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Abstract: A facile transformation of amino acids into substituted 1,4-dihydropyridines (1,4-

DHP) is reported.   The natural amino acids were converted into -amino -keto esters and used 

for the synthesis of substituted 1,4-dihydropyridines from the Hantzsch reaction.  Using amino 

acids as starting materials, a variety of dihydropyridine derivatives have been synthesized and 

isolated in good yields.   This method is found to be efficient and compatible with various 

amino acid side-chains and amine protecting groups.  Results reported here suggested that 

amino acids can be used to synthesize highly versatile heterocyclic 1,4-dihydropyridine 

derivatives, without using any catalyst.  
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Introduction 

Amino acids are essential components for the existence of life on earth and they are responsible 

for the structure and function of proteins. Besides their biological role, they have been serving 

as starting materials for the synthesis of various drugs intermediates,1 chiral catalyst,2 

heterocyclic compounds,3 statins,4 -amino acids,5 -amino acids,6  and biodegradable 

polymers.7  

1,4-Didropyridine(1,4-DHP) is a semi saturated nitrogen-containing heterocyclic compound 

derived from pyridine as a parent molecule. As the scaffold of 1,4-dihydropyridine is the main 

constituent of many small molecule-based drugs, it emerged as one of the very important 

molecules in the pharmaceutical industry.8 Several substituted 1, 4-DHP derivatives containing 

drugs are clinically accepted as cardiovascular agents and they have been using for the 

treatment of hypertension such as nicardipine, amlodipine, nifedipine etc.9 Some of the drugs 

containing DHP derivatives are shown in Figure 1. In addition, 1,4-DHP derivatives have also 

been used as antioxidant,10 antimalarial,11 antibacterial,12 antifungal,13 antiplasmodial,14 anti-
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inflammatory,15  and antidiabetic agents.16  Besides, they have also shown promising potential 

as HIV protease inhibitor,17 anti-ischemic agents for treating Alzheimer's disease18 chemo 

sensitizers in tumour therapy,19 platelet antiaggregatory agents,20 bronchodilators for treating 

tuberculosis,21 cystic fibrosis,22 asthma23 and neuroprotective agents in neuronal diseases.24 

 

 

Figure 1: Drugs containing 1,4-DHP moieties present in the market. 

Besides exhibiting biological activity these are well known as NADH bio-mimic and provides 

many examples of well-known hydride donors for reduction of alpha-keto electron-

withdrawing conjugated olefins, cyclic enones, ketones to alcohols and hydrogenation of alpha-

beta unsaturated aldehydes and imines etc.25 

Due to its wide applications, numerous methods have been developed for the synthesis of 1, 4-

DHP derivatives. The classical Hantzsch method involving cyclo condensation of two 

equivalents of keto esters, aldehyde and ammonia as a nitrogen source by refluxing in water 

has been extensively used to synthesize 1,4-DHP derivatives.26 In addition to the Hantzsch 

method, various new methods and catalysts including lewis acid,27 bronsted acids,28 PhB(OH)2 

and PPH3,
29 metal triflates,30 molecular iodine,31 organocatalysts,32 TMS iodide,33 and ionic 

liquids34  have been developed to improve the yield of the reaction. Using these methods, 

numerous derivatives of 1,4-DHP have been synthesized and studied.  However, no method is 

reporting in the literature for the direct introduction of amino acid functional groups on the 1,4-

DHP. This is possibly due to the lack of the commercial availability of starting material amino 

beta-keto esters.  The amino acid functional groups may improve the biological activities of 

these DHP derivatives. 

We have been working in the area of foldamers composed of various types of unnatural -

amino acids.  Besides their utility in the design of foldamers, these unnatural amino acids such 

as ,-unsaturated -amino acids and -amino -keto esters have served as starting materials 

for the construction of various small molecules.  Recently,  we demonstrated the synthesis of 

-lactams from ,-unsaturated -amino amides through a base mediated molecular 

rearrangement.35  The -amino -keto esters have been used to synthesize functionalized 

curcumins and fluorescent amino acids,36 -amino β- hydroxy amino acids,37 and symmetrical 



 

 

tetra-substituted pyrazines through air oxidation.38 We envisioned that the amino acid-

functionalized 1,4-DHP derivatives can be synthesized using -amino β-keto esters.  We herein 

are reporting the synthesis of amino acid-functionalized 1,4-dihydropyridines using -amino β 

-keto esters, hexamethylenetetramine and ammonium carbonate. 

Results and Discussion 

Design and synthesis 

In order to investigate whether γ-amino β-keto esters can undergo Hantzsch type reaction to 

give desired 1,4-dihydropyridine derivatives, we have synthesized various ethyl esters of γ-

amino β-keto amino acids from of N-protected amino aldehydes in the presence of ethyl 

diazoacetate and tin chloride (20 mol %) as a catalyst in DCM, shown in Scheme 1, as per the 

protocol reported by our group earlier.36 All the N-protected γ-amino β-keto esters were 

purified through silica column chromatography in good yields before using it for the next step. 

 

 

Scheme 1: Synthesis of N-protected -keto -amino esters. 

Further to go for Hantzsch type reaction we need an aldehyde and a nitrogen source. For the 

aldehyde source, we have chosen hexamethylenetetramine (HMTA) as it is known for in-situ 

generation of formaldehyde and for the nitrogen source we went ahead with ammonium 

carbonate and ammonium acetate for investigating. We have also investigated the reaction 

yields with various solvents such as water, ethanol and toluene. During the investigation, we 

have observed that the optimum reaction conditions for best yield were obtained using ethanol 

as solvent and HMTA and ammonium carbonate combinations at reflux temperature for 2 hours 

for the complete conversion of N-protected γ-amino β-keto ester (1a) to obtain 1,4-DHP (2a), 

shown in Scheme 2.  

 

Scheme 2: Synthesis of 1,4-dihydropyridines from N-protected γ-amino β-keto esters. 



 

 

Encouraged by the above result for the synthesis of 2a, various hydrophobic N-protected γ-

amino β-keto esters were synthesized (1b-1f) and kept for the reaction in ethanol to obtain 

desired 1,4-DHPs, shown in Table 1. Later to investigate the interference of side-chain 

functionalities and different amino acid protecting groups in this reaction, (N)Cbz-protected -

keto -amino ester (1g) were synthesized and subjected under the same reaction condition to 

obtain product 2g. It is worth noting that the reaction is compatible with various hydrophobic 

side chains and amine protecting groups for the condensation of -keto esters of various amino 

acids to synthesize 1,4-DHPs. All 1,4-DHPs products were isolated in good yields after 

purification from silica gel column chromatography using hexane and ethyl acetate as solvent 

systems. Later we kept them for crystallization in Ethyl acetate and x-ray quality single crystal 

was obtained for 2(b), 2(e) and 2(f). The crystal structure of 2(f) is shown in Figure 2. The 

crystal structure shows the pyridine ring exists in planer conformation in all of the above. As 

per the reports in the literature, if no substitution is there at the para position the pyridine ring 

shows planer structure, which exactly matches our observations in the synthesized amino acid-

functionalized 1,4-DHPs.  

Inspired by this result, we thought of investigating the role of substitution at the para position 

in a conformational change of the pyridine ring and we thought of synthesizing para-substituted 

1,4-DHP. For the above purpose, we have chosen 1(h) as -amino -keto ester and for the para 

substitution, we have chosen benzaldehyde as aldehyde source keeping the rest of the reaction 

condition unchanged to obtain 2(h), shown in Scheme 3. We have observed the complete 

conversion in 4 hours. Later we purified the product 2(h) through column chromatography 

characterized by mass and kept it for crystallization in ethyl acetate. We have observed x-ray 

quality single crystal for 2(h) shown in Figure 3. From the crystal structure, we wonderfully 

observed the puckered conformation of 1,4-DHP with substitution at the para position hence 

matches with the literature observations. As we just want the product 2(h) for studying the role 

of substitution at the para position in conformation and thus, synthesizing and characterization 

other para-substituted DHP’s of this series is beyond the scope of this paper. 

 

Scheme 3: Synthesis of para-substituted 1,4-dihydropyridine from N-protected γ-amino β-keto 

esters. 



 

 

Table 1: List of -amino -keto esters and their respective symmetrical 1,4-              

dihydropyridine. 

Entry β-keto esters (1) 1,4-DHPs (2) % yield 
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Table 2: List of -amino -keto esters and their respective para-substituted 1,4- 

dihydropyridine. 

 

 

Entry  β-keto-esters (1) 1,4-DHP (2) % yield 
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Figure 2: (a) X-ray structure of compound 2(h) and (b) H-bonding patterns of compound 2(h). 
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Figure 3: (a) X-ray structure of compound 2(f) and (b) H-bonding patterns of compound 2(f). 

 



 

 

 

Conclusion 

In summary, we have proposed an efficient catalyst-free procedure for the synthesis of 1,4-

dihydropyridines from various amino acids with many functionalities through a one-pot 

Hantzsch reaction with satisfactory yields of 70-80 %. The protocol is neat and clean. Through 

this protocol, it is possible to introduce amino acid side-chains in 1,4-dihydropyridines. The 

hydrogen transferability of these new 1,4-dihydropyridines and medicinal properties will be 

investigated in due course of time.  
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