactions, providing the corresponding anticipated products in 

high overall yields (80–83%) and a variable range of diastereomeric ratio values 

(70:30 to 84:16). Moreover, our current method excels in a variety of sensitive 

functional groups namely OMe, OBn, NO2, Cl, Br, furyl etc. 
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Table 3.2 One-pot stereoselective synthesis of 4,10-disubstituted-1,7-dioxa-2-

thia-3-azaspiro[4.5]dec-3-en-8-one-2,2-dioxides 

 



                                                                                                                     Chapter 3                          

121 
 

3.3.1.4 Enantioselective synthesis of spirosulfamidate imine fused 

δ-lactone moiety 

Moreover, after successfully developing an efficient, catalytic one-pot sequential 

process for the construction of functionalized spirosulfamidate imine fused δ-

lactone moiety in a diastereoselective manner, next we turned our attention 

towards the enantioselective version of this reaction by using (S)-(-)-α,α-diphenyl-

2-pyrrolidinemethanol trimethylsilyl ether as a catalyst which is well known to be 

a highly efficient catalyst for various organic transformations
[55-58]

. As shown in 

Scheme 3.7, the reaction between 1a and trans-cinnamaldehyde (2a) proceeded 

smoothly in CH2Cl2 at room temperature by the use of 10 mol% loading of a 

catalyst, followed by the additions of formaldehyde and DBU and subsequent 

PCC oxidation of resulting spiro-δ-lactol, leading to the good yield (5aa, 62%) 

and enantioselectivity (70% ee) of major diastereomer 5aa. Pleasantly, a 

significant improvement of enantioselectivity (91% ee) was obtained when the 

Michael reaction was conducted at 4 ºC. It should be noted that L-proline was 

given a very poor enantioselectivity (18% ee) in our present conditions. 

 

Scheme 3.7 One-pot enantioselective synthesis of spiro-δ-lactone 

3.3.1.5 Synthesis of trans-cis-β-amino-α-azido derivative 

Next, we have realized that the obtained Michael adduct 3aa (57:43 dr) may be 

converted into the synthetically valuable intermediate β-amino-α-azido derivative. 

Towards this goal, the reductions of pro-chiral C=N bond and aldehyde group of 

Michael adduct 3aa have been carried out in situ by NaBH4 in MeOH at 0 ºC to 

furnish the cyclic sulfamidates 12 (37%) and 13 (54%) respectively. Afterwards, 
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the Boc protections of both NH and OH groups of compound 12 have been 

performed using Boc2O in the presence of catalytic amount of DMAP in CH2Cl2, 

leading to compound 14 in excellent yield (85%). The relative configuration of 

the product 14 (cis-trans) was confirmed by ORTEP data (Fig. 3.4). Finally, 

trans-cis-β-amino-α-azido derivative 15 has been successfully achieved in 90% 

yield from 14 via a nucleophilic substitution reaction with NaN3 in DMF at 50 ºC 

in a stereospecific manner (Scheme 3.8). 

Scheme 3.8 Stereoselective synthesis of trans-cis-β-amino-α-azido compound 

 

Figure 3.4 ORTEP diagram of compound 14 
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3.4 Conclusion 

A simple, organocatalytic (L-proline and DBU) and robust one-pot three-

component reaction involving Michael-condensation-hemiacetalization sequence 

process for the stereoselective synthesis of previously unknown class of 

functionalized δ-lactone fused spiro-sulfamidate imine derivatives through in situ 

oxidation of spiro-δ-lactols by PCC as an oxidant has been developed. This three-

step sequence process is coupled with several advantages such as being catalytic, 

mild reaction conditions (room temperature), excellent overall yield ( 88%), 

good diastereoselectivity (upto 5:1 dr) and broad substrate scope. In addition, 

diphenylprolinol silyl ether catalysed, highly efficient enantioselective version of 

this spiro-δ-lactone has been realized. Moreover, Michael adduct could be utilized 

for the transformation of synthetically valuable intermediate β-amino-α-azido 

compound. 

3.5 Experimental Section 

3.5.1 General Information 

All reactions were carried out either under inert atmosphere or air and monitored 

by TLC using Merck 60 F254 pre coated silica gel plates (0.25 mm thickness) and 

the products were visualized by UV detection. Flash chromatography was carried 

out with silica gel (200-300 mesh). FT-IR spectra were recorded on a 

BrukerTensor-27 spectrometer. 
1
H and 

13
C NMR spectra were recorded on a 

Bruker Avance (III) 400 MHz spectrometer. Data for 
1
H NMR are reported as a 

chemical shift (δ ppm), multiplicity (s = singlet, d = doublet, q = quartet, m = 

multiplet), coupling constant J (Hz), integration, and assignment, data for 
13

C are 

reported as a chemical shift. High resolutions mass spectral analyses (HRMS) 

were carried out using ESI-TOF-MS. Single crystal X-ray structural studies were 

performed on a CCD Agilent Technologies (Oxford Diffraction) SUPER NOVA 

diffractometer. Data were collected at 293(2) K using graphite-monochromoated 

Mo Kα radiation (λα = 0.71073 Å). The strategy for the Data collection was 

evaluated by using the CrysAlisPro CCD software. The data were collected by the 



                                                                                                                     Chapter 3                          

124 
 

standard 'phi-omega scan techniques, and were scaled and reduced using 

CrysAlisPro RED software. The structures were solved by direct methods using 

SHELXS-97 and refined by full matrix least-squares with SHELXL-97, refining 

on F
21

. 

The positions of all the atoms were obtained by direct methods. All non-hydrogen 

atoms were refined anisotropically. The remaining hydrogen atoms were placed in 

geometrically constrained positions and refined with isotropic temperature 

factors, generally 1.2Ueq of their parent atoms.  

 

3.5.2 Materials   

All these starting materials and catalysts were either purchased from commercial 

sources or synthesized by literature known procedures.
[58] 

CH2Cl2 was dried over 

calcium hydride under argon atmosphere and distilled under reduced pressure 

before prior used. 

General procedure for the synthesis of spiro-δ-lactone derivatives 

(Table 3 2):  

To a stirred solution of 5-membered cyclic sulfamidate imine (1a-f, 0.2 mmol) 

and trans-β-aryl/alkyl-substituted acroleins (2a-j, 0.22 mmol) in CH2Cl2 in (1.0 

mL) under nitrogen atmosphere was added L-proline (0.04 mmol) at room 

temperature. The progress of the reaction was monitored by TLC. After 

completion of the reaction, paraformaldehyde (0.26 mmol) and DBU (0.06 mmol) 

were added to the above reaction mixture. The stirring was continued for 7-9 h 

(monitored by TLC). After that PCC (0.6 mmol) in CH2Cl2 (2.0 mL) was added. 

The resulting mixture was refluxed at 40 ºC for 6-8 h. Then the reaction mixture 

was passed through celite-pad to remove the inorganic materials and washed with 

ethyl acetate. The combined organic phase was evaporated by rotary evaporator 

under reduced pressure to give the crude product. The crude product was purified 

by column chromatography over silica gel to furnish the pure spiro-δ-lactones. 

The products were characterized by their corresponding spectroscopic data (IR, 
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1
H and 

13
C NMR, HRMS).  All the products in Table 3.2 have been synthesized 

by this procedure. 

Cis-4,10-diphenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro[4.5]dec-3-en-8-one 

(5aa): white solid; mp: 138-140 °C; IR (KBr): ν 2925, 1768, 

1592, 1562, 1498, 1453, 1378, 1297, 1273, 1235, 1205 cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ (major isomer) 8.05-8.07 (m,  

2H), 7.77-7.82 (m, 1H), 7.61-7.66 (m, 2H), 7.28-7.30 (m, 

1H), 7.21-7.25 (m, 2H), 6.88-6.90 (m, 2H), 5.16 (d, J = 13.6 Hz, 1H), 4.77 (d, J = 

13.8 Hz, 1H), 4.02 (dd, J = 4.0, 13.5 Hz, 1H), 3.29-3.36 (m, 1H), 2.97-3.03 (m, 

1H); 
13

C NMR (100 MHz, CDCl3): δ (major isomer) 176.4, 168.7, 136.2, 132.2, 

130.5, 130.4, 129.7, 129.6, 129.3, 128.8, 95.0, 72.2, 45.4, 33.7; HRMS (ESI) m/z 

calculated for C18H15NO5S [M+Na]
+
: 380.0563, found 380.0566. 

           Trans-4,10-diphenyl-1,7-dioxa-2,2-dioxide-2-thia-3-azaspiro[4.5]dec-3-en-8-

one (6aa): white solid; mp: 130-132 °C; IR (KBr): ν 3065, 

2978, 2924, 2855, 1768, 1591, 1556, 1451, 1375, 1276, 1230 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ (minor isomer) 7.46-

7.50 (m, 1H), 7.36-7.38  (m, 2H), 7.22-7.26 (m, 2H), 7.07-

7.13 (m, 3H), 6.98-7.02 (m, 2H), 5.17 (d, J = 13.3 Hz, 1H), 4.72 (d, J = 13.3 Hz, 

1H), 4.06-4.09 (m, 1H), 3.26-3.32 (m, 1H) 3.10-3.16 (m, 1H); 
13

C NMR (100 

MHz, CDCl3): δ (minor isomer) 178.04, 168.9, 134.8, 134.7, 130.2, 129.4, 129.2, 

129.1, 128.3, 128.2, 96.9, 70.0, 46.9, 33.1; HRMS (ESI) m/z calculated for 

C18H15NO5S [M+Na]
+
: 380.0563, found 380.0566. 

Cis-4-phenyl-10-(4-methylphenyl)-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one  (5ab): white solid; mp: 110-112 °C; 

IR (KBr): ν 2956, 2924, 2857, 1754, 1632, 1595, 1561, 

1517, 1449, 1377 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

(major isomer) 8.04-8.07 (m, 2H), 7.77-7.80 (m, 1H), 7.01-

7.03 (m, 2H), 6.77-6.79 (m, 2H), 5.16 (d, J = 13.6  Hz, 1H), 4.75 (d, J = 13.5 Hz, 

1H), 4.01 (dd, J = 4.3, 13.5 Hz, 1H), 3.25-3.33 (m, 1H), 2.94-2.99 (m, 1H); 
13

C 

NMR (100 MHz, CDCl3): δ 176.4, 168.8, 139.5, 136.1,130.6, 130.3, 129.9, 
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129.2, 128.7, 127.1, 95.1, 72.3, 45.0, 33.9, 21.4; HRMS (ESI) m/z calculated for 

C19H17NO5S [M+Na]
+
: 394.0720, found 394.0726. 

Trans-4-phenyl-10-(4-methylphenyl)-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro-

[4.5]dec-3-en-8-one (6ab): white solid; mp: 108-110 °C; 

IR (KBr): ν 2956, 1769, 1630, 1595, 1560, 1517, 1449, 

1377, 1278, 1203 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

(minor isomer) 7.47-7.51(m, 1H), 7.35-7.37 (m, 2H), 7.21-

7.25 (m, 2H), 6.85-6.90 (m, 4H), 5.16 (d, J = 13.3 Hz, 1H), 

4.70 (d, J = 13.3 Hz, 1H), 4.01-4.05 (m, 1H), 3.24-3.30 (m, 1H), 3.06-3.12 (m. 

1H), 2.19 (s, 3H); HRMS (ESI) m/z calculated for C19H17NO5S [M+Na]
+
: 

394.0720, found 394.0726.  

  Cis-4-phenyl-10-(2-methoxyphenyl)-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (5ac): white solid; mp: 146-148 °C; 

IR (KBr): ν 2961, 2933, 2842, 2359,  1768, 1594, 1561, 

1495, 1462, 1374, 1330, 1298, 1253 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ (major isomer) 8.11-8.13 (m, 2H), 7.73-

7.77 (m, 1H), 7.59-7.63 (m, 2H), 7.26-7.30 (m, 2H), 7.00-7,04 (m, 1H), 6.67-6.69 

(m,1H), 5.03 (d, J = 13.6Hz, 1H), 4.70 (d, J =13.5Hz, 1H), 4.61 (dd, J1 = 4.0 Hz, 

J2 = 8.8 Hz, 1H), 3.26-3.33 (m, 1H), 3.14 (s, 3H), 2.92 (dd, J1 = 4.0 Hz, J2 = 10.2 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ (major isomer) 177.4, 170.0, 156.4, 

135.5, 130.5, 130.3, 129.7, 129.7, 127.3, 121.4, 121.2, 110.3, 95.3, 71.9, 54.5, 

37.7, 33.5; HRMS (ESI) m/z calculated for C19H17NO6S [M+H]
+
: 388.0849, 

found 388.0916. 

4-Phenyl-10-(4-methoxyphenyl)-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (5ad & 6ad): white solid; mp: 110-

112 °C; IR (KBr): ν 2960, 2935, 2842, 1752, 1611, 1593, 

1561, 1515, 1448, 1374, 1305, 1256 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ (mixture of two diastereomers) 8.05-8.07 

(m, 1.4H), 7.77-7.81(m, 0.7H), 7.62-7.65(m, 1.4H), 7.49-

7.52(m, 0.3H), 7.39-7.43(m, 0.7H), 7.26-7.29(m, 0.9H), 6.88-6.90(m, 0.9H), 6.80-
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6.83(m, 1H), 6.71-6.73(m, 1H), 6.59-6.61(m, 0.7H), 5.15-5.18(m, 1H), 4.68-

4.76(m, 1H), 4.00-4.12(m, 1H), 3.73(s, 2.1H), 3.68(s, 0.9H), 3.22-3.30(m, 1H), 

2.93-3.12(m, 1H); 
13

C NMR (100 MHz, CDCl3): δ (major isomer) 176.5, 168.8, 

160.3, 136.2, 130.3, 130.0, 129.4, 127.1, 124.3, 114.6, 95.4, 72.3, 55.5, 44.5, 

34.1;  
13

C NMR (100 MHz, CDCl3): δ (minor isomer) 178.3, 169.2, 160.0, 134.8, 

130.6, 130.3, 129.2, 128.4, 126.4, 114.7, 97.3, 70.0, 55.6, 46.2, 33.3; HRMS 

(ESI) m/z calculated for C19H17NO6S [M+Na]
+
: 410.0669  found 410.0664. 

Cis-4-phenyl-10-(4-benzyloxy-3-methoxyphenyl)-1,7-dioxa-2-thia-2,2-dioxide-

3-azaspiro[4.5]dec-3-en-8-one (5ae): white solid; mp: 

130-132 °C; IR (KBr): ν 2950, 2930, 2852, 1753, 1643, 

1604, 1562, 1515, 1465, 1424, 1373, 1265 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ (major isomer) 8.00-8.02 (m, 2H), 

7.74-7.78 (m,1H), 7.58-7.62 (m, 2H), 7.29-7.40 (m, 7H), 

6.63-6.65 (m, 1H), 6.47-6.48 (m, 1H), 6.30-6.32 (m, 1H), 5.17 (d, J = 13.28 Hz, 

1H), 5.05 (s, 2H), 4.74 (d, J = 13.5 Hz, 1H), 4.00 (dd, J = 4.8, 13.6Hz, 1H), 3.66 

(s, 3H), 3.20-3.28 (m, 1H), 2.94-3.00 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 

(major isomer) 176.2, 168.3, 150.0, 149.0, 136.9, 136.0, 130.5, 130.2, 128.9, 

128.3, 127.6, 125.2, 121.4, 115.6, 113.9, 112.0, 95.3, 72.4, 71.2, 56.1, 44.8, 34.2; 

HRMS (ESI) m/z calculated for C26H23NO7S[M+Na]
+
: 516.1087, found 

516.1087. 

 Trans-4-phenyl-10-(4-benzyloxy-3-methoxyphenyl)-1,7-dioxa-2-thia-2,2-

dioxide-3-azaspiro[4.5]dec-3-en-8-one (6ae): white 

solid; mp: 130-132 °C; IR (KBr): ν 2957, 2924, 2853, 

1771, 1632, 1594, 1560, 1516, 1456, 1376, 1269  cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ (minor isomer) 7.26-7.47 

(m, 10H), 7.19-7.23 (m, 2H), 6.52-6.56 (m, 2H), 6.38-

6.41 (m, 1H), 5.10 (d, J = 13.56 Hz, 1H), 5.02-5.03 (m, 2H), 4.69 (d, J = 13.6 Hz, 

1H), 4.01-4.04 (m, 1H), 3.69 (s, 3H), 3.20-3.26 (m, 1H), 3.05-3.12 (m, 1H); 

HRMS (ESI) m/z calculated for C26H23NO7S[M+Na]
+
: 516.1087, found 

516.1087. 
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Cis-10-(4-bromophenyl)-4-phenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (5af): white solid; mp 140-142 °C; IR 

(KBr): ν 2957, 2925, 2854, 1749, 1632, 1594, 1561, 1491, 

1449, 1378, 1204 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.04-

8.06 (m, 2H), 7.78-7.82 (m, 1H), 7.62-7.66 (m, 2H), 7.35-

7.37 (m, 2H), 6.76-6.78 (m, 2H), 5.17 (d, J = 13.6 Hz, 1H), 

4.76 (d, J = 13.6 Hz, 1H), 4.00 (dd, J = 4.3, 13.6 Hz, 1H), 3.22-3.30 (m, 1H), 

2.94-2.99 (m 1H); 
13

C NMR (100 MHz, CDCl3): δ 176.1, 168.2, 136.4, 132.5, 

131.3, 130.5, 130.4, 130.4, 126.9, 124.0, 94.5, 72.2, 44.9, 33.7. 

Trans-10-(4-bromophenyl)-4-phenyl-1,7-dioxa-2-thia-3-azaspiro[4.5]dec-3-

en-8-one 2,2-dioxide (6af): white solid; mp: 135-137 °C;  

1
H NMR (400 MHz, CDCl3): δ (minor isomer) 7.54-7.58 (m, 

1H), 7.40-7.43 (m, 2H), 7.28-7.34 (m, 2H), 7.18-7.23 (m, 

2H), 6.82-6.84 (m, 2H), 5.14 (d, J = 13.3 Hz, 1H), 4.74 (d, J 

= 12.0Hz, 1H), 4.01-4.05 (m, 1H), 3.21-3.27 (m, 1H), 3.05-3.11 (m, 1H).  

Cis-10-(4-chlorophenyl)-4-phenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one 2,2-dioxide (5ag): white solid; mp: 128-

130 °C; IR (KBr): ν 2959, 2924, 2854, 1750, 1636, 1594, 

1561, 1493, 1450, 1378, 1204 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ (major isomer) 8.04-8.05 (m, 2H), 7.78-7.82 (m, 

1H), 7.62-7.66 (m, 2H), 7.19-7.21 (m, 2H), 6.82-6.84 (m, 

2H), 5.17 (d, J =  13.5 Hz, 1H), 4.76 (d, J = 13.6 Hz, 1H), 4.03 (dd, J = 4.3, 13.8 

Hz, 1H), 3.22-3.30 (m, 1H), 2.94-2.99 (m, 1H);  
13

C NMR (100 MHz, CDCl3): δ 

(major isomer) 176.1, 168.3, 136.4, 135.8, 130.8, 130.6, 130.4, 130.2, 129.6, 

126.9, 94.7, 72.2, 44.8, 33.7; HRMS (ESI) m/z calculated for C18H14ClNO5S 

[M+Na]
+
: 414.0170, found 414.0177. 
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Trans-10-(4-chlorophenyl)-4-phenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one  (6ag): white solid; mp: 125-127 °C; IR 

(KBr): ν 2961, 2923, 2854, 1773, 1633, 1593, 1561, 1494, 

1447, 1372, 1277, 1236 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

(minor isomer) 7.53-7.57 (m, 1H), 7.41-7.44 (m, 2H), 7.29-

7.33 (m, 2H), 7.03-7.07 (m, 2H), 6.88-6.91 (m, 2H), 5.15 (d, J 

= 13.6 Hz, 1H), 4.74 (d, J = 13.6 Hz, 1H), 4.03-4.07 (m, 1H), 3.20-3.26 (m, 1H), 

3.06-3.12 (m, 1H); HRMS (ESI) m/z calculated for C18H14ClNO5S[M+Na]
+
: 

414.0170, found 414.0177.  

Cis-10-(4-Nitrophenyl)-4-phenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one  (5ah): white solid; mp: 138-140 °C;  

IR (KBr): ν 2924, 2853, 1737, 1596, 1561, 1522, 1448, 1373, 

1348, 1202 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ (major 

isomer) 8.06-8.12 (m, 4H), 7.82-7.86 (m, 1H), 7.66-7.70 (m, 

2H), 7.07-7.10 (m, 2H), 5.19 (d, J = 13.6 Hz, 1H), 4.80 (d, J 

= 13.6 Hz, 1H), 4.11-4.16 (m, 1H), 3.30-3.38 (m, 1H), 3.00-3.05 (m, 1H); 
13

C 

NMR (100 MHz, CDCl3): δ (major isomer) 175.8, 167.8, 148.7, 139.1, 136.7, 

130.7, 130.5, 130.0, 126.6, 124.5, 94.1, 72.1, 45.2, 33.3; HRMS (ESI) m/z 

calculated for C18H14N2O7S [M+Na]
+
: 425.0414 , found: 424.0418. 

Cis-4-phenyl-10-(2-furyl)-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro[4.5]dec-3-

en-8-one (5ai): white solid; mp: 108-110 °C; IR (KBr): ν 

2992, 2961, 2925, 1754, 1589, 1557, 1451, 1411, 1371, 1243 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ (major isomer) 8.08-8.11 

(m, 2H), 7.75-7.80 (m, 1H), 7.62-7.66 (m, 2H), 7.26-7.27 (m, 

1H), 6.29-6.31 (m, 1H), 6.15-6.16 (m, 1H), 5.04 (d, J = 13.6 Hz, 1H), 4.67 (d, J = 

13.6 Hz, 1H), 4.27 (dd, J = 4.5, 13.3 Hz, 1H), 3.21-3.29 (m, 1H), 3.08-3.13 (m, 

1H) ; 
13

C NMR (100 MHz, CDCl3): δ (major isomer) 176.4, 167.5, 146.6, 143.8, 

136.0, 130.5, 130.3, 128.6, 111.1, 110.1, 93.6, 72.1, 39.8, 31.5; HRMS (ESI) m/z 

calculated for C16H13NO6S [M+Na]
+
: 370.0356, found 370.0354. 
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Trans-4-phenyl-10-(2-furyl)-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro[4.5]dec-

3-en-8-one (6ai): white solid; mp: 111-113 °C; IR (KBr): ν  

2977, 2937, 1781, 1591, 1557, 1449, 1381, 1280, 1247, 1205  

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ (minor isomer) 7.52-7.59 

(m, 3H), 7.32-7.36 (m, 2H), 7.04-7.05 (m, 1H), 6.10-6.11 (m, 

1H), 6.03-6.05 (m, 1H), 5.19 (d, J = 13.3 Hz, 1H), 4.67 (d, J = 13.3 Hz, 1H), 

4.11-4.14 (m, 1H), 3.27-3.33 (m, 1H), 3.03.-3.09 (m, 1H); HRMS (ESI) m/z 

calculated for C16H13NO6S [M+Na]
+
: 370.0356, found 370.0354. 

Cis-4-phenyl-10-propyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro[4.5]dec-3-en-

8-one (5aj): gummy compound; IR (KBr): ν 2963, 2930, 2872, 

1761, 1592, 1558, 1452, 1372, 1291, 1203 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ (major isomer) 8.07-8.09 (m, 2H), 7.75-7.79 (m, 

1H), 7.59-7.64 (m, 2H), 4.98 (d, J = 13.2 Hz, 1H), 4.59 (d, J = 

13.5 Hz, 1H), 2.88-2.94 (m, 1H), 2.81-2.86 (m, 1H), 2.55-2.62 (m, 1H), 1.55 (s, 

3H), 1.25 (s, 1H), 0.76 (t, J = 7.3 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

(major isomer) 177.1, 168.6, 136.3, 130.4, 130.3, 126.7, 96.0, 72.3, 39.4, 32.6, 

30.6, 19.3, 13.8; HRMS (ESI) m/z calculated for C15H17NO5S[M+Na]
+
: 

346.0720, found 346.0768. 

Trans-4-phenyl-10-propyl-1,7-dioxa-2-thia-3-azaspiro[4.5]dec-3-en-8-one 2,2-

dioxide (6aj ): gummy compound;  IR (KBr): ν 2959, 2924, 

2854, 1742, 1638, 1462, 1405, 1378, 1261, 1203, 1102 cm
-1

; 
1
H 

NMR (400 MHz, CDCl3): δ (minor isomer) 7.94-7.96 (m, 2H), 

7.71-7.75 (m, 1H), 7.75-7.61 (m, 2H), 4.95 (d, J = 13.6 Hz, 1H ), 

4.63 (d, J = 13.2 Hz, 1H), 4.20-4.29 (m, 1H), 2.90-2.96 (m, 1H), 2.70-2.77 (m, 

1H), 2.44-2.50 (m, 1H), 1.25-1.26 (m, 1H), 1.16-1.18 (m, 1H), 0.78 (t, J = 7.0 Hz, 

3H); HRMS (ESI) m/z calculated for C15H17NO5S[M+Na]
+
: 346.0720, found 

346.0768. 
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  10-Phenyl-4-(4-methylphenyl)-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (5ba & 6ba): white solid; mp: 120-122 

°C;  IR (KBr): ν 2958, 2925, 2869, 2360, 2338, 1760, 1609, 

1585, 1550, 1498, 1454, 1375, 1297, 1204 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ (mixture of diastereomer) 7.96-7.98 

(m 1.3H), 7.41-7.43 (m, 1.3H), 7.26-7.29 (m, 1.05H), 7.20-

7.24 (m, 1.4H), 7.10-7.14 (m, 1.3H), 7.00-7.04 (m, 1.3H), 6.90-6.93 (m, 1.3H), 

5.11-5.16 (m, 1H), 4.73 (d, J = 13.5 Hz, 0.65H), 4.66 (d, J = 13.6 Hz, 0.35 H), 

4.05-4.09 (m, 1H), 3.25-3.35 (m, 1H), 3.12-3.18 (m, 0.35H), 2.95-3.01 (m, 

0.65H), 2.52 (s, 1.95H), 2.34 (s, 1.05H);  
13

C NMR (100 MHz, CDCl3): δ (major 

isomer) 176.1, 168.9, 148.1, 132.4, 131.1, 129.9, 129.4, 129.2, 128.9, 124.2, 94.9, 

72.4, 45.3, 33.7, 22.4; 
13

C NMR (100 MHz, CDCl3): δ (minor isomer) 177.6, 

169.1, 146.7, 134.8, 130.7, 130.6, 129.5, 129.1, 128.3, 125.4, 96.9, 70.2, 46.9, 

33.1, 22.1; HRMS (ESI) m/z calculated for C19H17NO5S[M+Na]
+
: 394.0720, 

found 394.0726. 

4-(4-methoxyphenyl)-10-phenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (5ca & 6ca): white solid;  mp: 152-

154 °C; IR (KBr): ν 3010, 2932, 2849, 2361, 2339, 1751, 

1606, 1582, 1543, 1513, 1457, 1428, 1406, 1368, 1314, 

1267, 1203, 1175, 1129, 1073, 1053, 1020 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 8.05-8.07 (m, 1.5H), 7.35-7.37 (m, 0.75H), 7.26-7.30 (m, 

0.75H), 7.21-7.25 (m, 1.75H), 7.14-7.16 (m, 0.75H), 7.08-7.10 (m, 1.5H), 6.93-

6.95 (m, 1.5H), 6.66-6.69 (m, 0.5H), 5.07-5.13 (m, 1H), 4.73 (d, J = 13.5 Hz, 

0.75H), 4.64 (d, J = 13.3 Hz, 0.25H), 4.03-4.09 (m, 1H), 3.97 (s, 2.25H), 3.82 (s, 

0.75H), 3.27-3.36 (m, 1H), 3.13-3.19 (m. 0.25H), 2.95-3.01 (m, 0.75H); 
13

C 

NMR (100 MHz, CDCl3): δ (major isomer) 175.2, 168.9, 166.1, 133.4, 133.3, 

129.5, 129.2, 128.9,  119.0, 115.8, 94.7, 72.6, 56.3, 45.5, 33.7; 
13

C NMR (100 

MHz, CDCl3): δ (minor isomer) 176.5, 169.1, 165.3,135.2, 132.5, 129.5, 129.1, 

128.4, 120.0, 114.6, 96.6, 70.3, 56.1, 47.1, 33.2; HRMS (ESI) m/z calculated for 

C19H17NO6S [M+Na]
+
: 410.0669, found 410.0686. 
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 Cis-4-(3-bromophenyl)-10-phenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (5da): white solid; mp 128-130 °C; 

IR (KBr): ν 2958, 2924, 2855, 1751, 1589, 1555, 1456, 

1381, 1204, 1053 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

(major isomer) 8.19-8.20 (m, 1H), 7.90-7.96 (m, 2H), 

7.50-7.54 (m, 1H), 7.26-7.31 (m, 3H), 6.89-6.91 (m, 2H), 

5.09 (d, J = 13.6 Hz, 1H), 4.75 (d, J = 13.5 Hz, 1H), 3.95 (dd, J = 4, 13.6 Hz, 1H), 

3.28-3.36 (m, 1H), 2.99-3.04 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ (major 

isomer) 175.4, 168.5, 138.9, 133.4, 132.1, 131.6, 129.8, 129.4, 128.9, 128.8, 

128.6, 124.6, 95.0, 71.9, 45.2, 33.7. 

Trans-4-(3-bromophenyl)-10-phenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (6da): white solid; mp: 122-124 °C; 

IR (KBr): ν 2959, 2924, 2854, 1736, 1590, 1554, 1456, 

1376, 1201, 1080 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

(minor isomer) 7.57-7.60 (m, 1H), 7.33-7.34 (m, 2H), 7.10-

7.21 (m, 4H), 6.99-7.01 (m, 2H), 5.12 (d, J = 13.3 Hz, 1H), 

4.70 (d, 13.6 Hz, 1H), 4.05-4.09 (m, 1H), 3.28-3.35 (m, 1H), 3.07-3.13 (m, 1H).  

Cis-4-(2-chlorophenyl)-10-phenyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (5ea): white solid; mp: 130-132°C;  IR 

(KBr): ν 2959, 2926, 2857, 2362, 2338, 1753, 1621, 1457, 

1385, 1206, 1156, 1123, 1085, 1053 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ (major isomer) 7.52-7.58 (m, 2H), 7.33-7.42 

(m, 4H), 7.19-7.21 (m, 2H), 7.00-7.02 (m, 1H), 4.90 (d, J = 13.08 Hz, 1H), 4.79 

(d, J = 13.08 Hz, 1H), 3.62 (dd, J = 5.24, 13.04 Hz, 1H), 3.06-3.14 (m, 1H), 2.91-

2.97 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ (major isomer) 177.0, 167.1, 

134.3, 133.9, 133.8, 132.0, 129.9, 129.8, 129.4, 128.6, 128.6, 127.5, 96.0, 72.2, 

43.9, 35.7; HRMS (ESI) m/z calculated for C18H14ClNO5S[M+Na]
+
: 414.0173, 

found 414.0177.  
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 Trans-4-(2-chlorophenyl)-10-phenyl-1,7-dioxa-2-thia-3-azaspiro[4.5]dec-3-

en-8-one 2,2-dioxide (6ea): white solid; mp 125-127°C; IR 

(KBr): ν 2960, 2923, 2853, 1769, 1637, 1593, 1561, 1492, 

1448, 1377, 1277 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

(minor isomer) 7.34-7.37 (m, 1H), 7.26-7.30 (m, 1H), 7.13-

7.18 (m, 3H), 7.07-7.10 (m, 2H), 7.00-7.04 (m, 1H), 6.57-6.59 (m, 1H), 5.24 (d, J 

= 13.04 Hz, 1H), 4.84 (dd, J = 1.48, 12.8 Hz, 1H), 3.87-3.90 (m, 1H), 3.27-3.33 

(m, 1H), 2.77-2.83 (m, 1H); HRMS (ESI) m/z calculated for C18H14ClNO5S 

[M+Na]
+
: 414.0173, found 414.0177. 

 Cis-4-(2-chlorophenyl)-10-(4-methoxyphenyl)-1,7-dioxa-2-thia-3-azaspiro 

[4.5]dec-3-en-8-one 2,2-dioxide (5ed): white solid; mp: 

126-128 °C; IR (KBr): ν 2960, 2924, 1753, 1610, 1563, 

1514, 1468, 1378, 1304, 1255 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 7.37-7.39 (m, 1H), 7.29-7.33 (m, 1H), 7.04-

7.09 (m, 1H), 6.97-7.00 (m, 2H), 6.63-6.66 (m, 3H), 5.21 

(d, J = 13.0 Hz, 1H), 4.81 (d, J = 13.0 Hz, 1H), 3.80-3.84 (m, 1H), 3.72 (s, 3H), 

3.23-3.29 (m, 1H), 2.73-2.79 (m, 1H); 
13

C NMR (100 MHz, CDCl3): δ 177.0, 

167.3, 160.2, 133.3, 133.0, 131.5, 129.3, 128.4, 126.9, 114.9, 96.8, 69.5, 55.7, 

45.6, 34.5; HRMS (ESI) m/z calculated for C19H16ClNO6S[M+Na]
+
: 444.0279, 

found 444.0546. 

Cis-4-(2-chlorophenyl)-10-propyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (5ej): white solid; mp:  80-82 °C; IR 

(KBr): ν 2963, 2934, 2875, 2361, 2338, 1755, 1624, 1468, 1433, 

1385, 1289, 1206 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ (major 

isomer) 7.55-7.63 (m, 2H), 7.46-7.50 (1H), 7.32-7.34 (m, 1H), 

4.53-4.63 (m, 2H), 2.83-2.92 (m, 1H), 2.44-2.53 (m, 2H), 1.48-1.58 (m, 3H), 

1.25-1.31 (m, 1H), 0.97 (t, J = 6.8 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

177.5, 167.6, 133.8, 133.3, 132.0, 127.9, 127.8, 127.0, 96.8, 70.7, 36.9, 32.1, 31.9, 

19.5, 14.1; HRMS (ESI) m/z calculated for C15H16ClNO5S[M+Na]
+
: 380.0330, 

found 380.0316. 
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Trans-4-(2-chlorophenyl)-10-propyl-1,7-dioxa-2-thia-2,2-dioxide-3-azaspiro 

[4.5]dec-3-en-8-one (6ej): white solid; mp: 80-82 °C; IR (KBr): 

ν 2962, 2928, 2873, 1744, 1622, 1466, 1383, 1207  cm
-1

; 
1
H 

NMR (400 MHz, CDCl3): δ (minor isomer) 7.54-7.62 (m, 2H), 

7.44-7.48 (m, 1H), 7.33-7.36 (m, 1H), 4.90 (d, J = 12.6 Hz, 1H), 

4.64-4.68 (m, 1H), 2.94-3.00 (m, 1H), 2.55-2.61 (m, 1H), 2.30-2.36 (m, 1H), 1.57 

(s, 1H), 1.25 (s, 3H), 0.84 (t, J = 7.04 Hz, 3H); HRMS (ESI) m/z calculated for 

C15H16ClNO5S[M+Na]
+
: 380.0330, found 380.0316. 

Cis-4-(4-chlorophenyl)-10-(2-methoxyphenyl)-1,7-dioxa-2-thia-3-azaspiro 

[4.5]dec-3-en-8-one 2,2-dioxide (5fc): white solid; mp: 

142-144 °C; IR (KBr): ν 2967, 2938, 1772, 1587, 1553, 

1494, 1463, 1367, 1251 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ (major isomer) 8.07 (d, J = 8.4 Hz, 2H), 7.59 

(d, J = 8.4 Hz, 2H), 7.26-7.31 (m, 2H),  7.01-7.04 (m, 1H),  6.69-6.72 (m,  1H),  

4.98 (d, J = 13.6 Hz, 1H), 4.68 (d, J = 13.6 Hz, 1H), 4.53-4.57 (m, 1H), 3.27-3.33 

(m, 1H), 3.21 (s, 3H), 2.89-2.94 (m, 1H);  
13

C NMR (100 MHz, CDCl3): δ  

(major isomer) 176.5, 169.9, 156.3, 142.3, 131.7, 130.5, 130.2, 129.8, 125.8, 121.6, 

120.9, 110.4, 95.0, 71.7, 54.6, 37.9, 33.5; HRMS (ESI) m/z calculated for 

C19H16ClNO6S[M+Na]
+
: 444.0279, found 444.0546. 

One-pot enantioselective synthesis of 4,10-diphenyl-1,7-dioxa-2-

thia-2,2-dioxide-3-azaspiro[4.5]dec-3-en-8-one (Scheme 3.9):   

To a stirred solution of 4-phenyl-5H-1,2,3-oxathiazole-2,2-dioxides (1a, 39.4 mg,  

0.2 mmol) and trans-cinnamaldehyde (2a, 29.1 mg, 0.22 mmol) in  CH2Cl2 (1.0 

mL) under nitrogen atmosphere was added (S)-(-)-α,α-diphenyl-2-

pyrrolidinemethanol trimethylsilyl ether (6.5 mg, 0.02 mmol) at 4 °C.  The 

progress of the reaction was monitored by TLC. After completion of the reaction, 

paraformaldehyde (7.8 mg, 0.26 mmol) and DBU (9.12 mg, 0.06 mmol) were 

added to the above reaction mixture. The stirring was continued for 7 h 

(monitored by TLC) at ambient temperature. After that PCC (129.3 mg, 0.6 
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mmol) in CH2Cl2 (2.0 mL) was added and the resulting mixture was refluxed at 

40 ºC for 8 h. Then the reaction mixture was passed through celite-pad to remove 

the inorganic materials and washed with ethyl acetate. The combined organic 

phase was evaporated by rotary evaporator under reduced pressure to give the 

crude product. The crude product was purified by column chromatography over 

silica-gel to furnish the pure spiro-δ-lactone 5aa (44.2 mg). The product was 

characterized by its corresponding spectroscopic data (IR,
 1

H and
 13

C NMR, 

HRMS).  Enantiomers of major isomer 5aa were separated by HPLC using a 

Chiralpak AD-H column (20:80 i-PrOH/hexane, UV 220 nm, flow rate 1 mL/min) 

TR(minor) = 11.89 min, TR(major) = 28.11 min. Major isomer was obtained in 91% ee. 

cis-trans-3-Hydroxy-1-phenylpropyl-4-phenyl-1,2,3-oxathiazolidine-2,2-

dioxide (12): (39%);  
1
H NMR (400 MHz, CDCl3): δ 7.24-

7.27 (m, 1H), 7.11-7.19 (m, 5H), 6.89-6.91 (m, 2H), 6.61-

6.63 (m, 2H), 5.43 (s, 1H), 5.36 (dd, J1 =  5.3 Hz, J2 = 10.8 

Hz, 1H), 4.40 (d, J = 4.5 Hz, 1H), 3.26-3.32 (m, 1H), 3.08-

3.15 (m, 1H), 2.66-2.71 (m, 1H), 2.05-2.13 (m, 1H), 1.66-1.75 (m, 1H) ; 
13

C 

NMR (100 MHz, CDCl3): δ 137.1, 135.6, 129.3, 129.0, 128.9, 128.8, 128.7, 

127.9, 87.9, 63.8, 59.7, 42.7, 37.2;  HRMS (ESI) m/z calculated for C17H19NO4S 

[M+Na]
+
: 356.0927, found 356.0927. 

3-Hydroxy-1-phenylpropyl-4-phenyl-1,2,3-oxathiazolidine-2,2-dioxide (13): 

(54%) ; 
1
H NMR (400 MHz, CDCl3): δ 7.41-7.44 (m, 5H), 

7.23-7.28 (m, 3H), 7.02-7.04 (m, 2H), 5.36 (dd, J1 = 5.8 Hz, 

J2 = 8.9 Hz, 1H), 5.02-5.04 (m, 1H), 4.70 (d, J = 4.52Hz, 1H), 

3.31-3.37 (m, 1H), 3.04-3.11 (m,1H), 2.76-2.82 (m, 1H), 

1.73-1.78 (m, 2H); HRMS (ESI) m/z calculated for C17H19NO4S [M+Na]
+
: 

356.0927,  found 356.0927. 

tert-Butyl-5-((tert-butoxycarbonyl)oxy)-1-phenylpropyl)4-phenyl-1,2,3-

oxathiazolidine-2,2-dioxide-3-carboxylate (14): (85%); 
1
H 

NMR (400 MHz, CDCl3): δ 7.33-7.37 (m, 1H), 7.21-7.29 

(m, 5H), 6.98-7.00 (m, 2H), 6.69-6.71 (m, 1H), 5.34 (dd, J1 = 
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5.28Hz, J2 = 11.04 Hz, 1H), 4.81 (s, 1H), 3.74-3.80 (m, 1H), 3.67-3.71 (m, 1H), 

2.62-2.68 (m, 1H), 2.30-2.38 (m, 1H), 1.84-1.93 (m, 1H), 1.42 (s, 18H); 
13

C 

NMR (100 MHz, CDCl3): δ 153.5, 148.4, 135.8, 133.8, 129.5, 129.3, 129.0, 

128.7, 128.6, 85.8, 85.0, 64.6, 63.9, 42.6, 33.1, 28.2, 28.1; HRMS (ESI) m/z 

calculated for C27H35NO8S [M+Na]
+
: 556.1981,  found 556.2094. 

tert-Butyl-(2-azido-5-((tert-butoxycarbonyl)oxy)-1,3-diphenylpentyl) 

carbamate (15): (90%) ; 
1
H NMR (400 MHz, CDCl3):  δ 

7.30-7.36 (m, 4H), 7.25-7.28 (m, 4H), 7.20-7.22 (m, 2H), 

5.16 (brs, 1H), 5.04 (m, 1H), 3.88-3.94 (m, 2H), 3.77-3.83 

(m, 1H), 2.91-2.97 (m, 1H), 2.26-2.32 (m, 1H), 2.08-2.17 

(m, 1H), 1.46 (s, 9H), 1.43 (s, 9H); 
13

C NMR (100 MHz, CDCl3):  δ 155.0, 153.3, 

140.5, 139.3, 128.8, 128.7, 128.6, 127.7, 127.4, 126.4, 81.8, 79.9, 72.4, 64.5, 55.0, 

45.2, 31.5, 28.3, 27.7; HRMS (ESI) m/z calculated for C27H36N4O5 [M+Na]
+
: 

519.2574, found 519.2625. 
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         Table 3.3 Crystal data for compound 5aa 

Compound Compound  5aa 

Empirical formula C18H15NO5S 

Molecular weight           357.37 

Temperature 150(2) K 

Wavelength (Å) 1.5418  

Crystal system, space group monoclinic, P 21/c 

a (Å) 

b (Å) 

c (Å) 

 (
o
) 

 (
o
) 

γ (
o
) 

13.0861(5) 

10.1079(4)  

12.7818(4)  

90  

93.908(4)  

90  

Volume (Å
3
)            1686.76(11)  

Z, Calculated density (mg/m
3
)            4,1.407  

Absorption coefficient (mm
-1

)  1.966  

F(000)  744 

Crystal size (mm)            0.33 x 0.26 x 0.21 mm 

θ range (deg)  3.39 to 71.97  

Limiting indices  -16<=h<=16, -12<=k<=12, -11<=l<=15 

Reflections collected / unique             11142 / 3279 [R(int) = 0.0306] 

Completeness to θ = 71.97           98.8  

Max. and min. transmission 0.6829 and 0.5631 

Data / restraints / parameters 0.6829 and 0.5631 

Goodness-of-fit on F^2           1.015 

Final R indices [I>2sigma(I)] R1 = 0.0473, wR2 = 0.1328 

R indices (all data) R1 = 0.0619, wR2 = 0.1511 

Largest diff. peak and hole (e.A
-3

)           0.375 and -0.412  

CCDC 992922 
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Table 3.4 Crystal data for compound 14 

Compound Compound  14 

Empirical formula C27H35NO8S 

Molecular weight                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           5        533.6337 

Temperature 150(2) K 

Wavelength (Å) 1.54184 A 

Crystal system, space group Orthorhombic,  P n a 21 

a (Å) 

b (Å) 

c (Å) 

 (
o
) 

 (
o
) 

γ (
o
) 

10.8218(2)     

13.6430(2)  

19.3609(4)  

90  

90  

90  

Volume (Å
3
)                                                                                                                      2858.48(9)  

Z, Calculated density (mg/m
3
)                                                                4,1.240  

Absorption coefficient (mm
-1

) 1.403  

F(000) 1136 

Crystal size (mm)   0.33 x 0.26 x 0.21 

θ range (deg) 3.96 to 72.25 

Limiting indices -6<=h<=13, -15<=k<=16, -23<=l<=23 

Reflections collected / unique             20258 / 5534 [R(int) = 0.0311] 

Completeness to θ = 72.25                                                                                                                                                                                                                               99.7 

Max. and min. transmission 0.7571 and 0.6546 

Data / restraints / parameters 5534 / 1 / 340 

Goodness-of-fit on F^2                1.050 

Final R indices [I>2sigma(I)] R1 = 0.0419, wR2 = 0.1110 

R indices (all data) R1 = 0.0434, wR2 = 0.1130 

Largest diff. peak and hole (e.A
-3

)         -0.026(15) 

CCDC C1005799 
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3.6 Copies of 
1
H, 

13
C NMR spectra and HPLC data of 

some important compounds described in Chapter 3 
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Figure 3.5 400 MHz 
1
H NMR spectrum of 5aa in CDCl3 
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Figure 3.6 100 MHz 
13

C NMR spectrum of 5aa in CDCl3 
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Figure 3.7 400 MHz 
1
H NMR spectrum of 6aa in CDCl3 
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Figure 3.8 100 MHz 
13

C NMR spectrum of 6aa in CDCl3 
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Figure 3.9 400 MHz 
1
H NMR spectrum of 5ab in CDCl3 
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Figure 3.10 100 MHz 
13

C NMR spectrum of 5ab in CDCl3 
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Figure 3.11 400 MHz 
1
H NMR spectrum of 6ab in CDCl3 
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Figure 3.12 400 MHz 
1
H NMR spectrum of 5ac in CDCl3 
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Figure 3.13 100 MHz 
13

C NMR spectrum of 5ac in CDCl3 
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Figure 3.14 400 MHz 
1
H NMR spectrum of 5ad & 6ad in CDCl3 
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Figure 3.15 100 MHz 
13

C NMR spectrum of 5ad & 6ad in CDCl3 
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Figure 3.16 400 MHz 
1
H NMR spectrum of 5ae in CDCl3 
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Figure 3.17 100 MHz 
13

C NMR spectrum of 5ae in CDCl3 
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Figure 3.18 400 MHz 
1
H NMR spectrum of 6ae in CDCl3 
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Figure 3.19 400 MHz 
1
H NMR spectrum of 5af in CDCl3 
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Figure 3.20 100 MHz 
13

C NMR spectrum of 5af in CDCl3 
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Figure 3.21 400 MHz 
1
H NMR spectrum of 6af in CDCl3 
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Figure 3.22 400 MHz 
1
H NMR spectrum of 5ag in CDCl3 
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Figure 3.23 100 MHz 
13

C NMR spectrum of 5ag in CDCl3 
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Figure 3.24 400 MHz 
1
H NMR spectrum of 6ag in CDCl3 
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Figure 3.25 400 MHz 
1
H NMR spectrum of 5ah in CDCl3 
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Figure 3.26 100 MHz 
13

C NMR spectrum of 5ah in CDCl3 
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Figure 3.27 400 MHz 
1
H NMR spectrum of 5ai in CDCl3 
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Figure 3.28 100 MHz 
13

C NMR spectrum of 5ai in CDCl3 
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Figure 3.29 400 MHz 
1
H NMR spectrum of 6ai in CDCl3 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                     Chapter 3                          

154 
 

 

 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.012.012.01 1.08 1.051.051.031.011.00

0
.7

3
8
1

0
.7

5
5
6

0
.7

7
3
8

1
.1

4
2
0

1
.1

9
6
6

1
.2

0
5
4

1
.2

2
1
0

1
.3

3
9
6

1
.4

4
8
7

1
.4

5
8
8

1
.4

8
2
0

1
.4

9
3
3

2
.5

5
0
8

2
.5

8
1
5

2
.5

9
2
8

2
.6

2
3
5

2
.8

4
7
4

2
.8

5
4
3

2
.8

8
9
5

2
.9

3
1
5

2
.9

4
2
8

4
.5

7
8
0

4
.6

1
1
8

4
.9

6
5
0

4
.9

9
8
2

7
.2

6
0
0

7
.5

9
9
3

7
.6

1
8
1

7
.6

3
8
8

7
.7

7
1
8

7
.7

9
0
6

8
.0

7
6
0

8
.0

9
4
8

 

Figure 3.30 400 MHz 
1
H NMR spectrum of 5aj in CDCl3 
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Figure 3.31 100 MHz 
13

C NMR spectrum of 5aj in CDCl3 
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  Figure 3.32 400 MHz 
1
H NMR spectrum of 6aj in CDCl3 
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Figure 3.33 400 MHz 
1
H NMR spectrum of 5ba & 6ba in CDCl3 
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Figure 3.34 100 MHz 
13

C NMR spectrum of 5ba & 6ba in CDCl3 
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Figure 3.35 400 MHz 
1
H NMR spectrum of 5ca & 6ca in CDCl3 
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Figure 3.36 100 MHz 
13

C NMR spectrum of 5ca & 6ca in CDCl3 
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Figure 3.37 400 MHz 
1
H NMR spectrum of 5da in CDCl3 
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Figure 3.38 100 MHz 
13

C NMR spectrum of 5da in CDCl3 
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Figure 3.39 400 MHz 
1
H NMR spectrum of 6da in CDCl3 
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Figure 3.40 400 MHz 
1
H NMR spectrum of 5ea in CDCl3 
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Figure 3.41 100 MHz 
13

C NMR spectrum of 5ea in CDCl3 
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Figure 3.42 400 MHz 
1
H NMR spectrum of 6ea in CDCl3 
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Figure 3.43 400 MHz 
1
H NMR spectrum of 5ed in CDCl3 
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Figure 3.44 100 MHz 
13

C NMR spectrum of 5ed in CDCl3 
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Figure 3.45 400 MHz 
1
H NMR spectrum of 5ej in CDCl3 
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Figure 3.46 100 MHz 
13

C NMR spectrum of 5ej in CDCl3 
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Figure 3.47 400 MHz 
1
H NMR spectrum of 6ej in CDCl3 
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Figure 3.48 400 MHz 
1
H NMR spectrum of 5fc in CDCl3 
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Figure 3.49 100 MHz 
13

C NMR spectrum of 5fc in CDCl3 
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Figure 3.50 400 MHz 
1
H NMR spectrum of 12 in CDCl3 
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Figure 3.51 100 MHz 
13

C NMR spectrum of 12 in CDCl3 
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Figure 3.52 400 MHz 
1
H NMR spectrum of 13 in CDCl3 
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Figure 3.53 400 MHz 
1
H NMR spectrum of 14 in CDCl3 
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Figure 3.54 100 MHz 
13

C NMR spectrum of 14 in CDCl3 
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Figure 3.55 400 MHz 
1
H NMR spectrum of 15 in CDCl3 
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Figure 3.56 100 MHz 
13

C NMR spectrum of 15 in CDCl3 
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Fig 3.57 HPLC data of racemic 5aa 

 

 

Fig 3.58 HPLC data of 5aa 
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Fig 3.59 HPLC data of 5aa 

 

 

3.7 References 

1. Ma S.-S., Mei A.-L., Guo Z.-K., Liu S.-B., Zhao Y.-X., Yang D.-L., 

Zheng Y.-B., Jiang B., Dai H.-F. (2013), Two new types of bisindole 

alkaloid from trigonostemon lutescens, Org. Lett., 15, 1492-1495 (DOI: 

10.1021/ol4002619) 

2. Cai X.-H., Tan Q.-G., Liu Y.-P., Feng T., Du Z.-Z., Li W.-Q., Luo X.-D. 

(2008), A Cage-monoterpene indole alkaloid from alstonia scholaris, Org. 

Lett., 10, 577-580 (DOI: 10.1021/ol702682h) 

3. Takata K., Iwatsuki M., Yamamoto T., Shirahata T., Nonaka K., Masuma 

R., Hayakawa Y., Hanaki H., Kobayashi Y., Petersson G.A., Omura S., 

Shiomi K. (2013), Aogacillins A and B produced by Simplicillium sp. 



                                                                                                                     Chapter 3                          

172 
 

FKI-5985: new circumventors of arbekacin resistance in MRSA, Org. 

Lett., 15, 4678-4681 (DOI: 10.1021/ol401975z) 

4. Adams G. L., Carroll P. J., Smith A. B. III., (2013), Access to the 

Akuammiline family of alkaloids: total synthesis of (+)-Scholarisine A, J. 

Am. Chem. Soc., 135, 519-528 (DOI: 10.1021/ja3111626) 

5. Smith M. W., Snyder S. A., (2013), A concise total synthesis of (+)-

Scholarisine A empowered by a unique C-H arylation, J. Am. Chem. Soc., 

135, 12964-12967 (DOI: 10.1021/ja406546k) 

6. Kitano M., Yamada T., Amagata T., Minoura K., Tanaka R., Numata A. 

(2012), Novel pyridino-α-pyrone sesquiterpene type pileotin produced by 

a sea urchin-derived Aspergillus sp., Tetrahedron Lett., 53, 4192-4194 

(DOI: 10.1016/j.tetlet.2012.05.144) 

7. Lu P., Gu Z., Zakarian A. (2013), Total synthesis of Maoecrystal V: early-

stage C-H functionalization and lactone assembly by radical cyclization, J. 

Am. Chem. Soc., 135, 14552-14555 (DOI: 10.1021/ja408231t) 

8. Morita H., Arisaka M., Yoshida N., Kobayashi J. (2000), Serratezomines 

A-C, new alkaloids from lycopodium serratum var. serratum, J. Org. 

Chem., 65, 6241-6245 (DOI: 10.1021/jo000661e) 

9. Djigoué G. B., Ngatcha B. T., Roy J., Poirier D. (2013), Synthesis of 5α-

Androstane-17-spiro-δ-lactones with a 3-keto, 3-hydroxy, 3-

spirocarbamate or 3-spiromorpholinone as inhibitors of 17β-

hydroxysteroid dehydrogenases, Molecules, 18, 914-933 (DOI: 

10.3390/molecules18010914) 

10. Bydal P., Luu-The V., Labrie F., Poirier D. (2009), Steroidal lactones as 

inhibitors of 17β-hydroxysteroid dehydrogenase type 5: chemical 

synthesis, enzyme inhibitory activity, and assessment of estrogenic and 

androgenic activities, Eur. J. Med. Chem., 44, 632-644 (DOI: 

10.1016/j.ejmech.2008.03.020) 

11. Kitano M., Yamada T., Amagata T., Minoura K., Tanaka R., Numata A. 

(2012), Novel pyridino-α-pyrone sesquiterpene type pileotin produced by 



                                                                                                                     Chapter 3                          

173 
 

a sea urchin-derived Aspergillus sp., Tetrahedron Lett., 53, 4192-4194 

(DOI: 10.1016/j.tetlet.2012.05.144) 

12. Oberdorf C., Schepmann D., Vela J. M., Buschmann H., Holenz J., 

Wünsch B. (2012), Thiophene bioisosteres of spirocyclic σ receptor 

ligands: relationships between substitution pattern and σ receptor affinity, 

J. Med. Chem., 55, 5350-5360 (DOI: 10.1021/jm300302p) 

13. Meyer C., Neue B., Schepmann D., Yanagisawa S., Yamaguchi J., 

Würthwein E.-U., Itami K., Wünsch B. (2013), Improvement of σ1 

receptor affinity by late-stage C–H-bond arylation of spirocyclic lactones, 

Bioorg. Med. Chem., 21, 1844-1856 (DOI: 10.1016/j.bmc.2013.01.038) 

14. Rouillard F., Roy J., Poirier D. (2008), Chemical synthesis of (S)-

spiro(estradiol-17,2-[1,4]oxazinan)-6-one derivatives bearing two levels of 

molecular diversity, Eur. J. Org. Chem., 2446-2453 (DOI: 

10.1002/ejoc.200701077) 

15. Bautista E., Toscano A., Calzada F.; Díaz, E.; Yépez-Mulia, L.; Ortega, A. 

(2013), Hydroxyclerodanes from Salvia shannoni, J. Nat. Prod., 76, 1970-

1975 (DOI: 10.1021/np400606g) 

16. Igarashi Y., Zhou T., Sata S., Matsumoto T., Yu L., Oku N. (2013), 

Akaeolide, a carbocyclic polyketide from marine-derived Streptomyces, 

Org. Lett., 15, 5678-5681 (DOI: 10.1021/ol402661r) 

17. Miller L. H., Su X.-Z. (2011), Artemisinin: discovery from the chinese 

herbal garden, Cell, 146, 855-858 (DOI: 10.1016/j.cell.2011.08.024) 

18. Istvan E. S., Deisenhofer J. (2001), Structural mechanism for statin 

inhibition of HMG-CoA reductase, Science, 292, 1160-1164 (DOI: 

10.1126/science.1059344) 

19. Endo A. (1985), Compactin (ML-236B) and related compounds as 

potential cholesterol-lowering agents that inhibit HMG-CoA reductase. J. 

Med. Chem., 28, 401-405 (DOI: 10.1021/jm00382a001) 

20. Du D., Hu Z., Jin J., Lu Y., Tang W., Wang B., Lu T. (2012), N-

heterocyclic carbene-catalyzed three-component domino reaction of 



                                                                                                                     Chapter 3                          

174 
 

alkynyl aldehydes with oxindoles, Org. Lett., 14, 1274-1277 (DOI: 

10.1021/ol300148f) 

21. Xie X., Peng C., Leng H.-J., Wang B., Tang Z.-W., Huang W. (2014), 

Asymmetric synthesis of oxa-spirocyclic indanones with structural 

complexity via an organocatalytic Michael-Henry-acetalization cascade,  

Synlett., 25, 143-147 (DOI: 10.1055/s-0033-1340077) 

22. Li X., Yang L., Peng C., Xie X., Leng H.-J., Wang B., Tang Z.-W., He G., 

Ouyang, L., Huang, W., Han, B. (2013), Organocatalytic tandem Morita-

Baylis-Hillman-Michael reaction for asymmetric synthesis of a drug-like 

oxa-spirocyclic indanone scaffold, Chem. Commun., 49, 8692-8694 (DOI: 

10.1039/c3cc44004d) 

23. Wei M.-H., Zhou Y.-R., Gu L.-H., Luo F., Zhang F.-L. (2013), 

Asymmetric organocatalytic Michael-hemiacetalization reaction: access to 

chiral spiro cis-δ-lactones by in situ oxidation of spiro δ-lactols, 

Tetrahedron Lett., 54, 2546-2548 (DOI: 10.1016/j.tetlet.2013.03.039) 

24. Zheng J., Lin L., Kuang Y., Zhao J., Liu X., Feng X. (2014), 

Magnesium(II)-catalyzed asymmetric hetero-Diels-Alder reaction of 

Brassard’s dienes with isatins, Chem.Commun., 50, 994-996 (DOI: 

10.1039/c3cc47800a) 

25. Hempel C., Weckenmann N. M., Maichle- Moessmer C., Nachtsheim B. 

(2012), A hypervalent iodine-mediated spirocyclization of 2-(4-

hydroxybenzamido)-acrylates-unexpected formation of δ-spirolactones, J. 

Org. Biomol. Chem., 10, 9325-9329 (DOI: 10.1039/c2ob26815a) 

26. Fujioka H., Komatsu H., Nakamura T., Miyoshi A., Hata K., Ganesh J., 

Muraia K., Kita Y. (2010), Organic synthesis using a hypervalent iodine 

reagent: unexpected and novel domino reaction leading to spiro 

cyclohexadienone lactones, Chem. Commun. 2010, 46, 4133-4135 (DOI: 

10.1039/b925687c) 

27. Helm M. D., Silva M. D., Sucunza D., Helliwell M., Procter, D. J. (2009), 

SmI2-mediated dialdehyde ‘radical then aldol’ cyclization cascades: a 



                                                                                                                     Chapter 3                          

175 
 

feasibility study, Tetrahedron, 65, 10816-10829 (DOI: 

10.1016/j.tet.2009.09.035) 

28. Zhao S., Lin, J.-B., Zhao, Y.-Y., Liang, Y.-M., Xu, P.-F. (2014), 

Hydrogen-bond-directed formal [5 + 1] annulations of oxindoles with 

ester-linked bisenones: facile access to chiral spirooxindole δ‑lactones,  

Org. Lett., 16, 1802-1805 (DOI: 10.1021/ol500547e) 

29. Meléndez R. E., Lubell W. D. (2003), Synthesis and reactivity of cyclic 

sulfamidites and sulfamidates, Tetrahedron,  59, 2581-2616 (DOI: 

10.1016/S0040-4020(03)00284-9) 

30. Nicolaou K. C., Snyder S. A., Longbottom D. A., Nalbandian A. Z., 

Huang X. (2004), New uses for the burgess reagent in chemical synthesis: 

methods for the facile and stereoselective formation of sulfamidates, 

glycosylamines, and sulfamides, Chem. Eur. J., 10, 5581-5606 (DOI: 

10.1002/chem.200400503) 

31. Bower J. F., Szeto P., Gallagher T. (2007), Enantiopure 1,4-benzoxazines 

via 1,2-cyclic sulfamidates. synthesis of Levofloxacin, Org. Lett., 9, 3283-

3286 (DOI: 10.1021/ol0712475) 

32. Lee H.-K., Kang S., Choi B. E. (2012), Stereoselective synthesis of 

norephedrine and norpseudoephedrine by using asymmetric transfer 

hydrogenation accompanied by dynamic kinetic resolution, J. Org. Chem., 

77, 5454-5460 (DOI: 10.1021/jo300867y) 

33. Han J., Kang S., Lee H.-K. (2011), Dynamic kinetic resolution in the 

stereoselective synthesis of 4,5-diaryl cyclic sulfamidates by using chiral 

rhodium-catalyzed asymmetric transfer hydrogenation, Chem. Commun., 

47, 4004-4006 (DOI: 10.1039/c0cc05289b) 

34. Lee S. A., Kwak S. H., Lee K.-I. (2011), Highly enantioselective synthesis 

of cyclic sulfamidates and sulfamides via rhodium-catalyzed transfer 

hydrogenation, Chem. Commun.,  47, 2372-2374 (DOI: 

10.1039/c0cc04166a) 



                                                                                                                     Chapter 3                          

176 
 

35. Kang S., Han J., Lee E. S., Choi E. B., Lee H.-K. (2010), Sulfamidates by 

using chiral rhodium-catalyzed asymmetric transfer hydrogenation, Org. 

Lett., 12, 4184-4187 (DOI: 10.1021/ol1017905) 

36. Woo L. W. L., Leblond B., Purohit A., Potter B. V. L. (2012), Synthesis 

and evaluation of analogues of estrone-3-o-sulfamate as potent steroid 

sulfatase inhibitors, Bioorg. Med. Chem., 20, 2506-2519 (DOI: 

10.1016/j.bmc.2012.03.007) 

37. Benltifa M., Kiss M. D., Garcia- Moreno M. I., Mellet C. O., Gueyrard D., 

Wadouachi A.(2009), Regioselective synthesis and biological evaluation 

of spiro-sulfamidate glycosides from exo-glycals, Tetrahedron: 

Asymmetry, 20, 1817-1823 (DOI: 10.1016/j.tetasy.2009.07.012) 

38. Zhou J. (2010), Recent advances in multicatalyst promoted asymmetric 

tandem reactions, Chem. Asian J., 5, 422-434 (DOI: 

10.1002/asia.200900458) 

39. Ambrosini L. M., Lambert T. H. (2010), Multicatalysis: advancing 

synthetic efficiency and inspiring discovery, Chem Cat Chem,  2, 1373-

1380 (DOI: 10.1002/cctc.200900323) 

40. Patil N. T., Shinde V. S., Gajula B. (2012), A one-pot catalysis: the 

strategic classification with some recent examples, Org. Biomol. Chem., 

10, 211-224 (DOI: 10.1039/c1ob06432k) 

41. Alba A.-N., Companyo X., Viciano M., Rios R. (2009), Organocatalytic 

Domino Reactions, Curr. Org. Chem., 13, 1432-1474 (DOI: 

10.2174/138527209789055054) 

42. Grondal C., Jeanty M., Enders D. (2010), Organocatalytic cascade 

reactions as a new tool in total synthesis, Nat. Chem., 2, 167-178 (DOI: 

10.1038/nchem.539) 

43. Vaxelaire C., Winter P., Christmann M. (2011), One-pot reactions 

accelerate the synthesis of active pharmaceutical ingredients, Angew. 

Chem. Int. Ed., 50, 3605-3607 (DOI: 10.1002/anie.201100059) 

44. Tietze L. F. (1996), Domino reactions in organic synthesis, Chem. Rev., 

96, 115-136 (DOI: 10.1021/cr950027e) 



                                                                                                                     Chapter 3                          

177 
 

45. Schreiber S. L. (2000).,Target-oriented and diversity-oriented organic 

synthesis in drug discovery, Science, 287, 1964-1969 (DOI: 

10.1126/science.287.5460.1964) 

46. Zhu J.-P., Bienayme H. (2005). Multicomponent reactions, Wiley-VCH: 

Weinheim, (ISBN: 978-3-527-30806-4) 

47. Trost B. M. (1995), Atom economy - a challenge for organic synthesis: 

homogeneous catalysis leads the way, Angew. Chem., Int. Ed. 34, 259-281 

(DOI: 10.1002/anie.199502591) 

48. Torssell S., Keinle M., Somfai P. (2005), 1,3-dipolar cycloadditions of 

carbonyl ylides to aldimines: a three-component approach to syn-α-

hydroxy-β-amino esters, Angew. Chem., Int. Ed. , 44, 3096-3099 (DOI: 

10.1002/anie.200500296) 

49. Srivastava A., Mobin S. M., Samanta S. (2014), (±)-CSA catalyzed one-

pot synthesis of 6,7-dihydrospiro indole-3,1 -isoindoline -2,3 ,4(1H,5H)-

trione derivatives: easy access of spirooxindoles and ibophyllidine-like 

alkaloids, Tetrahedron Lett., 55, 1863-1867 (DOI: 

10.1016/j.tetlet.2014.01.154) 

50. Srivastava A., Singh S., Samanta S. (2013), (±)-CSA catalyzed Friedel-

crafts alkylation of indoles with 3-ethoxycarbonyl-3-hydoxyisoindolin-1-

one: an easy access of 3-ethoxycarbonyl-3-indolylisoindolin-1-ones 

bearing a quaternary a-amino acid moiety, Tetrahedron Lett., 54, 1444-

1448; (DOI: 10.1016/j.tetlet.2013.01.010) 

51. Singh S., Srivastava A., Samanta S. (2012), Rapid access of 2,3,4-

trisubstituted-2,3,4,9-tetrahydrothiopyrano[2,3-b]indole derivatives via 

one-pot three component reaction using organocatalysis, Tetrahedron Lett. 

2012, 53, 6087-6090 (DOI: 10.1016/j.tetlet.2012.08.125) 

52. Majee D., Srivastava, A., Mobin S. M., Samanta S. (2013), L-Proline 

catalyzed highly efficient synthesis of Z-5- alkylidene cyclic sulfamidate 

imines: an easy access to 5-alkyl-substituted cyclic sulfamidate imines, 

RSC. Adv., 3, 11502-11506 (DOI: 10.1039/c3ra40299a) 



                                                                                                                     Chapter 3                          

178 
 

53. Biswas S., Jaiswal P. K., Singh S., Mobin M. S., Samanta, S. (2013), L-

Proline catalyzed stereoselective synthesis of (E)-methyl-α-indol-2-yl-β-

aryl/alkyl acrylates: easy access to substituted carbazoles, γ-carbolines and 

prenostodione, Org. Biomol. Chem., 11, 7084-7087 (DOI: 

10.1039/c3ob41573b) 

54. Palomo C., Mielgo A. (2006), Diarylprolinol ethers: expanding the 

potential of enamine/iminium-ion catalysis, Angew. Chem., Int. Ed., 45, 

7876-7880 (DOI: 10.1002/anie.200602943) 

55. Mielgo A., Palomo C. (2008), α,α-diarylprolinol ethers: new tools for 

functionalization of carbonyl compounds, Chem. Asian J., 3, 922-948 

(DOI: 10.1002/asia.200700417) 

56. Hayashi Y., Gotoh H., Hayashi T., Shoji M. (2005), Diphenylprolinol silyl 

ethers as efficient organocatalysts for the asymmetric Michael Reaction of 

aldehydes and nitroalkenes, Angew. Chem., Int. Ed., 44, 4212-4215 (DOI: 

10.1002/anie.200500599) 

57. Marigo M., Wabnitz T. C., Fielenbach D., Jørgensen K. A. (2005), 

Enantioselective organocatalyzed α sulfenylation of aldehydes. Angew. 

Chem., Int. Ed., 44,794-797 (DOI: 10.1002/anie.200462101) 

58. Wang Y. -Q., Yu C. -B., Wang D. -W., Wang X. -B.,  Zhou Y. -G. (2008), 

Enantioselective synthesis of cyclic sulfamidates via Pd-catalyzed 

hydrogenation, Org. Lett., 10, 2071-2074 (DOI: 10.1021/ol800591u) 

 



                                                                                                                                             Chapter 4 

179 
 

Chapter 4 

Unprecedented synthesis of 4,6-diarylpicolinates 

via a domino reaction of cyclic sulfamidate imines 

with Morita-Baylis-Hillman acetates of nitroolefins 

/nitrodienes 

4.1 Introduction 

Design and development of an innovative approach towards the rapid access to 

important class of functionalized pyridines, mainly picolinates through one-pot 

operations is one of the active research areas in synthetic as well as in medicinal 

chemistry because this popular heterocyclic core has been largely found in a 

variety of biologically active natural molecules(Figure 4.1).
[1-5]

  

Figure 4.1 Some natural product and biologically active compounds containing 

picoline moiety 
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Moreover, substituted picolinates have shown their applications in versatile fields 

like pharmaceutical research,
[6-7]

 functional materials,
[8-9]

 agrochemicals,
[10-11]

 

polymer,
[12]

 catalysis
[13-14]

 and in co-ordination chemistry.
[15-16]

 Owing to their 

broad spectrum of applications, huge efforts have been devoted towards the 

synthesis of picolinate scaffolds by adopting several classical and modern 

techniques such as condensation reactions of ketones with amines, 

multicomponent reactions, cycloaddition reactions, transition-metal salt catalyzed 

C-H bond functionalization, etc.
[17-25]

 Some of the important literature reports 

have been described in Section 4.2.  

4.2 Review of Literature  

A hetero-Diels-Alder reaction of silylated enol oximes with unsymmetrical 

alkynes at 150 ºC was carried out under neat conditions to provide the 3,5,6-

trisubstituted picolinates in a regioselective manner as reported  by Arndt and co-

workers in 2007.
[26]

 The current protocol provides good yields of title compounds 

and allows with several functionalities as discussed in Scheme 4.1.  

 

Scheme 4.1 Synthesis of 3-hydroxy picolinates from unsymmetrical alkynes 
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In 2008, Davies group introduced a one-pot synthesis of highly functionalized 

picolinates via a rhodium carbenoid induced ring expansion of isoxazoles 

followed by a rearrangement/tautomerization/oxidation sequence.
 [27]

 A wide 

variety of picolinates in moderate to good yield could be obtained by utilizing this 

current methodology as described in Scheme 4.2.  

Scheme 4.2 One-pot synthesis of highly functionalized picolinates 

In 2009, Donohoe et al. revealed a breakthrough result by a multistep synthesis of 

di- and trisubstituted picolinates with alkyl, aryl and alkoxy substituents.
[28] 

DBU 

promoted deprotection of benzyl protected lactam followed by aromatization with 

Comin’s reagent under basic conditions to afford pyridine triflates in good to 

excellent yields (67-94%) as shown in the Scheme 4.3.  

 

Scheme 4.3 DBU promoted synthesis of substituted picolinates 
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Rovis et al.
 
has developed an interesting method for the regioselective synthesis 

of an important class of picolinate derivatives in good to excellent yields through 

a regioselective coupling reaction between α,β-unsaturated O-pivaloyl oxime and 

ethyl acrylate at 85 °C using Rh-salt/AgOAc as the combined catalytic system 

(Scheme 4.4).
 [29]

 

 

Scheme 4.4 Formation of substituted picolinates by using different α,β-

unsaturated O-pivaloyl oximes  

In 2013, Kim et al. revealed a completely different approach for the synthesis of 

poly-substituted pyridines by using MBH adducts of methyl vinyl ketone and 

sodium diethyl oxaloacetate in presence of NH4OAc as nitrogen source.
[30]

 Some 

of the important examples are described in Scheme 4.5. 

 

Scheme 4.5 Synthesis of poly-substituted picolinates 
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In 2015, Whiteker and his co-workers reported a two-step sequential method for 

the preparation of synthesis of fluoropicolinates derivative by a cascade 

cyclization of fluoroalkyl alkynylimines and amine using Cs2CO3 in DMSO.
[31]

 

Some of the promising results are summarized in Scheme 4.6. 

 

Scheme 4.6 Synthesis of substituted 4-amino-5-fluoro-6- alkylpicolinaldehydes 

by cascade cyclization 

CAN/pyrrolidine mediated tandem three-component annulation reaction for the 

access to functionalized picolinates involving β,γ-unsaturated α-ketoester, ketones 

and ammonium acetate has been nicely described by Zhu and co-workers in 2015 

(Scheme 4.7).
[32]

 

 

Scheme 4.7 Cyclization reaction between β,γ-unsaturated α-ketoesters, and 

cyclohexanone 
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Further they used varieties of carbonyl compounds to achieve various substituted 

picolinate moiety (Scheme 4.8). 

 

Scheme 4.8 Cyclization reaction between β,γ-unsaturated α-ketoesters, and and 

ketones 

4.2.1 Conclusion 

From all of the above literature survey, we can conclude that there are substantial 

numbers of simple and easy procedure to synthesize pyridine in good to excellent 

yield. Despite such huge effort for pyridine synthesis, access to functionalized 

picolinic acid (Figure 4.2) derivatives (carboxylic acid at C-2 position on 

pyridine ring) has received very less attention. Few literatures reported for the 

synthesis of picolinic acid derivatives. However, they suffer from one or more 

practical difficulties, such as use of expensive metal salts, limited substrate scope, 

poor chemical yields with multiple side products, harsh reaction conditions, etc. 

Therefore, it is a great challenge in synthetic organic chemistry to establish a 

simple, metal-free, efficient new synthetic procedure for the rapid construction of 

multifunctionalzed picolinate frameworks under metal-free conditions. 

 

 

 

Figure 4.2 Picolinic acid derivative 
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4.3 Present Work 

The efficient and environmentally sustainable synthesis of functionalized 

picolinic acids has taken a huge attention to synthetic organic chemist because of 

their biological and pharmaceutical importance. Substituted picolinic acid systems 

are important privileged structures of many biologically and pharmaceutically 

important compounds as described in introduction Section 4.1. In this line,  we 

have found that 5-membered cyclic sulfamidate imines could act as potential 

nucleophiles
[33-34]

  as discussed in Section 2.3 while reacting with several aryl 

aldehydes/α,β-unsaturated aldehydes. On the other hand, MBH-acetates
[35-38]

 of 

nitroolefins have been used as suitable 1,3-binucleophiles in the SN2′ addition-

elimination sequence reaction with several nucleophiles to construct various 5/6-

membered heterocycles. With this understanding, we thought that cyclic 

sulfamidate imines may also attack MBH acetates of nitroolefins in an SN2ʹ 

addition manner in the presence of a base (Scheme 4.9). 

 

Scheme 4.9 DABCO mediated domino reaction between 4-phenyl- 5H-1,2,3-

oxathiazole-2,2-dioxide and MBH acetate of trans-β-nitrostrene 

To verify our idea, we chose a model reaction between 4-phenyl-5H-1,2,3-

oxathiazole-2,2-dioxide (1a, 1.0 equiv) and MBH acetate (2a, 1.1 equiv) using 50 

mol % of 1,4-diazabicyclo[2.2.2]octane (DABCO) as an organobase in THF at 

room temperature. Greatly, after 20 h we isolated ethyl 4,6-diphenylpicolinate 

(3aa) with 32% yield instead of addition adduct 4. The product 3aa was fully 
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characterized by its spectroscopic data (IR 
1
H, 

13
C and HRMS). 

1
H NMR data 

shows the disappearance of 5.60 singlet peak which indicates the total consuming 

of 1a. Additional 
1
H NMR peak in the region δ 7.43-8.28 ppm corresponding 

aromatic protons of pyridine moiety. Moreover, 4.52 (q, J = 7.0Hz) and 1.48 (t, J 

= 7.0 Hz) correspond to the CO2Et group. In addition, 
13

C NMR spectrum 

contains 16 peaks (14 of aromatic region and 2 of CO2Et group) clears the 

formation of our desired picolinate derivative 3aa. The HRMS spectrum shows 

the presence of molecular ion peak [M+H]
+
:
 
304.1334, which corresponds to the 

molecular weight of product of 3aa.  

This inspiring result gave us an opportunity to develop a new synthetic method 

for the synthesis of functionalized picolinates under a metal free condition.
[39-42]

 

4.3.1 Results and discussions 

4.3.1.1 Screening of solvents and bases 

In view of the above interesting results, we further examined this domino reaction 

in order to improve the chemical yield of 3aa. Thus, on increasing the amount of 

DABCO from 0.5 to 1.5 equivalents, the yield of 3aa was dramatically improved 

from 32% to 84% (entries 2 and 3, Table 4.1) after 10-12 h. Interestingly, 

excellent yields (87-92%, entries 4 and 5) of 3aa were obtained within short time 

spans (3-6 h) when the reaction was performed under heating conditions (45-55 

°C). For this catalyst, screening of organic solvents revealed that nonpolar 

solvents like toluene, CH2Cl2, MeCN, and EtOAc produced better yields (79-

86%, entries 6-9) as compared to polar ones (DMSO, DMF, and EtOH, 40−58% 

yields, entries 10-12) under identical conditions. Considering the yield of 3aa 

(92%, entry 5), THF was chosen as the best solvent for this reaction. Next, we 

investigated the influence of several common organic bases, namely DBU, 

DMAP, DIPEA, pyridine, triethylamine, and quinine, on this domino reaction at 

55 °C for 6 h. Surprisingly, all of these bases produced inferior results (11-50% 

yields of 3aa, entries 13-18) as compared to DABCO (92%, 3 h, entry 5). 
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Table 4.1 Optimization of the domino reaction
a
   

 

 

entry base solvent temp (ºC) time (h) yield (%)
b
 

1
c
 DABCO THF rt 20 32 

2
d
 DABCO THF rt 14 62 

3 DABCO THF rt 10 84 

4 DABCO THF 45 6 87 

5 DABCO THF 55 3 92 

6 DABCO toluene 55 3 86 

7 DABCO CH2Cl2 55 3 80 

8 DABCO MeCN 55 3 79 

9 DABCO EtOAc 55 3 84 

10 DABCO DMSO 55 5 48 

11 DABCO DMF 55 5 40 

12 DABCO EtOH 55 5 58 

13 DBU THF 55 6 12 

14 DMAP THF 55 6 18 

15 C6H5N THF 55 6 30 

16 DIPEA THF 55 6 11 

17 Et3N THF 55 6 42 

18 Quinine THF 55 6 50 

a
Unless otherwise noted, all the reactions were performed with compound 1a (0.2 

mmol), MBH acetate 2a (0.22 mmol) and DABCO (0.3 mmol, 1.5 equiv) in 

specified solvent (0.5 ml) and temperature. 
b
Isolated yield after column 

chromatography. 
c
0.5 equivalent of DABCO. 

d
1.0 equivalent of DABCO 
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4.3.1.2 Plausible mechanism   

From the above reaction, we propose a plausible mechanism for the formation of 

3aa as shown in Scheme 4.10. At first, carbanion ion 1a′ is generated from 1a via 

abstraction of an active methylene proton by a base which undergoes SN2′ 

reaction with MBH adduct 2a to generate intermediate 4. Later, it may convert 

into triene intermediate 5 through elimination of SO3 in the influence of base, 

which is subsequently cyclized to form cyclic intermediate 6.
[43]

 Finally, the 

product 3aa forms from intermediate 6 through elimination of HNO2. 

 

Scheme 4.10 Plausible mechanism for this domino reaction 

4.3.1.3 Generality and substrate scope 

After successfully establishing the reaction parameters for the synthesis of 4,6-

diphenylpicolinate, the scope and limitation of this reaction were examined by 

performing the reaction using a series of 4-aryl-substituted cyclic sulfamidate 

imines 1a-g with MBH acetates derived from nitroolefins 2a-l under the present 

conditions as shown in Table 4.1. The results showed that electron-donating (Me, 

OMe, OBn) substituents on aryl rings of MBH acetates 2b-e are slightly less 

reactive (3-5 h vs 2.5-3 h) toward 1a as compared to electron-withdrawing ones 

(F, Cl, CN and NO2). However, all of the reactions led to high to excellent yields 

(84−93%) of 4,6-diarylpicolinates 3ab-ai. Moreover, heteroaryl-substituted MBH 

acetates 2j,k ran smoothly with 1a via this procedure, delivering high yields of 
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85% and 86% of the desired products 3aj and 3ak, respectively. Furthermore, 

incorporation of several substituents (Me, MeO, F, Cl, and Br) on the aryl rings of 

cyclic sulfamidate imines 1b-g did not show any difficulty for the annulations 

with several MBH acetates 2a-l under standard conditions. Consequently, high to 

excellent yields (82-91%) of the corresponding picolinate derivatives 3ba-gk) 

were isolated within short timespans (3-6 h).  The structure of 3bd was confirmed 

by its single crystal X-ray data as shown in Figure 4.3. This metal-free domino 

procedure is mild enough to sustain several functionalities such as Me, OMe, 

OBn, F, Cl, NO2, CN, CO2Et, furan, thiophene etc. Therefore, this method 

provides further opportunity for the synthesis of important therapeutic targets 

through necessary synthetic modifications of these functional groups.  

 

Figure 4.3 ORTEP diagram of compound 3bd (CCDC) 
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Table 4.2 Substrate Scope of 4,6-diarylpicolinate synthesis.
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To explore the further possible substrate scope, we employed more chemically 

challenging MBH acetates of nitrodienes 2m-n as acceptors in the domino 

reaction with a variety of 4-aryl-substituted cyclic sulfamidate imines 1a-g under 

the present conditions. Interestingly, the cyclic imines 1a, 1b and 1g attacked 

nitrodienes 2m and 2 n exclusively at the β-position by this current procedure. As 

a consequence, high yields (79-85%) of the corresponding 6-aryl-(E)-4-styryl-

substituted picolinates 3am-gm were obtained as shown in Scheme 4.11. To our 

best knowledge this is the first successful synthetic protocol for access to (E)-4-

styrylpicolinates in a one-pot manner including transition-metal salt mediated 

reactions. 
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Scheme 4.11 One pot synthesis of (E)-6 aryl-4-styryl-substituted picolinates 

4.3.1.4 Synthesis of 2-(2-(4-Chlorophenyl)-5,7-diphenylimidazo 

[1,2-a]pyridin-3-yl)-N,N-dipropylacetamide 

To show the potential utility of our current methodology, the synthesized 

picolinates 3aa was further transformed into a synthetically as well as 

pharmaceutically useful 2-aminopyridine 7 in 78% combined yield (two steps) via 

a hydrolysis of ester group of 3aa by using LiOH in MeCN/H2O at room 

temperature, followed by in-situ azidonation/Curtius rearrangement/ hydrolysis of 

resultant picolinic acid in the presence of (PhO)2P(O)N3/Et3N in toluene under 

heating conditions. Furthermore, the resultant 2-amino-4,6-diphenylpyridine (7) 

was subjected to the reaction with MBH acetate 2g in MeOH, providing a 

biologically attractive imidazo[1,2-a]pyridine derivative 8
[44-45]

 in 81% yield. 

Finally, anxiolytic drug alpidem derivative 9
[46]

 was synthesized in high yield 

(82%, two-step) via a hydrolysis of ester group of 8, followed by amidation 

reaction of the resultant acid with dipropylamine using EDCI/DMAP as an 

efficient amide bond coupling reagent which is depicted in Scheme 4.12. 
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Scheme 4.12 Synthesis of 2-amino-4,6-diphenylpyridine (7) and Alpidem 

derivative (9) 

4.4 Conclusion 

In this work, we have developed a first, simple, convenient, metal-free, and 

general new domino synthetic technique for the rapid access to an important class 

of 4,6-diarylpicolinates from several 4-aryl-5H-1,2,3-oxathiazole-2,2-dioxides 

and MBH acetates of nitroalkenes/nitrodienes in the presence of DABCO as a 

cheap organobase under heating conditions. Moreover, this metal-free domino 

technique delivers high to excellent yields of above title compounds and excels 

for a wide range of sensitive functional groups. Furthermore, high yield of 

anxiolytic drug alpidem derivative has been successfully obtained through our 

synthetic methodology. Therefore, we believe this new domino method will gain 

great importance in synthetic organic and medicinal chemistry as a powerful 

tactic for the access to functionalized picolinates. 

 

 

 



                                                                                                                                             Chapter 4 

194 
 

4.5 Experimental Section 

4.5.1 General Information 

All of the 4-aryl-5H-1,2,3-oxathiazole-2,2-doxides 1a-g
[47]

 and MBH acetates of 

nitroolefins/nitrodienes 2a-l
[48]

 were synthesized by known literature procedures. 

All of the catalysts were purchased from commercial sources. All reactions were 

carried out either under inert atmosphere or air and monitored by TLC using 

Merck 60 F254 pre coated silica gel plates (0.25 mm thickness) and the products 

were visualized by UV detection. Flash chromatography was carried out with 

silica gel (200-300 mesh). FT-IR spectra were recorded on a BrukerTensor-27 

spectrometer. 
1
H and 

13
C NMR spectra were recorded on a Bruker Avance (III) 

400 MHz spectrometer. Data for 
1
H NMR are reported as a chemical shift (δ 

ppm), multiplicity (s = singlet, d = doublet, t = triplet,  q = quartet, m = multiplet), 

coupling constant J (Hz), integration, and assignment, data for 
13

C are reported as 

a chemical shift. High resolutions mass spectral analyses (HRMS) were carried 

out using ESI-TOF-MS. Single crystal X-ray structural studies were performed on 

a CCD Agilent Technologies (Oxford Diffraction) SUPER NOVA diffractometer. 

Data were collected at 293(2) K using graphite-monochromoated Mo Kα 

radiation (λα = 0.71073 Å). The strategy for the data collection was evaluated by 

using the CrysAlisPro CCD software. The data were collected by the standard 

'phi-omega scan techniques, and were scaled and reduced using CrysAlisPro RED 

software. The structures were solved by direct methods using SHELXS-97 and 

refined by full matrix least-squares with SHELXL-97, refining on F
2
.
[49] 

4.5.2 Materials 

 All these starting materials and catalysts were either purchased from commercial 

sources or synthesized by literature known procedures
[50]

. All the solvents dried 

and distilled under reduced pressure before prior used. 
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Representative procedure for the synthesis of ethyl 4,6-

diphenylpicolinate (3aa):  

To a solution of compound 1a (39.4 mg, 0.2 mmol), 2a (67.39 mg, 0.22 mmol) 

and DABCO (33.6 mg, 0.3 mmol) in THF (0.5 mL) was added at room 

temperature. Then the reaction mixture was heated at 55 °C for 3 h (monitored by 

TLC). Upon completion of the reaction, the reaction mixture was extracted with 

ethyl acetate (3 × 10 mL), washed with water and brine respectively, dried with 

Na2SO4 to afford the crude product. Finally it was obtained in a pure form (55.7 

mg, 92%) through column chromatography over silica-gel using EtOAc/hexane 

(1:4, v/v) as the eluent. The product was fully characterized by its spectroscopic 

data (IR, 
1
HNMR, 

13
C NMR and HRMS). 

 

All the synthesized products in Table 4.2 and Scheme 4.11 were followed the 

above procedure. All the products were characterized by their corresponding 

spectroscopic data (
1
H, 

13
C NMR and HRMS).  

Ethyl-4,6-diphenylpicolinate (3aa): white solid (55.7 mg, 92%); mp: 65-67 °C; 

Rf  = 0.76 (EtOAc:hexane=1:4); IR (KBr): ν 2984, 2932, 2902, 

1714, 1600, 1546, 1425, 1372, 1345 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.28 (s,1H), 8.09-8.13 (m, 3H), 7.73-7.75 (m, 

2H), 7.43-7.55 (m, 6H), 4.52 (q, J = 7.0 Hz, 2H), 1.48 (t, J = 

7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.9, 158.6, 150.7, 149.3, 139.0, 

138.1, 129.8, 129.6, 129.1, 127.6, 127.4, 121.8, 121.8 (2C), 62.2, 14.6; HRMS 

(ESI) m/z  calculated for C20H17NO2[M+H]
+
: 304.1332, found 304.1334. 
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Ethyl-6-phenyl-4-(4-methylphenyl)picolinate (3ab): white solid (57.1 mg, 

90%); mp: 66-68 °C; Rf  = 0.76 (EtOAc:hexane = 1:4);  IR 

(KBr): ν 2994, 2952, 2925, 2901, 2854, 1715, 1601, 1544, 

1516, 1451, 1430, 1370, 1345, 1279 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.27 (s, 1H), 8.11-8.13 (m, 2H), 8.07 (s, 

1H), 7.64-7.65 (m, 2H), 7.48-7.52 (m, 2H), 7.42-7.46 (m, 

1H), 7.32-7.34 (m, 2H), 4.52 (q, J = 7.0 Hz, 2H), 2.43 (s, 3H), 1.49 (t, J = 7.0 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 165.9, 158.5, 150.5, 149.2, 139.9, 139.0, 

135.0, 130.2, 129.6, 129.0, 127.6, 127.2, 121.5, 121.4, 62.1, 21.5, 14.6; HRMS 

(ESI) m/z  calculated for C21H19NO2[M+H]
+
: 318.1489, found: 318.1492. 

Ethyl-4-(4-methoxyphenyl)-6-phenylpicolinate (3ac): orange solid (59.3 mg, 

89%); mp: 79-81 °C; Rf  = 0.50 (EtOAc:Hexane = 1:4); IR 

(KBr): ν 2963, 2926, 2853, 1715, 1606, 1544, 1516, 1458, 

1433, 1371, 1349, 1255 cm
-1

. 
1
H NMR (400 MHz, CDCl3): 

δ 8.21 (s, 1H), 8.06-8.08 (m, 2H), 8.00 (s, 1H), 7.65-7.67 (m, 

2H), 7.38-7.48 (m, 3H), 6.98-7.00 (m, 2H), 4.48 (q, J = 7.0 

Hz, 2H), 3.83 (s, 3H), 1.45 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

168.0, 161.1, 158.5, 150.0, 149.1, 139.1, 130.1, 129.6, 129.0, 128.6, 127.5, 121.1, 

121.0, 114.9, 62.1, 55.8, 14.6; HRMS (ESI) m/z  calculated for C21H19NO3 

[M+H]
+
: 334.1438, found 334.1439. 

Ethyl-4-(2,5-dimethoxyphenyl)-6-phenylpicolinate (3ad): yellow solid (62.4 

mg,  86%); mp: 80-82 °C; Rf  = 0.50 (EtOAc:hexane = 1:4); 

IR (KBr): ν 2961, 2928, 2837, 2483, 1719, 1596, 1543, 

1503, 1466, 1427, 1368, 1303 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 8.21 (s, 1H), 8.07-8.09 (m, 3H), 7.42-7.51 (m, 

3H), 6.97-6.98 (m, 3H), 4.50 (q, J = 7.0 Hz, 2H), 3.83 (s, 3H), 3.80 (s, 3H), 1.47 

(t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.0, 157.9, 154.2, 151.1, 

148.5, 148.4, 139.2, 129.5, 129.0, 128.4, 127.7, 124.6, 124.3, 116.5, 115.3, 113.2, 

62.1, 56.6, 56.2, 14.6; HRMS (ESI) m/z  calculated for C22H21NO4 [M+H]
+
: 

364.1543, found 364.1548. 



                                                                                                                                             Chapter 4 

197 
 

Ethyl-4-(4-(benzyloxy)-3-methoxyphenyl)-6-phenylpicolinate (3ae): light 

greenish solid (73.7 mg, 84%); mp: 83-85 °C; Rf = 0.43 

(EtOAc:hexane = 1:4); IR (KBr): ν 2982, 2936, 2871, 2581, 

1715, 1593, 1453, 1516, 1468, 1453, 1430, 1384, 1368, 

1348, 1264 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.24 (s, 

1H), 8.10-8.12 (m, 2H), 8.03 (s, 1H), 7.47-7.51 (m, 5H), 

7.38-7.41 (m, 2H), 7.33-7.35 (m,1H), 7.26 (s, 2H), 7.01-7.03 (m, 2H), 5.24 (s, 

2H), 4.53 (q, J = 6.8 Hz, 2H), 4.01 (s, 3H), 1.49 (t, J = 6.8 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ 168.0, 158.5, 150.5, 150.4, 149.8, 149.2, 139.2, 137.0, 

131.1, 129.7, 129.1, 128.9, 128.3, 127.8, 127.5, 121.4, 121.3, 120.1, 114.4, 110.9, 

71.3, 62.2, 56.6, 14.8; HRMS (ESI) m/z  calculated for C28H25NO4 [M+H]
+
: 

440.1856,  found 440.1857. 

Ethyl-4-(4-fluorophenyl)-6-phenylpicolinate (3af): white solid (59.9 mg, 93% 

); mp: 90-92 °C; Rf  = 0.80 (EtOAc:hexane = 1:4); IR (KBr): 

ν 2994, 2952, 2902, 1714, 1605, 1550, 1512, 1435, 1371, 

1345, 1283, 1238 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.22 

(d, J = 1.5 Hz, 1H), 8.09-8.12 (m, 2H), 8.02 (d, J = 1.5 Hz, 

1H), 7.70-7.73 (m, 2H), 7.45-7.52 (m, 3H), 7.19-7.23 (m, 

2H), 4.51 (q, J = 7.2 Hz, 2H), 1.48 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3): δ 165.8, 164.0 (JC-F = 248.0 Hz), 158.7, 149.6, 149.3, 138.8, 134.1, 

134.1, 129.8, 129.3, 129.2, 129.1, 127.6, 121.6, 121.5, 116.7, 116.5, 62.3, 14.6; 

HRMS (ESI) m/z  calculated for C20H16FNO2[M+H]
+
: 322.1238, found 

322.1241. 

Ethyl-4-(4-chlorophenyl)-6-phenylpicolinate (3ag): light greenish solid; (61.4 

mg, 91%); mp: 91-93 °C; Rf  = 0.76 (EtOAc:hexane = 1:4); 

IR (KBr): ν 2994, 2950, 2898, 1713, 1602, 1543, 1491, 

1432, 1372, 1345 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.22 

(s, 1H), 8.09-8.11 (m, 2H), 8.02 (s, 1H), 7.66-7.67 (m, 2H), 

7.44-7.51 (m, 5H), 4.51 (q, J = 7.2 Hz, 2H), 1.48 (t, J = 7.2 

Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.7, 158.7, 149.4 (2C), 138.7, 136.4, 
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136.0, 129.8, 129.7, 129.1, 128.7, 127.6, 121.5, 121.4, 62.3, 14.6; HRMS (ESI) 

m/z  calculated for C20H16ClNO2[M+H]
+
: 338.0942, found 338.0938. 

Ethyl-4-(4-cyanophenyl)-6-phenylpicolinate (3ah): white solid (59.1 mg,   

90%); mp: 105-107 °C; Rf  = 0.46 (EtOAc:hexane = 1:4); IR 

(KBr): ν 2993, 2951, 2900. 2354, 2323, 2225, 1716, 1599, 

1543, 1506, 1433 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.24 

(s, 1H), 8.10-8.12 (m, 2H), 8.05 (s, 1H), 7.83 (s, 4H), 7.46-

7.52 (m, 3H), 4.52 (q, J = 7.2 Hz, 2H), 1.48 (t, J = 7.2 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 165.5, 159.0, 149.6, 148.7, 142.5, 138.4, 

133.3, 130.1, 129.2, 128.2, 127.6, 121.6 (2C), 118.5, 113.5, 62.4, 14.6; HRMS 

(ESI) m/z  calculated for C21H16N2O2[M+Na]
+
: 351.1104, found 3351.1106. 

Ethyl-4-(3-nitrophenyl)-6-phenylpicolinate (3ai): white solid (60.6 mg, 87%) ; 

mp 110-112 °C; Rf  = 0.43 (EtOAc:hexane = 1:4); IR 

(KBr): ν 2984, 2929, 2871, 1723, 1599, 1531, 1443, 1423, 

1350 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.60 (s, 1H), 

8.34-8.37 (m, 1H), 8.29 (s, 1H), 8.11-8.15 (m, 3H), 8.06-

8.08 (m, 1H), 7.72-7.76 (m, 1H), 7.46-7.55 (m, 3H), 4.54 

(q, J = 7.2 Hz, 2H), 1.50 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

165.5, 159.2, 149.8, 149.3, 148.2, 139.9, 138.5, 133.4, 130.7, 130.2, 129.3, 127.7, 

124.4, 122.5, 121.6 (2C), 62.5, 14.7; HRMS (ESI) m/z  calculated for 

C20H16N2O4[M+Na]
+
: 371.1002, found 371.1027. 

Ethyl-4-(2-furyl)-6-phenylpicolinate (3aj): white solid; (49.8 mg, 85%); mp: 

69-71 °C; Rf  = 0.66 (EtOAc:hexane = 1:4); IR (KBr): ν 

2973, 2926, 2905, 2858, 1735, 1612, 1568, 1551, 1489, 1451, 

1428, 1368, 1341, 1247 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

8.23-8.24 (m, 1H), 8.09-8.11 (m, 3H), 7.57-7.58 (m, 1H), 

7.42-7.51 (m, 3H), 7.00 (d, J = 3.5 Hz, 1H), 6.55-6.56 (m, 1H), 4.50 (q, J = 7.0 

Hz, 2H), 1.48 (t, J =  7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.7, 158.6, 

151.1, 149.2, 144.4, 139.5, 138.8, 129.7, 129.0, 127.5, 117.9, 117.4, 112.6, 109.8, 
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62.2, 14.6; HRMS (ESI) m/z  calculated for C18H15NO3 [M+H]
+
: 294.1125, found 

294.1128. 

Ethyl-6-phenyl-4-(2-thiophenyl)picolinate (3ak): yellow powder (53.2 mg, 

86%); mp: 75-77 °C; Rf = 0.66 (EtOAc:hexane = 1:4); IR 

(KBr): ν 2975, 2924, 2901, 1737, 1597, 1552, 1477, 1432, 

1367, 1321, 1235, 1212 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

8.23-8.24 (m, 1H), 8.08-8.10 (m, 2H), 8.02-8.03 (m, 1H), 

7.63-7.64 (m, 1H), 7.45-7.52 (m, 4H), 7.16-7.18 (m, 1H), 4.51 (q, J = 7.0 Hz, 

2H), 1.48 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.7, 158.8, 

149.4, 143.6, 140.9, 138.7, 129.8, 129.1, 128.8, 128.0, 127.5, 126.3, 119.9, 119.7, 

62.3, 14.6; HRMS (ESI) m/z  calculated for C18H15NO2S[M+H]
+
: 310.0896, 

found 310.0904. 

Ethyl-4-phenyl-6-(4-methylphenyl)picolinate (3ba): light yellowish solid (57.7 

mg, 91%); mp: 63-65 °C; Rf = 0.76 (EtOAc:hexane = 

1:4); IR (KBr): ν 2976, 2923, 2855, 1732, 1600, 1543, 

1367, 1238 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.11 (s, 

1H), 7.89-7.92 (m, 3H), 7.58-7.60 (m, 2H), 7.33-7.40 (m, 

3H), 7.16-7.18 (m, 2H), 4.39 (q, J = 7.0 Hz, 2H), 2.28 (s, 3H), 1.35 (t, J = 7 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 165.9, 158.5, 150.5, 149.1, 139.7, 138.0, 

136.1, 129.8, 129.6, 129.4, 127.4 (2C),121.4, 121.3, 62.1, 21.6, 14.6; HRMS 

(ESI) m/z  calculated for C21H19NO2[M+H]
+
: 318.1489,  found 318.1492. 

Ethyl-4,6-bis-(4-methylphenyl)picolinate (3bb): pale yellow solid; (59.6 mg, 

90%); mp: 65-67 °C; Rf = 0.73 (EtOAc:Hexane = 1:4); IR 

(KBr): ν 1713, 1600, 1544, 1514, 1435, 1368, 1344, 1257, 

1239 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.24 (d, J = 

1.7 Hz, 1H), 8.03-8.04 (m, 2H), 8.01 (s, 1H), 7.63-7.65 

(m, 2H), 7.29-7.33 (m, 4H), 4.52 (q, J = 7.0 Hz, 2H), 2.42 

(s, 3H), 2.42 (s, 3H), 1.49 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

166.0, 158.5, 150.3, 149.0, 139.8, 139.7, 136.2, 135.1, 130.1, 129.7, 127.4, 127.2, 
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121.2, 121.1, 62.1, 21.5, 21.5, 14.6; HRMS (ESI) m/z  calculated for 

C22H21NO2[M+H]
+
: 332.1651, found 332.1655. 

Ethyl-4-(4-methoxyphenyl)-6-(4-methylphenyl)picolinate (3bc): light 

yellowish solid (60.4 mg, 87%); mp: 78-80 °C; Rf = 0.50 

(EtOAc:hexane = 1:4); IR (KBr): ν 2980, 2903, 1716, 

1602, 1543, 1512, 1462, 1434, 1402, 1372, 1348, 1290 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.21 (s, 1H), 8.02 

(s, 3H), 7.68-7.70 (m, 2H), 7.29-7.30 (m, 2H), 7.02-7.04 

(m, 2H), 4.51 (q, J = 6.8 Hz, 2H), 3.87 (s, 3H), 2.41 (s, 3H), 1.48 (t, J = 6.8 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 165.1, 160.1, 157.5, 148.9, 148.1, 138.7, 

135.3, 129.3, 128.8, 127.6, 126.4, 119.9, 119.7, 113.9, 61.1, 54.7, 20.6, 13.6; 

HRMS (ESI) m/z  calculated for C22H21NO3[M+H]
+
: 348.1594,  found 348.1595. 

Ethyl-4-(2,5-dimethoxyphenyl)-6-(4-methylphenyl)picolinate (3bd): light 

yellowish solid (64.1 mg, 85%); mp: 80-82 °C; Rf = 0.50 

(EtOAc:hexane = 1:4); IR (KBr): ν 2987, 2961, 2940, 

2906, 2836, 1717, 1638, 1596, 1541, 1468, 1426, 1302, 

1256 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.18 (s, 1H), 

8.04 (s, 1H), 7.98-8.00 (m, 2H), 7.28-7.30 (m, 2H), 6.95-6.98 (m, 3H), 4.49 (q, J 

= 6.5 Hz, 2H), 3.82 (s, 3H), 3.79 (s, 3H), 2.41 (s, 3H), 1.46 (t, J = 6.5 Hz, 3H); 

13
C NMR (100 MHz, CDCl3): δ 166.1, 157.8, 154.2, 151.1, 148.4, 148.2, 139.6, 

136.4, 129.7, 128.4, 127.5, 124.2, 124.0, 116.5, 115.2, 113.1, 62.0, 56.6, 56.2, 

21.6, 14.6; HRMS (ESI) m/z  calculated for C23H23NO4[M+H]
+
: 378.1700,  found 

378.1697. 

Ethyl-4-(4-benzyloxy-3-methoxyphenyl)-6-(4-methylphenyl)picolinate (3be): 

light yellowish solid (76.1 mg,  84%); mp: 96-98 °C; Rf 

= 0.50 (EtOAc:hexane = 1:4); IR (KBr): ν 2855, 1715, 

1593, 1540, 1516, 1463, 1433, 1409, 1380, 1348, 1263 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.11 (s, 1H), 7.94 

(s, 1H), 7.91 (s, 2H), 7.38-7.39 (m, 2H), 7.29-7.32 (m, 
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2H), 7.21-7.23 (m, 3H), 7.16-7.17 (m, 2H), 6.91-6.93 (m, 1H), 5.14 (s, 2H), 4.43 

(q,  J = 7.0 Hz, 2H), 3.91 (s, 3H), 2.33 (s, 3H), 1.40 (t, J = 7.0 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ 166.0, 158.5, 150.4, 150.2, 149.7, 149.0, 139.7, 136.9, 

136.2, 131.1, 129.7, 128.9, 128.2, 127.5, 127.4, 121.1, 121.0, 120.1, 114.4, 110.8, 

71.2, 62.1, 56.5, 21.6, 14.6; HRMS (ESI) m/z  calculated for C29H27NO4[M+H]
+
: 

454.2013, found 454.2020. 

Ethyl-4-(4-fluorophenyl)-6-(4-methylphenyl)picolinate (3bf): white solid (60.5 

mg, 90%); mp: 88-90 °C; Rf = 0.80 (EtOAc:hexane = 

1:4); IR (KBr): ν  2989, 2923, 2860, 1712, 1603, 1548, 

1510, 1437, 1372, 1345, 1241 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 8.17 (s, 1H), 7.99-8.01 (m, 3H), 7.67-7.70 (m, 

2H), 7.27-7.29 (m, 2H), 7.17-7.21 (m, 2H), 4.50 (q, J = 

7.0 Hz, 2H), 2.40 (s, 3H), 1.47 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): 

δ 165.8, 163.9 (JC-F = 248.0 Hz) 158.6, 149.4, 149.2, 139.9, 135.9, 134.2, 134.1, 

129.8, 129.2 (2C), 127.4, 121.2, 121.0, 116.6, 116.4, 62.2, 21.5, 14.6; HRMS 

(ESI) m/z  calculated for C21H18FNO2[M+H]
+
: 336.1394, found 336.1392. 

Ethyl-4-(4-chlorophenyl)-6-(4-methylphenyl)picolinate (3bg): light yellowish 

solid (61.9 mg,  88%); mp: 90-92 °C; Rf = 0.76 (EtOAc: 

hexane = 1:4); IR (KBr): ν 2976, 2925, 2858, 1724, 

1600, 1542, 1491, 1441, 1366, 1242, 1165, 1089, 1021 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.18 (s, 1H), 8.01 

(s, 1H), 7.99 (s, 2H), 7.64-7.66 (m, 2H), 7.47-7.49 (m, 

2H), 7.28-7.30 (m, 2H), 4.51 (q, J = 7.0 Hz, 2H), 2.41 (s, 3H), 1.47 (t, J = 7.0 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 165.8, 158.7, 149.2 (2C), 139.9, 136.5, 

135.9, 135.9, 129.8, 129.7, 128.6, 127.4, 121.1, 121.0, 62.2, 21.6, 14.6; HRMS 

(ESI) m/z  calculated for C21H18ClNO2[M+H]
+
: 352.1099, found 352.1100. 
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Ethyl-4-(2-furyl)-6-(4-methylphenyl)picolinate (3bj): gummy liquid (51.6 mg, 

84%); Rf = 0.66 (EtOAc:hexane = 1:4); IR (KBr): ν 2922, 

2853, 1719, 1609, 1548, 1486, 1431, 1371  cm
-1

; 
1
H 

NMR (400 MHz, CDCl3): δ 8.21 (d, J = 1.5 Hz, 1H), 

8.09 (d, J = 1.3 Hz, 1H), 8.00-8.02 (m, 2H), 7.57-7.58 

(m, 1H), 7.28-7.30 (m, 2H), 7.00-7.01 (m, 1H), 6.55-6.57 (m 1H), 4.50 (q,  J = 

7.2 Hz, 2H), 2.41 (s, 3H), 1.48 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): 

δ 165.8, 158.6, 151.3, 149.1, 144.4, 139.9, 139.5, 136.0, 129.8, 127.4, 117.7, 

117.1, 112.6, 109.8, 62.2, 21.6, 14.6; HRMS (ESI) m/z  calculated for 

C19H17NO3[M+H]
+
: 308.1281, found 308.1286. 

Ethyl-4-(2-thiophenyl)-6-(4-methylphenyl)picolinate (3bk): yellow powder 

(53.6 mg, 83%); mp: 80-82 °C; Rf = 0.76 

(EtOAc:hexane = 1:4); IR (KBr): ν 2923, 2855, 1736, 

1593, 1548, 1420, 1366, 1320, 1237 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 8.20 (d, J = 1.2 Hz, 1H), 7.98-

8.00 (m, 3H), 7.62 (d, J = 3.8 Hz, 1H), 7.44 (d, J = 5.2 Hz, 1H), 7.28-7.31 (m, 

2H), 7.14-7.16 (m, 1H), 4.51 (q, J = 7.0 Hz, 2H), 2.41 (s, 3H), 1.48 (t, J = 7.0 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 165.8, 158.7, 149.2, 143.5, 141.0, 139.9, 

135.9, 129.8, 128.8, 127.8, 127.4, 126.2, 119.6, 119.4, 62.2, 21.6, 14.6; HRMS 

(ESI) m/z  calculated for C19H17NO2S[M+H]
+
: 324.1053,  found 324.1057. 

Ethyl-6-(4-methoxyphenyl)-4-phenylpicolinate (3ca): yellow powder (53.3 mg, 

87%); mp: 77-79 °C; Rf = 0.50 (EtOAc:hexane = 1:4); 

IR (KBr): ν 2970, 2926, 2852, 1734, 1601, 1543, 1515, 

1451, 1415, 1366, 1345, 1234 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.18 (s, 1H), 8.06 (d, J = 8.2 Hz, 2H), 

7.99 (s, 1H), 7.68-7.70 (m, 2H), 7.44-7.50 (m, 3H), 6.98 (d, J = 8.7 Hz, 2H), 4.48 

(q, J = 7.0 Hz, 2H), 3.83 (s, 3H), 1.45 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3): δ 165.9, 161.1, 158.2, 150.5, 149.0, 138.1, 131.5, 129.6, 129.4, 128.9, 

127.4, 121.1, 120.9, 114.4, 62.1, 55.6, 14.6; HRMS (ESI) m/z  calculated for 

C21H19NO3[M+H]
+
: 334.1438, found 334.1444. 
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Ethyl-4-(4-chlorophenyl)-6-(4-methoxyphenyl)picolinate (3cg): yellowish 

solid (65.5 mg, 89%); mp: 92-94 °C; Rf = 0.50 (EtOAc: 

hexane = 1:4); IR (KBr): ν 2988, 2960, 2936, 2901, 1730, 

1601, 1543, 1516, 1487, 1462, 1421, 1366, 1347, 1311 cm
-1 

; 
1
H NMR (400 MHz, CDCl3): δ 8.15 (s, 1H), 8.06-8.08 (m, 

2H), 7.96 (s, 1H), 7.64-7.66 (m, 2H), 7.47-7.49 (m, 2H), 

7.00-7.02 (m, 2H), 4.50 (q, J = 7.0 Hz, 2H), 3.86 (s, 3H), 1.47 (t,  J = 7.0 Hz, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 165.8, 161.2, 158.3, 149.2 (2C),  136.6, 

135.9, 131.3, 129.7, 128.9, 128.7, 120.8, 120.6, 114.5, 62.2, 55.6, 14.6; HRMS 

(ESI) m/z  calculated for C21H18ClNO3[M+Na]
+
: 390.0867, found 390.0882. 

Ethyl-6-(4-fluorophenyl)-4-phenylpicolinate (3da): orange solid; (56.5 

mg,88%);  mp: 91-93 °C; Rf = 0.76 (EtOAc:hexane = 

1:4); IR (KBr): ν  2989, 2920, 2856, 1711, 1602, 1547, 

1510, 1447, 1419, 1372, 1344, 1259 cm
-1

;
 1

H NMR (400 

MHz, CDCl3): δ 8.27 (s, 1H), 8.10-8.13 (m, 2H), 8.03 (s, 

1H), 7.72-7.74 (m, 2H), 7.47-7.55 (m, 3H), 7.16-7.20 (M, 2H), 4.51 (q, J = 7.0 

Hz, 2H), 1.48 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.8, 164.2 

(JC-F = 248.0 Hz) 157.6, 150.9, 149.3, 137.9, 135.2, 129.8, 129.6, 129.5, 127.4, 

121.8, 121.4, 116.2, 116.0, 62.3, 14.7; HRMS (ESI) m/z  calculated for 

C20H16FO2[M+H]
+
: 322.1238,  found 322.1233. 

Ethyl-6-(4-chlorophenyl)-4-phenylpicolinate (3ea): pale yellow solid; (60.1 mg, 

89%); mp: 85-87 °C; Rf = 0.83 (EtOAc:Hexane = 1:4); 

IR (KBr): ν 2983, 2959, 2855, 1725, 1598, 1546, 1490, 

1444, 1406, 1369, 1345, 1242 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 8.27 (s, 1H), 8.06-8.08 (m, 3H), 7.71-7.73 (m, 

2H), 7.45-7.54 (m, 5H), 4.51 (q,  J = 7.0 Hz, 2H), 1.48 (t, J = 7.0 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 165.7, 157.3, 150.9, 149.3, 137.8, 137.3, 135.9, 

129.8, 129.5, 129.3, 128.8, 127.4, 122.0, 121.4, 62.2, 14.6; HRMS (ESI) m/z  

calculated for C20H16ClNO2[M+H]
+
: 338.0942, found 338.0945. 
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Ethyl-6-(4-chlorophenyl)-4-(2-furyl)picolinate (3ej): pale yellow solid; (53.7 

mg, 82%); mp: 89-91 °C;  Rf = 0.83 (EtOAc:Hexane = 1:4); 

IR (KBr): ν 2980, 2960, 2925, 2853, 1721, 1610, 1547, 

1491, 1368, 1342, 1244 cm
-1

; 
1
H NMR (400 MHz, CDCl3): 

δ 8.22 (s, 1H), 8.03-8.06 (m, 3H), 7.58-7.59 (m, 1H), 7.44-

7.46 (m, 2H), 7.01-7.02 (m, 1H), 6.56-6.57 (m, 1H), 4.50 (q, J = 7.0 Hz, 2H), 

1.47 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.8, 157.3, 151.0, 

149.2, 144.6, 139.7, 137.2, 136.0, 129.2, 128.8, 118.2, 117.1, 112.7, 110.1, 62.3, 

14.6; HRMS (ESI) m/z  calculated for C18H14ClNO3[M+H]
+
: 328.0735, found 

328.0751. 

Ethyl-6-(2-chlorophenyl)-4-phenylpicolinate (3fa): white solid; (60.8 mg, 

90%); mp: 90-92 °C; Rf = 0.66  (EtOAc:Hexane = 1:4); 

IR (KBr): ν 2991, 2960, 2942, 2901, 1718, 1640, 1601, 

1548, 1499, 1479, 1447, 1425, 1386, 1368, 1343, 1288, 

1237  cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.35 (s, 1H), 

8.05 (s, 1H), 7.71-7.74 (m, 3H), 7.48-7.54 (s, 4H), 7.34-7.41 (m, 2H), 4.52 (q, J = 

6.5 Hz, 2H), 1.48 (t, J = 6.5 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.7, 

157.9, 149.6, 149.3, 138.9, 137.7, 132.6, 132.3, 130.4, 130.3, 129.8, 129.5, 127.5, 

127.5, 126.2, 122.1, 62.3, 14.7; HRMS (ESI) m/z  calculated for 

C20H16ClNO2[M+H]
+
: 338.0942, found 338.0943. 

Ethyl-6-(2-chlorophenyl)-4-(4-trifluoromethylphenyl)picolinate (3fl): pale 

yellow solid; (70.6 mg, 87%); mp: 99-101 °C; Rf = 0.56 

(EtOAc:Hexane = 1:4);  IR (KBr): ν 2989, 2924, 2854, 

1715, 1605, 1546, 1378, 1327, 1256 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.34 (d, J = 1.4 Hz, 1H), 8.06 (d, J = 1.4 

Hz, 1H), 7.77-7.85 (m, 4H), 7.71-7.74 (m, 1H), 7.48-7.50 

(m, 1H), 7.35-7.42 (m, 2H), 4.52 (q, J = 7.0 Hz, 2H), 1.46 (t, J = 7.0 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 165.4, 158.1, 149.5, 148.2, 141.2, 141.2, 138.5, 

132.5, 132.3,131.6, 130.5, 130.4, 128.0, 127.6, 126.6, 126.5, 126.5, 126.5, 126.5, 
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125.5, 122.8, 122.1, 62.5, 14.6; HRMS (ESI) m/z  calculated for 

C21H15ClF3NO2[M+H]
+
: 406.0816, found 406.0819. 

Ethyl-6-(4-bromophenyl)-4-phenylpicolinate (3ga): light green solid; (65.7 mg, 

86%); mp: 93-95 °C; Rf = 0.83 (EtOAc:Hexane = 1:4);   IR 

(KBr): ν 2982, 2926, 2901, 2854, 1727, 1596, 1548, 1488, 

1442, 1405, 1369, 1345 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

8.28 (s, 1H), 8.04 (s, 1H), 7.99-8.01 (m, 2H), 7.72-7.73 (m, 

2H), 7.61-7.63 (m, 2H), 7.47-7.55 (m, 3H), 4.51 (q, J = 7.0 Hz, 2H), 1.48 (t, J = 

7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.7, 157.3, 150.9, 149.3, 137.8, 

137.8, 132.2, 129.9, 129.5, 129.1, 127.4, 124.3, 122.1, 121.4, 62.3, 14.6; HRMS 

(ESI) m/z  calculated for C20H16
79

BrNO2[M+H]
+
: 382.0437, found 382.0457; 

HRMS (ESI) m/z  calculated for C20H16
81

BrNO2[M+H]
+
: 384.0418, found 

384.0434. 

Ethyl-6-(4-bromophenyl)-4-(2,5-dimethoxyphenyl)picolinate (3gd): orange 

solid; (75.2 mg, 85%) ; mp: 99-101 °C; Rf = 0.50 

(EtOAc:hexane = 1:4); IR (KBr): ν 2960, 2933, 2834, 

1734, 1639, 1598, 1545, 1495, 1462, 1421, 1400, 1371, 

1339, 1301, 1278, 1249 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 8.21 (s, 1H), 8.03 (s, 1H), 7.96-7.98 (m, 2H), 

7.59-7.62 (m, 2H), 6.96-6.97 (m, 3H), 4.49 (q, J = 7.2 Hz, 2H), 3.82 (s, 3H), 3.79 

(s, 3H), 1.46 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.8, 156.6, 

154.2, 151.0, 148.6, 148.6, 138.0, 132.2, 129.2, 128.1, 124.6, 124.3, 124.1, 116.5, 

115.4, 113.1, 62.1, 56.6, 56.2, 14.6; HRMS (ESI) m/z  calculated for 

C22H20
79

BrNO4[M+H]
+
: 442.0648, found 442.0656; HRMS (ESI) m/z  calculated 

for C22H20
81

BrNO4[M+H]
+
: 444.0629, found 444.0644. 
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Ethyl-6-(4-bromophenyl)-4-(4-fluorophenyl)picolinate (3gf): pale yellow solid; 

(70.4 mg, 88%); mp: 100-102 °C; Rf = 0.83 

(EtOAc:Hexane = 1:4);   IR (KBr): ν 2987, 2925, 2905, 

1717, 1640, 1603, 1549, 1512, 1490, 1439, 1397, 1369, 

1345, 1281 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.22 (s, 

1H), 7.98-8.00 (m 3H), 7.69-7.72 (m, 2H), 7.60-7.62 (m, 

2H), 7.19-7.23 (m, 2H), 4.51 (q, J = 7.0 Hz, 2H), 1.47 (t, J = 7.0 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 165.6, 164.0 (JC-F = 248.0 Hz), 157.4, 149.8, 149.4, 

137.7, 133.9, 132.3, 129.3, 129.1, 124.4, 121.8, 121.1, 116.7, 116.5, 62.3, 14.6; 

HRMS (ESI) m/z  calculated for C20H15
79

BrFNO2[M+H]
+
: 400.0343, found 

400.0352; HRMS (ESI) m/z calculated for C20H15
81

BrFNO2[M+H]
+
: 402.0323, 

found 402.0337. 

Ethyl-6-(4-bromophenyl)-4-(4-chlorophenyl)picolinate (3gg): pale yellow 

solid; (72.5 mg, 87%); mp: 105-107 °C; Rf = 0.83 

(EtOAc:Hexane = 1:4);   IR (KBr): ν 2980, 2924, 2855, 

1725, 1602, 1543, 1494, 1442, 1368, 1241 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 8.22-8.23 (m, 1H), 7.98-8.00 (m, 

2H), 7.97 (s, 1H), 7.61-7.67 (m, 4H), 7.49-7.51 (m, 2H), 

4.51 (q, J = 7.0 Hz, 2H), 1.47 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): 

δ 165.6, 157.5, 149.6, 149.5, 137.6, 136.2, 136.2, 132.3, 129.8, 129.1, 128.7, 

124.5, 121.8, 121.1, 62.4, 14.6; HRMS (ESI) m/z  calculated for 

C20H15
79

BrClNO2[M+H]
+ 

: 416.0047, found 416.0058; HRMS (ESI) m/z  

calculated for C20H15
81

BrClNO2[M+H]
+ 

: 418.0027, found 418.0037. 

Ethyl-6-(4-bromophenyl)-4-(2-furyl)picolinate (3gi): brown solid; (61.0 mg, 

82%); mp: 100-102 °C; Rf = 0.50 (EtOAc:hexane = 1:4);   

IR (KBr): ν 2974, 2925, 2855, 1730, 1609, 1546, 1486, 

1418, 1367, 1339, 1241 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 8.23 (s, 1H), 8.05 (s, 1H), 7.96-7.98 (m, 2H), 

7.59-7.61 (m, 3 H), 7.00-7.01 (m, 1H), 6.56 (s, 1H), 4.50 (q, J = 7.2 Hz, 2H), 1.47 

(t, J = 7.04 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 164.5, 156.3, 149.9, 148.2, 
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143.5, 138.7, 136.6, 131.1, 128.0, 123.3, 117.1, 116.0, 111.6, 109.1, 61.2, 13.6; 

HRMS (ESI) m/z  calculated for C18H14
79

BrNO3[M+H]
+
: 372.0230, found 

372.0245; HRMS (ESI) m/z  calculated for C18H14
81

BrNO3[M+H]
+
: 374.0210, 

found 374.0225. 

Ethyl-6-(4-bromophenyl)-4-(2-thiophenyl)picolinate (3gk): yellowish solid ; 

(65.2 mg, 84%); mp: 101-103 °C; Rf = 0.73 

(EtOAc:hexane = 1:4);   IR (KBr): ν 2979, 2925, 2901, 

2856, 2360, 2338, 1731, 1598, 1549, 1485, 1443, 1422, 

1368, 1323, 1239, 1211 cm
-1

.
1
H NMR (400 MHz, 

CDCl3): δ 8.23-8.24 (m, 1H), 7.98-7.99 (m, 2H), 7.96 (s, 1H), 7.63-7.64 (m, 2H), 

7.61 (s, 1H), 7.47-7.48 (m, 1H), 7.16-7.19 (m, 1H), 4.51 (q, J = 7.0 Hz, 1H), 1.48 

(t, J = 7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.6, 157.3, 151.0, 149.3, 

144.6, 139.7, 137.6, 132.2, 129.0, 124.3, 118.2, 117.0, 112.7, 110.1, 62.3, 14.6; 

HRMS (ESI) m/z  calculated for C18H14
79

BrNO2S[M+H]
+
: 388.0001, found 

388.0009; HRMS (ESI) m/z  calculated for C18H14
81

BrNO2S[M+H]
+
: 389.9981, 

found 389.9988. 

(E)-Ethyl-6-phenyl-4-styrylpicolinate (3am): light yellow liquid; (56.0 mg, 

85%); Rf = 0.80 (EtOAc:Hexane = 1:4);  IR (KBr): ν 3059, 

2980, 1738, 1595, 1546, 1432, 1370, 1252, 1193, 1084, 1025 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.17 (s, 1H), 8.09 (d, J = 

7.6 Hz, 2H), 7.91 (s, 1H), 7.58 (d, J = 7.6 Hz, 2H), 7.39-7.52 

(m, 7H), 7.12-7.18 (m, 1H), 4.52 (q, J = 7.2 Hz, 2H), 1.49 (t, J 

= 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.7, 158.3, 148.8, 146.6, 138.7, 

135.9, 134.1, 129.4, 129.0, 128.9, 128.8, 127.3, 127.1, 125.5, 120.9, 120.3, 61.9, 

14.3; HRMS (ESI) m/z  calculated for C22H19NO2[M+H]
+
: 330.1489, found 

330.1478. 
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(E)-Ethyl-4-(4-methoxystyryl)-6-phenylpicolinate (3an): light yellow gummy 

liquid; (58.9 mg, 82%); Rf = 0.65 (EtOAc:hexane = 1:4); IR 

(neat): ν 1738, 1714, 1591, 1579, 1545, 1510, 1435, 1249 cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ 8.07 (s, 1H), 8.01 (d, J = 7.6 

Hz, 2H), 7.81 (s, 1H), 7.31-7.46 (m, 6H), 6.85-6.95 (m, 2H), 

4.43 (q, J = 7.2 Hz, 2H), 3.77 (s, 3H), 1.41 (t, J = 7.2 Hz, 3H); 

13
C NMR (100 MHz, CDCl3): δ 166.1, 160.7, 158.5, 149.0, 

147.3, 139.1, 134.0, 129.6, 129.0, 129.0, 128.9, 127.5, 123.5, 120.9, 120.4, 114.7, 

62.2, 55.7, 14.7; HRMS (ESI) m/z  calculated for C23H21NO3 [M+H]
+ 

: 360.1594, 

found 360.1595. 

(E)-Ethyl-4-styryl-6-(4-methylphenyl)picolinate (3bm): light yellow liquid; 

(54.9 mg, 80%); Rf = 0.76 (EtOAc:Hexane = 1:4);  IR 

(KBr): ν 3029, 2979, 2855, 1738, 1714, 1636,1596, 

1546,1447, 1424, 1253 cm
-1

; 
1
H NMR (400 MHz, CDCl3): 

δ 8.06 (s, 1H), 7.92 (d, J = 7.8 Hz, 2H), 7.81 (s, 1H), 7.49 

(d, J = 7.8 Hz, 2H), 7.17-7.38 (m, 6H), 7.03-7.07 (m, 1H), 

4.43 (q, J = 7.0 Hz, 2H), 2.34 (s, 3H), 1.40 (t, J = 7.0 Hz, 3H); 
13

C NMR (100 

MHz, CDCl3): δ 165.8, 158.3, 148.8, 146.5, 139.5, 136.0, 135.9, 134.0, 129.5, 

129.0, 128.9, 127.2, 127.1, 125.6, 120.6, 120.0, 61.9, 21.3, 14.4; HRMS (ESI) 

m/z  calculated for C23H21NO2[M+H]
+
: 344.1645, found 344.1635. 

 (E)-Ethyl-6-(4-bromophenyl)-4-styrylpicolinate (3gm): light yellow gummy 

liquid; (67.7 mg, 79%); Rf  = 0.73 (EtOAc:hexane = 1:4);  

IR (KBr): ν 3058, 2979, 2923, 1737, 1716, 1635, 1597, 

1545, 1491, 1446, 1251 cm
-1

; 
1
H NMR (400 MHz, CDCl3): 

δ 8.18 (s, 1H), 7.98 (d, J = 8.0 Hz, 2H), 7.88 (s, 1H), 7.57-

7.63 (m, 4H), 7.35-7.47 (m, 4H), 7.11-7.16 (m, 1H), 4.51 (q, 

J = 7.2 Hz, 2H), 1.48 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.5, 

157.0, 148.9, 146.8, 137.5, 135.8, 134.4, 131.9, 129.1, 128.9, 128.8, 127.2, 125.2, 

124.0, 120.5, 62.0, 14.3; HRMS (ESI) m/z  calculated for C22H18
79

BrNO2[M+H]
+ 
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: 408.0594, found 408.0614; calculated for C22H18
81

BrNO2[M+H]
+ 

: 410.0574, 

found 410.0607.   

Synthesis of 2-amino-4,6-diphenylpyridine  from  3aa (7): 

 

The ethyl 4,6-diphenylpicolinate  (3aa, 303.3 mg,  1.0 mmol) and LiOH.H2O (210 

mg, 5.0 mmol) in MeCN/H2O (5.0 ml, 4:1)  was taken in a round bottom flask. 

Then the reaction mixture was allowed to stir for 5 h (monitored by TLC). After 

completion of the reaction,   organic solvent was removed by rotary evaporator 

and acidified by 1M acetic acid. Then water layer was extracted with ethyl acetate 

(5 × 10 ml), washed with brine solution and dried with Na2SO4. Evaporation of 

the solvent left the crude 4,6-diphenylpicolinic acid (6)  which was reasonable 

pure and directly used for the next step without further purification.    

A mixture of above 4,6-diphenylpicolinic acid (6),  DPPA (385.0 mg, 1.4 mmol), 

and triethylamine (405.0 mg, 4.0 mmol) in toluene (2.0 ml) was heated at 65 °C 

for 2 h and then 100 °C for 6 h. After completion of the reaction (monitored by 

TLC), the reaction mixture was extracted with ethyl acetate (3 × 10 ml)  before 

being quenched with water. The combined organic layer was washed with brine 

solution and  dried over sodium sulphate. Afterwards, the organic phase was  

concentrated  under reduced pressure to furnish the crude product. It  was purified 

by flash chromatography over silica gel  using EtOAc/hexane (2:3 v/v) as the 

eluent to give 4,6-diphenylpyridin-2-amine (7)  in 78% yield (191.9 mg, overall ) 

as a white solid. 
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2-Amino-4,6-diphenylpyridine (7):
[51]

 pale yellow solid; Rf = 0.50 

(EtOAc:Hexane = 2:3);  
1
H NMR (400 MHz, CDCl3): δ 7.97 

(d, J = 7.6Hz, 2H), 7.64 (d, J = 7.4Hz, 2H), 7.39-7.49 (m, 6H), 

7.31 (s, 1H), 6.67 (s, 1H), 4.66 (br s, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 158.8, 156.5, 151.2, 139.5, 139.0, 128.8, 128.7, 

128.7, 128.5, 126.9 (2C), 110.0, 105.1; HRMS (ESI) m/z  calculated For 

C17H14N2[M+H]
+
: 247.1230; Found 247.1228. 

Typical Procedure for the Synthesis of Ethyl 2-(2-(4- 

Chlorophenyl)-5,7-diphenylimidazo[1,2-a]pyridin-3-yl)acetate(8): 

2-Amino-4,6-diphenylpyridine (123.0 mg, 0.5 mmol) and MBH acetate (2g, 

180.23 mg, 0.55 mmol) were stirred in MeOH (4.0 ml) for 2 h (monitored by 

TLC). Upon completion of the reaction, the reaction mixture was extracted by 

ethyl acetate (3 × 10 ml) before being removed MeOH. The combined organic 

layer was washed with brine solution, dried over sodium sulphate. The organic 

phase was removed by rotary evaporator to furnish the crude product which was 

purified by flash chromatography over silica gel (EtOAc/hexane = 2:3 as an 

eluent) to give ethyl 2-(2-(4-chlorophenyl)-5,7-diphenylimidazo[1,2-a]pyridin-3-

yl)acetate (8, 81%) as yellow solid product. 
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Ethyl-2-(2-(4-chlorophenyl)-5,7-diphenylimidazo[1,2-a]pyridin-3-yl)acetate 

(8): yellow solid; Rf = 0.45 (EtOAc:hexane = 2:3); (189.0 mg, 

81%); IR (neat) ν 1731, 1597, 1545, 1487, 1473, 1367, 1254, 

1186 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 7.92 (s, 1H), 7.69 

(d, J = 7.6 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 7.39-7.54 (m, 

10H), 6.96 (s, 1H), 3.89 (q, 7.2 Hz, 2H), 3.54 (s, 2H), 1.10 (t, 

J = 7.2Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 169.7, 146.9, 

146.2, 138.6, 138.3, 137.1, 134.4, 134.0, 132.9, 130.1, 129.9, 129.5, 129.0, 128.7, 

128.3, 128.2, 126.7, 115.2, 114.8, 113.5, 61.0, 32.3, 13.9; HRMS (ESI) m/z  

calculated for C29H23ClN2O2 [M+H]
+
: 467.1521, found 467.1509. 

 

 

 

 

 

 

Lithium hydroxide (126.0 mg, 3.0 mmol) was added to a stirred solution of ethyl 

2-(2-(4-chlorophenyl)-5,7-diphenylimidazo[1,2-a]pyridin-3-yl)acetate (140.0 mg, 

0.3 mmol) in MeCN/H2O (4.0 mL, 3:1). Afterwards, the reaction mixture was 

heated at 60 °C for 12 h. After completion of the reaction (monitored by TLC), 

solvent was removed by rotary evaporator to provide the crude mass which was 

acidified with 1M acetic acid solution. Then water layer was extracted with ethyl 

acetate (5 × 10 ml). The combined organic layer was washed with brine, dried 

over Na2SO4. Next the organic phase was evaporated under reduced pressure to 

obtain the crude product as white solid which was sufficiently pure to carry out 

next step. 
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A mixture of imidazopyridine carboxylic acid,  EDCI.HCl (0.4 mmol), Et3N (0.6 

mmol),  DMAP (0.06 mmol) and  N,N-dipropyl amine (0.3 mmol) in DMF (1.0 

mL) was stirred at room tem.p.erature under argon atmosphere for 12h (monitored 

by TLC). After that, the reaction mixture was extracted with ethyl acetate (3 × 10 

mL) before being quenched with saturated NH4Cl solution. Combined rganic 

layer was washed with brine, dried  with Na2SO4. Next evaporation of organic 

slovent left the crude materials which was by column chromatography over silica 

gel (EtOAc/hexane 1:4 as a mixture of solvent) to furnish the pure product (128.4 

mg, 82% yield, two-step) as white solid. 

2-(2-(4-Chlorophenyl)-5,7-diphenylimidazo[1,2-a]pyridin-3-yl)acetic acid: 

white solid; Rf  = 0.20 (EtOAc:hexane = 3:2);  
1
H NMR (400 

MHz, DMSO-d6): δ 7.91 (s, 1H), 7.84 (d, J = 7.6 Hz, 2H), 

7.76 (d, J = 8.4 Hz, 2H), 7.55-7.77 (m, 2H), 7.36-7.57 (m, 

8H), 6.90 (s, 1H), 3.04 (s, 2H);  HRMS (ESI) m/z  calculated 

for C27H19ClN2O2 [M+H]
+
: 439.1208, found 439.1226. 

2-(2-(4-Chlorophenyl)-5,7-diphenylimidazo[1,2-a]pyridin-3-yl)-N,N-

dipropylacetamide (9): yellow solid; Rf = 0.40 

(EtOAc:Hexane = 2:3);  
1
H NMR (400 MHz, CDCl3): δ 7.89 

(s, 1H), 7.67 (d, J = 7.2 Hz, 2H), 7.36-7.58 (m, 12H), 6.89 (s, 

1H), 3.49 (s, 2H), 3.09 (t, J = 7.2 Hz, 2H), 2.65 (t, J = 8.0 Hz, 

2H), 1.45-1.51 (m, 2H), 1.19-1.24 (m, 2H), 0.87 (t, J = 7.2 Hz, 

3H), 0.73 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

168.2, 146.9, 145.6, 138.5, 138.4, 136.7, 135.2, 133.6, 133.4, 130.1, 130.0, 129.1, 

129.0, 128.5, 128.1, 128.0, 126.7, 116.6, 115.1, 113.6, 49.6, 48.4, 31.5, 21.8, 20.9, 

11.5, 11.2; HRMS (ESI) m/z  calculated for C33H32ClN3O [M+H]
+
: 522.2307, 

found 522.2313. 
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Table 4.3 Crystal data for compound 3bd 

Compound 3bd 

Empirical formula C23H23NO4 

Formula weight 377.42 

Temperatute 293(2) K 

Wave length (Å ) 0.71073  

Crystal system, space group MONOCLINIC,  P21/c 

a (Å) 

b (Å) 

c (Å) 

α (°) 

β (°) 

γ (°) 

20.1569(13)  

7.4950(6)  

13.1446(5) 

90  

95.770(7)  

90  

Volume (Å
3
) 1975.8(2)  

Z, Calculated density (mg/m
3
) 4,  1.269  

Absorption coefficient (mm
-1

) 0.087  

F(000) 800 

Crystal size (mm) 0.50 x 0.40 x 0.20  

Ө range (deg) 2.90 to 25.00  

Limiting indices -20<=h<=23, -8<=k<=8, -15<=l<=15 

Reflections collected / unique 16437 / 3466 [R(int) = 0.0369] 

Com.p.leteness to Ө = 25 99.9% 

Max. and min. transmission 0.9829 and 0.9579 

Absorption correction Semi-empirical from equivalents 

Data / restrains / parameters 3466 / 0 / 257 

 Goodness-of-fit on F^2 0.773 

Final R indices [I>2sigma(I)] R1 = 0.0586, wR2 = 0.2271 

R indices (all data) R1 = 0.0674, wR2 = 0.2411 

Largest diff. peak and hole (e.A
-3

) 0.207 and -0.162  

CCDC 1456731 
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4.6 Copies of 
1
H and 

13
C NMR spectra of some important 

compounds described in Chapter 4 
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Figure 4.4 400 MHz 
1
H NMR spectrum of 3aa in CDCl3 
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Figure 4.5 100 MHz 
13

C NMR spectrum of 3aa in CDCl3 
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Figure 4.6 400 MHz 
1
H NMR spectrum of 3ab in CDCl3 
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Figure 4.7 100 MHz 
13

C NMR spectrum of 3ab in CDCl3 
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Figure 4.8 400 MHz 
1
H NMR spectrum of 3ac in CDCl3 
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Figure 4.9 100 MHz 
13

C NMR spectrum of 3ac in CDCl3 
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Figure 4.10 400 MHz 
1
H NMR spectrum of 3ad in CDCl3 
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Figure 4.11 100 MHz 
13

C NMR spectrum of 3ad in CDCl3 
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Figure 4.12 400 MHz 
1
H NMR spectrum of 3ae in CDCl3 
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Figure 4.13 100 MHz 
13

C NMR spectrum of 3ae in CDCl3 
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Figure 4.14 400 MHz 
1
H NMR spectrum of 3af in CDCl3 
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Figure 4.15 100 MHz 
13

C NMR spectrum of 3af in CDCl3 
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Figure 4.16 400 MHz 
1
H NMR spectrum of 3ag in CDCl3 
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Figure 4.17 100 MHz 
13

C NMR spectrum of 3ag in CDCl3 

 



                                                                                                                                             Chapter 4 

221 
 

 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

4.08 3.07 3.002.02 2.00

1
.4

6
7
5

1
.4

8
5
1

1
.5

0
3
3

4
.4

9
6
44

.5
1
5
2

4
.5

3
2
8

4
.5

5
1
0

7
.2

6
0
0

7
.4

6
5
1

7
.4

8
3
9

7
.4

9
3
3

7
.5

1
2
8

7
.5

2
9
1

7
.8

0
9
5

7
.8

3
2
0

7
.8

5
4
6

8
.0

5
7
2

8
.1

0
1
7

8
.1

2
1
2

8
.2

4
2
9

 

 

Figure 4.18 400 MHz 
1
H NMR spectrum of 3ah in CDCl3 
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Figure 4.19 100 MHz 
13

C NMR spectrum of 3ah in CDCl3 
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Figure 4.20 400 MHz 
1
H NMR spectrum of 3ai in CDCl3 
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Figure 4.21 100 MHz 
13

C NMR spectrum of 3ai in CDCl3 
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Figure 4.22 400 MHz 
1
H NMR spectrum of 3aj in CDCl3 
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Figure 4.23 100 MHz 
13

C NMR spectrum of 3aj in CDCl3 
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Figure 4.24 400 MHz 
1
H NMR spectrum of 3ak in CDCl3 
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Figure 4.25 100 MHz 
13

C spectrum of 3ak in CDCl3 
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Figure 4.26 400 MHz 
1
H NMR spectrum of 3bb in CDCl3 

 

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0
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Figure 4.27 100 MHz 
13

C NMR spectrum of 3bb in CDCl3 
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Figure 4.28 400 MHz 
1
H NMR spectrum of 3bc in CDCl3 
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Figure 4.29 100 MHz 
13

C NMR spectrum of 3bc in CDCl3 
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Figure 4.30 400 MHz 
1
H NMR spectrum of 3bd in CDCl3 
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Figure 4.31 100 MHz 
13

C NMR spectrum of 3bd in CDCl3 



                                                                                                                                             Chapter 4 

228 
 

 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.04 3.013.002.052.04 2.00

1
.4

5
8
8

1
.4

7
6
3

1
.4

9
3
9

2
.4

0
4
0

4
.4

7
9
5

4
.4

9
7
1

4
.5

1
4
6

4
.5

3
2
2

7
.1

7
4
7

7
.1

9
4
8

7
.2

7
8
2

7
.2

9
7
6

7
.6

7
8
4

7
.6

9
4
7

7
.7

0
9
1

7
.9

9
5
1

8
.0

1
5
8

8
.1

7
8
3

 

 

Figure 4.32 400 MHz 
1
H NMR spectrum of 3bf in CDCl3 
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Figure 4.33 100 MHz 
13

C NMR spectrum of 3bf in CDCl3 
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Figure 4.34 400 MHz 
1
H NMR spectrum of 3bg in CDCl3 
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Figure 4.35 100 MHz 
13

C NMR spectrum of 3bg in CDCl3 
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Figure 4.36 400 MHz 
1
H NMR spectrum of 3bj in CDCl3 
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Figure 4.37 100 MHz 
13

C NMR spectrum of 3bj in CDCl3 
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Figure 4.38 400 MHz 
1
H NMR spectrum of 3bk in CDCl3 
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Figure 4.39 100 MHz 
13

C NMR spectrum of 3bk in CDCl3 
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Figure 4.40 400 MHz 
1
H NMR spectrum of 3ca in CDCl3 
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Figure 4.41 100 MHz 
13

C NMR spectrum of 3ca in CDCl3 
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Figure 4.42 400 MHz 
1
H NMR spectrum of 3cg in CDCl3 
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Figure 4.43 100 MHz 
13

C NMR spectrum of 3cg in CDCl3 
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Figure 4.44 400 MHz 
1
H NMR spectrum of 3da in CDCl3 
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Figure 4.45 100 MHz 
13

C NMR spectrum of 3da in CDCl3 
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Figure 4.46 400 MHz 
1
H NMR spectrum of 3ea in CDCl3 
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Figure 4.47 100 MHz 
1
H NMR spectrum of 3ea in CDCl3 
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Figure 4.48 400 MHz 
1
H NMR spectrum of 3ej in CDCl3 
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Figure 4.49 100 MHz 
13

C NMR spectrum of 3ej in CDCl3 
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Figure 4.50 400 MHz 
1
H NMR spectrum of 3fa in CDCl3 
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Figure 4.51 100 MHz 
13

C NMR spectrum of 3fa in CDCl3 
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Figure 4.52 400 MHz 
1
H NMR spectrum of 3fl in CDCl3 
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Figure 4.53 100 MHz 
13

C NMR spectrum of 3fl in CDCl3 
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Figure 4.54 400 MHz 
1
H NMR spectrum of 3ga in CDCl3 
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Figure 4.55 100 MHz 
13

C NMR spectrum of 3ga in CDCl3 
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Figure 4.56 400 MHz 
1
H NMR spectrum of 3gd in CDCl3 
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Figure 4.57 100 MHz 
13

C NMR spectrum of 3gd in CDCl3 
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Figure 4.58 400 MHz 
1
H NMR spectrum of 3gg in CDCl3 
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Figure 4.59 100 MHz 
13

C NMR spectrum of 3gg in CDCl3 
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Figure 4.60 400 MHz 
1
H NMR spectrum of 3gk in CDCl3 
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Figure 4.61 100 MHz 
13

C NMR spectrum of 3gk in CDCl3 
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Figure 4.62 400 MHz 
1
H NMR spectrum of 3am in CDCl3 
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Figure 4.63 100 MHz 
13

C NMR spectrum of 3am in CDCl3 
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Figure 4.64 400 MHz 
1
H NMR spectrum of 3an in CDCl3 
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Figure 4.65 100 MHz 
13

C NMR spectrum of 3an in CDCl3 

 



                                                                                                                                             Chapter 4 

245 
 

 

11 10 9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

6.16 3.24 3.122.08 2.05

1
.3

9
0
5

1
.4

0
8
1

1
.4

2
5
7

2
.3

4
0
8

4
.4

0
5
0

4
.4

2
3
2

4
.4

4
0
8

4
.4

5
8
3

7
.0

7
3
9

7
.2

1
3
1

7
.2

3
2
6

7
.2

6
5
8

7
.3

1
4
1

7
.3

3
3
6

7
.3

8
0
6

7
.4

8
9
7

7
.5

0
8
6

7
.8

0
9
0

7
.9

1
3
1

7
.9

3
3
2

8
.0

6
2
4

 

 

Figure 4.66 400 MHz 
1
H NMR spectrum of 3bm in CDCl3 
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Figure 4.67 100 MHz 
13

C NMR spectrum of 3bm in CDCl3 
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Figure 4.68 400 MHz 
1
H NMR spectrum of 7 in CDCl3 
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Figure 4.69 100 MHz 
13

C NMR spectrum of 7 in CDCl3 
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Figure 4.70 400 MHz 
1
H NMR spectrum of 8 in CDCl3 
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Figure 4.71 100 MHz 
13

C NMR spectrum of 8 in CDCl3 
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Figure 4.72 400 MHz 
1
H NMR spectrum of 9 in CDCl3 
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Figure 4.73 100 MHz 
13

C NMR spectrum of 9 in CDCl3 
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Chapter 5 

DABCO promoted domino reaction of cyclic 

sulfamidate imines with Morita-Baylis-Hillman 

acetates: a metal-free approach to functionalized 

nicotinic acid derivatives. 

5.1 Introduction 

A metal-free based domino approach for the construction of poly-functionalized 

pyridine containing an ester, nitrile or acetyl   group at C-3 position (as surrogate 

of nicotinic acid or niacin or vitamin B3) is a key research topic in chemical 

science
[1-5]

 because this evergreen aza-heterocycle as well as its nicotinic acid  

 

Figure 5.1 Several biologically active natural products having a nicotinic scaffold 

frameworks constitute several marketable drugs,
[2.5] 

biologically active natural 

products,
[3-5]

 pharmaceuticals,
[6,7]

 agrochemicals,
[8,9] 

functional materials,
[10,11]

 

and ligands for catalysis
[12]

  (Figure 5.1). Owing to their vast applications 
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including the treatment of human health, several chemists have been devoted 

towards the efficient synthesis of nicotinic acid derivatives by adopting several 

modern techniques.
[13-35]

A few recent reports on the synthesis of nicotinic acid 

derivatives have been discussed in the review Section 5.2. 

5.2 Review of literature  

In 1994, Krishnan et al.  has developed a synthetic route for the synthesis of 

unsubstituted nicotinic acid from 3-picoline via oxidation reaction in gaseous 

phase by using vanadium pentoxide  on the high surface titanium dioxide (5-50 wt 

% vanadium) as discussed in Scheme 5.1.
[36] 

 

Scheme 5.1 Synthesis of nitotinic acid 

Meyers and co-workers explored a two-step protocol for the synthesis of pyridine 

derivatives by Hantzsch-type pseudo four component reaction of 2 equivalent of a 

1,3-dicarbonyl derivative, an aldehyde and ammonia  to provide 1,4-

dihydropyridines  (DHPs).
[37] 

The latter on subsequent oxidation gives 

symmetrical pyridines (Scheme 5.2). 

 

Scheme 5.2 Synthesis of nicotinate derivative via Hantzsch’s type synthesis 
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In 1957, Bohlmann and Rahtz reported for the first time a regioselective two-step 

synthetic procedure for the synthesis of nicotinate/nictinonitrile derivatives by 

performing the reaction between enamines  and ethynyl ketones in ethanol at 50 

°C, followed by  isomerization-cyclization of isolated intermediate at high 

temperatures 120-170 °C  in vacuum condition (Scheme 5.3).
[13,14]

  

Scheme 5.3 The original Bohlmann-Rahtz pyridine synthesis (1957) 

The above two-step synthetic method further improved into a one-pot manner by 

performing the reaction in the presence of several Lewis acids/Brønsted acids. In 

this direction, in 2001, Bagley et al. developed a one-pot protocol for the  access 

to functionalized nicotinate in high to excellent yield by the reaction of several 

enaminoesters and ethynyl ketones at 50 ºC in toluene promoted by acetic acid.
[38]

 

Few examples are included in Scheme 5.4. 

 

Scheme 5.4 Brønsted acid promoted synthesis of functionalized nicotinates 
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Interestingly, Bagley et al. has further developed that Bohlmann-Rahtz 

heteroannulation reaction could be efficiently performed in the presence of a 

catalytic amount of transition metal-salt (Yb(OTf)3, ZnBr2) under refluxing 

conditions (Scheme 5.5).
[39] 

However, the current method is associated with a 

limited substrate scope due to the practical difficulty of the synthesis and isolation 

of enamine substrates which renders the practical applicability of current method. 

 

Scheme 5.5 Lewis acid promoted synthesis of functionalized nicotinates 

In order to bypass the above problems,   the combinations of several β-ketoesters 

and ammonium acetate (in situ generated enaminoester) have been employed in 

the one-pot three component reaction with a number of alkynones catalyzed by  

several Brønsted or Lewis acids or Amberlyst 15 ion exchange resin, resulting in  

good to excellent yields of polysubstituted nicotinate derivatives.
[40]

 Few 

examples are given in Scheme 5.6.  
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Scheme 5.6 Multicomponent synthesis of polyfunctionalized nicotinate 

derivatives. 

It should be noted that the above reaction could be performed in ethanol under 

catalyst-free conditions. However, the completion of reaction required for longer 

time (24 h) as reported by Bagley and his co-workers
 
(Scheme 5.7).

[41]
 

 

Scheme 5.7 Three component reaction for the synthesis of polysubstituted 

nicotinate 

In 2017,  Nishiwaki and his group  has documented a novel  [3+3] cyclization 

reaction for the synthesis of highly substituted nicotinates from enaminoesters and 

α, β-unsaturated ketones in MeCN at 150ºC under microwave irradiation for 1h 

promoted by stoichiometric amount of FeCl3 (Scheme 5.8).
[42]

   



Chapter 5                                                                                                                

260 
 

 

 

 

 

 

Scheme 5.8 Formation of highly substituted nicotinates from α, β-unsaturated 

ketones 

In 2008, an interesting three-component domino reaction was carried out by 

involving the direct condensation of 1,3-dicarbonyls, acroleins as Michael 

acceptors and NH4OAc in the presence of  4Å molecular sieves (MS)  to provide  

a series of nicotinates in a satisfactory level  of yields as developed by Rodriguez 

and co-workers.
[19] 

A few examples are given in Scheme 5.9. 

 

 

 

 

 

Scheme 5.9 Synthesis of substituted nicotinate from 1,3-dicarbonyls 

In 2009, the same group also developed an alternative procedure for the 

preparation of interesting functionalized nicotinate derivatives by using β,γ-

unsaturated α-ketoesters as acceptors in the place of acroleins promoted by acetic 

acid.
[18] 

This three component reaction offers desired pyridine derivatives in 

medium to excellent yields with completely regioselective manner (Scheme 

5.10).   
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Scheme 5.10 Multi-component approach towards the synthesis of trisubstituted 

nicotinates. 

Several Morita-Baylis-Hillman acetates of methyl vinyl ketone have been utilized 

as bis-electrophiles in the SN2ʹ reaction with sodium diethyl oxalacetate in DMF 

at 120 °C to provide MBH adducts which were further converted into nicotinate 

derivatives by in situ iminocyclization using NH4OAc as N-source in AcOH for 1 

h under refluxing conditions as reported by Kim et al. in 2013 (Scheme 5.11).
[32]

 

 

Scheme 5.11 Synthesis of poly-substituted nicotinates using MBH acetates of 

MVK 
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Synthesis of 3-acetyl pyridine and nicotinonitrile derivatives 

(Surrogate of nicotinate) 

In 2015, Jiang and co-workers revealed a Cu-catalyzed three component cascade 

annulation reaction taking various oxime acetates, activated methylene 

compounds, and a wide range of aldehydes bearing aryl, heteroaryl, vinyl, and 

trifluoromethyl groups to provide the tri- or tetrasubstituted nicotinate.
[43] 

 This 

one-pot procedure is mild enough to prepare a vide verities of substituted 

nicotinate derivatives. (Scheme 5.12)  

 

 

Scheme 5.12 Synthesis of substituted nicotinate with various oxime acetates and 

active methylene compounds 

An excellent procedure for the synthesis of 2-aminonicotinonitriles by copper-

catalyzed cyclization of oxime ester, aldehyde and malonitrile at 60ºC in DCE 

was described by Cui group in 2014.
[44] 

Some of the examples are described in 

Scheme 5.13. 
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Scheme 5.13 Multicomponent fashion for the synthesis of 2-aminonicotinonitriles 

5.2.1 Conclusion 

The review work suggested that several efficient and practical synthetic methods 

have been reported for the synthesis of functionalized nicotinate derivatives in 

good to excellent yields. However, the use of metal-salts and strong acids, lack of 

generality, poor chemical yields with multiple by-products, harsh reaction 

conditions, multi-steps etc. are major drawbacks of all the above literature 

procedures. To solve the above difficulties, the development of a simple, efficient, 

metal-free based new synthetic technique for the construction of an important 

class of functionalized nicotinic acid derivatives from simple raw materials 

remains a difficult task for synthetic organic chemist. 

 

Figure 5.2 Functionalized nicotinate 
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5.3 Present work 

A facile and metal-free pot-economy synthesis of diverse substituted nicotinate 

derivative is still demanding in synthetic as well as medicinal chemistry. Recently 

we have reported a novel DABCO promoted one-pot protocol for the synthesis of 

4,6-diarylpicolinates via a domino SN2ʹ addition-elimination sequence reaction of 

5-membered cyclic sulfamidate imines as nucleophiles with Morita-Baylis-

Hillman acetates derived from nitroolefins (Scheme 4.3).
[45]

 With this 

understanding, we assumed that a similar kind of pyridine derivative may be 

obtained by employing β-unsubstituted MBH acetate of acrylate
[46,47]

 as well-

known nucleophilic acceptor instead of taking β-substituted MBH acetate of 

nitroolefin in the domino reaction with cyclic sulfamidate imines which may 

proceed in the SN2 manner, leading to nicotinic acid derivatives. Here in, we 

report an interesting domino reaction of several cyclic sulfamidate imines with 

different types of aryl-substituted MBH acetates bearing ester/nitrile/acetyl groups 

in 2-MeTHF as an eco-friendly solvent promoted by DABCO to afford a novel 

series of 4,6-diarylnicotinates/nicotinonitriles/3-acetylpyridines  as shown in 

Scheme 5.14).  

 

Scheme 5.14 DABCO mediated domino reaction of MBH acetates with cylic 

sulfamidate imines. 
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5.3.1 Results and discussion 

5.3.1.1 Screening of solvents and bases 

Taking the test substrate 4-phenyl-5H-1,2,3-oxathiazole-2,2-dioxide (1a) and 

MBH  acetate of acrylate (2a), the reaction was carried out in 2-MeTHF as a 

green solvent at room temperature in the presence 1.5 equivalent of 1,4-

diazabicyclo[2.2.2]octane (DABCO) as an organobase under O2 atmosphere. 

Interestingly after 60h we were able to isolate our desired product 4,6-

diarylnicotinate (3aa) in 10% yield (entry 1, Table 5.1). The product 3aa was 

fully characterized by its spectroscopic data (IR 
1
H, 

13
C and HRMS). The absence 

of singlet at 5.60 in 
1
H NMR data indicates full consuming of 1a. 

1
H NMR 

spectrum shows that 7.37-9.13 ppm peaks indicate the corresponding aromatic 

protons of pyridine moiety. Furthermore, 4.17 (q, J = 7.2Hz) and 1.07 (t, J = 7.2 

Hz) correspond to the CO2Et group. In addition, 
13

C NMR spectrum contains 17 

peaks (15 of aromatic region and 2 of CO2Et group) clears the formation of our 

desired nicotinate derivative 3aa. The HRMS spectrum shows the presence of 

molecular ion peak [M+H]
+
:
 
304.1362  which corresponds to the molecular 

weight of product of 3aa. Gratifyingly, on increasing the reaction temperature 

from 45 °C to 70 °C, significant yield of 3aa was enhanced from 52% to 82% 

after 48h (entries 2-3). This interesting result promoted us to investigate the above 

unprecedented domino reaction in various common organic solvents and all the 

results were summarized in Table 5.1. Results indicated that polar solvents 

namely DMSO, DMF and EtOH reaction gave poor yields (21-33% , entries 9-11) 

of 3aa as compared to the non-polar ones (59-79%, entries 6-8). Considering the 

yield (82%, entry 3) and environment benign nature of 2-MeTHF, it was chosen 

as the best solvent for this conversion. Next, we tested this domino reaction in the 

presence several common organic bases namely DBU, DMAP, DIPEA, Et3N and 

quinine at 70 °C for 60 h. Surprisingly, all these bases led to unsatisfactory results 

(5-52% yields of 3aa, entries 12-16) as compared to DABCO (82%, 48h, entry 3). 

In summary, the optimum reaction condition was using 4-phenyl-5H-1,2,3-

oxathiazole-2,2-dioxide (1a, 1.0 equiv) and 1.1 equivalent of MBH  acetate of 
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acrylate (2a) in presence of 1.5 equivalent DABCO in 2-MeTHF at 70 ºC to get 

the 4-6-diarylnicotinates (3aa) with 83% yield.  It should be noted that a mediocre 

yield (56%, entry 5) of 3aa was obtained when the same reaction was carried out 

under open atmosphere instead of O2 balloon. 

Table 5.1 Optimization of the reaction conditions
a
 

                     

entry base solvent temp(ºC) time (h) yield
b
(%) 

1 DABCO 2-MeTHF rt 60 10 

2 DABCO 2-MeTHF 45 60 52 

3 DABCO 2-MeTHF 70 48 82 

4
c
 DABCO 2-MeTHF 70 48 83 

5
d
 DABCO 2-MeTHF 70 48 56 

6 DABCO THF 70 48 79 

7 DABCO toluene 70 48 74 

8 DABCO EtOAc 70 48 59 

9 DABCO DMSO 70 48 33 

10 DABCO DMF 70 48 27 

11 DABCO EtOH 70 48 21 

12 DBU 2-MeTHF 70 60 5 

13 DIPEA 2-MeTHF 70 60 <8 

14 DMAP 2-MeTHF 70 60 41 

15 Et3N 2-MeTHF 70 60 32 

16 Quinine 2-MeTHF 70 60 53 

 

a
Reaction conditions: 1a (0.2 mmol), 2a (0.22 mmol) and base (0.3 mmol) in 

solvent (1.0 mL) were heated at specified temperature under O2 atmosphere.
 

b
Isolated yield. 

c
DABCO (2.5 equiv.). 

d
Open air. 
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5.3.1.2 Plausible mechanism 

A reasonable mechanism for this domino reaction had been proposed as per the 

above conducting reaction results and depicted in Scheme 5.15. At first, DABCO 

may attack at the β-position of MBH acetate 2a in a SN2ʹ fashion to form a 

reactive allylammonium salt 4.
[46,47]

  Next step a carbanion intermediate 1a is 

generated from 1a via abstraction of an active methylene proton by a base which 

nucleophilically attack intermediate 4 to form a give an isolable SN2 adduct 5 in a 

non-separable mixture of diastereomer (dr = 3:1). After that, in presence of base 

intermediate 5 eliminates SO3 to form azatriene intermediate 6 which 

subsequently cyclize via 6π-aza-electrocyclization process.
[27-30]

 to form 

dihyropyridine 7 and it is isolated in its N-Boc form 8. Finally aromatization of 

dihyropyridine 7 occurs in the presence of O2 to form our desired compound 3aa.  

 

Scheme 5.15 Possible mechanism of this domino reaction 

5.3.1.3 Generality and substrate scope 

Getting optimal conditions in hand we took several 4-aryl/heteroaryl-substituted 

cyclic sulfamidate imines (1a-i) as nucleophiles in the one-pot reaction with a 

diverse range of aryl substituted MBH acetates of acrylate (2a-j) to evaluate the 

scope and generality of the reaction. As shown in Table 5.2  MBH acetates with 
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electron donating (Me, OMe, OBn) groups on the aryl rings (2b-c) reacts slower 

towards 1a (48-72 h) as compared to MBH acetates with electron withdrawing 

ones such as F, Cl, Br, CF3, CN and NO2 (2d- j) (36-40 h). However in all the 

cases reaction occurred smoothly to form 4,6-diarylnicoytinates (3ab-3aj) with 

high yields (77-87%). The structure of compound 3ai was established by its 

Single Crystal X-ray Diffraction data as shown Figure 5.3. Moreover, a range of 

cyclic sulfamidate imines (1b-h) possessing both electron rich (Me, OMe) and 

electron poor (F, Cl, Br) functionalities on the aryl nuclei used in this procedure 

which attacked MBH acetates (2a-j) in a SN2 manner, resulting in good to high 

yields (74-86%) of the corresponding nicotinates (3ba-3hg). It is noticeable that 

electron withdrawing functionalities (e.g. F, Cl, Br) on the aryl ring of cyclic 

sulfamidate imines reduce their nucleophilicities, as a consequence slowing the 

rates of the reactions (48-60h). Moreover cyclic imines having heteroaryl-

substituents such as thiophene (1i)/ furan (1g) also proceeded very well with a 

variety of MBH acetates under the present conditions leading to satisfactory 

chemical yields (70-77%) of 6-heteroaryl-substituted nicotinates (3ia-3jg). From 

the sustainable point of view several synthetically useful functionalities such as 

Me, OMe, OBn, F, Cl, Br, CF3, NO2, CN, CO2Et, CO2Me, hiophene, furan etc. 

remain unaltered in the present mild conditions. Furthermore, this protocols offers 

an easy route to synthesize unsymmetrical substituted nicotinates which cannot 

achieve by traditional Hantzsch pyridine synthesis which affords substituted 

symmetrical pyridines.
[48] 

 

 

 

 

 

 

Figure 5.3 ORTEP diagram of compound 3ai (CCDC 1522097) 
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Table 5.2 Substrate scope of 4,6-diarylnicotinate synthesis 
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After successfully developing this simple metal-free one-pot synthesis of 4,6-

diarylnicotinates, we then applied the same procedure for the preparation of 

synthetically more challenging
[49-52]

  4,6- diarylnicotinonitriles by involving the 

aryl-substituted MBH acetates derived from an acrylonitrile as reactive 

electrophiles. The obtained results in Table 5.3 shows that the nature of 

substituents such as electron rich (Me, OMe, OBn) or electron deficient (F, Cl, Br, 

CF3) and their positions on the aryl-rings of MBH adducts (2k-r) did not affect 

the reactions with a diverse range of aryl substituted cyclic imines (1a-h) under 

established conditions. All these reactions performed smoothly and providing 

consistently high to excellent yields (80-90%) of the corresponding 4,6-

diarylnicotinonitriles (3ak-3hr, surrogates of nicotinic acid) after 12-24 h. Not 

only aryl substituted cyclic imine, but heteroaryl-substituted cyclic imine (3i) also 

obtained good yields (75-80%) of 6-thiophenyl-2-arylnicotinonitriles (3ik-3im) 

after 24 h when a 4-thiophenyl cyclic sulfamidate imine (1i) was used.  
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Table 5.3 Substrate scope of 4,6-diarylnicotinonitriles 
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For further enrichment of the substrate scope, we were inspired to use chemically 

more challenging aryl substituted MBH acetates of MVK (2s-2t) for this domino 

reaction. After performed the reactions using various cyclic imines (1a-i) we were 

very pleased to say that all the reactions were very clean and furnished 74-83% 

yield of 3-acetylpyridines (3as-3it) after 40-48 h (Table 5.4). It should be notable 

that these types of acetyl pyridines are very difficult to prepare through 

conventional procedure. 
[43, 44, 53-55]

 

Table 5.4 Substrate scope of 3-acetyl-4,6-diarylpyridines 
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5.3.1.4 Synthesis of triazolopyridine derivative 

To check the potential utility of the prepared compounds we have started with the 

final nitrile compound 3ak. Nitrile compound was reacted with 2 amino pyridine 

in the presence of 5 mol % CuBr and 10 mol% 1,10-phenanthroline (1,10-Phen) 

in 1,2-dichlorobenzene (DCB) at 130 °C under an air atmosphere.
[56]

 After 18 h 

we got triazolopyridine derivative 9 with 81% yield which has structural 

similarity with the potential PDE10A inhibitor (Scheme 5.16).
[57]

  

 

Scheme 5.16 Synthesis of trizolopyridine derivative 9 

5.4 Conclusion 

In that part, we have established a general, expedient, metal-free based novel 

domino reaction of several aryl/heteroaryl-substituted cyclic sulfamidate imines 

as suitable nucleophiles with a broad range of MBH acetates bearing 

ester/cyano/acetyl groups in the presence of DABCO as a base under O2 

atmosphere at 70 °C. This unprecedented tactic delivers a series of 

pharmacologically valuable 3-carboxylate/cyano/acetyl-4,6-diarylpyridine 

derivatives in high to excellent yields.  Moreover, this smart pot-economy 

approach eliminates the use of highly expensive and toxic metal-salts, strong 

acids, large excess of external oxidants, multistep etc. In addition, the operational 

simplicity, broad substrate generality, compatibility with a variety of functional 

groups on the aryl rings and high to excellent yields make this procedure more 

powerful alternative to the established methods 
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5.5 Experimental section 

5.5.1 General information 

All the 4-aryl/heteroaryl-5H-1,2,3-oxathiazole-2,2-dioxides (1a-j)
[58] 

and 

Morita-Baylis-Hillman acetates (2a-2l)
[59,60]

 were synthesized by literature 

known procedures. All the bases were purchased from commercial sources 

(Sigma-Aldrich).   All the reactions were carried out under O2 atmosphere 

and monitored by TLC using Merck 60 F254 pre coated silica gel plates 

(0.25 mm thickness) and the products were visualized by UV detection. 

Flash chromatography was carried out with silica gel (200-300 mesh). FT-

IR spectra were recorded on a BrukerTensor-27 spectrometer. 
1
H and 

13
C 

NMR spectra were recorded on a Bruker Avance (III) 400 MHz 

spectrometer. Data for 
1
H NMR are reported as a chemical shift (δ ppm), 

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), 

coupling constant J (Hz), integration, and assignment, data for 
13

C are 

reported as a chemical shift. High resolutions mass spectral analyses 

(HRMS) were carried out using ESI-TOF-MS.  

 

Representative one-pot procedure for the synthesis of ethyl 4,6-

diphenylnicotinate (3aa):  

To a stirred solution of compound 1a (39.4 mg, 0.2 mmol) and 2a (54.6 mg, 0.22 

mmol) in 2-MeTHF (1.0 mL) was added DABCO (33.6 mg, 0.3 mmol) at room 

temperature. Then the reaction mixture was heated at 70 °C for 48h under O2 

atmosphere (monitored by TLC). Upon completion of the reaction, the reaction 

mixture was extracted with ethyl acetate (3 × 10 mL), washed with water and 

brine respectively, dried over Na2SO4. The combined organic phases were 

evaporated under reduced pressure to afford the crude product. Finally it was 

obtained in a pure form (49.7 mg, 82%) through column chromatography over 

silica-gel using a mixture of EtOAc/hexane (1:4, v/v) as the eluent. The product 
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was fully characterized by its spectroscopic data (IR, 
1
HNMR, 

13
C NMR and 

HRMS). 

All the products (3ab-3jg) in Table 5.1, 3al-3in in Table 5.2 and 3at-3iu in 

Table 5.3 were synthesized following the above procedure. All the products 

were characterized by their corresponding spectroscopic data (IR, 
1
H, 

13
C 

NMR and HRMS). 

Ethyl 4,6-diphenylnicotinate (3aa):
[27] 

white solid; (49.7 mg, 82%); mp: 110-

112 °C; Rf =  0.85 (EtOAc:hexane = 1:4); IR (KBr): ν 1700, 

1585, 1534, 1493, 1467, 1443, 1363, 1299 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 9.13 (s, 1H), 8.07 (d, J = 6.8 Hz, 2H), 

7.72 (s, 1H), 7.44-7.51 (m, 6H), 7.37-7.39 (s, 2H), 4.17 (q, J =  

7.2 Hz, 2H), 1.07 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 167.1, 

159.8, 151.5, 151.4, 139.5, 138.6, 130.1, 129.2, 128.6, 128.5, 128.3, 127.6, 125.1, 

122.0, 61.5, 14.0; HRMS (ESI) m/z  calculated for C20H18NO2 [M+H]
+
:
 
304.1332, 

found 304.1362. 

Methyl 4,6-diphenylnicotinate  (3aa´):
[35] 

white solid;  (46.3 mg, 80%); mp: 

108-110 °C; Rf = 0.85 (EtOAc:hexane = 1:4); IR (KBr): ν 

1704, 1588, 1535, 1494, 1468, 1432, 1371, 1297, 1228, cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ 9.13 (s, 1H), 8.06 (d, J = 6.8 

Hz, 2H), 7.72 (s, 1H), 7.45-7.51 (m, 6H), 7.37-7.39 (m, 2H), 

3.73 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 167.4, 160.0, 151.6, 151.5, 139.3, 

138.5, 130.2, 129.2, 128.8, 128.6, 128.3, 127.6, 124.6, 122.1, 52.5; HRMS (ESI) 

m/z  calculated for C19H15NO2Na [M+Na]
+
:
 
312.0995, found 312.0981. 

Ethyl 6-phenyl-4-(4-methylphenyl)nicotinate (3ab):
[27]

 white solid; (51.4 mg, 

81%); mp: 114-116 °C; Rf = 0.85 (EtOAc:hexane = 1:4); IR 

(KBr): ν  1696, 1594, 1573, 1534, 1468, 1444, 1373, 1299, 

1231 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.09 (s, 1H), 8.04 

(d, J = 6.7 Hz, 2H), 7.69 (s, 1H), 7.43-7.49 (m, 3H), 7.23-7.28 

(m, 4H), 4.19 (q, J = 7.0 Hz, 2H), 2.41 (s, 3H), 1.11 (t, J = 7.0 

Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 167.2, 159.7, 151.4, 151.3, 138.6, 
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138.6, 136.4, 130.0, 129.3, 129.1, 128.3, 127.5, 125.1, 122.0, 61.5, 21.5, 14.1; 

HRMS (ESI) m/z  calculated for C21H19NO2Na[M+Na]
+
: 340.1308, found 

340.1312. 

Ethyl 4-(4-benzyloxy-3-methoxyphenyl)-6-phenylnicotinate (3ac): white solid; 

(67.7  mg, 77%); mp: 125-127 °C; Rf =  0.62 (EtOAc:hexane 

= 1:4); IR (KBr): ν 1704, 1591, 1533, 1510, 1467, 1414, 1373, 

1303, 1240, 1205 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.07 

(s, 1H), 8.06 (d, J = 6.7 Hz, 2H), 7.71 (s, 1H), 7.44-7.50 (m, 

5H), 7.36-7.40 (m, 2H), 7.31-7.33 (m, 1H), 6.93-6.97 (m, 2H), 

6.88-6.90 (m, 1H), 5.21 (s, 2H), 4.19 (q, J = 7.2 Hz, 2H), 3.91 (s, 3H), 1.10 (t, J = 

7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 167.4, 159.6, 151.1, 150.8, 149.6, 

148.8, 138.5, 137.1, 132.3(2C), 130.0, 129.1, 128.8, 128.2, 127.5, 125.3, 121.7, 

120.9, 113.8, 112.2, 71.2, 61.5, 56.3, 14.1; HRMS (ESI) m/z  calculated for 

C28H25NO4Na[M+Na]
+
: 462.1676, found 462.1664.  

Ethyl 4-(4-fluorophenyl)-6-phenylnicotinate (3ad): white solid; (55.9 mg, 

87%); mp: 118-120 °C; Rf =  0.84 (EtOAc:hexane = 1:4); IR 

(KBr): ν  1697, 1594, 1536, 1507, 1469, 1401, 1370, 1301, 

1226 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.14 (s, 1H), 8.05 

(d, J = 6.5 Hz, 2H), 7.67 (s, 1H), 7.46-7.52 (m, 3H), 7.33-7.36 

(m, 2H), 7.14 (t, J = 8.7 Hz, 2H), 4.20 (q, J = 7.2 Hz, 2H), 

1.13 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.8, 163.2 (d, JC-F= 

246 Hz) 160.0, 151.6, 150.5, 138.4, 135.5 (d, JC-F= 3.6 Hz), 130.2 ( d, JC-F= 8.0 

Hz), 129.2, 127.6, 124.9, 122.0, 115.6 (d, JC-F= 21.8 Hz), 61.6, 14.1; HRMS 

(ESI) m/z  calculated for C20H16FNO2Na[M+Na]
+
:344.1057, found 344.1044. 

Ethyl 4-(4-chlorophenyl)-6-phenylnicotinate (3ae):
[27]  

white solid; (57.3 mg, 

85%); mp: 122-124 °C; Rf = 0.80  (EtOAc:hexane = 1:4); IR 

(KBr): ν 1696, 1596, 1573, 1532, 1490, 1468, 1399, 1371, 

1296, 1230cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.15 (s, 1H), 

8.06 (d, J = 6.8 Hz, 2H), 7.66 (s, 1H), 7.46-4.51 (m, 3H), 
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7.42-7.44 (m, 2H), 7.30-7.32 (m, 2H), 4.21 (q, J = 7.2 Hz, 2H), 1.14 (t, J = 7.2 

Hz, 3H) ; 
13

C NMR (100 MHz, CDCl3) δ 166.7, 160.1, 151.7, 150.4, 138.4, 

137.9, 134.9,  130.3, 129.8, 129.2, 128.8, 127.6, 124.6, 121.8, 61.6, 14.1; HRMS 

(ESI) m/z  calculated for C20H16ClNO2Na[M+Na]
+
:
 
360.0762, found 360.0791. 

Ethyl 4-(4-bromophenyl)-6-phenylnicotinate (3af): light yellow solid; (64.8 

mg, 85%); mp: 130-132 °C; Rf = 0.85 (EtOAc:hexane = 1:4); 

IR (KBr): ν 1697, 1597, 1573, 1531, 1489, 1469, 1446, 1394, 

1376, 1361, 1298, 1233 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

9.15 (s, 1H), 8.04-8.06 (m, 2H), 7.65 (s, 1H), 7.56-7.60 (m, 

2H), 7.45-7.51 (m, 3H), 7.22-7.25 (m, 2H), 4.20 (q, J = 7.2 

Hz, 2H), 1.14 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.6, 160.1, 

151.8, 150..4, 138.4, 138.3, 131.7, 130.3, 130.0, 129.2, 127.6, 124.5, 123.0, 121.8, 

61.6, 14.1; HRMS (ESI) m/z  calculated for C20H16
79

BrNO2Na[M+Na]
+
: 

404.0257, found 404.0202; calculated for C20H16
81

BrNO2Na[M+Na]
+
: 406.0237, 

found 406.0186. 

Ethyl 6-phenyl-4-(4-trifluoromethylphenyl)nicotinate (3ag): white solid; (63.8 

mg, 86%); mp: 127-129 °C; Rf = 0.75  (EtOAc:hexane = 1:4); 

IR (KBr): ν   1699, 1592, 1574, 1537, 1471, 1362, 1328, 

1302, 1234 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.22 (s, 1H), 

8.06-8.08 (m, 2H), 7.72 (d, J = 8.0 Hz, 2H), 7.68 (s, 1H), 

7.48-7.53 (m, 5H), 4.19 (q, J = 7.2 Hz, 2H), 1.10 (t, J = 7.2 

Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.2, 160.1, 151.8, 150.4, 143.3, 

138.0, 131.3, 131.0, 130.6, 130.5, 130.3, 129.3, 128.8, 127.7, 125.7, 125.5, 125.5, 

125.4, 125.4, 124.4, 123.0, 121.8, 61.7, 14.0; HRMS (ESI) m/z  calculated for 

C21H16F3NO2Na[M+Na]
+
:
 
394.1025, found 394.1025. 
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Ethyl 4-(4-cyanophenyl)-6-phenylnicotinate (3ah): light yellow solid; (54.5 

mg, 83%); mp: 130-132 °C; Rf = 0.45 (EtOAc:hexane = 1:4); 

IR (KBr): ν 2225, 1697, 1591, 1572, 1535, 1502, 1468, 1444, 

1403, 1374, 1362, 1318, 1300, 1231 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ  9.15 (s, 1H), 7.98-8.00 (m, 2H), 7.67 (d, J = 

8.0 Hz, 2H), 7.56 (s, 1H), 7.38-7.42 (m, 5H), 4.12 (q, J = 7.2 

Hz, 2H), 1.06 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.6, 160.0, 

151.8, 149.6, 144.0, 137.7,  131.9, 130.2, 128.9 (2C), 127.3, 123.6, 121.1, 118.5, 

112.1, 61.4, 13.8; HRMS (ESI) m/z  calculated for C21H17N2O2[M+H]
+
: 

329.1285, found 329.1283. 

Ethyl 4-(3-nitrophenyl)-6-phenylnicotinate (3ai): light yellow solid; (57.8 mg, 

83%); mp: 135-137 °C; Rf = 0.45 (EtOAc:hexane = 1:4); IR 

(KBr): ν  1720, 1593, 1579, 1528, 1481, 1470, 1443, 1362, 

1348, 1286, 1245, 1230 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ  

9.26 (s, 1H), 8.31 (d, J = 8.0 Hz, 1H), 8.26 (s, 1H), 8.07-8.09 

(m, 2H), 7.62-7.70 (m, 3H), 7.48-7.53 (m, 3H), 4.22 (q, J = 

6.8 Hz, 2H), 1.16 (t, J = 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.6, 160.2, 

151.9, 149.0, 148.0, 140.9, 137.6, 134.2, 130.2, 129.1, 129.0, 127.3, 123.6, 123.2, 

123.1, 121.5, 61.5, 13.8; HRMS (ESI) m/z  calculated for C20H17N2O4[M+H]
+
: 

349.1183, found 349.1189. 

Crystallographic data:  Single crystal X-ray structural of 3ai was collected at 

150(2) K using graphite monochromated Mo Kα radiation (λα = 0.71073 Å) 

(Figure 5.3). The strategy for the Data collection was evaluated by using the 

CrysAlisPro CCD software. The data were collected by the standard 'phi-omega 

scan techniques, and were scaled and reduced using CrysAlisPro RED software. 

The structure was solved by direct methods using SHELXS-97, and refined by 

full matrix least-squares with SHELXL-97, refining on F2. The positions of all 

the atoms were obtained by direct methods. All non-hydrogen atoms were refined 

anisotropically. The remaining hydrogen atoms were placed in geometrically 

constrained positions, and refined with isotropic temperature factors, generally 
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1.2Ueq of their parent atoms. The crystal data are summarized in Table 1. The 

CCDC number of 3ai (1522097) can be obtained free of charge via 

www.ccdc.cam.ac.uk (or from the Cambridge Crystallographic Data Centre,12 

union Road, Cambridge CB21 EZ, UK; Fax: (+44) 1223-336-033; or 

deposit@ccdc.cam.ac.uk). 

Methyl 4-(4-nitrophenyl)-6-phenylnicotinate (3aj): light yellow solid; (56.1 

mg, 84%); mp: 136-138 °C; Rf = 0.45  (EtOAc:hexane = 

1:4); IR (KBr): ν  1721, 1589, 1579, 1538, 1508, 1474, 1445, 

1433, 1355, 1348, 1322, 1295, 1247, 1231 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 9.26 (s, 1H), 8.33 (d, J = 8.8 Hz, 2H), 

8.06-8.09 (m, 2H), 7.67 (s, 1H), 7.49-7.54 (m, 5H), 3.77 (s, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 165.9, 160.2, 151.8, 149.5, 147.7, 145.8, 

137.6, 130.3, 129.1, 129.0, 127.3, 123.4, 123.1, 121.3, 52.3; HRMS (ESI) m/z  

calculated for C19H15N2O4[M+H]
+
: 335.1026, found 335.1026. 

Ethyl 4-phenyl-6-(4-methylphenyl)nicotinate (3ba): white solid; (55.2 mg, 

84%); mp: 114-116 °C; Rf = 0.85  (EtOAc:hexane = 1:4); 

IR (KBr): ν  1698, 1588, 1532, 1469, 1443, 1363, 1310, 

1232 cm
-1

; 
1
H NMR (400 MHz, CDCl3):  δ 9.12 (s, 1H), 

7.97 (d, J = 8.2 Hz, 2H), 7.69 (s, 1H), 7.44-7.45 (m, 3H), 

7.36-7.38 (m, 2H), 7.29 (d, J = 8.0 Hz, 2H), 4.17 (q, J = 7.2 Hz, 2H), 2.41 (s, 

3H), 1.07 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 167.1, 159.8, 

151.4, 151.4, 140.3, 139.6, 135.7, 129.9, 128.6, 128.5, 128.3, 127.5, 124.7, 121.6, 

61.4, 21.6, 14.0; HRMS (ESI) m/z  calculated for C21H20NO2[M+H]
+
: 318.1489, 

found 318.1491. 

Ethyl 4-(4-fluorophenyl)-6-(4-methylphenyl)nicotinate (3bd): white solid; 

(57.7 mg, 86%); mp: 125-127 °C; Rf =0.84 

(EtOAc:hexane = 1:4); IR (KBr): ν  1696, 1594, 1533, 

1507, 1469, 1448, 1369, 1298, 1227 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 9.12 (s, 1H), 7.96 (d, J = 8.0 Hz, 2H), 

mailto:deposit@ccdc.cam.ac.uk
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7.64 (s, 1H), 7.29-7.36 (m, 4H), 7.14 (t, J = 8.5 Hz, 2H), 4.19 (q,  J = 7.2 Hz, 

2H), 2.41 (s, 3H), 1.13 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.9, 

163.2(d, JC-F= 246.0 Hz),160.0, 151.6, 150.4, 140.5, 135.6 (d, JC-F= 3.6 Hz),  

130.2, 129.9, 127.5, 124.5, 121.6, 115.7, 115.4, 61.5, 21.6, 14.1; HRMS (ESI) 

m/z  calculated for C21H19FNO2[M+H]
+ 

336.1394, found 336.1386. 

Ethyl 4-(4-chlorophenyl)-6-(4-methylphenyl)nicotinate (3be): white solid; 

(59.7 mg, 85%); mp: 127-129 °C; Rf = 0.80 

(EtOAc:hexane = 1:4); IR (KBr): ν 1694, 1593, 1570, 

1530, 1491, 1468, 1397, 1362, 1293, 1231, 1183 cm
-1

; 
1
H 

NMR (400 MHz, CDCl3) δ 9.14 (s, 1H), 7.96 (d, J = 8.0 

Hz, 2H), 7.63 (s, 1H), 7.41-7.43 (m, 2H), 7.29-7.31 (m, 

4H), 4.20 (q, J = 7.0 Hz, 2H), 2.41 (s, 3H), 1.14 (t, J = 7.0Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ 166.7, 160.0, 151.7, 150.3, 140.5, 138.1, 135.5, 134.8, 

129.9, 129.8, 128.7, 127.5, 124.3, 121.5, 61.6, 21.6, 14.1; HRMS (ESI) m/z  

calculated for C21H18ClNO2Na[M+Na]
+
:
 
 374.0918, found 374.0908. 

Ethyl 4-(4-bromophenyl)-6-(4-methylphenyl)nicotinate (3bf): white solid; 

(65.7 mg, 83%); mp: 135-137 °C; Rf =  0.84 

(EtOAc:hexane = 1:4); IR (KBr): ν  1694, 1594, 1570, 

1530, 1488, 1467, 1393, 1361, 1294, 1232cm
-1

; 
1
H NMR 

(400 MHz, CDCl3) δ 9.11 (s, 1H), 7.93 (d, J = 6.7 Hz, 

2H), 7.60 (s, 1H), 7.55 (d, J = 6.7 Hz, 2H), 7.26 (d, J = 

7.2 Hz, 2H), 7.20-7.22 (m, 2H), 4.17 (q, J = 7.0 Hz, 2H), 2.38 (s, 3H), 1.12 (t, J = 

7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.6, 160.0, 151.7, 150.3, 140.5, 

138.5, 135.5, 131.6, 130.0, 129.9, 127.5, 124.2, 122.9, 121.4, 61.6, 21.6, 14.1; 

HRMS (ESI) m/z  calculated for C21H19
79

BrNO2[M+H]
+
:
 

396.0594, found 

396.0589; calculated for C21H19
81

BrNO2[M+H]
+
:
 
398.0574, found 398.0574. 
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Ethyl 6-(4-methylphenyl)-4-(4-trifluoromethylphenyl)nicotinate (3bg): white 

solid; (65.5 mg, 85%); mp: 134-136 °C; Rf = 0.75  

(EtOAc:hexane = 1:4); IR (KBr): ν  1698, 1592, 1571, 

1536, 1470, 1363, 1327, 1296, 1233 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 9.20 (s, 1H), 7.97 (d, J = 8.2 Hz, 2H), 

7.71 (d, J = 8.0 Hz, 2H), 7.64 (s, 1H), 7.48 (d, J = 8.0 Hz, 

2H), 7.30 (d, J = 8.0 Hz, 2H), 4.18 (q, J = 7.2 Hz, 2H), 

2.42 (s, 3H), 1.10 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.3, 

160.2, 151.9, 150.2, 143.5, 140.7, 135.4, 131.2, 130.9, 130.5, 130.2, 130.0, 128.8, 

127.5, 125.7, 125.5, 125.4, 125.4, 125.3, 124.0, 123.0, 121.4, 61.6, 21.6, 14.0; 

HRMS (ESI) m/z  calculated for C22H18F3NO2Na[M+Na]
+
:
 
408.1182, found 

408.1183. 

Ethyl 4-(4-cyanophenyl)-6-(4-methylphenyl)nicotinate (3bh): white solid; 

(56.8 mg, 83%); mp: 134-136 °C; Rf = 0.45 

(EtOAc:hexane = 1:4); IR (KBr) ν 2227, 1696, 1592, 

1532, 1503, 1469, 1363, 1322, 1296, 1232 cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 9.13 (s, 1H), 7.89 (d, J = 8.0 Hz, 

2H), 7.66 (d, J = 8.4 Hz, 2H), 7.53 (s, 1H), 7.38 (d, J = 8.0 

Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 4.11 (q, J = 7.2 Hz, 2H), 2.34 (s, 3H), 1.06 (t, J 

= 7.2Hz, 3H; 
13

C NMR (100 MHz, CDCl3): δ 165.7, 160.0, 151.8, 149.5, 144.2, 

140.5, 134.9, 131.9, 129.7, 128.9, 127.2, 123.2, 120.8, 118.5, 112.1, 61.3, 21.3, 

13.8; HRMS (ESI) m/z  calculated for C22H19N2O2[M+H]
+
:
 
 343.1441, found 

343.1449. 

ethyl 4-(4-nitrophenyl)-6-(4-methylphenyl)nicotinate (3bj): white solid; (58.5 

mg, 84%); mp: 140-142 °C; Rf = 0.45 (EtOAc:hexane = 

1:4); IR (KBr): ν 1712, 1587, 1538, 1513, 1432, 1346, 

1318, 1291, 1228 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ  

9.23 (s,1H), 8.32 (d, J = 8.0, 2H), 7.97 (d, J = 8.0 Hz, 

2H), 7.63 (s, 1H), 7.52 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 

8.0 Hz, 2H), 3.76 (s, 3H), 2.42 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.0, 
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160.2, 151.9, 149.5, 147.7, 146.0, 140.7, 134.8, 129.7, 129.1, 127.2, 123.4, 122.7, 

120.9, 52.3, 21.4; HRMS (ESI) m/z  calculated for C20H17N2O4[M+H]
+
:
 

349.1183, found 349.1184. 

Ethyl 6-(4-methoxyphenyl)-4-phenylnicotinate (3ca):
[27]  

white solid; (57.3 mg, 

83%); mp: 120-122 °C; Rf = 0.80  (EtOAc:hexane = 1:4); 

IR (KBr): ν  1713, 1591, 1530, 1514, 1472, 1443, 1420, 

1363, 1320, 1300, 1252, 1231 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 9.10 (s, 1H), 8.04 (d, J = 8.8 Hz, 2H), 7.64 (s, 

1H), 7.43-7.44 (m, 3H), 7.36-7.37 (m, 2H), 7.00 (d, 8.5 Hz, 2H), 4.16 (q, J = 7.2 

Hz, 2H), 3.86 (s, 3H), 1.07 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

167.1, 161.5, 159.4, 151.5, 151.4, 139.7, 131.1, 129.0, 128.5, 128.5, 128.3, 124.2, 

121.1, 114.5, 61.4, 55.7, 14.0; HRMS (ESI) m/z  calculated for 

C21H20NO3[M+H]
+
 334.1438, found 334.1452. 

Ethyl 4-(4-fluorophenyl)-6-(4-methoxyphenyl)nicotinate (3cd): white solid; 

(59.7 mg, 85%); mp: 131-133 °C; Rf = 0.80 

(EtOAc:hexane = 1:4); IR (KBr) ν 1693, 1601, 1533, 

1509, 1469, 1366, 1299, 1251, 1224 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 9.10 (s, 1H), 8.03 (d, J = 8.8 Hz, 2H), 

7.59 (s, 1H), 7.32-7.35 (m, 2H), 7.13 (t, J = 8.5 Hz, 2H), 

7.00 (d, J = 8.5 Hz, 2H), 4.18 (q, J = 7.2 Hz, 2H), 3.86 (s, 3H), 1.13 (t, J = 7.2 

Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.8, 163.1(d, JC-F= 246 Hz), 161.6, 

159.6, 151.7, 150.4, 135.7 (d, JC-F= 3.6 Hz), 130.9, 130.2 (d, JC-F= 8.0 Hz), 129.0, 

124.0, 121.1, 115.6 (d, JC-F= 21.9 Hz), 114.6, 61.5, 55.7, 14.1; HRMS (ESI) m/z  

calculated for C21H18FNO3Na[M+Na]
+
:
 
374.1163, found 374.1161. 

Ethyl 6-(4-methoxyphenyl)-4-(4-trifluoromethylphenyl)nicotinate (3cg): 

white solid; (67.4 mg. 84%); mp: 140-142 °C; Rf = 0.67 

(EtOAc:hexane = 1:4); IR (KBr): ν 1700, 1606, 1595, 

1574, 1536, 1521, 1470, 1363, 1325, 1300, 1251, 1232 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.17 (s, 1H), 8.04 
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(d, J = 8.7 Hz, 2H), 7.70 (d, J = 8.0 Hz, 2H), 7.59 (s, 1H), 7.47 (d, J = 7.7 Hz, 

2H), 7.00 (d, J = 8.8 Hz, 2H), 4.17 (q, J = 7.0 Hz, 2H), 3.86 (s, 3H), 1.09 (t, J = 

7.0 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.3, 161.7, 159.8, 151.9, 150.2, 

143.5, 131.1, 130.8, 130.7, 130.4, 130.1, 129.0, 128.8, 128.4, 125.7, 125.4, 125.4, 

125.3, 125.3, 123.4, 123.0, 120.8, 120.3, 114.6, 61.5, 55.6, 14.0; HRMS (ESI) 

m/z  calculated for C22H18F3NO3Na[M+Na]
+
:
 
424.1131, found 424.1127. 

Ethyl 6-(4-methoxyphenyl)-4-(3-nitrophenyl)nicotinate (3ci): white solid; 

(65.6 mg, 82%); mp: 142-144 °C; Rf = 0.40 

(EtOAc:hexane = 1:4); IR (KBr): ν 1704, 1586, 1535, 

1466, 1442, 1347, 1297, 1255, 1223 cm
-1

; 
1
H NMR (400 

MHz, CDCl3):  δ 9.22 (s, 1H), 8.30 (d, J = 8.0 Hz, 1H), 

8.25 (s, 1H), 8.05 (d, J = 8.8 Hz, 2H), 7.61-7.69 (m, 3H), 7.01 (d, J = 8.8 Hz, 2H), 

4.20 (q, J = 6.8Hz, 2H), 3.87 (s, 3H), 1.51 (t, J = 6.8 Hz, 3H); 
13

C NMR (100 

MHz, CDCl3): δ 165.6, 161.5, 159.8, 151.9, 148.9, 147.9, 141.1, 134.3, 130.1, 

129.0, 128.8, 123.2, 123.0, 122.7, 120.5, 114.3, 61.3, 55.4, 13.8; HRMS (ESI) 

m/z  calculated for C21H17N2O5Na[M+Na]
+
:
 
 401.1108, found 401.1121. 

Methyl 6-(4-methoxyphenyl)-4-(4-nitrophenyl)nicotinate (3cj): light yellow 

solid; (61.2 mg, 84%); mp: 144-146 °C; Rf = 0.35  

(EtOAc:hexane = 1:4); IR (KBr): ν  1724, 1590, 1542, 

1514, 1476, 1435, 1353, 1292, 1242 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 9.21 (s, 1H), 8.31 (d, J = 8.4 Hz, 2H), 

8.04 (d, J = 8.8 Hz, 2H), 7.59 (s, 1H), 7.51 (d, J = 8.8 

Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 3.88 (s, 3H), 3.76 (s, 3H); 
13

C NMR (100 

MHz, CDCl3): δ 165.9, 161.5, 159.8, 151.8, 149.4, 147.6, 146.1, 130.0, 129.0, 

128.8, 123.3, 122.2, 120.3, 114.3, 55.4, 52.2; HRMS (ESI) m/z  calculated for 

C20H17N2O5[M+H]
+
:
 
 365.1132, found 365.1137. 
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Ethyl 6-(2,5-dimethoxyphenyl)-4-(4-trifluoromethyl phenyl)nicotinate (3dg): 

white solid; (66.4 mg, 77%); mp: 146-148 °C; Rf 

=0.63(EtOAc:hexane = 1:4); IR (KBr): ν 1720, 1587, 

1541, 1502, 1466, 1424, 1370, 1326, 1285, 1229, 1205 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.19 (s, 1H), 7.89 

(s, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.47-7.51 (m, 3H), 

6.93-6.99 (m, 2H), 4.18 (q, J = 7.2 Hz, 2H), 3.84 (s, 3H), 

3.80 (s, 3H), 1.09 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3)δ165.5, 157.7, 

153.3, 150.9, 150.3, 148.0, 142.5, 130.1, 129.7, 129.4, 129.1, 129.0, 127.9, 127.4, 

125.3, 124.7, 124.4, 124.4, 124.4, 124.3, 123.0, 122.0, 116.2, 115.1, 112.4, 60.6, 

55.6, 55.2, 13.0; HRMS (ESI) m/z  calculated for C23H21F3NO4[M+H]
+
:
 

432.1417, found 432.1401. 

Ethyl 6-(4-fluorophenyl)-4-phenylnicotinate (3ea): white solid; (49.5 mg, 

77%); mp: 119-121 °C; Rf =  0.83 (EtOAc:hexane = 1:4); 

IR (KBr) ν 1697, 1584, 1534, 1514, 1468, 1366, 1297, 

1230 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.10 (s, 1H), 

8.05-8.08 (m, 2H), 7.66 (s, 1H), 7.44-7.45 (m, 3H), 7.36-

7.37 (m, 2H), 7.17 (t, J = 8.8 Hz, 2H), 4.17 (q, J = 7.0 Hz, 2H), 1.07 (t, J = 7.0 

Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 167.04, 164.3(d, JC-F= 248 Hz), 158.7, 

151.6, 151.5, 139.4, 134.7 (d, JC-F = 3.6 Hz), 129.5 (d, JC-F = 8.7 Hz) 128.7, 128.6, 

128.3, 125.0, 121.6, 116.2 (d, JC-F= 21.0 Hz), 61.5, 14.0; HRMS (ESI) m/z  

calculated for C20H17FNO2[M+H]
+
:
 
 322.1238, found 322.1224. 

Ethyl 6-(4-fluorophenyl)-4-(4-methylphenyl)nicotinate (3eb): white solid; 

(50.3 mg, 75%); mp: 126-128 °C; Rf =  0.83 

(EtOAc:hexane = 1:4); IR (KBr): ν 1692, 1598, 1535, 1510, 

1468, 1363, 1323, 1300, 1231 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 9.07 (s, 1H), 8.03-8.06 (m, 2H), 7.64 (s, 1H), 

7.26 (s, 4H), 7.15 (t, J = 8.5 Hz, 2H), 4.19 (q, J = 7.0 Hz, 

2H), 2.41 (s, 3H), 1.12(t, J = 7.0Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 167.1, 

164.3(d, JC-F= 248 Hz), 158.6, 151.5, 151.4, 138.7, 136.3, 134.8 (d, JC-F= 3.6.0 
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Hz), 129.5 (d, JC-F= 8.0 Hz), 129.3, 128.2, 125.0, 121.6, 116.2(d, JC-F= 21.0 Hz), 

61.5, 21.5, 14.1; HRMS (ESI) m/z  calculated for C21H18FNO2Na[M+Na]
+
:
 

358.1214, found 358.1207. 

Ethyl 6-(4-fluorophenyl)-4-(4-trifluoromethylphenyl)nicotinate (3eg): white 

solid; (66.6 mg, 81%); mp: 145-147 °C; Rf = 0.72 

(EtOAc:hexane = 1:4); IR (KBr): ν 1694, 1595, 1534, 1514, 

1469, 1407, 1365, 1325, 1299, 1233 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 9.19 (s, 1H), 8.05-8.09 (m, 2H), 7.72 (d, J 

= 8.0 Hz, 2H), 7.62 (s, 1H), 7.48 (d, J = 8.0 Hz, 2H), 7.18 

(t, J = 8.8 Hz, 2H), 4.18 (q, J = 7.2 Hz, 2H), 1.09 (t, 3H); 
13

C NMR (100 MHz, 

CDCl3): δ 166.2, 164.5 (d, JC-F= 249 Hz), 159.1, 152.0, 150.4, 143.2, 134.4 (d, JC-

F = 3.6 Hz), 131.4, 131.0, 130.7, 130.4, 129.6 (d, JC-F = 8.0 Hz), 128.8, 125.7, 

125.5, 125.5, 125.5, 125.4, 124.3, 123.0, 121.4, 116.4 (d, JC-F= 21.8 Hz), 61.7, 

14.0; HRMS (ESI) m/z  calculated for C21H15F4NO2Na[M+Na]
+
:
 
412.0931, found 

412.0935.  

Ethyl 4-(4-benzyloxy-3-methoxyphenyl)-6-(4-fluorophenyl)nicotinate  (3ec): 

white solid; ( 67.7mg, 74%); mp: 135-137  °C; Rf = 0.60 

(EtOAc:hexane = 1:4); IR (KBr) ν 1728, 1601, 1584, 1537, 

1509, 1471, 1454, 1411, 1366, 1318, 1261, 1231, 1205, cm
-

1
; 

1
H NMR (400 MHz, CDCl3): δ 9.03 (s, 1H), 8.03-8.07 

(m, 2H), 7.65 (s, 1H), 7.45-7.47 (m, 2H), 7.38 (t, J = 7.0 

Hz, 2H), 7.31-7.33 (m, 1H), 7.16 (t, J = 8.2 Hz, 2H), 6.86-6.97 (m, 3H), 5.2 (s, 

2H), 4.18 (q, J = 7.2 Hz, 2H), 3.91 (s, 3H), 1.09 (t, J =7.2 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ 167.4, 164.2(d, JC-F = 248.0 Hz), 158.6, 151.2, 150.9, 149.7, 

148.8, 137.1, 134.8 (d, JC-F= 3.6 Hz), 132.3, 129.5 (d, JC-F= 8.7 Hz), 128.9, 128.2, 

127.5, 125.3, 121.4, 120.9, 116.2 (d, JC-F= 21.1 Hz), 113.9, 112.2, 71.2, 61.5, 

56.4, 14.1; HRMS (ESI) m/z  calculated for C28H24FNO4Na[M+Na]
+
: 480.1582, 

found 480.1564.  
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Ethyl 6-(4-chlorophenyl)-4-phenylnicotinate (3fa):
[27] 

white solid; (53.9 mg, 

80%); mp: 124-126 °C; Rf =  0.85 (EtOAc:hexane = 1:4); IR (KBr): ν  1702, 

1590, 15321, 1494, 1467, 1363, 1308, 1290, 1232, cm
-1

; 

1
HNMR (400 MHz, CDCl3): δ 9.11 (s, 1H), 8.01 (d, J = 

8.5 Hz, 2H), 7.68 (s, 1H), 7.44-7.47 (m, 5H), 7.35-7.37 (m, 

2H), 4.17 (q, J = 7.2 Hz, 2H), 1.07 (t, J = 7.2 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 167.0, 158.5, 151.6, 151.5, 139.3, 137.0, 136.4, 

129.4, 128.9, 128.8, 128.6, 128.3, 125.3, 121.7, 61.6, 14.0; HRMS (ESI) m/z  

calculated for C20H16ClNO2Na[M+Na]
+
:
 
360.0762, found 360.0785. 

Ethyl 6-(4-chlorophenyl)-4-(4-cyanophenyl)nicotinate (3fh): white solid; (59.4 

mg, 82%); mp: 138-140 °C; Rf = 0.44  (EtOAc:hexane = 

1:4); IR (KBr): ν  2224, 1717, 1589, 1536, 1501, 1470, 

1404, 1363, 1281, 1225, cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ  9.21 (s, 1H), 8.01 (d, J = 8.8 Hz, 2H), 7.75 (d, J 

= 8.0 Hz, 2H), 7.61 (s, 1H), 7.45-7.48 (m, 4H), 4.20 (q, J = 

7.2 Hz, 2H), 1.14 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.5, 

158.7, 151.8, 149.7, 143.9, 136.5, 136.1, 131.9, 129.2, 128.9, 128.6, 123.8, 120.9, 

118.4, 112.3, 61.5, 13.8; HRMS (ESI) m/z  calculated for C21H16ClNO2[M+H]
+
:
 

363.0895, found 363.0916. 

Methyl 6-(2-chlorophenyl)-4-(4-nitrophenyl)nicotinate (3gj): White solid; 

(60.4 mg, 82%); mp: 150-152 °C; Rf = 0.45  (EtOAc:hexane 

= 1:4); IR (KBr) ν 1714, 1584, 1539, 1508, 1438, 1427, 

1354, 1317, 1293, 1246, 1230 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 9.26 (s, 1H), 8.31 (d, J = 8.4 Hz, 2H), 7.68-7.70 

(m, 2H), 7.49-7.55 (m, 3H), 7.39-7.51 (m, 2H), 3.79 (s, 3H); 

13
C NMR (100 MHz, CDCl3) δ 165.9, 159.7, 151.5, 148.3, 147.8, 145.3, 137.6, 

132.1, 131.6, 130.5, 130.4, 129.2, 127.3, 125.9, 123.7, 123.5, 52.5; HRMS (ESI) 

m/z  calculated for C19H14ClN2O4[M+H]
+
: 369.0637, found 369.0640. 
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Ethyl 6-(4-bromophenyl)-4-phenylnicotinate (3ha): white solid; (61.7mg, 

81%); mp: 134-136 °C; Rf = 0.85 (EtOAc:hexane = 1:4); IR (KBr): ν  1702, 

1589, 1532, 1492, 1466, 1443, 1367, 1307, 1232 cm
-1

; 
1
H 

NMR (400 MHz, CDCl3) δ 9.10 (s, 1H), 7.95 (d, J = 8.2 

Hz, 2H), 7.68 (s, 1H), 7.62 (d, J = 8.5 Hz, 2H), 7.44-7.45 

(m, 3H), 7.35-7.37 (m, 2H), 4.17 (q, J = 7.2 Hz, 2H), 1.07 

(t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 167.0, 158.6, 151.6, 151.5, 

139.3, 137.4, 132.3, 129.1, 128.8, 128.6, 128.3, 125.4, 124.8, 121.7, 61.6, 14.0; 

HRMS (ESI) m/z  calculated for C20H16
79

BrNO2Na[M+Na]
+
:
 
 404.0257, found 

404.0246. calculated for C20H16
81

BrNO2Na[M+Na]
+
:
 
 406.0237, found 406.0234. 

Ethyl 6-(4-bromophenyl)-4-(4-trifluoromethylphenyl)nicotinate (3hg): white 

solid; (76.4 mg, 85%); mp: 150-152 °C; Rf = 0.74 

(EtOAc:hexane = 1:4); IR (KBr): ν  1700, 1590, 1539, 

1471, 1367, 1327, 1299, 1228 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 9.19 (s, 1H), 7.95 (d, J = 8.5 Hz, 2H), 7.72 (d, J 

= 8.2 Hz, 2H), 7.62-7.64 (m, 3H), 7.47 (d, J = 8.0 Hz, 

2H), 4.18 (q, J = 7.2 Hz, 2H), 1.09 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, 

CDCl3): δ 166.2, 159.0, 152.0, 150.5, 143.1, 137.1, 132.4, 131.0, 130.7, 129.1, 

128.8, 125.6, 125.5, 125.5, 125.4, 125.1, 124.7, 123.0, 121.5, 61.7, 14.0; HRMS 

(ESI) m/z  calculated for C21H15
79

BrF3NO2Na[M+Na]
+
:
 

472.0130, found 

472.0111. calculated for C21H15
81

BrF3NO2Na[M+Na]
+
: 474.0111, found 

474.0110. 

Ethyl 4-phenyl-6-(thiophen-2-yl)nicotinate (3ia): white solid; (43.3 mg, 70%); 

mp: 110-112 °C; Rf = 0.82 (EtOAc:hexane = 1:4); IR (KBr): ν 

1693, 1585, 1525, 1468, 1378, 1364, 1303, 1236, 1207, cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ 9.02 (s, 1H), 7.66 (d, J = 3.5 

Hz, 1H), 7.60 (s, 1H), 7.44-7.47 (m, 4H), 7.34-7.36 (m, 2H), 

7.13 (t, J = 4.0 Hz, 1H), 4.15 (q, J = 7.2 Hz, 2H), 1.06 (t, J = 7.2 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 166.7, 154.8, 151.6, 151.5, 144.0, 139.3, 129.4, 
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128.7, 128.6, 128.5, 128.2, 126.4, 124.6, 120.1, 61.4, 14.0; HRMS (ESI) m/z  

calculated for C18H15NO2SNa[M+Na]
+
:
 
332.0716, found 332.0726. 

Ethyl 4-(4-fluorophenyl)-6-(thiophen-2-yl)nicotinate (3id): white solid; (49.7 

mg, 76%); mp: 1120-122 °C; Rf = 0.83 (EtOAc:hexane = 1:4); 

IR (KBr): ν 1707, 1587, 1527, 1508, 1471, 1374, 1299, 1226, 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.02 (s, 1H),7.66 (d, J = 

3.4 Hz, 1H), 7.55 (s, 1H), 7.47 (d, J = 4.7 Hz, 1H), 7.31-7.34 

(m, 2H), 7.12-7.16 (m, 3H), 4.17 (q, J = 7.2 Hz, 2H), 1.12 (t, J 

= 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.5, 163.2 (d, JC-F= 247 

Hz),154.9, 151.8, 150.6, 143.8, 135.3 (d, JC-F= 2.9  Hz), 130.1(d, JC-F= 8.0 Hz), 

129.6, 128.6, 126.5, 124.3, 120.1, 115.6 (d, JC-F= 21.8 Hz) 61.5, 14.1; HRMS 

(ESI) m/z  calculated for C18H14FNO2S[M+Na]
+
:
 
 350.0621, found 350.0628.  

Ethyl 4-(4-bromophenyl)-6-(thiophen-2-yl)nicotinate (3if): white solid; (55.7 

mg, 72%); mp:127-129 °C; Rf = 0.84 (EtOAc:hexane = 1:4); 

IR (KBr): ν  1693, 1588, 1524, 1487, 1467, 1425, 1395, 1371, 

1303, 1235, 1207, cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.04 

(s, 1H), 7.67 (d, J = 2.6 Hz, 1H), 7.58 (d, J = 8.2 Hz, 2H), 7.54 

(s, 1H), 7.48 (d, J = 4.5 Hz, 1H), 7.22 (d, J = 8.2 Hz, 2H), 

7.13-7.15 (m, 1H), 4.18 (q, J = 7.2 Hz, 2H), 1.13 (t, J = 7.2 Hz, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ 166.3, 155.1, 152.0, 150.5, 143.8, 138.3, 131.7, 130.0, 

129.7, 128.7, 126.6, 124.1, 123.1, 119.9, 61.6, 14.1; HRMS (ESI) m/z  calculated 

for C18H14
79

BrNO2SNa[M+Na]
+
:
 

409.9821, found 409.9821. calcdfor 

C18H14
81

BrNO2SNa[M+Na]
+
:
 
411.9801, found 411.9800. 

Ethyl 6-(thiophen-2-yl)-4-(4-trifluoromethylphenyl)nicotinate (3ig): white 

solid; (58.1 mg, 77%); mp: 130-132°C; Rf = 0.72 

(EtOAc:hexane = 1:4); IR (KBr): ν  1707, 1588, 1530, 1473, 

1366, 1330, 1231 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.10 

(s, 1H), 7.71 (d, J = 8.2 Hz, 2H), 7.67 (d, J = 3 Hz, 1H), 7.55 

(s, 1H), 7.45-7.50 (m, 3H), 7.14 (t, J = 4 Hz, 1H), 4.16 (q, J = 
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7.2 Hz, 2H), 1.08 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 166.0, 

155.2, 152.1, 150.4, 143.7, 143.1, 131.3, 130.9, 130.6, 130.3, 129.9, 128.7, 128.4, 

126.7, 125.7, 125.5, 125.4, 125.4, 125.4, 123.8, 123.0, 119.9, 61.6, 14.0; HRMS 

(ESI) m/z  calculated for C19H14F3NO2SNa[M+Na]
+
:
 
400.0590, found 400.0588.  

Ethyl 4-(3-nitrophenyl)-6-(thiophen-2-yl)nicotinate (3ii): white solid; (52.4mg, 

74%); mp: 140-142 °C; Rf = 0.40 (EtOAc:hexane = 1:4); IR 

(KBr): ν 1700, 1588, 1530, 1471, 1428, 1347, 1304, 1240, 

1211 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ  9.15 (s, 1H), 8.31 

(d, J = 7.6 Hz, 1H), 8.24 (s, 1H), 7.61-7.70 (m, 3H), 7.56 (s, 

1H), 7.52 (d, J = 4.8 Hz, 1H), 7.14-7.16 (m, 1H), 4.20 (q, J = 7.2 Hz, 2H), 1.15 (t, 

J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3)δ 165.3, 155.2, 152.1, 149.1, 148.0, 

143.2, 140.7, 134.2, 129.8, 129.1, 128.5, 126.7, 123.1(2C), 123.0, 119.6, 61.4, 

13.8; HRMS (ESI) m/z  calculated for C18H15N2O4S[M+H]
+
:
 
 355.0747, found 

355.0768. 

Ethyl 6-(furan-2-yl)-4-(4-(trifluoromethylphenyl)nicotinate (3jg): white solid; 

(51.9mg, 72%); mp: 117-119°C;  Rf = 0.70 (EtOAc:hexane = 

1:4); IR (KBr): ν 1719, 1603, 1572, 1539, 1490, 1469, 1332, 

1281, 1236 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.11 (s, 1H), 

7.70 (d, J = 7.8 Hz, 2H), 7.62 (s, 1H), 7.57 (s, 1H), 7.46 (d, J 

= 8.0Hz, 2H), 7.23 (d, J = 3.2 Hz, 1H), 6.58-6.59 (m, 1H), 

4.17 (q, J = 7.2 Hz, 2H), 1.08 (t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): 

δ 166.1, 152.9, 152.1, 151.7, 150.4, 144.9, 143.2, 131.3, 130.9, 130.6, 130.3, 

128.7, 128.4, 125.7, 125.5, 125.4, 125.4, 125.4, 123.8, 123.0, 119.6, 112.9, 111.7, 

61.6, 14.0; HRMS (ESI) m/z  calculated for C19H15F3NO3[M+H]
+
:
 
362.0999, 

found 362.0994. 
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4,6-Diphenylnicotinonitrile (3ak):
[7] 

white solid; (45.1 mg, 88%); mp:115-117 

°C; Rf =  0.80 (EtOAc:hexane = 1:4); IR (KBr): ν 3054, 2925, 

2853,2225, 1585, 1532, 1470, 1442, 1369, 1072, 1019, 879, 774, 

739, 688, 636cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.00 (s, 1H), 

8.07-8.10 (m, 2H), 7.88 (s, 1H), 7.66-7.68 (m, 2H), 7.51-7.59 

(m, 6H); 
13

C NMR (100 MHz, CDCl3): δ 160.8, 154.3, 153.3, 

137.8, 136.2, 130.9, 130.5, 129.5, 129.3, 128.7, 127.7, 120.6, 117.4, 106.8; 

HRMS (ESI) m/z  calcd for C18H12N2 [M+Na]
+
:
 
279.0893, found 279.0893. 

4-(4-Methoxyphenyl)-6-phenylnicotinonitrile (3al): white solid; (49.2 mg, 

86%); mp: 118-120°C; Rf = 0.67 (EtOAc:hexane = 1:4); IR 

(KBr): ν 2217, 1608, 1581, 1510, 1467, 1373, 1298, 1251 cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ 8.96 (s, 1H), 8.07 (d, J = 7.5 

Hz, 2H), 7.84 (s, 1H), 7.65 (d, J = 8.5 Hz, 2H), 7.50-7.52 (m, 

3H), 7.08 (d, J = 8.2 Hz, 2H), 3.89 (s, 3H); 
13

C NMR (100 

MHz, CDCl3): δ 161.6, 160.7, 154.4, 152.9, 137.9, 130.8, 130.2, 129.3, 128.4, 

127.7, 120.3, 117.8, 115.0, 106.5, 55.8; HRMS (ESI) m/z  calculated for 

C19H14N2ONa[M+Na]
+
: 309.0998, found 309.0999. 

4-(2,5-Dimethoxyphenyl)-6-phenylnicotinonitrile (3am): white solid; (53.7 mg, 

85%); mp: 129-131°C; Rf = 0.57 (EtOAc:hexane = 1:4); IR 

(KBr): ν 2223, 1587, 1532, 1502, 1475, 1450, 1409, 1372, 

1311, 1264, 1226, cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.96 

(s, 1H), 8.06 (d, J = 7.8 Hz, 2H), 7.83 (s, 1H), 7.49-7.51 (m, 

3H), 6.98-7.03 (m, 2H), 6.89 (s, 1H), 3.83 (s, 3H), 3.82 (s, 3H); 
13

C NMR (100 

MHz, CDCl3): δ 160.5, 154.0, 153.2, 150.8, 150.7, 138.0, 130.6, 129.3, 127.7, 

125.9, 121.8, 117.3, 116.6, 116.3, 113.0, 109.1, 56.3, 56.2; HRMS (ESI) m/z  

calculated for C20H16N2O2Na[M+Na]
+
: 339.1104, found 339.1118.  
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4-(4-Benzyloxy-3-methoxyphenyl)-6-phenylnicotinonitrile (3an): white solid; 

(67.4 mg, 86%); mp: 132-134 °C; Rf = 0.35  (EtOAc:hexane = 1:4); IR (KBr): ν 

2217, 1591, 1515, 1474, 1331, 1269, 1223,cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.96 (s, 1H), 8.06-8.08 (m, 2H), 7.85 (s, 1H), 

7.46-7.54 (m, 5H), 7.40 (t, J = 7.0 Hz, 2H), 7.31-7.35 (m, 1H), 

7.25-7.26 (m, 1H), 7.18-7.21 (m, 1H), 7.04 (d,  J = 8.2Hz, 1H), 

5.24 (s, 2H), 3.99 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

160.7, 154.4, 152.9, 150.3, 150.2, 137.9, 136.8, 130.8, 129.3, 129.0, 128.4, 127.7, 

127.5, 121.6, 120.2, 117.8, 114.2, 112.2, 106.5, 71.3, 56.6; HRMS (ESI) m/z  

calculated for C26H20N2O2Na [M+Na]
+
:
 
415.1417, found 415.1422. 

4-(4-Fluorophenyl)-6-phenylnicotinonitrile (3ao): white solid; (49.3 mg, 90%); 

mp: 124-126°C; Rf =  0.75 (EtOAc:hexane = 1:4); IR (KBr): ν 

2223, 1598, 1580, 1537, 1509, 1473, 1442, 1371, 1226, 1216, 

cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.99 (s, 1H), 8.07-8.09 (m, 

2H), 7.84 (s, 1H), 7.65-7.68 (m, 2H), 7.51-7.52 (m, 3H), 7.26 (t, 

J = 8.2 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 164.2(d, JC-F= 

250 Hz), 160.9, 154.3, 152.2, 137.6, 132.3 (d, JC-F= 3.6 Hz), 131.0, 130.8 (d, JC-

F= 8.0 Hz), 129.4, 127.7, 120.4, 117.3, 116.8( d, JC-F= 21.8 Hz), 106.7; HRMS 

(ESI) m/z  calculated for C18H11FN2Na [M+Na]
+
:
 
297.0798, found 297.0796. 

4-(4-Chlorophenyl)-6-phenylnicotinonitrile (3ap): white solid; (51.6 mg, 89%); 

mp: 132-134 °C; Rf = 0.78 (EtOAc:hexane = 1:4); IR (KBr): ν 

2222, 1534, 1493, 1470, 1441, 1369, 1243, cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.99 (s, 1H), 8.06-8.09 (m, 2H), 7.83 (s, 1H), 

7.60-7.62 (m, 2H), 7.51-7.55 (m, 5H); 
13

C NMR (100 MHz, 

CDCl3): δ 161.0, 154.3, 152.0,  137.6, 136.9, 134.6, 131.0, 

130.0, 129.8, 129.4, 127.7, 120.3, 117.2, 106.6 ; HRMS (ESI) m/z  calculated for 

C18H11ClN2Na [M+Na]
+
:
 
313.0503, found 313.0507.  
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4-(4-Bromophenyl)-6-phenylnicotinonitrile (3aq): white solid; (58.1 mg, 87%); 

mp:141-143 °C; Rf = 0.77 (EtOAc:hexane = 1:4); IR (KBr): ν  

2222, 1588, 1531, 1489, 1469, 1441, 1366, 1282, 1242 cm
-1

; 
1
H 

NMR (400 MHz, CDCl3): δ 9.00 (s, 1H), 8.07-8.08 (m, 2H), 

7.84 (s, 1H), 7.70 (d, J = 8.5Hz, 2H), 7.52-7.55 (m, 5H); 
13

C 

NMR (100 MHz, CDCl3): δ 161.0, 154.3, 152.1, 137.6, 135.0, 

132.8, 131.0, 130.2, 129.4, 127.7, 125.2, 120.3, 117.2, 106.6; 

HRMS (ESI) m/z  calculated for C18H11
79

BrN2Na [M+Na]
+
: 356.9998, found 

356.9997. calculated for C18H11
81

BrN2Na [M+Na]
+
:
 
358.9878, found 358.9982.  

6-Phenyl-4-(4-trifluoromethylphenyl)nicotinonitrile (3ar): white solid; (58.3 

mg, 90%); mp: 138-140°C; Rf = 0.73 (EtOAc:hexane = 1:4); IR 

(KBr): ν  2226, 1586, 1537, 1474, 1443, 1369, 1324cm
-1

; 
1
H 

NMR (400 MHz, CDCl3): δ 9.04 (s, 1H), 8.08-8.10 (m, 2H), 

7.87 (s, 1H), 7.77-7.86 (m, 4H), 7.53-7.54 (m, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ 161.1, 154.3, 151.8, 139.7, 137.5, 133.0, 

132.6, 132.3, 132.0, 131.2, 129.5, 129.2, 127.8, 126.6, 126.5, 126.5, 126.5, 125.4, 

122.7, 120.5, 116.9, 106.8; HRMS (ESI) m/z  calculated for C19H11F3N2Na 

[M+Na]
+
:
 
347.0767, found 347.0779.  

4-(2,5-Dimethoxyphenyl)-6-(4-methylphenyl)nicotinonitrile (3bm): white 

solid: (54.8 mg, 83%); mp: 122-124 °C;  Rf =  

0.57(EtOAc:hexane = 1:4); IR (KBr): ν 2227, 1587, 1537, 

1507, 1465, 1409, 1369, 1266, 1227 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.93 (s, 1H), 7.96 (d, J = 8.0 Hz, 2H), 7.80 

(s, 1H), 7.31 (d, J = 8.0 Hz, 2H), 6.98-7.02 (m, 2H), 6.89 

(s, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 2.42 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

160.5, 154.0, 153.2, 150.7, 150.6, 141.0, 135.2, 130.0, 127.6, 126.0, 121.4, 117.5, 

116.5, 116.4, 113.0, 108.8, 56.3, 56.2, 21.7; HRMS (ESI) m/z  calculated for 

C21H18N2O2Na [M+Na]
+
:
 
353.1260, found 353.1251.  
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4-(4-Chlorophenyl)-6-(4-methylphenyl)nicotinonitrile (3bp): white solid; (53.5 

mg, 88%); mp: 136-138 °C; Rf = 0.80  (EtOAc:hexane = 1:4); IR (KBr): ν  2222, 

1591, 1531, 1469, 1372, cm
-1

; 
1
H NMR (400 MHz, CDCl3): 

δ 8.97 (s, 1H), 7.98 (d, J = 8.0 Hz, 2H), 7.80 (s, 1H), 7.59-

7.61 (m, 2H), 7.52-7.54 (m, 2H), 7.32 (d,  J = 8.0 Hz, 2H), 

2.43 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 161.0, 154.3, 

151.9, 141.5, 136.9, 134.8, 134.7, 130.1, 130.0, 129.8, 127.6, 

119.9, 117.3, 106.3, 21.7; HRMS (ESI) m/z  calculated for C19H13ClN2Na 

[M+Na]
+
:
 
327.0659, found 327.0659. 

4-(4-Bromophenyl)-6-(4-methylphenyl)nicotinonitrile (3bq): white solid; (58.5 

mg, 84%); mp: 148-150 °C; Rf = 0.77 (EtOAc:hexane = 

1:4); IR (KBr): ν 2220, 1589, 1527, 1488, 1466, 1368, 1280, 

1252 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.97 (s, 1H), 

7.97 (d, J = 7.8 Hz, 2H), 7.80 (s, 1H), 7.70 (d, J = 8.2 Hz, 

2H), 7.53 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 2.43 

(s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 161.0, 154.3, 151.9, 141.5, 135.2, 134.8, 

132.7, 130.2, 130.1, 127.6, 125.21, 119.8, 117.3, 106.2, 21.7; HRMS (ESI) m/z  

calculated for C19H13
79

BrN2Na[M+Na]
+
:
 
371.0154, found 371.0151. calculated for 

C19H13
81

BrN2Na[M+Na]
+
:
 
371.0154, found 371.0151. 

6-(4-Methoxyphenyl)-4-phenylnicotinonitrile (3ck): white solid: (50.4 mg, 

88%); mp: 122-124 °C; Rf = 0.67 (EtOAc:hexane = 1:4); 

IR (KBr): ν 2220, 1585, 1530, 1469, 1418, 1370, 1319, 

1283, 1244 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.93 (s, 

1H), 8.05 (d, J = 8.8 Hz, 2H), 7.79 (s, 1H), 7.64-7.66 (m, 

2H), 7.54-7.55 (m, 3H), 7.01 (d, J = 8.7 Hz, 2H), 3.87 (s, 3H); 
13

C NMR (100 

MHz, CDCl3): δ 162.0, 160.3, 154.2, 153.0, 136.3, 130.3, 130.2, 129.4, 129.2, 

128.6, 119.5, 117.6, 114.7, 105.9, 55.7; HRMS (ESI) m/z  calculated for 

C19H14N2ONa [M+Na]
+
:
 
309.0998, found  309.0998. 
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6-(4-Chlorophenyl)-4-phenylnicotinonitrile (3fk): white solid; (47.6 mg, 82%); 

mp: 133-135 °C; Rf = 0.77  (EtOAc:hexane = 1:4); IR 

(KBr): ν 2220, 1591, 1528, 1468, 1405, 1369, cm
-1

; 
1
H NMR 

(400 MHz, CDCl3): δ 8.98 (s, 1H), 8.04 (d, J = 8.5 Hz, 2H), 

7.84 (s, 1H), 7.65-7.67 (m, 2H), 7.56-7.57 (m, 3H), 7.49 (d, J 

= 8.5 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 159.5, 154.3, 

153.5, 137.2, 136.1, 136.1, 130.6, 129.6, 129.5, 129.0, 128.6, 120.3, 117.3, 107.1; 

HRMS (ESI) m/z  calculated for C18H11ClN2Na [M+Na]
+
:
 
 313.0503, found 

313.0511. 

6-(2-Chlorophenyl)-4-phenylnicotinonitrile (3gk): white solid; (46.4 mg, 80%); 

mp: 132-134 °C; Rf = 0.78 (EtOAc:hexane = 1:4); IR (KBr): ν 

3068, 2923, 2221, 1590, 1525, 1463, 1434, 1368, 1257, 1079, 

1032, 900, 744, 694cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.04 

(s, 1H), 7.89 (s, 1H), 7.67-7.69 (m, 3H), 7.51-7.57 (m, 4H), 

7.40-7.43 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ 160.3, 154.1, 152.4, 137.8, 

135.8, 132.4, 131.9, 131.1, 130.8, 130.6, 129.5, 128.8, 127.6, 125.3, 117.2, 107.3; 

HRMS (ESI) m/z  calculated for C18H11ClN2Na [M+Na]
+
:
 
313.0503, found 

313.0498. 

6-(4-Bromophenyl)-4-(2,5-dimethoxyphenyl)nicotinonitrile (3hm): white 

solid; (63.1 mg, 80%); mp: 130-132°C; Rf = 0.63 

(EtOAc:hexane = 1:4); IR (KBr): ν  2218, 1587, 1533, 

1499, 1472, 1444, 1357, 1310, 1228 cm
-1

; 
1
H NMR (400 

MHz, CDCl3): δ 8.94 (s, 1H), 7.94 (d, J = 8.5 Hz, 2H), 7.80 

(s, 1H), 7.63 (d, J = 8.5 Hz, 2H), 7.00-7.01 (m, 2H), 6.87-

6.88 (m, 1H), 3.83 (s, 3H), 3.82 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 159.3, 

154.0, 153.3, 151.0,150.7, 136.8, 132.5, 129.2, 125.7, 125.4, 121.5, 117.2, 116.7, 

116.4, 113.0, 109.5, 56.3, 56.2; HRMS (ESI) m/z  calculated for 

C20H15BrN2O2Na [M+Na]
+
:
 
417.0209, found 417.0200. 
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6-(4-Bromophenyl)-4-(4-chlorophenyl)nicotinonitrile (3hp): white solid; (63.3 

mg, 86%); mp: 159-161°C; Rf = 0.77 (EtOAc:hexane = 1:4); 

IR (KBr): ν  2220, 1588, 1530, 1492, 1466, 1400, 1366cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ 8.99 (s, 1H), 7.96 (d, J = 8.5 

Hz, 2H), 7.81 (s, 1H), 7.65 (d, J = 8.2 Hz, 2H), 7.59-7.61 (m, 

2H), 7.53-7.56 (m, 2H); 
13

C NMR (100 MHz, CDCl3): 

δ159.8, 154.4, 152.3, 137.1, 136.4, 134.4, 132.6, 130.0, 

129.9, 129.2, 125.8, 120.0, 117.0, 107.0; HRMS (ESI) m/z  calculated for 

C18H11
79

BrClN2[M+H]
+
:
 

368.9789, found 368.9794; calculated for 

C18H11
81

BrClN2[M+H]
+ 

370.9768, found 370.9773. 

6-(4-Bromophenyl)-4-(4-trifluoromethylphenyl)nicotinonitrile (3hr): white 

solid; (69.9 mg, 87%); mp: 165-167 °C;  Rf = 0.80 

(EtOAc:hexane = 1:4); IR (KBr): ν 2221, 1587, 1536, 1476, 

1368, 1331 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.03 (s, 

1H), 7.97 (d,  J = 8.2 Hz, 2H), 7.83-7.84 (m, 3H), 7.76-7.78 

(m, 2H), 7.66 (d, J = 8.2 Hz, 2H); 
13

C NMR (100 MHz, 

CDCl3): δ 159.9, 154.3, 152.0, 139.5, 136.3, 132.8, 132.7, 132.4, 129.2, 129.2, 

126.6, 126.6, 126.5, 126.5, 126.0, 125.3, 122.6, 120.2, 116.8, 107.1; HRMS (ESI) 

m/z  calculated for C19H11
79

BrF3N2[M+H]
+
:
 
403.0052, found 403.0052; calculated 

for C19H11
81

BrF3N2[M+H]
+
:
 
405.0032, found 405.0036.  

4-Phenyl-6-(thiophen-2-yl)nicotinonitrile (3ik): pale yellow solid; (41.9 mg, 

80%); mp:116-118 °C; Rf =  0.75 (EtOAc:hexane = 1:4); IR 

(KBr): ν 2221, 1586, 1522, 1468, 1424, 1375, 1260, 1236 cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ8.85 (s, 1H), 7.73-7.74 (m, 2H), 

7.64-7.66 (m, 2H), 7.53-7.57 (m, 4H), 7.16 (t, J = 4.2 Hz, 1H); 

13
C NMR (100 MHz, CDCl3): δ155.7, 154.3, 153.1, 143.3, 136.0, 130.7, 130.5, 

129.5, 128.9, 128.6, 127.5, 118.7, 117.4, 106.2; HRMS (ESI) m/z  calculated for 

C16H10N2ONa [M+Na]
+
:
 
285.0457, found 285.0451. 
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4-(2,5-Dimethoxyphenyl)-6-(thiophen-2-yl)nicotinonitrile (3im): pale yellow 

solid; (48.3 mg, 75%); mp: 134-136°C; Rf = 0.55  (EtOAc:hexane = 1:4); IR 

(KBr): ν  2216, 1586, 1527, 1502, 1472, 1432, 1413, 1365, 

1308, 1230 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.81 (s, 1H), 

7.70 (s, 1H), 7.68 (d, J = 3.4 Hz, 1H), 7.51 (d, J = 4.7 Hz, 1H), 

7.14 (t, J = 4.2 Hz, 1H), 6.99-7.03 (m, 2H), 6.87 (d, J = 2.4Hz, 

1H), 3.82 (s, 6H); 
13

C NMR (100 MHz, CDCl3): δ 155.5, 154.0, 153.2, 150.7, 

150.7, 143.5, 130.4, 128.8, 127.3, 125.7, 119.9, 117.3, 116.6, 116.3, 113.0, 108.6, 

56.3, 56.2; HRMS (ESI) m/z  calculated for C18H14N2O2SNa [M+Na]
+
:
 
345.0668, 

found 345.0650. 

3-Acetyl-4-(4-nitrophenyl)-6-phenylpyridine (3as): light yellow solid: (52.2 

mg, 82%); mp: 137-139 °C; Rf = 0.40 (EtOAc:hexane = 1:4); 

IR (KBr): ν  1682, 1590, 1526, 1507, 1479, 1444, 1350, 1271, 

1234 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.06 (s, 1H), 8.34 

(d, J = 7.6 Hz, 2Hz), 8.06-8.09 (m, 2H), 7.68 (s, 1H), 7.50-7.54 

(m, 5H), 2.40 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 199.2, 

159.9, 150.2, 147.9, 147.7, 145.7, 137.6, 131.8, 130.3, 129.2, 129.0, 127.3, 123.9, 

121.4, 29.8; HRMS (ESI) m/z  calculated for C19H15N2O3[M+H]
+
:
 
 319.1077, 

found 319.1079. 

3-Acetyl-4-(4-cyanophenyl)-6-phenylpyridine (3at): white solid; (47.7 mg, 

80%); mp: 132-134 °C; Rf = 0.38 (EtOAc:hexane = 1:4); IR 

(KBr): ν  2226, 1681, 1587, 1525, 1480, 1441, 1414, 1361, 

1328, 1276, 1235 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 9.02 (s, 

1H), 8.05-8.07 (m, 2H), 7.76-7.78 (m, 2H), 7.66 (s, 1H), 7.48-

7.51 (m, 4H), 7.46 (s, 1H), 2.35 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3): δ 199.8, 160.1, 150.4, 148.2, 143.9, 138.0, 132.7, 132.3, 130.5, 129.3, 

129.3, 127.6, 121.6, 118.6, 112.9, 30.2; HRMS (ESI) m/z  calculated for 

C20H14N2ONa [M+Na]
+
:
 
321.0998, found 321.1008. 
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3-Acetyl-4-(4-cyanophenyl)-6-(4-methylphenyl)pyridine (3bt): white solid; 

(51.2 mg, 82%); mp:136-138 °C; Rf = 0.39 (EtOAc:hexane 

= 1:4); IR (KBr): ν 2221, 1684, 1590, 1527, 1482, 1413, 

1360, 1276, 1239, cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 

9.00 (s, 1H), 7.96 (d, J = 8.2 Hz, 2H), 7.75-7.77 (m, 2H), 

7.63 (s, 1H), 7.45-7.48 (m, 2H), 7.31 (d, J = 7.8 Hz, 2H), 

2.42 (s, 3H), 2.35 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

199.7, 160.2, 150.4, 148.2, 144.1, 140.9, 135.2, 132.7, 132.0, 130.1, 129.3, 127.5, 

121.3, 118.6, 112.9, 30.2, 21.7; HRMS (ESI) m/z  calculated for C21H16N2ONa 

[M+Na]
+
:
 
335.1155, found 335.1154.  

3-Acetyl-4-(4-cyanophenyl)-6-(4-methoxyphenyl)pyridine (3ct): white solid; 

(54.5 mg, 83%); mp138-140 °C; Rf = 0.35 (EtOAc:hexane 

= 1:4); IR (KBr) ν  2224, 1735, 1673, 1607, 1588, 1524, 

1469, 1440, 1371, 1277, 1251cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 8.99 (s, 1H), 8.03-8.05 (m, 2H), 7.76 (d, J = 8.3 

Hz, 2H), 7.58 (s, 1H), 7.45-7.47 (m, 2H), 7.02 (d, J = 9.0 

Hz, 2H), 3.88 (s, 3H), 2.35 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 199.6, 161.8, 

159.8, 150.5, 148.2, 144.3, 132.7, 131.5, 130.5, 129.3, 129.1, 120.8, 118.7, 114.7, 

112.8, 55.7, 30.1; HRMS (ESI) m/z  calculated for C21H16N2O2Na[M+Na]
+
:
 

351.1104, found 351.1101. 

3-Acetyl-4-(4-nitrophenyl)-6-(4-fluorophenyl)pyridine (3es): light yellow 

solid; (49.8 mg, 74%); mp: 147-149 °C; Rf = 0.35  

(EtOAc:hexane = 1:4); IR (KBr): ν  1682, 1591, 1533, 1508, 

1480, 1412, 1347, 1278, 1229 cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 9.03 (s, 1H), 8.33 (d, J = 8.5 Hz, 2H), 8.06-8.09 

(m, 2H), 7.63 (s, 1H), 7.52 (d, J = 8.7 Hz, 2H), 7.19 (t, J = 

8.5 Hz, 2H), 2.39 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 199.4, 164.6(d, JC-F = 

249 Hz), 159.1, 150.5,148.2, 148.1, 145.9, 134.1 (d, JC-F = 3.6.0 Hz), 132.1, 

129.6(d, JC-F  = 8.7 Hz) , 129.5, 124.2, 121.3,  116.4 (d , JC-F = 21.8 Hz), 30.1; 
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HRMS (ESI) m/z  calculated for C19H13FN2O3Na[M+Na]
+
:
 
359.0802, found 

359.0802. 

3-Acetyl-4-(4-cyanophenyl)-6-(4-fluorophenyl)pyridine (3et): white solid; 

(46.8 mg, 74%); mp: 142-144 °C; Rf = 0.45 (EtOAc:hexane 

= 1:4); IR (KBr): ν  2219, 1683, 1593, 1528, 1481, 1412, 

1362, 1277, 1228 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.99 

(s, 1H), 8.05-8.08 (m, 2H), 7.77 (d, J = 8.0 Hz, 2H), 7.61 (s, 

1H), 7.47 d, J = 8.0 Hz, 2H), 7.19 (t, J = 8.5 Hz, 2H), 2.35 

(s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 199.7, 164.5(d, JC-F= 249.0 Hz), 159.0, 

150.4, 148.3, 143.9, 134.2, 134.1 132.8, 132.3, 129.6, 129.5, 129.3, 128.5, 128.4, 

128.0, 127.9, 127.3, 125.9, 121.3, 118.6, 116.5, 116.2, 113.0, 30.2; HRMS (ESI) 

m/z  calculated for C20H14FN2O [M+H]
+
:
 
317.1085, found 317.1079.  

3-Acetyl-4-(4-nitrophenyl)-6-(4-chlorophenyl)pyridine (3fs): light yellow 

solid; (54.2 mg, 77%); mp:151-153 °C; Rf = 0.45 

(EtOAc:hexane = 1:4); IR (KBr): ν 1682, 1589, 1530, 1510, 

1475, 1404, 1347, 1279, 1238cm
-1

; 
1
H NMR (400 MHz, 

CDCl3): δ 9.04 (s, 1H), 8.34 (d, J = 8.2 Hz, 2H), 8.03 (d, J = 

8.5 Hz, 2H), 7.65 (s, 1H), 7.47-7.53 (m, 4H), 2.39 (s, 3H); 

13
C NMR (100 MHz, CDCl3): δ 199.4, 158.9, 150.5, 148.3, 148.1, 145.8, 137.0, 

136.3, 132.4, 129.6, 129.5, 128.9, 124.2, 121.4, 30.2; HRMS (ESI) m/z  

calculated for C19H14ClN2O3[M+H]
+
:
 
353.0687, found 353.0673. 

3-Acetyl-4-(4-nitrophenyl)-6-(thiophen-2-yl)pyridine (3is): light yellow solid; 

(49.3 mg, 76%); mp: 136-138 °C; Rf = 0.40  (EtOAc:hexane = 

1:4); IR (KBr) ν 1681, 1588, 1529, 1506, 1425, 1347, 1278, 

1239 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.95 (s, 1H), 8.33 

(d, J = 8.4 H, 2H), 7.69 (d, J = 3.2 H, 1H), 7.49-7.55 (m, 4H), 

7.15-7.17 (m, 1H), 2.39 (s, 3H); 
13

C NMR (100 MHz, CDCl3): 
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δ 198.4, 155.0, 150.5, 147.9, 145.6, 143.1, 131.2, 130.0, 129.1, 128.5, 126.7, 

123.8, 119.6, 29.6; HRMS (ESI) m/z  calculated for C17H13N2O3S[M+H]
+
:
 
 

325.0642, found 325.0653. 

3-Acetyl-4-(4-cyanophenyl)-6-(thiophen-2-yl)pyridine (3it): light yellow solid; 

(45.0 mg, 74%); mp: 132-134 °C; Rf = 0.35 (EtOAc:hexane = 

1:4); IR (KBr): ν 2219, 1682, 1587, 1521, 1480, 1426, 1357, 

1305, 1278, 1235 cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 8.91 (s, 

1H), 7.77 (d, J = 8.0 Hz, 2H), 7.69 (d, J = 3.2 Hz, 1H), 7.51-

7.54 (m, 2H), 7.45 (d, J = 8.0 Hz, 2H), 7.14-7.17 (m, 1H), 2.34 

(s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 198.8, 154.9, 150.4, 148.1, 143.6, 143.2, 

132.4, 131.5, 129.9, 128.9, 128.5, 126.6, 119.5, 118.3, 112.7, 29.7; HRMS (ESI) 

m/z  calculated for C18H13N2OS[M+H]
+
:
 
 305.0743, found 305.0764.  

The synthesis of intermediate 5: To a stirred solution of compound 1a (39.4 mg, 

0.2 mmol) and 2a (54.6 mg, 0.22 mmol) in 2-MeTHF (1.0 mL) was added 

DABCO (33.6 mg, 0.3 mmol) at room temperature. Then the reaction mixture 

was heated at 70 °C for 30 min O2 atmosphere (monitored by TLC). After that, 

the reaction mixture was extracted with ethyl acetate (3 × 10 mL), washed with 

water and brine respectively, dried over Na2SO4. The combined organic phases 

were evaporated under reduced pressure to afford the crude product which was 

purified through column chromatography through column chromatography over 

silica-gel using a mixture of EtOAc/hexane (1:2, v/v) as the eluent. The 

intermediate 5 was fully characterized by its spectroscopic data (IR, 
1
HNMR, 

13
C 

NMR and HRMS). 

Intermediate 5: (90% combined yield of a mixture of diastereomer); IR (KBr): ν 

1710, 1601, 1570, 1495, 1451, 1374, 1302, 1273, 1200, cm
-1

; 

1
H NMR (400 MHz, CDCl3): δ (mixture of diastereomer dr = 

3:1) δ 7.84 (d, J = 7.7 Hz, 1.5H), 7.80 (d, J = 7.7 Hz, 0.5H), 

7.73 (t, J = 7.2 Hz, 0.75H), 7.67 (t, J = 7.2 Hz, 0.25H), 7.59 

(t, J = 7.6 Hz, 1.5H), 7.51 (t, J = 7.5 Hz, 0.5H), 7.33-7.40 (m, 1.25H), 7.19-7.29 
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(m, 2.25H), 6.93 (d, J = 7.2 Hz, 1.5H), 6.59 (s, 0.75H), 6.56-6.57 (m, 1H), 6.35 

(d, J = 3.2 Hz, 0.25H), 6.01 (s, 0.75H), 5.71 (s, 0.25H), 4.80 (s, 0.25H), 4.72 (s, 

0.75H), 4.19-4.30 (m, 1.5H), 4.00-4.15 (m, 0.5H), 1.31 (t, J = 7.2Hz, 2.25H), 

1.19 (t, J = 7.2Hz, 0.75H); 
13

C NMR (100 MHz, CDCl3): δ (major diastereomer) 

178.4, 166.7, 138.2, 135.2, 132.5, 132.2, 130.1, 129.8, 129.5, 129.1, 128.5, 128.3, 

89.0, 61.9, 49.4, 14.4; HRMS (ESI) m/z  calculated for C20H19NSO5Na [M+Na]
+
:
 

408.0876, found 408.0897. 

One-pot synthesis of ethyl N-Boc-4,6-diphenyl-1,2-

dihydropyridine-3-carboxylate (8):  

A mixture of compound 1a (39.4 mg, 0.2 mmol), 2a (54.6 mg, 0.22 mmol), 

Boc2O (0.3 mmol) and DABCO (33.6 mg, 0.3 mmol)  in 2-MeTHF (1.0 mL)  was 

heated at 70 °C for 48h under inert atmosphere (monitored by TLC). Upon 

completion of the reaction, the reaction mixture was extracted with ethyl acetate 

(3 × 10 mL), washed with water and brine respectively, dried over Na2SO4. The 

combined organic phases were evaporated under reduced pressure to afford the 

crude product. Finally it was obtained in a pure form 8 through column 

chromatography over silica-gel using a mixture of EtOAc/hexane (1:4, v/v) as an 

eluent. 

Ethyl 1-tert-butoxycarbonyl-4,6-diphenyl-1,2-dihydropyridine-3-carboxylate 

(8): (51.0 mg, 62%); 
1
H NMR (400 MHz, CDCl3): δ 7.40-

7.42 (m, 2H), 7.33-7.37 (m, 6H), 7.27-7.29 (m, 2H), 6.00 (s, 

1H), 4.79 (s, 2H), 4.03 (q, J = 7.2 Hz, 2H), 1.12 (s, 9H), 1.03 

(t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 165.8, 

153.0, 146.0, 144.5, 139.6, 138.1, 128.9, 128.5, 128.2, 128.1, 128.0, 127.1, 117.5, 

117.5, 81.9, 60.6, 45.5, 27.9, 14.0; HRMS (ESI) m/z  calculated for 

C25H27NO4Na[M+Na]
+
:
 
428.1832, found 428.183. 

Synthesis of 2-(4,6-diphenylpyridin-3-yl)-[1,2,4]triazolo[1,5-a]pyridine (9): A 

mixture of compound 3al (0.2 mmol, 52.0 mg), 2-aminopyridine (0.24 mmol, 24 
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mg), CuBr (0.01 mmol, 1.5 mg), 1,10-phenanthroline (0.01 mmol, 1.8 mg) and 

ZnI2 (0.02 mmol 6.4 mg) 1,2-dichlorobenzene (0.4 ml) was stirred at 130 ° C for 

18 h. After cooling to room temperature, the reaction was diluted with EtOAc and 

filtered through celite. The filtrate was concentrated and purified by column 

chromatography (eluent: EtOAc:hexane = 1:3) on silica gel to afford compound 9.  

2-(4,6-Diphenylpyridin-3-yl)-[1,2,4]triazolo[1,5-a]pyridine (9): White solid; 

(56.3 mg, 81%);  mp: 173-175 °C; Rf = 0.20  

(EtOAc:hexane = 1:4); IR (KBr): ν 1632, 1589, 1576, 

1556, 1500, 1456, 1425, 1386, 1356, 1327, 1305, 1259, 

1211; 
1
H NMR (400 MHz, CDCl3):  δ  9.21 (s, 1H), 8.49 

(d, J = 6.4 Hz, 1H), 8.11 (d, J = 7.6 Hz, 2H), 7.82 (s, 1H), 7.68-7.71 (m, 1H), 

7.43-7.52 (m, 4H), 7.30-7.38 (m, 5H), 6.97-7.00 (m, 1H); 
13

C NMR (100 MHz, 

CDCl3): δ 162.5, 158.1, 151.7, 151.1, 150.0, 139.1, 138.8, 129.4, 129.3, 128.8 

(2C), 128.3, 128.2, 128.1, 127.2, 124.3, 121.8, 116.6, 113.7; HRMS (ESI) m/z  

calculated for C23H17N4[M+H]
+
: 349.1448, found 349.1475. 
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Table 5.5 Crystal data for compound 3ai 

Compound 3ai 

Empirical formula C20H16N2O4 

Formula weight 348.35 

Temperatute 293(2) K 

Wave length (Å ) 0.71073  

Crystal system, space group Triclinic, P-1 

a (Å) 

b (Å) 

c (Å) 

α (°) 

β (°) 

γ (°) 

8.1889(3)  

10.3419(5)      

10.9166(4)     

105.058(4)  

98.466(3)  

99.563(3) 

Volume (Å
3
) 862.59(6)  

Z, Calculated density (mg/m
3
) 2,  1.341  

Absorption coefficient (mm
-1

) 0.095  

F(000) 364 

Crystal size (mm) 0.230 x 0.180 x 0.130  

Ө range (deg) 2.947 to 32.231 deg. 

Limiting indices -12<=h<=12, -15<=k<=15, -

15<=l<=16 

Reflections collected / unique 10763 / 5548 [R(int) = 0.0262] 

Completeness to Ө = 25.242 99.8 % 

Max. and min. transmission 1.00000 and 0.77304 

Absorption correction Semi-empirical from equivalents 

Refined method Full-matrix least-squares on F^2 

Data / restrains / parameters 5548 / 0 / 236 

 Goodness-of-fit on F^2 1.070 

Final R indices [I>2sigma(I)] R1 = 0.0624, wR2 = 0.1619 

R indices (all data) R1 = 0.0967, wR2 = 0.1867 

Largest diff. peak and hole (e.A
-3

) 0.260 and -0.234  

CCDC 1522097 
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5.6 Copies of 
1
H and 

13
C NMR spectra of some important 

compounds described in Chapter 6 
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Figure 5.4 400 MHz 
1
H NMR spectrum of 5 in CDCl3 
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Figure 5.5 100 MHz 
13

C NMR spectrum of 5 in CDCl3 
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Figure 5.6 400 MHz 
1
H NMR spectrum of 8 in CDCl3 
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Figure 5.7 100 MHz 
13

C NMR spectrum of 8 in CDCl3 
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Figure 5.8 400 MHz 
1
H NMR spectrum of 3aa in CDCl3 
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Figure 5.9 100 MHz 
13

C NMR spectrum of 3aa in CDCl3 
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Figure 5.10 400 MHz 
1
H NMR spectrum of 3ac in CDCl3 
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Figure 5.11 100 MHz 
13

C NMR spectrum of 3ac in CDCl3 
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Figure 5.12 400 MHz 
1
H NMR spectrum of 3ad in CDCl3 
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Figure 5.13 100 MHz 
13

C NMR spectrum of 3ad in CDCl3 
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Figure 5.14 400 MHz 
1
H NMR spectrum of 3af in CDCl3 
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Figure 5.15 100 MHz 
13

C NMR spectrum of 3af in CDCl3 
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Figure 5.16 400 MHz 
1
H NMR spectrum of 3ag in CDCl3 
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Figure 5.17 100 MHz 
13

C NMR spectrum of 3ag in CDCl3 
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Figure 5.18 400 MHz 
1
H NMR spectrum of 3ah in CDCl3 
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Figure 5.19 100 MHz 
13

C NMR spectrum of 3ah in CDCl3 
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Figure 5.20 400 MHz 
1
H NMR spectrum of 3ai in CDCl3 
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Figure 5.21 100 MHz 
13

C NMR spectrum of 3ai in CDCl3 
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Figure 5.22 400 MHz 
1
H NMR spectrum of 3ba in CDCl3 
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Figure 5.23 100 MHz 
13

C NMR spectrum of 3ba in CDCl3 
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Figure 5.24 400 MHz 
1
H NMR spectrum of 3bd in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.25 100 MHz 
13

C NMR spectrum of 3bd in CDCl3 
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Figure 5.26 400 MHz 
1
H NMR spectrum of 3be in CDCl3 
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Figure 5.27 100 MHz 
13

C NMR spectrum of 3be in CDCl3 
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Figure 5.28 400 MHz 
1
H NMR spectrum of 3bf in CDCl3 
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Figure 5.29 100 MHz 
13

C NMR spectrum of 3bf in CDCl3 
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Figure 5.30 400 MHz 
1
H NMR spectrum of 3bg in CDCl3 
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Figure 5.31 100 MHz 
13

C NMR spectrum of 3bg in CDCl3 
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Figure 5.32 400 MHz 
1
H NMR spectrum of 3cd in CDCl3 
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Figure 5.33 100 MHz 
13

C NMR spectrum of 3cd in CDCl3 
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Figure 5.34 400 MHz 
1
H NMR spectrum of 3cg in CDCl3 
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Figure 5.35 100 MHz 
13

C NMR spectrum of 3cg in CDCl3 
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Figure 5.36 400 MHz 
1
H NMR spectrum of 3ci in CDCl3 
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Figure 5.37 100 MHz 
13

C NMR spectrum of 3ci in CDCl3 
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Figure 5.38 400 MHz 
1
H NMR spectrum of 3dg in CDCl3 
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Figure 5.39 100 MHz 
13

C NMR spectrum of 3dg in CDCl3 
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Figure 5.40 400 MHz 
1
H NMR spectrum of 3eb in CDCl3 
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Figure 5.41 100 MHz 
13

C NMR spectrum of 3eb in CDCl3 
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Figure 5.42 400 MHz 
1
H NMR spectrum of 3eg in CDCl3 
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Figure 5.43 100 MHz 
13

C NMR spectrum of 3eg in CDCl3 
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Figure 5.44 400 MHz 
1
H NMR spectrum of 3hg in CDCl3 
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Figure 5.45 100 MHz 
13

C NMR spectrum of 3hg in CDCl3 

 



Chapter 5                                                                                                                

325 
 

 

 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

4.00 3.012.071.04 1.020.72

1
.0

4
7
3

1
.0

6
4
8

1
.0

8
3
0

4
.1

2
8
9

4
.1

4
6
4

4
.1

6
4
6

4
.1

8
2
2

7
.1

1
9
5

7
.1

3
1
4

7
.2

6
0
0

7
.3

4
9
7

7
.3

5
9
1

7
.3

6
7
9

7
.4

4
0
0

7
.4

4
4
4

7
.4

5
3
8

7
.4

7
8
3

7
.6

0
2
5

7
.6

6
3
3

7
.6

7
2
1

9
.0

2
3
8

 

 

Figure 5.46 400 MHz 
1
H NMR spectrum of 3ia in CDCl3 
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Figure 5.47 100 MHz 
13

C NMR spectrum of 3ia in CDCl3 
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Figure 5.48 400 MHz 
1
H NMR spectrum of 3id in CDCl3 
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Figure 5.49 100 MHz 
13

C NMR spectrum of 3id in CDCl3 
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Figure 5.50 400 MHz 
1
H NMR spectrum of 3ig in CDCl3 
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Figure 5.51 100 MHz 
13

C NMR spectrum of 3ig in CDCl3 
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Figure 5.52 400 MHz 
1
H NMR spectrum of 3ak in CDCl3 
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Figure 5.53 100 MHz 
13

C NMR spectrum of 3ak in CDCl3 
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Figure 5.54 400 MHz 
1
H NMR spectrum of 3al in CDCl3 
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Figure 5.55 100 MHz 
13

C NMR spectrum of 3al in CDCl3 
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Figure 5.56 400 MHz 
1
H NMR spectrum of 3am in CDCl3 

 

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

5
6
.2

5
1
1

7
7
.0

4
6
5

7
7
.3

6
0
0

7
7
.6

8
0
8

1
0
9
.1

7
2
81

1
3
.0

2
2
7

1
1
6
.3

9
1
4

1
1
6
.6

3
9
3

1
1
7
.3

9
7
61

2
1
.8

4
5
4

1
2
5
.9

2
8
7

1
2
7
.7

4
4
3

1
2
9
.3

1
9
2

1
3
0
.6

9
7
3

1
3
8
.0

2
5
3

1
5
0
.7

7
0
8

1
5
0
.8

3
6
4

1
5
3
.2

7
9
1

1
5
4
.0

4
4
7

1
6
0
.5

5
6
0

 

 

Figure 5.57 100 MHz 
13

C NMR spectrum of 3am in CDCl3 
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Figure 5.58 400 MHz 
1
H NMR spectrum of 3an in CDCl3 
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Figure 5.59 100 MHz 
13

C NMR spectrum of 3an in CDCl3 
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Figure 5.60 400 MHz 
1
H NMR spectrum of 3ao in CDCl3 
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Figure 5.61 100 MHz 
13

C NMR spectrum of 3ao in CDCl3 
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Figure 5.62 400 MHz 
1
H NMR spectrum of 3ap in CDCl3 
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Figure 5.63 100 MHz 
13

C NMR spectrum of 3ap in CDCl3 
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Figure 5.64 400 MHz 
1
H NMR spectrum of 3aq in CDCl3 
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Figure 5.65 100 MHz 
13

C NMR spectrum of 3aq in CDCl3 
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Figure 5.66 400 MHz 
1
H NMR spectrum of 3ar in CDCl3 
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Figure 5.67 100 MHz 
13

C NMR spectrum of 3ar in CDCl3 
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Figure 5.68 400 MHz 
1
H NMR spectrum of 3bm in CDCl3 
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Figure 5.69 100 MHz 
13

C NMR spectrum of 3bm in CDCl3 
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Figure 5.70 400 MHz 
1
H NMR spectrum of 3bp in CDCl3 
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Figure 5.71 100 MHz 
13

C NMR spectrum of 3bp in CDCl3 
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Figure 5.72 400 MHz 
1
H NMR spectrum of 3bq in CDCl3 
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Figure 5.73 100 MHz 
13

C NMR spectrum of bq in CDCl3 
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Figure 5.74 400 MHz 
1
H NMR spectrum of 3ck in CDCl3 
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Figure 5.75 100 MHz 
13

C NMR spectrum of 3ck in CDCl3 
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Figure 5.76 400 MHz 
1
H NMR spectrum of 3fk in CDCl3 
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Figure 5.77 100 MHz 
13

C NMR spectrum of 3fk in CDCl3 
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Figure 5.78 400 MHz 
1
H NMR spectrum of 3gk in CDCl3 
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Figure 5.79 100 MHz 
13

C NMR spectrum of 3gk in CDCl3 

 

 

 



Chapter 5                                                                                                                

342 
 

 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

3.012.06 2.022.000.74

3
.8

2
5
9

3
.8

3
2
2

6
.8

8
3
77
.0

0
7
2

7
.0

1
2
9

7
.2

6
0
0

7
.6

2
6
9

7
.6

4
8
3

7
.8

0
0
7

7
.9

3
1
1

7
.9

5
2
5

8
.9

4
2
9

 

 

Figure 5.80 400 MHz 
1
H NMR spectrum of 3hm in CDCl3 
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Figure 5.81 100 MHz 
13

C NMR spectrum of 3hm in CDCl3 
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Figure 5.82 400 MHz 
1
H NMR spectrum of 3hp in CDCl3 
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Figure 5.83 100 MHz 
13

C NMR spectrum of 3hp in CDCl3 
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Figure 5.84 400 MHz 
1
H NMR spectrum of 3hr in CDCl3 
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Figure 5.85 100 MHz 
13

C NMR spectrum of 3hr in CDCl3 
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Figure 5.86 400 MHz 
1
H NMR spectrum of 3ik in CDCl3 
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Figure 5.87 100 MHz 
13

C NMR spectrum of 3ik in CDCl3 
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Figure 5.88 400 MHz 
1
H NMR spectrum of 3im in CDCl3 
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Figure 5.89 100 MHz 
13

C NMR spectrum of 3im in CDCl3 
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Figure 5.90 400 MHz 
1
H NMR spectrum of 3as in CDCl3 
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Figure 5.91 100 MHz 
13

C NMR spectrum of 3as in CDCl3 
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Figure 5.92 400 MHz 
1
H NMR spectrum of 3at in CDCl3 
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Figure 5.93 100 MHz 
13

C NMR spectrum of 3at in CDCl3 
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Figure 5.94 400 MHz 
1
H NMR spectrum of 3es in CDCl3 
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Figure 5.95 100 MHz 
13

C NMR spectrum of 3es in CDCl3 
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Figure 5.96 400 MHz 
1
H NMR spectrum of 3et in CDCl3 
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Figure 5.97 100 MHz 
13

C NMR spectrum of 3et in CDCl3 
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Figure 5.98 400 MHz 
1
H NMR spectrum of 3fs in CDCl3 
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Figure 5.99 100 MHz 
13

C NMR spectrum of 3fs in CDCl3 
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Figure 5.100 400 MHz 
1
H NMR spectrum of 3it in CDCl3 
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Figure 5.101 100 MHz 
13

C NMR spectrum of 3it in CDCl3 
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Figure 5.102 400 MHz 
1
H NMR spectrum of  9 in CDCl3 
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Figure 5.103 100 MHz 
13

C NMR spectrum of 9 in CDCl3 
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Chapter 6 

One-pot sequential reaction of cyclic sulfamidate 

imine with β-substituted acroleins to access 2,4-

disubstituted pyridine by a metal-free new 

approach 

6.1 Introduction 

The journey of pyridine starts in 1846 when the Scottish chemist Thomas 

Anderson first discovered ‘Picoline’ as the first known pyridine derivative  from 

bone oil,
[1]

 but the correct structure of pyridine was proposed independently by 

Kӧrner (1869)
[2] 

and Dewar (1871).
[3]

 With the understanding of the structure of 

pyridine in 1876, William Ramsay
[4]

 combined acetylene and hydrogen cyanide 

to synthesize pyridine in a red-hot iron-tube furnace and the chemistry of the 

evergreen azaheterocycles starts. 

Figure 6.1 Representative molecules containing pyridine moiety 
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Pyridine and its functionalized forms have been recognized as one of the most 

extensively studied heterocyclic molecules,
[5-7]

 Importantly, these aza-

heterocyclic scaffolds constitute the core of a large number of top selling 

marketable drugs,
[8-9]

 natural products,
[10]

 pharmaceuticals,
[11-12]

 

agrochemicals,
[13]

 advanced functional materials,
[14]

 inorganic complexes.
[15-16]

 

Some of the important examples are shown in Figure 6.1. 

Due to the various applications in several fields, intense efforts have been devoted 

since 19
th

 century towards the efficient access to both symmetrical and 

unsymmetrical substituted pyridines through various novel methods such as one-

pot multicomponent reaction,
[17]

 condensation reaction of reactive carbonyl 

compounds with various forms of amines,
[18]

  6-π-electrocyclization,
[19] 

transition-metal catalyzed [4+2]
[20]

/ [2+2+2]
[21]

 cycloaddition reactions of alkynes 

with α,β-unsaturated oximes/enamides/nitriles, and  direct C-H functionalization 

on the pyridines.
[22]

   Some of the important reports related to the synthesis of 2,4-

disubstituted pyridines are included  in the review Section 6.2. 

6.2 Review work 

The synthesis of pyridine was developed for the first time by Ramsay
[4]

 in 1876 

by passing the mixture of acetylene and hydrogen cyanide through a red hot tube. 

Later, in 1990, Chelucci and co-workers modified this procedure by using cobalt 

(I) catalyzed variant which is a good commercial source of alkylpyridines.
[23]

Scheme 6.1 Synthesis of pyridine by Ramsay and Chelucci 
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In 1881, Prof. Arthur Rudolf Hantzsch discovered the synthesis of highly 

substituted symmetrical dehydro pyridines by a pseudo four-component reaction 

by taking an aldehyde, β-keto ester (2.0 equiv)  and ammonium acetate or 

ammonia in alcoholic solvent. Next DHP moiety was oxidized by HNO3 

oxidation of corresponding substituted pyridine moiety.
[18]

  

 

Scheme 6.2 Classical Hantzsch synthesis for the symmetrical pyridine  

The cyclization reaction was carried out  with (N-vinylimino)phosphoranes and an 

excess amount of chalcone in toluene under refluxing conditions to obtain 2,4-

diphenyl pyridines in good yields as reported by Katritzky et al. in 1994 (Scheme 

6.3).
[24] 

 

 

Scheme 6.3 One-pot synthesis of 2,4-diphenylpyridines form (N-vinyimino)- 

phosphoranes 
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The conversion of dihydropyridones to tetrahydropyrid-4-ols by Grignard 

reagents in the presence of cerium chloride followed by acidic cleavage using 

TFA/CH2Cl2 gave the 2,4-disubstituted pyridines as major products in poor yields 

as  published by Munoz et al. in 1998. Some of the promising results are 

summarized in Scheme 6.4.
[25]

 

 

 

 

 

 

 

Scheme 6.4 Solid support synthesis of 2,4-disubstituted pyridines 

In 2010, Huang and his co-workers discovered an easy, efficient one-pot route for 

the access of 2,4-diarylpyridines through a condensation reaction of aromatic 

ketones  with ammonium acetate in DMSO at 120 °C for 24 h as described in 

Scheme 6.5.
[26]

 

Scheme 6.5 Synthesis of 2,4-diarylpyridines  from 1-substituted ethanones 
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In 2013, Ray group discovered a very interesting and mild procedure for the 

synthesis of 2,4-disubstituted pyridine in good yields by heating α,β,γ,δ-

unsaturated aldehydes with NH4Cl in presence of  mild base Et3N in refluxing 

condition for 4 h in MeCN. Some of the examples are summarized in Scheme 

6.6.
[27]

 

 

 

 

 

 

Scheme 6.6 Synthesis of 2,4-diaryl pyridines from α,β,γ,δ-unsaturated aldehydes 

A [3+3]-type cyclization of O-acetyl ketoximes with α,β-unsaturated aldehydes 

catalyzed by the combination of a copper(I) salt and secondary amine salt  was 

presented  in 2013 by Yoshikai et al. This one-pot method delivers 2,4-

disubstituted pyridines in satisfactory level of yields  with a broad range of 

functional group. Some of the examples are depicted in Scheme 6.7.
[28] 

 

 

 

 

Scheme 6.7 Synthesis of 2,4-substituted pyridines by [3+3] cyclization of oximes 

and enals 
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In 2016, a robust method to access highly substituted pyridines by performing the 

Hosomi-Sakurai reaction between enone and allyltrimethylsilane promoted by 

TiCl4 followed by ozonolysis to form 1,5-diketones which subsequently  reacted 

with hydroxylamine hydrochloride  in MeCN at 80 °C as described by 

Rychnovsky et al. Scheme 6.8.
[29]

 

 

Scheme 6.8 Scope of 2,4- substituted pyridines by the reaction between enone 

and allyltrimethylsilane 

A Ru-catalyzed one-pot pseudo four component reaction of acetophenone, 

ammonium acetate in DMF (solvent as well as  reagent)  under oxygen 

atmosphere at 120 ºC  for the synthesis of 2,4-diarylsubstituted pyridine 

derivatives in satisfactory yields was reported by Deng and his  associates  in 

2015 as described in Scheme 6.9.
[30]
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Scheme 6.9 Ru-catalyzed synthesis of 2,4-diarylpyridines 

In 2016, Guan et al. prepared 2,4-disubstituted pyridine in good to excellent 

yields  by a mild and efficient iron-catalyzed cyclization of ketoximes  with N,N-

dimethyl anilines as described in Scheme 6.10.
[31]

 

 

Scheme 6.10 Fe catalyzed cyclization of ketooxime acetates and N,N-dimethyl 

aniline 
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In 1988, Juris et al. synthesized styryl substituted bipyridine by the condensation 

reaction of methyl substituted bipyridine and corresponding aldehydes in presence 

of n-Butyl lithium in dry THF at 0 ºC as described in Scheme 6.11.
[32]

 

 

Scheme 6.11 Synthesis of styryl bipyridine ligand 

 

In 2007, Guerchais et al. prepared 2-aryl-4-styryl pyridines by the condensation 

reaction of 2-aryl-4-picoline and aromatic aldehydes promoted by 
t
BuOK as 

described in Scheme 6.12.
[33]

 

 

Scheme 6.12 Preparation of substituted or electron donating substituted styryl 

pyridine 

For the preparation of electron withdrawing group substituted styryl pyridines 

they gone through Wadsworth–Emmons procedure by reacting p-
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nitrobenzaldehyde and (diethylphosphoryl)methyl-2 phenylpyridine which was 

prepared by the following procedure of Scheme 6.13.  

 

Scheme 6.13 Preparation of electron withdrawing substituted styryl pyridine 

6.2.1 Conclusion 

From the above discussion it is indicated that although a quite number of methods 

have been developed for the preparation of 2,4-disubstituted pyridine. However, a 

metal free, one-pot synthesis of 2,4-disubstituted pyridines especially 2-aryl-4-

styrylsubstituted pyridines has been less explored despite its great applications in 

organometallic chemistry and optical materials. Moreover, the preparation of 2-

aryl-4-styrylpyridine derivative starting from 2-aryl-4-methylpyridine still 

requires multistep operations (Scheme 6.13).
[33]

  Besides, the existing methods 

suffer several drawbacks such as limited substrate scope, higher temperature, 

lower yield, use of costly metal salts. Therefore, it is of great interest to develop a 

new, convenient, metal-free based high yielding one-pot method that may provide 

a series of 2-aryl-4-styrylpyridines/2,4-diarylpridines  in an efficient manner. 
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Figure 6.2 2,4-diaryl/2-aryl-4-styrylpyridine derivatives 

6.3 Present work 

Owing to the great demand and potential utility of substituted pyridines, a new 

synthetic method for the synthesis of functionalized pyridines under metal-free 

conditions is still a prime research area in synthetic organic and medicinal 

chemistry. In this context,   we have observed that 5-membered cyclic sulfamidate 

imines can act as efficient nucleophiles
[34-36]

 to construct functionalized spiro-

sulfamidate imine fused δ-lactones
[35] 

when α, β-unsaturated aldehydes were used 

as Michael acceptors. With this understanding,  we envisaged  that  the Michael 

addition reaction between α,β unsaturated or α,β,γ,δ-unsaturated aldehydes and 

cyclic sulfamidate imines may react with at the β-position   in the presence of L-

proline to form β-styryl-substituted Michael adduct which may be converted in to 

4-styrylpyridine under basic conditions (Scheme 6.14). 

 

Scheme 6.14 Preparation of functionalized 2-aryl-4-(E)-aryl/styrylpyridines using 

cyclic sulfamidate imine as precursor  
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6.3.1 Results and discussion 

6.3.1.1 Screening of solvents and catalysts/bases 

By using 4-phenyl-5H-1,2,3-oxathiazole 2,2-dioxide (1a) and (2E,4E)-5-

phenylpenta-2,4-dienal (2a) as test substrate, the initial reaction was performed in 

MeOH at room temperature using 20 mol% L-proline as an effective 

organocatalyst. After 24 h, we have isolated the Michael adduct 3aa in 73% yield 

with a non-separable mixture of disatereomer (dr 9:1). Next, the obtained Michael 

adduct 3aa was treated with DABCO (1.5 equiv.) in THF at room temperature. 

After 12 h, we have isolated the product 3aa in 39% (two steps, entry 1, Table 

6.1) overall yield. The product 3aa was fully characterized by its spectroscopic 

data (IR, 
1
H, 

13
C and HRMS). 

1
H NMR spectrum shows that all peaks are in 

aromatic region 7.10-8.66 ppm which indicates the formation of fully aromatic 

moiety. Furthermore, the coupling constant of vicinal protons of double bond is 

16.3 Hz at δ 7.10 ppm which indicates the orientation of double bond protons is 

trans to each other.  In addition, the total number carbon peaks in 
13

C NMR 

spectrum are 15 which belong to the desired 2-phenyl-4-styrylpyridine (3aa). The 

HRMS spectrum shows the presence of molecular ion peak [M+H]
+
:
 
258.1271 

which corresponds to the molecular weight of product of 3aa. Pleasantly, 70% 

yield of 3aa occurred when the second step was performed at 40ºC instead of 

room temperature. In order to avoid the isolation and characterization processes of 

Michael adduct, we performed the reaction in one-pot manner by adding DABCO 

directly into the reaction mixture. However, after 12 h, a negligible (9%) (entry 3) 

yield of desired compound 3aa was isolated.  Interestingly, a better yield (42%) of 

3aa was obtained when both the steps were conducted in THF instead of MeOH. 

Further screening of common organic solvents showed that polar solvents like 

EtOH and DMF provided much lower yields (10-21%) (entries 5,6 of Table 6.1) 

as compared to non-polar ones (68-71%)(entry  in table ). All the results 

summarized in Table 6.1. Considering the yield of 3aa, toluene was chosen as 

best solvent for this sequential reaction (entry 7). After finding the best solvent, 

we turned our attention to know the effects of bases for the cyclization process 
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(step II). We performed the same reactions by using several common organic 

bases namely DBU, DMAP and Et3N under same conditions but all these bases 

produced lower yields of 3aa (5-63%) (entries 9-11) as compared to DABCO. It 

is noted that Michael reaction did not proceed at all when only DABCO was used 

(entry 12).  
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Table 6.1 Optimization of the reaction conditions
a,e 

entry conditions of step I and II yield (%)
c 

1. I
a
 L-proline, MeOH, rt, 24h 

II
b
 DABCO, THF, rt, 12h 

39 

2. I
a
 L-proline, MeOH, rt, 24h 

II
d
 DABCO, THF, 40 ºC, 12h 

70 

3. I
a
 L-proline, MeOH, rt, 24h 

II
e
 DABCO, 40 ºC, 12h 

9 

4. I
a
 L-proline, MeOH, rt, 24h 

II
e
 DABCO, 40 ºC, 12h 

42 

5. I
a
 L-proline, EtOH, rt, 24h 

II
e
 DABCO, 40 ºC, 12h 

10 

6. I
a
 L-proline, DMF, rt, 24h 

II
e
 DABCO, 40 ºC, 12h 

21 

7. I
a
 L-proline, CH2Cl2, rt, 24h 

II
e
 DABCO, 40 ºC, 12h 

68 

8. I
a
 L-proline, toluene, rt, 24h 

II
e
 DABCO, 40 ºC, 12h 

71 

9. I
a
 L-proline, toluene, rt, 24h 

II
b
 DBU, 40 ºC, 12h 

63 

10. I
a
 L-proline, toluene, rt, 24h 

II
e
 DMAP, 40 ºC, 18h 

11 

11. I
a
 L-proline, toluene, rt, 24h 

II
e
 Et3N, 40 ºC, 18h 

5 

12. I
f
 DABCO, toluene, rt, 18h 

 

ND 

a
Unless otherwise specified, all the reactions were conducted with cyclic 

sulfamidate imine 1a (0.2 mmol), 2a (0.24 mmol) and L-proline (0.05 mmol, 20 

mol%) in the specified solvent (1.0 mL)  for 24h at room temperature under 

nitrogen atmosphere. 
b
Isolated Michael adduct was treated with DABCO (0.3 

mmol) in THF (1.0 mL) at room temperature for 12h.  
c
Yield of isolated product 

after column chromatography. 
d
Step-II was carried out at 40 °C. 

e
After 
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completion of step I, base (0.3 mmol) was added directly to the reaction mixture. 

f
DABCO (1.5 equiv) was used. 

g
ND = not detected 

6.3.1.2 Plausible mechanism 

On the basis of above results, we proposed a plausible mechanism for this 

sequential reaction as depicted in Scheme 6.15. For the synthesis of compound 

3aa, L-proline may react with α,β,γ,δ-unsaturated aldehyde to form a reactive 

iminium ion intermediate 2a. Afterwards, cyclic sulfamidate imine 1a may 

nucleophilic attack exclusively at the β-carbon center of 2a to form an isolable 

Michael adduct 3aa via a hydrolysis of 3a. Finally, the styrylpyridine 3aa is 

generated from 3aa via an elimination of SO3 under the influence of base, 

followed by iminocyclization-dehydration process of 4. 

Scheme 6.15 Plausible mechanism for the formation of 2-aryl-4-(E)-

styrylpyridine 

6.3.1.3 Generality and substrate scope 

With these promising results in hand, , we proceeded to examine the scope and 

generality of this sequential reaction by employing several aryl/heteroaryl-

substituted 5-membered cyclic sulfamidate imines and a wide range of α,β,γ,δ-

unsaturated aldehydes  as challenging electrophiles under imposed reaction 

conditions (entry 8, Table 6.2). The results have been included systematically in 
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Table 6.2.  It is evident from Scheme 3,  γ-aryl-substituted α,β,γ,δ-unsaturated 

aldehydes bearing electron withdrawing substituents (Cl, F, CF3, NO2) at C-2, C-

4, C-6 positions on the aryl-rings coupled smoothly with cyclic imine 1a  to 

afford corresponding 2-phenyl-4-styrylpyridines (3ad-3ai) with slightly higher 

yields in comparison to electron donating ones (3ab-3ac) under similar reaction 

conditions (68-80% vs 59-64%). In contrast, attaching with electron withdrawing 

substituents  F, Cl, Br at different positions of benzene rings of cyclic imines (1d-

1g) obviously reduced their reactivities towards several substituted β-

styrylacroleins  as compared to electron releasing ones (1b-1c), resulting in 10-

12% lower yields of desired pyridines (e.g. 3da-3gg vs 3ba-3cf; 53-69% vs 66-

79%). 

Pleasantly, 4-heteroaryl-substituted cyclic sulfamidate imines (1h-1i) were found 

to be suitable Michael donors for this reaction, while reacting with 2a, 2h, 2i and 

2j as acceptors to give the desired 2-thiophenyl/furyl-4-styrylpyridine derivatives 

(3hh-3ij) in 64-71% yields. This pyridine-forming protocol is enough mild to bear 

several relevant functional  groups including Me, MeO, OBn, F, Cl, Br, CF3, NO2, 

C=C, thiophene, furan, etc.   
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Table 6.2 One-pot synthesis of 2-aryl-4-styrylpyridines (3aa-3ij)
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Next, we focused our efforts towards the facile creation of functionalized 2,4-

diarylpyridines by involving several β-aryl-substituted acroleins  as well-known 

Michael acceptors  in the place of β-styryl-substituted acroleins in our established 

conditions (Table 6.3).  It was witnessed that cyclic imine 1a efficiently 

participated in the Michael reaction with a range of α,β-unsaturated aldehydes 

(2m-2s) bearing electron-donating (OMe, OBn) and electron-withdrawing (Cl, F, 

CF3, NO2) substituents on the benzene rings  catalyzed by L-proline. As a 

consequence, all of the reactions led to the satisfactory to high yields (68-83%) of 

the corresponding 2-phenyl-4-arylpyridines (3am-3as) as these frameworks are 

widely used in the transition-metal catalyzed C-H functionalization reactions as 

well as preparation of a highly photoluminescent transition-metal complexes. 

Similarly, not only aryl-substituted cyclic imines (1c  and 1g) with MeO and Br 

groups on the aryl rings but also hetero-substituted cyclic imine 1h  underwent 

spotless reaction with a number of aryl-substituted acroleins by this procedure to 

produce the corresponding 2-aryl/heteroaryl-4-arylpyridines (3cm-3hs)  in 65-

82% yields. Most importantly, alkyl-substituted β-acrolein 2t as a well-known 

poor Michael acceptor was also allowed to react with   a cyclic imine 1a, leading 

to the 4-alkylpyridine (3at) in a mediocre yield 48% after 72h (overall time). 

Therefore, this one-pot metal-free process certainly   offers a good alternative 

procedure for making unsymmetrical 2,4-disubstituted pyridines under mild 

conditions (lower reaction temperature).   
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Table 6.3 Synthesis of 2,4-disubstitutedpyridines (3am-3hs)  

 

6.3.1.4 Synthesis of 2-arylisonicotinic acid derivatives 

In order to evaluate the synthetic application of our prepared compounds, the 

oxidation reactions of alkene double bonds of pyridines 3aa and 3ga have been 

performed in acetone by using KMnO4 as a strong oxidising agent at room 

temperature for 14h to give commercially available 2-arylisonicotinic acids (4aa-

4ga, 88-90%, Scheme 6.16) as useful intermediates for the synthesis of highly 

active CypA inhibitors.
[37]
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Scheme 6.16 Synthesis of 2-arylisonicotinic acid derivatives 

6.4 Conclusion 

Our current procedure is a unique, convenient, general metal-free based one-pot 

two-step sequential approach for the synthesis of an important category of a series 

of 2-aryl/heteroaryl-4-styryl/aryl/alkylpyridines via a regioselective Michael 

addition of a variety of aryl/heteroaryl-substituted cyclic sulfamidate imines with 

several β-styryl/aryl/alkyl-substituted acroleins using L-proline (20 mol%) as an 

organocatalyst,  followed by elimination/cyclization/dehydration reaction of 

generated Michael adducts in the presence of DABCO. This unprecedented 

sequential reaction affords good to high yields of the title aza-heterocycles under 

mild conditions with tolerance of a several compatible functional groups. 

Furthermore, a practical synthesis of medicinally relevant 2-arylisonicotinic acids 

has been obtained through our developed method. 
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6.5 Experimental section 

6.5.1 General Information 

All the reactions were carried out either under inert atmosphere or air and 

monitored by TLC using Merck 60 F254 pre coated silica gel plates (0.25 mm 

thickness) and the products were visualized by UV detection. Flash 

chromatography was carried out with silica gel (200-300 mesh). 
1
H and 

13
C NMR 

spectra were recorded on a Bruker Avance (III) 400 MHz spectrometer. Data for 

1
H NMR are reported as a chemical shift (δ ppm), multiplicity (s = singlet, d = 

doublet, q = quartet, m = multiplet), coupling constant J (Hz), integration, and 

assignment, data for 
13

C are reported as a chemical shift. High resolutions mass 

spectral analyses (HRMS) were carried out using ESI-TOF-MS.  

6.5.2 Materials 

 Cyclic sulfamidate imines 1a-i
[38,39]

 and β-substituted acroleins were either 

purchased from commercial sources or synthesized by literature known 

procedures. L-proline and bases were purchased from Sigma Aldrich. 

Michael adduct 3aa: 
1
H NMR (400 MHz, CDCl3): δ 9.89 (s, 1H), 8.02 (d, J = 

7.6 Hz, 2H), 7.71-7.75 (m, 1H), 7.57-7.61 (m, 2H), 8.18-7.27 

(m, 5H), 6.21 (s, 1H), 5.90-6.02 (m, 2H), 3.53 (t, J = 8.8 Hz, 

1H), 3.22 (m, 1H), 2.80-2.86 (m,1H); 
13

C NMR (100 MHz, 

CDCl3): δ 200.1, 178.0, 135.6, 135.2, 135.0, 129.7, 129.6, 

128.5, 128.2, 127.4, 126.5, 121.9, 89.1, 45.7, 40.6; HRMS 

(ESI) m/z  calculated for C19H17NO4S [M+Na]
+
: 378.0770, found 378.0758. 
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General experimental procedure for the synthesis of 2,4-

disubstituted pyridine:  

A mixture of cyclic sulfamidate imine (1, 0.2 mmol) and β-substituted acrolein (2, 

0.24 mmol) in toluene (1.0 mL) was added L-proline (20 mol%, 11.5 mg) under 

N2 atmosphere. The reaction mixture was allowed to stir at room temperature 

until complete consumption of the cyclic imine (monitored by TLC). Afterwards, 

DABCO (1.5 equiv) was added to the above reaction mixture at 40 °C for 12-16h. 

After completion of the reaction, the reaction mixture was extracted with EtOAc 

(3 × 10 mL), washed with brine and dried Na2SO4. The evaporation of organic 

solvent left the crude residue which was purified by column chromatography over 

silica-gel with hexane/ethyl acetate mixture as an eluent to deliver a pure 2,4-

disubstitutedpyridine derivative. The product was characterized by 
1
H, 

13
C NMR 

and HRMS data. It should be noted that in some case the desired product was 

merged with an aldehyde spot. For this purpose, the crude reaction mixture was 

treated with NaBH4 in MeOH at 0 °C, followed by usual work-up to give the 

crude mass. After that, product was purified by the above described method.   

 (E)-2-Phenyl-4-styrylpyridine (3aa):
[40]

 (36.5 mg, 71%); 
1
H NMR (400 MHz, 

CDCl3): δ 8.66 (d, J = 5.0 Hz, 1H), 8.03 (d, J = 7.5 Hz, 2H), 

7.79 (s, 1H), 7.57 (d, J = 7.8 Hz, 2H), 7.50 (t, J = 7.2 Hz, 2H), 

7.39-7.45 (m, 3H), 7.33-7.34 (m, 3H), 7.10 (d, J = 16.3 Hz, 1H); 

13
C NMR (100 MHz, CDCl3): δ 158.4, 150.3, 145.8, 139.8, 

136.5, 133.4, 129.3, 129.2, 129.0 (2C), 127.3, 127.3, 126.6, 

119.5, 118.4; HRMS (ESI) m/z  calculated for C19H15N[M+H]
+
:
 
258.1277, found 

258.1271. 
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(E)-2-Phenyl-4-(4-methylstyryl)pyridine (3ab): (34.6 mg, 64%); 
1
H NMR (400 

MHz, CDCl3): δ 8.64 (d, J = 5.0 Hz, 1H), 8.02 (d, J = 7.2 Hz, 

2H), 7.77 (s, 1H), 7.41-7.51 (m, 5H), 7.32-7.36 (m, 2H), 7.21 (d, 

J = 7.8 Hz, 2H), 7.05 (d, J = 16.3 Hz, 1H), 2.38 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 158.4, 150.3, 146.0, 139.9, 139.2, 

133.8, 133.4, 129.9, 129.3, 129.0, 127.3, 127.3, 125.6, 119.4, 

118.3, 22.0; HRMS (ESI) m/z  calculated for C20H17N[M+H]
+
:
 

272.1434, found 272.1432. 

(E)-2-Phenyl-4-(4-methoxystyryl)pyridine (3ac):
[40]

 (33.9 mg, 59%); 
1
H NMR 

(400 MHz, CDCl3): δ 8.63 (d, J = 4.8 Hz, 1H), 8.02 (d, J = 7.2 

Hz, 2H), 7.76 (s, 1H), 7.48-7.52 (m, 4H), 7.41-7.45 (m, 1H), 

7.30-7.34 (m, 2H), 6.92-6.98 (m, 3H); 
13

C NMR (100 MHz, 

CDCl3): δ 160.5, 158.1, 150.0, 146.3, 139.6, 133.1, 129.3, 

129.2, 129.0, 128.7, 127.3, 124.3, 119.3, 118.2, 114.6, 55.7; 

HRMS (ESI) m/z  calculated  for C20H17NO[M+H]
+
:
 
288.1383, 

found 288.1379. 

 (E)-2-Phenyl-4-(2-chlorostyryl)pyridine (3ad): (41.9 mg, 72%); 
1
H NMR (400 

MHz, CDCl3): δ 8.68 (d, J = 5.0Hz, 1H), 8.02 (d, J = 8.7 Hz, 

2H), 7.80 (s, 1H), 7.77 (d, J = 16.3 Hz, 1H), 7.70-7.73 (m, 1H), 

7.50 (t, J = 7.0 Hz, 2H), 7.41-7.45 (m, 2H), 7.36-7.38 (m, 1H), 

7.25-7.33 (m, 2H), 7.07 (d, J = 16.0 Hz, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 158.5, 150.4, 145.4, 139.7, 134.7, 134.3, 130.3, 

129.9, 129.5, 129.4, 129.2, 129.1, 127.4, 127.3, 127.2, 119.7, 118.7; HRMS (ESI) 

m/z  calculated for C19H14ClN[M+H]
+
: 292.0888, found 292.0892. 
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(E)-2-Phenyl-4-(4-chlorostyryl)pyridine (3ae): (44.8 mg, 77%); 
1
H NMR (400 

MHz, CDCl3): δ 8.66 (d, J = 5.0 Hz, 1H), 8.01 (d, J = 7.5 Hz, 

2H), 7.77 (s, 1H), 7.48-7.50 (m, 4H), 7.41-7.45 (m, 1H), 7.37 (d, 

J = 8.2 Hz, 2H), 7.29-7.32 (m, 2H), 7.07 (d, J = 16.3 Hz, 1H); 

13
C NMR (100 MHz, CDCl3): δ 158.5, 150.4, 145.4, 139.7, 

135.0, 134.8, 132.1, 129.4, 129.4, 129.1, 128.5, 127.3, 127.2, 

119.5, 118.4; HRMS (ESI) m/z  calculated for 

C19H14ClN[M+H]
+
: 292.0888, found 292.0873. 

 (E)-2-Phenyl-4-(2,6-dichlorostyryl)pyridine (3af): (44.3 mg, 68%); 
1
H NMR 

(400 MHz, CDCl3): δ 8.70 (d, J = 5.04 Hz, 1H), 8.02 (d, J = 

7.5 Hz, 2H), 7.80 (s, 1H), 7.49 (t, J = 7.2 Hz, 2H), 7.35-7.45 

(m, 5H), 7.15-7.20 (m, 2H); 
13

C NMR (100 MHz, CDCl3): δ 

158.6, 150.4, 145.2, 139.7, 135.1, 135.0, 133.9, 129.4, 129.2, 

129.1, 129.0, 127.3, 127.3, 119.6, 118.7; HRMS (ESI) m/z  

calculated for C19H13Cl2N[M+H]
+
: 326.0498, found 326.0495. 

(E)-2-Phenyl-4-(4-fluorostyryl)pyridine (3ag): (43.0 mg, 78%);  
1
H NMR (400 

MHz, CDCl3): δ 8.66 (J = 5.2 Hz, 1H), 8.02 (d, J = 7.2 Hz, 2H), 

7.77 (s, 1H), 7.48-7.55 (m, 4H), 7.41-7.45 (m, 1H), 7.30-7.34 

(m, 2H), 7.09 (t, J = 8.5 Hz, 2H), 7.01 (d, J = 16.3 Hz, 1H); 
13

C 

NMR (100 MHz, CDCl3): δ 163.3 (JC-F = 247.1 Hz), 158.4, 

150.3, 145.6, 139.7, 132.7 (JC-F = 2.9 Hz), 132.1, 129.3, 129.1, 

128.9 (JC-F = 8.0 Hz), 127.3, 126.4 (JC-F = 2.1 Hz), 119.4, 118.3, 

116.2 (JC-F = 21.8 Hz); HRMS (ESI) m/z  calculated for C19H14FN[M+H]
+
:
 

276.1183, found 276.1187. 
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 (E)-2-Phenyl-4-[4-(trifluoromethyl)styryl]pyridine (3ah): (52.0 mg, 80%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.69 (d, J = 5.0 Hz, 1H), 8.03 (d, J 

= 7.5 Hz, 2H), 7.80 (s, 1H), 7.66 (s, 4H), 7.48-7.52 (m, 2H), 

7.42-7.46 (m, 1H), 7.34-7.39 (m, 2H), 7.18 (d, J = 16.2 Hz, 1H); 

13
C NMR (100 MHz, CDCl3): δ 158.6, 150.5, 145.0, 140.0, 

139.6, 131.8, 130.8, 130.5, 129.4, 129.2, 129.1, 127.4, 127.3, 

126.1 (q, J = 3.6 Hz), 119.6, 118.5; HRMS (ESI) m/z  calculated 

for C20H14F3N[M+H]
+
:
 
326.1151, found 326.1174. 

(E)-2-phenyl-4-(4-nitrostyryl)pyridine (3ai):
[40]

(46.5 mg, 77%); 
1
H NMR (400 

MHz, CDCl3): δ 8.70 (d, J = 4.5 Hz, 1H), 8.25 (d, J = 8.2 Hz, 

2H), 8.01 (d, J = 7.2 Hz, 2H), 7.80 (s, 1H), 7.68 (d, J = 8.2 Hz, 

2H), 7.34-7.51 (m, 5H), 7.21-7.26 (m, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 158.7, 150.6, 147.8, 144.5, 142.8, 139.4, 131.1, 

130.9, 129.5, 129.1, 127.8, 127.3, 124.5, 119.6, 118.6; HRMS 

(ESI) m/z  calculated for C19H14N2O2[M+H]
+
:
 
303.1128, found 

303.1123. 

(E)-2-(4-Methylphenyl)-4-styrylpyridine (3ba): (39.0 mg, 72%); 
1
H NMR (400 

MHz, CDCl3): δ 8.64 (d, J = 5.0 Hz, 1H), 7.94 (d, J = 7.8 Hz, 

2H), 7.75 (s, 1H), 7.56 (d, J = 7.5 Hz, 2H), 7.40 (t, J = 7.2 

Hz, 2H), 7.35-7.36 (m, 1H), 7.30-7.32 (m, 4H), 7.08 (d, J = 

16.3 Hz, 1H), 2.42 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

158.3, 150.2, 145.6, 139.2, 136.9, 136.5, 133.2, 129.7, 129.1, 

128.9, 127.3, 127.1, 126.6, 119.1, 118.0, 21.5; HRMS (ESI) m/z  calculated for 

C20H17N[M+H]
+
:
 
272.1434, found 272.1434. 
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 (E)-2-(4-Methylphenyl)-4-(4-chlorostyryl)pyridine (3be): (46.3 mg, 76%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.63 (d, J = 5 Hz, 1H), 7.91 (d, 

J = 8.0 Hz, 2H), 7.74 (s, 1H), 7.48 (d, J = 8.5 Hz, 2H), 7.36 

(d, J = 8.5 Hz, 2H), 7.27-7.30 (m, 4H), 7.05 (d, J = 16.3 

Hz, 1H), 2.41 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

158.4, 150.3, 145.3, 139.4, 136.8, 135.1, 134.7, 131.9, 

129.8, 129.3, 128.5, 127.3, 127.1, 119.1, 118.1, 21.6; 

HRMS (ESI) m/z  calculated for C20H16ClN[M+H]
+
:
 
306.1044, found 306.1046. 

(E)-2-(4-Methylphenyl)-4-(4-fluorostyryl)pyridine (3bg): (45.6 mg, 79%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.63 (d, J = 5.2 Hz, 1H), 7.92 (d, 

J = 8.0 Hz, 2H), 7.74 (s, 1H), 7.52-7.55 (m, 2H), 7.29-7.33 

(m, 4H), 7.09 (t, J = 8.2 Hz, 2H), 7.00 (d, J = 16.2 Hz, 1H), 

2.42 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 163.2 (JC-F = 

247.9 Hz), 158.4, 150.3, 145.5, 139.3, 136.9, 132.8 (JC-F = 

2.9 Hz), 132.0, 129.8, 128.9 (JC-F = 8.7 Hz), 127.1, 126.5 (JC-

F = 2.1 Hz), 119.1, 118.0, 116.2 (JC-F = 21.8 Hz), 21.6; HRMS (ESI) m/z  

calculated for C20H16FN[M+H]
+
:
 
290.1340, found 290.1332. 

(E)-2-(4-Methylphenyl)-4-[4-trifluoromethylstyryl]pyridine (3bh): (52.7 mg, 

78%); 
1
H NMR (400 MHz, CDCl3): δ 8.66 (d, J = 5.2 Hz, 

1H), 7.93 (d, J = 8.0 Hz, 2H), 7.77 (s, 1H), 7.65 (s, 4H), 7.29-

7.38 (m, 4H), 7.17 (d, J = 16.3 Hz, 1H), 2.42 (s, 3H); 
13

C 

NMR (100 MHz, CDCl3): δ 158.5, 150.4, 144.9, 140.0, 

139.5, 136.8, 131.6, 130.8, 130.4, 129.8, 129.3, 127.4, 127.1, 

126.1 (q, JC-F = 3.6 Hz), 119.3, 118.2, 21.6 ; HRMS (ESI) 

m/z  calculated for C21H16F3N[M+H]
+
:
 
340.1308, found 340.1300. 
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(E)-2-(4-Methylphenyl)-4-[2-fluorostyryl]pyridine (3bj): (42.1 mg, 73%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.65 (d, J = 4.5 Hz, 1H), 7.93 

(d, J = 7.5 Hz, 2H), 7.77 (s, 1H), 7.63 (t, J = 7.2 Hz, 1H), 

7.50 (d, J = 16.3 Hz), 7.29-7.31(m, 4H), 7.09-7.19 (m, 3H), 

2.42 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 161.0 (d, JC-F = 

249.3 Hz), 158.4, 150.2, 145.5, 139.3, 136.9, 130.2 (d, JC-F = 

8.0 Hz), 129.8, 129.0 (d, JC-F = 5.1 Hz), 127.9 (d, JC-F = 2.9 Hz), 127.1, 125.6 (d, 

JC-F = 3.4 Hz), 124.7 (d, JC-F = 2.9 Hz), 124.5 (d, JC-F = 11.6 Hz), 119.2, 118.2, 

116.3 (d, JC-F = 21.8 Hz), 21.6; HRMS (ESI) m/z  calculated for 

C20H16FN[M+Na]
+
:
 
290.1340, found 290.1338. 

 (E)-2-(4-Methoxyphenyl)-4-(2-chlorostyryl)pyridine (3cd): (46.8 mg, 73%); 

1
H NMR (400 MHz, CDCl3): δ 8.56 (d, J = 5 Hz, 1H), 7.90 

(d, J = 8.8 Hz, 2H), 7.63-7.66 (m, 3H), 7.35 (d, J = 7.5 Hz, 

1H), 7.20-7.25 (m, 3H), 6.93-7.00 (m, 3H); 
13

C NMR (100 

MHz, CDCl3): δ 160.9, 158.1, 150.2, 145.4, 134.7, 134.2, 

132.2, 130.3, 129.9, 129.3, 129.3, 128.6, 127.4, 127.1, 

119.0, 118.0, 114.4, 55.7; HRMS (ESI) m/z  calculated for C20H16ClNO[M+H]
+
:
 

322.0993, found 322.0976. 

(E)-2-(4-Methoxyphenyl)-4-(4-chlorostyryl)pyridine (3ce): (48.4 mg, 76%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.56 (d, J = 5 Hz, 1H), 7.93 (d, 

J = 8.5 Hz, 2H), 7.65 (s, 1H), 7.43 (d, J = 8.2 Hz, 2H), 7.31 

(d, J = 8.2 Hz, 2H), 7.21 (s, 2H), 6.95-7.02 (m, 3H), 3.82 (s, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 160.8, 158.1, 150.2, 

145.3, 135.1, 134.7, 132.2, 131.9, 129.3, 128.5, 128.4, 

127.3, 118.7, 117.7, 114.4, 55.7; HRMS (ESI) m/z  

calculated for C20H16ClNO[M+H]
+
:
 
322.0993, found 322.0987. 

 



                                                                                             Chapter 6 

389 
 

(E)-2-(4-Methoxyphenyl)-4-(2,6-dichlorostyryl)pyridine (3cf): (46.8 mg, 

66%); 
1
H NMR (400 MHz, CDCl3): δ 8.72 (d, J = 4.2 Hz, 

1H), 8.06 (d, J = 7.2 Hz, 2H), 7.81 (s, 1H), 7.45 (d, J = 8 

Hz, 2H), 7.39-7.42 (m, 1H), 7.33 (s, 1H), 7.21-7.26 (m, 

2H), 7.08 (d, J = 7.5 Hz, 2H), 3.94 (s, 3H); 
13

C NMR 

(100 MHz, CDCl3): δ 160.9, 158.2, 150.3, 145.1, 135.2, 

135.0, 134.0, 132.2, 135.0, 134.0, 132.2, 129.1, 129.0, 128.6, 127.1, 118.9, 118.0, 

114.4, 55.7; HRMS (ESI) m/z  calculated for C20H15Cl2NO[M+H]
+
:
 
356.0603, 

found 356.0596. 

(E)-2-(4-Methoxyphenyl)-4-(4-fluorostyrylpyridine (3cg): (47.5 mg, 78%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.61 (d, J = 5.0 Hz, 1H),  7.97 

(d, J = 8.8 Hz, 2H), 7.70 (s, 1H)7.52-7.55 (m, 2H), 7.26-

7.32 (m, 2H), 7.09 (t, J = 8.5 Hz, 2H), 6.98-7.02 (m, 3H), 

3.87 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 163.3 (JC-F = 

247.1 Hz), 160.8, 158.0, 150.1, 145.5, 132.8 (JC-F = 3.6 Hz), 

132.3, 132.0, 129.0 (JC-F = 8.0 Hz), 128.6, 126.5 (JC-F = 2.9 

Hz), 118.7, 117.7, 116.2 (JC-F = 21.1 Hz), 114.4, 55.7; HRMS (ESI) m/z  

calculated for C20H16FNO[M+H]
+
:
 
306.1289, found 306.1291. 

(E)-2-(4-Fluorophenyl)-4-styrylpyridine (3da): (33.5 mg, 61%); 
1
H NMR (400 

MHz, CDCl3): δ 8.63 (d, J = 4.5 Hz, 1H), 8.01 (t, J = 6.2 Hz, 

2H), 7.73 (s, 1H), 7.56 (d, J = 7.2 Hz, 2H), 7.38-7.42 (m, 2H), 

7.32-7.35 (m, 3H), 7.17 (t, J = 8.0 Hz, 2H), 7.09 (d, J = 16.0 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 163.8 (JC-F = 247.1 

Hz), 157.4, 150.3, 145.8, 136.2 (JC-F = 51.7 Hz), 135.5, 129.2, 

129.1, 129.1, 129.0, 127.3, 126.5, 119.4, 118.0, 115.9 (JC-F = 21.1 Hz); HRMS 

(ESI) m/z  calculated for C19H14FN[M+H]
+
:
 
276.1183, found 276.1190. 
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(E)-2-(4-Fluorophenyl)-4-(4-fluorostyryl)pyridine (3dg): (39.2 mg, 67%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.56 (d, J = 5.0 Hz, 1H), 7.91-

7.95 (m, 2H), 7.64 (s, 1H), 7.44-7.48 (m, 2H), 7.22-7.26 (m, 

2H), 7.10 (t, J = 8.5 Hz, 2H), 7.02 (t, J = 8.5 Hz, 2H), 6.93 (J 

= 16.2 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 164.8 (JC-F = 

56.8 Hz),162.3 (JC-F = 57.6 Hz), 157.4, 150.3, 145.7, 135.8 

(JC-F = 3.6 Hz), 132.7 (JC-F = 3.6 Hz), 132.3, 129.1 (JC-F = 8.7 

Hz), 128.9 (JC-F = 8.0 Hz), 126.3 (JC-F = 2.1 Hz), 119.4, 118.0, 116.2 (JC-F = 21.1 

Hz), 116.0 (JC-F = 21.1 Hz); HRMS (ESI) m/z  calculated for C19H13F2N[M+H]
+
:
 

294.1089, found 294.1081. 

(E)-2-(4-Fluorophenyl)-4-(2-methylstyryl)pyridine (3dk): (34.0 mg, 59%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.63 (d, J = 5.0 Hz, 1H), 7.99-

8.02 (m, 2H), 7.71 (s, 1H), 7.57-7.63 (m, 2H), 7.33(d, J = 5.0 

Hz, 1H), 7.21-7.26 (m, 3H), 7.17 (t, J = 8.7 Hz, 2H), 6.98 (d, 

J = 16.0 Hz, 1H), 2.46 (s, 3H); 
13

C NMR (100 MHz, CDCl3): 

δ 165.1, 162.6, 157.4, 150.3, 146.1, 136.7, 135.9, 135.9, 

135.6, 131.3, 130.9, 129.1, 129.0, 128.9, 127.8, 126.7, 126.0, 119.4, 118.2, 116.0, 

115.8, 20.2 ; HRMS (ESI) m/z  calculated for C20H16FN[M+H]
+
:
 
290.1340, found 

290.1345. 

-2-(4-Chlorophenyl)-4-styrylpyridine (3ea): (35.5 mg, 61%); 
1
H NMR (400 

MHz, CDCl3): δ 8.64 (d, J = 5.2 Hz, 1H), 7.98 (d, J = 8.5 Hz, 

2H), 7.75 (s, 1H), 7.56 (d, J = 7.2 Hz, 2H), 7.45-7.47 (m, 2H), 

7.38-7.42 (m, 2H), 7.34-7.35 (m, 3H), 7.09 (d, J = 16.3 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3): δ 157.1, 150.4, 145.9, 

138.2, 136.4, 135.4, 133.6, 129.2, 129.2, 129.1, 128.6, 127.4, 

126.4, 119.7, 118.1; HRMS (ESI) m/z  calculated for C19H14ClN[M+H]
+
:
 

292.0888, found 292.0902. 
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(E)-2-(4-Chlorophenyl)-4-(4-fluorostyryl)pyridine (3eg): (40.7 mg, 66%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.64 (d, J = 5.0 Hz, 1H), 7.97 (d, 

J = 8.2 Hz, 2H), 7.73 (s, 1H), 7.53 (t, J = 7.5 Hz, 2H), 7.45 

(d, J = 8.0 Hz, 2H), 7.29-7.33 (m, 2H), 7.09 (t, J = 8.2 Hz, 

2H), 6.99 (d, J = 16.3 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): 

δ 163.3 (d, JC-F = 247.9 Hz), 157.2, 150.4, 145.7, 138.1, 

135.5, 132.6 (d, JC-F = 2.9 Hz), 129.2, 129.0 (d, JC-F = 8.7 

Hz), 128.5, 126.2, 126.2, 119.6, 118.0, 116.2 (d, JC-F = 21 Hz); HRMS (ESI) m/z  

calculated for C19H13ClFN[M+H]
+
:
 
310.0793, found 310.0793. 

(E)-2-(4-Chlorophenyl)-4-(4-(trifluoromethyl)styryl)pyridine (3eh): (48.8 mg, 

68%); 
1
H NMR (400 MHz, CDCl3): δ 8.66 (d, J = 5.0 Hz, 

1H), 7.97 (d, J = 8.2 Hz, 2H), 7.75 (s, 1H), 7.65 (s, 4H), 7.45 

(d, J = 8.2 Hz, 2H), 7.33-7.37 (m, 2H), 7.15 (d, J = 16.3 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3): δ 157.3, 150.5, 145.1, 

139.8, 138.0, 135.6, 131.9, 129.2, 128.9, 128.5, 127.4, 126.1 

(q, JC-F = 3.6 Hz), 125.7, 123.0, 119.8, 118.2; HRMS (ESI) 

m/z  calculated for C20H13ClF3N[M+H]
+
:
 
360.0761, found 360.0767. 

(E)-2-(2-Chlorophenyl)-4-(4-fluorostyryl)pyridine (3fg): (38.3 mg, 62%);  
1
H 

NMR (400 MHz, CDCl3): δ 8.67 (d, J = 4.7 Hz, 1H), 7.69 (s, 

1H), 7.61 (d, J = 6.7 Hz, 1H), 7.48-7.53 (m, 3H), 7.27-7.39 (m, 

4H), 7.08 (t, J = 8.0 Hz, 2H), 6.99 (d, J = 16.2 Hz, 1H) ; 
13

C 

NMR (100 MHz, CDCl3): δ 163.3 (d, JC-F = 247.1Hz), 157.7, 

150.2, 144.8, 139.5, 132.7 (d, JC-F = 2.9 Hz), 132.4, 131.8, 130.4, 

129.9, 129.0, 128.9, 127.3, 126.1 (d, JC-F = 2.1 Hz), 122.3, 119.8, 

116.2 (d, JC-F = 21.8 Hz); HRMS (ESI) m/z  calculated for C19H13ClFN [M+H]
+
:
 

310.0793, found 310.0794. 
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(E)-2-(3-Bromophenyl)-4-styrylpyridine (3ga): (42.3 mg, 63%); 
1
H NMR (400 

MHz, CDCl3): δ 8.65 (d, J = 4.7 Hz, 1H), 8.20 (s, 1H), 7.95 

(d, J = 7.5 Hz, 1H), 7.75 (s, 1H), 7.54-7.58 (m, 3H), 7.34-

7.43 (m, 6H), 7.08 (d, J =  16.2 Hz, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 156.7, 150.4, 145.9, 141.8, 136.4, 133.7, 

132.2, 130.5, 130.3, 129.2, 129.1, 127.4, 126.3, 125.8, 123.3, 

120.0, 118.3; HRMS (ESI) m/z  calculated for C19H14
79

BrN[M+H]
+
:
 
336.0382, 

found 336.0383. C19H14
81

BrN[M+H]
+
:
 
338.0363, found 338.0365. 

 (E)-2-(3-Bromophenyl)-4-(4-methoxystyryl)pyridine (3gc): (41.7 mg, 57%) ; 

1
H NMR (400 MHz, CDCl3): δ 8.61 (d, J = 5.0 Hz, 1H), 

8.19 (s, 1H), 7.94 (d, J = 7.5 Hz, 1H), 7.71 (s, 1H), 7.49-7.55 

(m, 3H), 7.29-7.36 (m, 3H), 6.92-6.95 (m, 3H), 3.84 (s, 3H); 

13
C NMR (100 MHz, CDCl3): δ 160.5, 156.6, 150.3, 146.3, 

141.9, 133.2, 132.1, 130.5, 130.3, 129.1, 128.7, 125.8, 124.0, 

123.3, 119.8, 118.1, 114.6, 55.6; HRMS (ESI) m/z  

calculated for C20H16
79

BrNO[M+H]
+
: 366.0448, found 366.0490; 

C20H16
81

BrNO[M+H]
+
: 368.0468, found 368.0471. 

 (E)-2-(3-Bromophenyl)-4-(4-chlorostyryl)pyridine (3ge): (51.1 mg, 69%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.65 (d, J = 4.2 Hz, 1H), 8.18 (s, 

1H), 7.94 (d, J = 7.7 Hz, 1H), 7.73 (s, 1H), 7.55 (d, J = 7.7 

Hz, 1H), 7.48 (d, J = 7.8 Hz, 2H), 7.28-7.38 (m, 5H), 7.04 (d, 

J = 16.2 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 156.8, 

150.5, 145.6, 141.7, 134.9, 134.8, 132.3, 132.2, 130.5, 130.3, 

129.4, 128.5, 126.9, 125.8, 123.3, 120.0, 118.3; HRMS (ESI) 

m/z  calculated for C19H13
79

BrClN[M+H]
+
: 369.9993, found 369.9991, 

C19H13
81

BrClN[M+H]
+
: 371.9972, found 371.9968. 
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(E)-2-(3-Bromophenyl)-4-(4-fluorostyryl)pyridine (3gg): (48.1 mg, 68%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.65 (d, J = 4.5 Hz, 1H), 8.19 (s, 

1H), 7.95 (d, J = 7.7 Hz, 2H), 7.74 (s, 1H), 7.53-7.56  (m, 

3H), 7.31-7.38 (m, 3H), 7.10 (t, J = 8.2 Hz, 2H), 7.00 (d, J = 

16.3 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 163.3(JC-F = 

247.1 Hz), 156.8, 150.4, 145.9, 141.7, 132.6 (JC-F = 2.9 Hz), 

132.5, 132.3, 130.6, 130.4, 129.0 (JC-F = 8.0 Hz), 126.1(JC-F = 

2.1 Hz), 125.8, 123.3, 120.0, 118.3, 116.3 (JC-F = 21.1 Hz); HRMS (ESI) m/z  

calculated for C19H13
79

BrFN[M+H]
+
: 354.0288, found 354.0279; 

C19H13
81

BrFN[M+H]
+
: 356.0268, found 356.0260. 

(E)-2-(3-Bromophenyl)-4-(2-methylstyryl)pyridine (3gk): (40.6 mg, 58%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.58 (d, J = 3.5 Hz, 1H), 8.11 (s, 

1H), 7.86 (d, J = 7.5 Hz, 1H), 7.65 (s, 1H), 7.46-7.54 (m, 3H), 

7.28 (d, J = 6.2 Hz, 2H), 7.16-7.17 (m, 3H), 6.90 (d, J = 16.0 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 155.7, 149.3, 145.3, 

140.7, 135.7, 134.5, 131.2, 130.5, 129.9, 129.5, 129.4, 128.0, 

126.6, 125.7, 125.0, 124.8, 122.3, 119.0, 117.6, 19.2; HRMS (ESI) m/z  

calculated for C20H16
79

BrN[M+H]
+
: 350.0539, found 350.0530; 

C20H16
81

BrN[M+H]
+
: 352.0519, found 352.0513. 

 (E)-2-(3-bromophenyl)-4-(4-(benzyloxy)-3-methoxystyryl)pyridine (3gl): 

(50.0 mg, 53%); 
1
H NMR (400 MHz, CDCl3): δ 8.61 (d, J = 

4.8 Hz, 1H), 8.18 (s, 1H), 7.94 (d, J = 7.7 Hz, 1H), 7.71 (s, 

1H), 7.54 (d, J = 7.7 Hz, 1H), 7.43-7.45 (m, 2H), 7.25-7.39 

(m, 6H), 7.12 (s, 1H), 7.04 (d, J = 8.0 Hz, 1H), 6.88-6.95 

(m, 2H), 5.19 (s, 2H), 3.96 (s, 3H); 
13

C NMR (100 MHz, 

CDCl3): δ 156.6, 150.3, 150.2, 149.4, 146.2, 141.8, 137.1, 

133.4, 132.1, 130.5, 130.3, 129.9, 128.9, 128.2, 127.5, 125.8, 124.4, 123.3, 121.0, 

119.8, 118.1, 114.1, 110.0, 71.2, 56.3; HRMS (ESI) m/z  calculated for 

C27H22
79

BrNO2[M+H]
+
: 472.0907, found 472.0912; C27H22

81
BrNO2[M+H]

+
: 

474.0888, found 474.0889. 
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(E)-2-(Thiophen-2-yl)-4-[4-(trifluoromethyl)styryl]pyridine (3hh): (47.0 mg, 

71%); 
1
H NMR (400 MHz, CDCl3): δ 8.56 (d, J = 5.0 Hz, 1H), 

7.72 (s, 1H), 7.65 (s, 5H), 7.42 (d, J = 4.7 Hz, 1H), 7.35 (d, J = 

16.3 Hz, 1H), 7.26-7.27 (m, 1H), 7.12-7.16 (m, 2H); 
13

C NMR 

(100 MHz, CDCl3): δ 153.5, 150.3, 150.1, 144.9, 139.9, 131.9, 

129.4, 128.9, 128.4, 128.3, 128.1, 127.5, 126.1 (q, JC-F = 3.6 Hz), 

125.0, 119.3, 116.7; HRMS (ESI) m/z  calculated for 

C18H12F3NS[M+H]
+ 

332.0715, found 332.0711. 

 (E)-2-(Thiophen-2-yl)-4-(4-nitrostyryl)pyridine (3hi): (42.5 mg, 69%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.58 (d, J = 4.2 Hz), 8.26 (d, J = 8.0 

Hz, 2H), 7.66-7.73 (m, 4H), 7.35-7.43 (m, 2H), 7.14-7.28 (m, 

3H); 
13

C NMR (100 MHz, CDCl3): δ 153.7, 150.4, 147.9, 144.8, 

144.5, 142.8, 131.0, 130.8, 128.4, 128.2, 127.8, 125.1, 124.6, 

119.3, 116.8; HRMS (ESI) m/z  calculated for 

C17H12N2O2S[M+H]
+
:
 
309.0692, found 309.0692. 

(E)-2-(Furan-2-yl)-4-styrylpyridine (3ia): (31.6 mg, 64%); 
1
H NMR (400 MHz, 

CDCl3): δ 8.56 (d, J = 5.0 Hz, 1H), 7.79 (s, 1H), 7.56-7.58 (m, 

3H), 7.32-7.43 (m, 4H), 7.24-7.27 (m, 1H), 7.05-7.09 (m, 2H), 

6.56 (s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 153.9, 150.3, 

150.1, 145.7, 143.6, 136.5, 133.6, 129.2, 129.1, 127.4, 126.4, 

119.4, 116.1, 112.4, 109.0; HRMS (ESI) m/z  calculated for 

C17H13NO[M+H]
+
:
 
248.1070, found 248.1062. 

(E)-2-(Furan-2-yl)-4-(2-fluorostyryl)pyridine (3ij): (35.5 mg, 67%); 
1
H NMR 

(400 MHz, CDCl3): δ 8.63 (d, J = 4.5 Hz, 1H), 7.85 (s, 1H), 7.68 

(t, J = 7.5 Hz, 1H), 7.55-7.62 (m, 2H), 7.16-7.37 (m, 7 H), 6.61 

(s, 1H); 
13

C NMR (100 MHz, CDCl3): δ 161.0 (JC-F = 250.1 Hz), 

153.8, 150.3, 150.2, 145.6, 143.6, 130.3 (JC-F = 8.7 Hz), 128.6 

(JC-F = 5.1 Hz), 127.9 (JC-F = 2.9 Hz) 126.0 (JC-F = 3.6  Hz), 124.7 

(JC-F = 3.6 Hz), 124.4 (JC-F = 11.6 Hz), 119.4, 116.4, 116.2, 112.4, 109.1; HRMS 

(ESI) m/z  calculated for C17H12FNO[M+H]
+
:
 
266.0976, found 266.0978. 
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2,4-Diphenylpyridine (3am):
[41]

 (35.1 mg, 76%); 
1
H NMR (400 MHz, CDCl3): δ 

8.75 (d, J = 5 Hz, 1H), 8.09 (d, J = 7.2 Hz, 2H), 7.94 (s, 1H), 7.69 

(d, J = 7.2 Hz, 2H), 7.43-7.51 (m, 7H); 
13

C NMR (100 MHz, 

CDCl3): δ 158.3, 150.3, 149.4, 139.7, 138.7, 129.3, 129.2, 

129.0(2C), 127.3, 127.2, 120.4, 118.9; HRMS (ESI) m/z  

calculated for C17H13N[M+H]
+
:
 
232.1121, found 232.1134. 

 2-Phenyl-4-(4-methoxyphenyl)pyridine (3an):
[41]

 (37.0 mg, 71%);
1
H NMR 

(400 MHz, CDCl3): δ 8.70 (d, J = 5.0 Hz, 1H), 8.04 (d, J = 7.5 

Hz, 2H), 7.89 (s, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.49 (t, J = 7.0 

Hz, 2H), 7.41-7.45 (m, 2H), 7.03 (d, J = 8.0 Hz, 2H), 3.88 (s, 3H); 

13
C NMR (100 MHz, CDCl3): δ 160.8, 158.4, 150.3, 149.1, 140.0, 

131.1, 129.3, 129.1, 128.5, 127.3, 120.0, 118.5, 114.9, 55.7; 

HRMS (ESI) m/z  calculated for C18H15NO[M+H]
+
:
 
262.1226, found 262.1226.  

2-Phenyl-4-(4-benzyloxy-3-methoxyphenyl)pyridine (3ao): (49.9 mg, 68%);  

1
H NMR (400 MHz, CDCl3): δ 8.58 (d, J = 4.4 Hz, 1H), 7.92 (d, 

J = 7.2 Hz, 2H), 7.75 (s, 1H), 7.32-7.40 (m, 5H), 7.26-7.28 (m, 

3H), 7.21-7.22 (m, 1H), 7.08-7.09 (m, 2H), 6.88 (d, J = 8.0 Hz, 

1H), 5.11 (s, 2H), 3.86 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 

158.3, 150.3, 150.3, 149.4, 149.3, 139.8, 137.1, 131.9, 129.3, 

129.0, 128.9, 128.2, 127.5, 127.3, 120.2, 119.9, 118.6, 114.4, 110.9, 71.3, 56.5; 

HRMS (ESI) m/z  calculated for C25H21NO2[M+H]
+
:
 
368.1645, found 368.1643.  

2-Phenyl-4-(4-chlorophenyl)pyridine (3ap):
[29]

 (42.9 mg, 81%); 
1
H NMR (400 

MHz, CDCl3): δ 8.74 (d, J = 4.8 Hz, 1H), 8.04 (d, J = 7.2 Hz, 

2H), 7.88 (s, 1H), 7.62 (d, J = 8.0 Hz, 2H), 7.44-7.52 (m, 5H), 

7.40 (d, J = 4.5 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 158.6, 

150.5, 148.3, 139.6, 137.3, 135.6, 129.6, 129.4, 129.1, 128.6, 

127.3, 120.3, 118.8; HRMS (ESI) m/z  calculated for 

C17H12ClN[M+H]
+
:
 
266.0731, found 266.0751. 
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2-Phenyl-4-(4-fluorophenyl)pyridine(3aq):
[41]

 (39.8 mg, 80%); 
1
H NMR (400 

MHz, CDCl3): δ 8.73 (d, J = 4.2 Hz, 1H), 8.04 (d, J = 7.2 Hz, 

2H), 7.88 (s, 1H), 7.67 (t, J = 6.0 Hz, 2H), 7.39-7.52 (m, 4H), 

7.20 (t, J = 8.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3): δ 163.7 

(d, JC-F = 247.9 Hz), 158.5, 150.5, 148.5, 139.7, 135.0 (d, JC-F = 

2.9 Hz), 129.4, 129.2, 129.1, 127.3, 120.3, 118.8, 116.4 (d, JC-F = 

21.1 Hz); HRMS (ESI) m/z calculated for C17H12FN[M+H]
+
:
 
250.1027, found 

250.1026.  

2-Phenyl-4-(4-trifluoromethylphenyl)pyridine (3ar): (49.6 mg, 83%); 
1
H NMR 

(400 MHz, CDCl3): δ 8.77 (d, J = 4.7 Hz, 1H), 8.06 (d, J = 7.2 

Hz, 2H), 7.91 (s, 1H), 7.76 (s, 4H), 7.51 (t, J = 7.2 Hz, 2H), 7.46 

(d, J = 6.8 Hz, 1H), 7.42 (d, J = 5.0 Hz, 1H); 
13

C NMR (100 

MHz, CDCl3): δ 157.6, 149.6, 147.1, 141.4, 138.4, 128.5, 128.1, 

126.8, 126.3, 125.3 (q, JC-F = 3.6 Hz), 124.6, 121.9, 119.5, 118.0 ; 

HRMS (ESI) m/z  calculated for C18H12F3N[M+H]
+
:
 
300.0995, found 300.0985.  

  2-Phenyl-4-(4-nitrophenyl)pyridine (3as):
[41]

 (43.6 mg, 79%); 
1
H NMR (400 

MHz, CDCl3): δ 8.81 (s, 1H), 8.36 (d, J = 7.7 Hz, 2H), 8.05 (d, J 

= 7.0 Hz, 2H), 7.92 (s, 1H), 7.84 (d, J = 8.0 Hz, 2H), 7.46-7.53 

(m, 4H); 
13

C NMR (100 MHz, CDCl3): δ 158.9, 150.8, 148.5, 

147.2, 145.2, 139.2, 129.7, 129.2, 128.4, 127.3, 124.7, 120.5, 

119.0; HRMS (ESI) m/z  calculated for C17H12N2O2[M+H]
+
:
 

277.0972, found 277.0971.  

2-Phenyl-4-propylpyridine (3at):
[41]

 (19.0 mg, 48%); 
1
H NMR (400 MHz, 

CDCl3): δ 8.57 (d, J = 5.0 Hz, 1H), 7.98 (d, J = 7.5 Hz, 2H), 7.54 

(s, 1H), 7.47 (t, J = 7.2 Hz, 2H), 7.41 (d, J = 7.2 Hz, 1H), 7.05 (d, 

J = 4.7 Hz, 1H), 2.64 (t, J = 7.5 Hz, 2H), 1.66-1.75 (m, 2H), 0.98 

(t, J = 7.2 Hz, 3H); 
13

C NMR (100 MHz, CDCl3): δ 157.7, 152.5, 

149.8, 139.9, 129.1, 129.0, 127.2, 122.7, 121.2, 37.8, 23.9, 14.0 ; HRMS (ESI) 

m/z  calculated for C14H15N[M+H]
+
:
 
198.1277, found 198.1275. 
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2-(4-Methoxyphenyl)-4-phenylpyridine (3cm):
[41]

 (40.2 mg, 77%); 
1
H NMR 

(400 MHz, CDCl3): δ 8.69 (d, J = 4.7 Hz, 1H), 8.01 (d, J = 

8.2 Hz, 2H), 7.87 (s, 1H), 7.69 (d, J = 7.5 Hz, 2H), 7.45-7.52 

(m, 3H), 7.39 (d, J = 5.0 Hz, 1H), 7.01 (d, J = 8.0 Hz, 2H), ; 

13
C NMR (100 MHz, CDCl3): δ 160.8, 158.0, 150.3, 149.5, 

139.0, 132.4, 129.4, 129.3, 128.6, 127.4, 119.9, 118.3, 114.4, 55.7; HRMS (ESI) 

m/z  calculated for C18H15NO[M+H]
+
:
 
262.1226, found 262.1236.  

2-(4-Methoxyphenyl)-4-(4-methoxyphenyl)pyridine (3cn):
[31]

 (39.0 mg, 67%); 

1
H NMR (400 MHz, CDCl3): δ 8.65 (d, J = 4.2 Hz, 1H), 8.00 

(d, J = 8 Hz, 2H), 7.83 (s, 1H), 7.64 (d, J = 7.7 Hz, 2H), 7.35 

(d, J = 3.0Hz, 1H), 7.02 (s, 4H), 3.87 (s, 6H); 
13

C NMR (100 

MHz, CDCl3): δ 160.8, 158.0, 150.2, 148.9, 132.6, 131.2, 

128.6, 128.5(2C), 119.4, 117.7, 114.8, 114.4, 55.7, 55.7; 

HRMS (ESI) m/z  calculated for C19H17NO2[M+H]
+
:
 
292.1332, found 292.1336.   

2-(4-Methoxyphenyl)-4-(4-fluorophenyl)pyridine (3cq): (45.7 mg, 82%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.68 (d, J = 4.7 Hz, 1H), 8.00 (d, 

J = 8.0 Hz, 2H), 7.81 (s, 1H), 7.66 (t, J = 6.2 Hz, 2H), 7.34 

(d, J = 4.7 Hz, 1H), 7.19 (t, J = 8.2 Hz, 2H), 7.01 (d, J = 7.8 

Hz, 2H), 3.87 (s, 3H); 
13

C NMR (100 MHz, CDCl3): δ 163.7 

(d, JC-F = 247.1 Hz), 160.9, 158.1, 150.3, 148.5, 135.1 (d, JC-F 

= 2.9 Hz), 132.3, 129.1 (d, JC-F = 8.0 Hz), 128.6, 119.7, 118.1, 116.4 (d, JC-F = 

21.8 Hz), 114.5, 55.7; HRMS (ESI) m/z  calculated for C18H14FNO[M+H]
+
:
 

280.1132, found 280.1158.  

 2-(4-Methoxyphenyl)-4-(4-trifluoromethylphenyl)pyridine (3cr): (52.6 mg, 

80%); 
1
H NMR (400 MHz, CDCl3): δ 8.73 (d, J = 4.7 Hz, 

1H), 8.01 (d, J = 7.8 Hz, 2H), 7.85 (s, 1H), 7.76 (s, 4H), 7.37 

(d, J = 4.7 Hz, 1H), 7.02 (d, J = 8.0 Hz, 2H), 3.87 (s, 3H); 

13
C NMR (100 MHz, CDCl3): δ 161.0, 158.3, 150.5, 148.0, 

142.6, 132.0, 128.6, 127.8, 126.38 (d, JC-F = 14.5 Hz), 119.9, 
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118.3, 114.5, 55.7 ; HRMS (ESI) m/z  calculated for C19H14F3NO[M+H]
+
:
 

330.1100, found 330.1103.  

2-(3-Bromophenyl)-4-phenylpyridine (3gm):
[41]

 (41.5 mg, 67%); 
1
H NMR (400 

MHz, CDCl3): δ 8.73 (d, J = 4.7 Hz, 1H), 8.22 (s, 1H), 7.97 (d, 

J = 7.7 Hz, 2H), 7.90 (s, 1H), 7.45-7.57 (m, 5H), 7.36 (t, J = 

7.8 Hz, 1H); 
13

C NMR (100 MHz, CDCl3): δ 156.8, 150.5, 

149.9, 141.8, 138.6, 132.3, 130.6, 130.4, 129.5, 129.5, 127.4, 

125.9, 123.4, 121.1, 119.1; HRMS (ESI) m/z  calculated for 

C17H12
79

BrN[M+H]
+
:
 
310.0226, found 310.0223, C17H12

81
BrN[M+H]

+
:
 
312.0206, 

found 312.0205. 

2-(3-Bromophenyl)-4-(4-methoxyphenyl)pyridine (3gn): (44.2 mg, 65%); 
1
H 

NMR (400 MHz, CDCl3): δ 8.69 (d, J = 5.0 Hz, 1H), 8.21 (s, 

1H), 7.96 (d, J = 7.7 Hz, 2H), 7.85 (s, 1H), 7.65 (d, J = 8.2 Hz, 

2H), 7.55 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 5.0 Hz, 1H), 7.35 (t, 

J = 7.8 Hz, 1H), 7.03 (d, J = 8.2 Hz, 2H) ; 
13

C NMR (100 

MHz, CDCl3): δ 160.9, 156.7, 150.4, 149.3, 142.0, 132.2, 

130.8, 130.5, 130.4, 128.5, 125.8, 123.3, 120.5, 118.5, 114.9, 55.7 ; HRMS (ESI) 

m/z  calculated for C18H14
79

BrNO[M+H]
+
:
 

340.0332, found 340.0339, 

C18H14
81

BrNO [M+H]
+
:
 
342.0312, found 342.0322. 

2-(2-Thiophenyl)-4-phenylpyridine (3hm):
[41]

 (35.0 mg, 74%); 
1
H NMR (400 

MHz, CDCl3): δ 8.61 (d, J = 4.2 Hz,1H), 7.85 (s, 1H), 7.66-7.68 

(m, 3H), 7.46-7.53 (m, 3H), 7.35-7.42 (m, 2H), 7.13 (s, 1H); 
13

C 

NMR (100 MHz, CDCl3): δ 153.4, 150.3, 149.6, 145.1, 138.6, 

129.4, 128.3, 127.9, 127.3, 124.9, 120.4, 117.2; HRMS (ESI) m/z  

calculated for C15H11NS[M+H]
+
:
 
238.0685, found 238.0711.  
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2-(Thiophen-2-yl)-4-(4-nitrophenyl)-pyridine (3hs): (42.8 mg), 76%;  
1
H NMR 

(400 MHz, CDCl3) δ 8.67 (d, J = 4.7 Hz, 1H), 8.36 (d, J = 8.0 

Hz, 2H), 7.81-7.83 (m, 3H), 7.68 (s, 1H), 7.45 (d, J = 4.5 Hz, 1H), 

7.36 (d, J = 4.7 Hz, 1H), 7.15 (s, 1H) ; 
13

C NMR (100 MHz, 

CDCl3) δ 153.9, 150.7, 148.5, 147.2, 145.0, 144.6, 128.5, 128.5, 

128.4, 125.4, 124.7, 120.3, 117.1; HRMS (ESI) m/z  calculated 

for C15H10N2O2S[M+H]
+ 

283.0536, found 283.0534.  

Preparation of 2-phenylisonicotinic acid (4aa):  

To a stirred solution of compound 3aa (0.1 mmol) in acetone/H2O (5.0 mL, 9:1) 

was added KMnO4 (3.0 equiv) at room temperature for 14h. After that, reaction 

mixture was concentrated under reduced pressure before being quenched with 

AcOH (0.1 mL) to provide crude mass. It was directly purified by column 

chromatography over silica-gel using ethyl acetate as an eluent to give the pure 

acid 4aa in 90% yield. The product was characterized by its spectroscopic data 

which was good agreement with reported data. 

2-Phenylisonicotinic acid (4aa):
[42]

 (18.0 mg, 90%);
1
H NMR (400 MHz, 

DMSO-d6): δ 8.80 (d, J = 4.7 Hz, 1H), 8.28 (s, 1H), 8.10 (d, 

J = 7.5 Hz, 2H), 7.76 (d, J = 4.7 Hz, 1H), 7.43-7.52 (m, 3H); 

13
C NMR (100 MHz, DMSO-d6): δ 166.6, 156.8, 150.3, 

141.1, 138.1, 129.3, 128.8, 126.6, 121.5, 119.0; HRMS (ESI) m/z  calculated for 

C12H9NO2[M+H]
+
: 200.0706, found 200.0709. 

2-(3-Bromophenyl)isonicotinic acid (4ga): (22.2 mg, 88%); 
1
H NMR (400 

MHz, DMSO-d6): δ 8.82 (d, J = 4.2 Hz, 1H), 8.30 (d, J = 

10.56 Hz, 2H), 8.10 (d, J = 7.7 Hz, 1H), 7.79 (d, J = 4Hz, 

1H), 7.65 (d, J = 7.8 Hz, 1H), 7.46 (t, J = 7.8 Hz, 1H); 
13

C 

NMR (100 MHz, DMSO-d6): δ 166.3, 155.1, 150.5, 141.1, 

140.3, 132.0, 131.0, 129.2, 125.6, 122.3, 122.2, 119.4; HRMS (ESI) m/z  

calculated for C12H8
79

BrNO2[M+H]
+
: 277.9811, found 277.9808, calculated for 

C12H8
81

BrNO2[M+H]
+
: 279.9791, found 279.9805. 
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6.6 Copies of 
1
H and 

13
C NMR spectra of some important 

compounds described in Chapter 6  
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Figure 6.3 400 MHz 
1
H NMR spectrum of 3aa' in CDCl3 
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Figure 6.4 100 MHz 
13

C NMR spectrum of 3aa' in CDCl3 
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Figure 6.5 400 MHz 
1
H NMR spectrum of 3aa in CDCl3 
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Figure 6.6 100 MHz 
13

C NMR spectrum of 3aa in CDCl3 
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Figure 6.7 400 MHz 
1
H NMR spectrum of 3ab in CDCl3 
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Figure 6.8 100 MHz 
13

C NMR spectrum of 3ab in CDCl3 

 

 

 



                                                                                             Chapter 6 

403 
 

 

 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

4.07 3.063.052.01 1.051.00

3
.8

4
9
7

6
.9

2
6
96

.9
4
5
1

6
.9

8
1
5

7
.2

6
0
0

7
.3

0
6
4

7
.4

1
5
6

7
.4

8
0
2

7
.5

0
0
2

7
.5

2
1
6

7
.7

6
3
7

8
.0

1
8
3

8
.0

3
6
5

8
.6

3
3
6

8
.6

4
5
6

 

Figure 6.9 400 MHz 
1
H NMR spectrum of 3ac in CDCl3 
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Figure 6.10 100 MHz 
13

C NMR spectrum of 3ac in CDCl3 
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Figure 6.11 400 MHz 
1
H NMR spectrum of 3ad in CDCl3 
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Figure 6.12 100 MHz 
13

C NMR spectrum of 3ad in CDCl3 
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Figure 6.13 400 MHz 
1
H NMR spectrum of 3ae in CDCl3 
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Figure 6.14 100 MHz 
13

C NMR spectrum of 3ae in CDCl3 
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Figure 6.15 400 MHz 
1
H NMR spectrum of 3af in CDCl3 
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Figure 6.16 100 MHz 
13

C NMR spectrum of 3af in CDCl3 

 

 



                                                                                             Chapter 6 

407 
 

 

 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

4.032.00 1.991.011.00

6
.9

9
1
5

7
.0

3
2
3

7
.0

9
6
3

7
.1

1
7
6

7
.3

0
2
0

7
.3

4
2
2

7
.4

8
0
2

7
.4

9
9
6

7
.5

2
2
8

7
.5

3
6
6

7
.5

4
4
1

7
.5

5
7
9

7
.7

7
1
2

8
.0

1
4
6

8
.0

3
2
8

8
.6

5
3
7

8
.6

6
6
9

 

Figure 6.17 400 MHz 
1
H NMR spectrum of 3ag in CDCl3 
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Figure 6.18 100 MHz 
13

C NMR spectrum of 3ag in CDCl3 
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Figure 6.19 400 MHz 
1
H NMR spectrum of 3ah in CDCl3 

 

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

7
7
.0

4
6
5

7
7
.6

8
0
8

1
1
8
.5

7
1
6

1
1
9
.6

3
6
1

1
2
6
.1

6
2
0

1
2
6
.1

9
8
51
2
7
.3

3
5
9

1
2
7
.4

8
9
1

1
2
9
.1

5
1
5

1
2
9
.4

8
6
9

1
3
1
.8

0
5
6

1
3
9
.6

5
1
3

1
4
0
.0

1
5
9

1
4
5
.0

5
4
3

1
5
0
.5

3
0
2

1
5
8
.6

3
8
4

 

Figure 6.20 100 MHz 
13

C NMR spectrum of 3ah in CDCl3 
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Figure 6.21 400 MHz 
1
H NMR spectrum of 3ai in CDCl3 
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Figure 6.22 100 MHz 
13

C NMR spectrum of 3ai in CDCl3 
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Figure 6.23 400 MHz 
1
H NMR spectrum of 3ba in CDCl3 
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Figure 6.24 100 MHz 
13

C NMR spectrum of 3ba in CDCl3 
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Figure 6.25 400 MHz 
1
H NMR spectrum of 3be in CDCl3 
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Figure 6.26 100 MHz 
13

C NMR spectrum of 3be in CDCl3 
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Figure 6.27 400 MHz 
1
H NMR spectrum of 3bg in CDCl3 
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Figure 6.28 100 MHz 
13

C NMR spectrum of 3bg in CDCl3 
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Figure 6.29 400 MHz 
1
H NMR spectrum of 3bh in CDCl3 
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Figure 6.30 100 MHz 
13

C NMR spectrum of 3bh in CDCl3 
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Figure 6.31 400 MHz 
1
H NMR spectrum of 3bj in CDCl3 
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Figure 6.32 100 MHz 
13

C NMR spectrum of 3bj in CDCl3 
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Figure 6.33 400 MHz 
1
H NMR spectrum of 3cd in CDCl3 
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Figure 6.34 100 MHz 
13

C NMR spectrum of 3cd in CDCl3 
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Figure 6.35 400 MHz 
1
H NMR spectrum of 3ce in CDCl3 
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Figure 6.36 100 MHz 
13

C NMR spectrum of 3ce in CDCl3 
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Figure 6.37 400 MHz 
1
H NMR spectrum of 3cf in CDCl3 
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Figure 6.38 100 MHz 
13

C NMR spectrum of 3cf in CDCl3 
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Figure 6.39 400 MHz 
1
H NMR spectrum of 3cg in CDCl3 
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Figure 6.40 100 MHz 
13

C NMR spectrum of 3cg in CDCl3 
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Figure 6.41 400 MHz 
1
H NMR spectrum of 3da in CDCl3 
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Figure 6.42 100 MHz 
13

C NMR spectrum of 3da in CDCl3 
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Figure 6.43 400 MHz 
1
H NMR spectrum of 3dk in CDCl3 
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Figure 6.44 100 MHz 
13

C NMR spectrum of 3dk in CDCl3 
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Figure 6.45 400 MHz 
1
H NMR spectrum of 3ea in CDCl3 
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Figure 6.46 100 MHz 
13

C NMR spectrum of 3ea in CDCl3 
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Figure 6.47 400 MHz 
1
H NMR spectrum of 3eg in CDCl3 
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Figure 6.48 100 MHz 
13

C NMR spectrum of 3eg in CDCl3 
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Figure 6.49 400 MHz 
1
H NMR spectrum of 3eh in CDCl3 

 

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

7
7
.0

4
6
5

7
7
.3

6
0
0

7
7
.6

8
0
8

1
1
8
.2

5
8
0

1
1
9
.8

4
7
6

1
2
6
.1

5
4
7

1
2
6
.1

9
1
2

1
2
7
.4

8
9
1

1
2
8
.5

6
8
2

1
2
9
.2

9
7
3

1
3
1
.9

7
3
3

1
3
5
.6

2
6
4

1
3
8
.0

1
8
0

1
3
9
.8

8
4
6

1
4
5
.1

8
5
5

1
5
0
.5

5
9
4

1
5
7
.3

1
1
3

 

Figure 6.50 100 MHz 
13

C NMR spectrum of 3eh in CDCl3 
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Figure 6.51 400 MHz 
1
H NMR spectrum of 3fg in CDCl3 
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Figure 6.52 100 MHz 
13

C NMR spectrum of 3fg in CDCl3 
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Figure 6.53 400 MHz 
1
H NMR spectrum of 3ga in CDCl3 
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Figure 6.54 100 MHz 
13

C NMR spectrum of 3ga in CDCl3 
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Figure 6.55 400 MHz 
1
H NMR spectrum of 3gc in CDCl3 
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Figure 6.56 100 MHz 
13

C NMR spectrum of 3gc in CDCl3 
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Figure 6.57 400 MHz 
1
H NMR spectrum of 3ge in CDCl3 
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Figure 6.58 100 MHz 
13

C NMR spectrum of 3ge in CDCl3 
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Figure 6.59 400 MHz 
1
H NMR spectrum of 3gg in CDCl3 
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Figure 6.60 100 MHz 
13

C NMR spectrum of 3gg in CDCl3 
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Figure 6.61 400 MHz 
1
H NMR spectrum of 3gk in CDCl3 
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Figure 6.62 100 MHz 
13

C NMR spectrum of 3gk in CDCl3 
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Figure 6.63 400 MHz 
1
H NMR spectrum of 3gl in CDCl3 
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Figure 6.64 100 MHz 
13

C NMR spectrum of 3gl in CDCl3 
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Figure 6.65 400 MHz 
1
H NMR spectrum of 3hi in CDCl3 
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Figure 6.66 100 MHz 
13

C NMR spectrum of 3hi in CDCl3 
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Figure 6.67 400 MHz 
1
H NMR spectrum of 3am in CDCl3 
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Figure 6.68 100 MHz 
13

C NMR spectrum of 3am in CDCl3 
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Figure 6.69 400 MHz 
1
H NMR spectrum of 3an in CDCl3 

 

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

5
5
.7

6
9
9

7
7
.0

3
9
2

7
7
.3

6
0
0

7
7
.6

7
3
5

1
1
4
.9

1
1
2

1
1
8
.5

7
1
6

1
2
0
.0

6
6
31
2
7
.3

8
7
0

1
2
8
.5

9
0
1

1
2
9
.1

0
0
5

1
2
9
.3

0
4
6

1
3
1
.1

3
4
8

1
4
0
.0

0
8
6

1
4
9
.1

0
8
3

1
5
0
.3

9
9
0

1
5
8
.4

1
2
3

1
6
0
.8

8
4
1

 

Figure 6.70 100 MHz 
13

C NMR spectrum of 3an in CDCl3 
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Figure 6.71 400 MHz 
1
H NMR spectrum of 3ap in CDCl3 
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Figure 6.72 100 MHz 
13

C NMR spectrum of 3ap in CDCl3 
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Figure 6.73 400 MHz 
1
H NMR spectrum of 3aq in CDCl3 
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Figure 6.74 100 MHz 
13

C NMR spectrum of 3aq in CDCl3 
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Figure 6.75 400 MHz 
1
H NMR spectrum of 3as in CDCl3 
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Figure 6.76 100 MHz 
13

C NMR spectrum of 3as in CDCl3 
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Figure 6.77 400 MHz 
1
H NMR spectrum of 3at in CDCl3 
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Figure 6.78 100 MHz 
13

C NMR spectrum of 3at in CDCl3 
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Figure 6.79 400 MHz 
1
H NMR spectrum of 3cm in CDCl3 
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Figure 6.80 100 MHz 
13

C NMR spectrum of 3cm in CDCl3 
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Figure 6.81 400 MHz 
1
H NMR spectrum of 3cn in CDCl3 
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Figure 6.82 100 MHz 
13

C NMR spectrum of 3cn in CDCl3 
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Figure 6.83 400 MHz 
1
H NMR spectrum of 3cq in CDCl3 
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Figure 6.84 100 MHz 
13

C NMR spectrum of 3cq in CDCl3 
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Figure 6.85 400 MHz 
1
H NMR spectrum of 3cr in CDCl3 

 

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)

5
5
.7

0
4
2

7
7
.0

4
6
5

7
7
.3

6
0
0

7
7
.6

8
0
8

1
1
4
.5

5
3
9

1
1
8
.3

0
1
8

1
1
9
.9

2
0
5

1
2
6
.3

6
6
2

1
2
6
.4

0
2
6

1
2
7
.8

3
9
1

1
2
8
.6

5
5
7

1
3
2
.0

6
8
1

1
4
2
.6

4
8
1

1
4
8
.0

9
4
8

1
5
0
.5

4
4
8

1
5
8
.3

4
6
7

1
6
1
.0

5
1
8

 

 

Figure 6.86 100 MHz 
13

C NMR spectrum of 3cr in CDCl3 
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Figure 6.87 400 MHz 
1
H NMR spectrum of 3gm in CDCl3 
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Figure 6.88 100 MHz 
13

C NMR spectrum of 3gm in CDCl3 
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Figure 6.89 400 MHz 
1
H NMR spectrum of 3gn in CDCl3 
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Figure 6.90 100 MHz 
13

C NMR spectrum of 3gn in CDCl3 
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Figure 6.91 400 MHz 
1
H NMR spectrum of 3hm in CDCl3 
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Figure 6.92 100 MHz 
13

C NMR spectrum of 3hm in CDCl3 
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Figure 6.93 400 MHz 
1
H NMR spectrum of 3hs in CDCl3 
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Figure 6.94 100 MHz 
13

C NMR spectrum of 3hs in CDCl3 
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Figure 6.95 400 MHz 
1
H NMR spectrum of 4aa in DMSO-d6 
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Figure 6.96 100 MHz 
13

C NMR spectrum of 4aa in DMSO-d6 

 

 

 



                                                                                             Chapter 6 

447 
 

 

 

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0

Chemical Shift (ppm)

2.00 1.021.001.00

2
.4

9
0
0

7
.4

4
5
8

7
.4

6
5
2

7
.6

4
3
3

7
.6

6
2
87
.7

9
3
3

7
.8

0
3
3

8
.0

9
7
5

8
.1

1
6
9

8
.2

8
7
5

8
.3

1
3
9

8
.8

1
6
3

8
.8

2
6
9

 

Figure 6.97 400 MHz 
1
H NMR spectrum of 4ga in DMSO-d6 
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Figure 6.98 100 MHz 
13

C NMR spectrum of 4ga in DMSO-d6 
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Chapter 7 

Conclusion and future outlook 

The research work as reported in this thesis embodies the development of atom-

economical, cost-effective, efficient, metal-free based synthetic protocols for the 

development of new synthetic procedure for the preparations of 5-

alkylidine/alkyl-substituted cyclic sulfamidate imines, spiro-fused-δ-lactone, 2,4-

disubstutedpyridines/picolinates/nicotinates by involving 5-membered cyclic 

sulfamidate imines as valuable raw materials. The current methodologies provide 

good to excellent yields of the corresponding heterocyclic derivatives with high to 

excellent yields and tolerate a wide range of synthetically valuable functional 

groups under optimal reaction conditions. Moreover, the biologically interesting 

imidazo[1,2-a]pyridine (alpidem derivative) has been prepared in high chemical 

yield through a unique procedure.  

It should be noted that all the aforementioned procedures avoid the use of 

costly metals or their salts, minimize the use of organic solvents, prevent a tedious 

workup, offer the possible advantage of significantly lower costs, and mitigate the 

environmental burden of their manufacturing processes.  Therefore, we believe 

that all the described methods in this thesis will offer great importance in 

synthetic organic as well as medicinal chemistry as powerful tactics for the 

efficient access to the aforesaid heterocyclic compounds in an environmentally 

friendly manner.  

As a future prospect of the developments as reported in this thesis, many effective 

methods can be designed for the development of various heterocyclic scaffolds 

involving cyclic sulfamidate imines as powerful nucleophiles taking several 

readily available starting materials. 
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