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Abstract – A new synthesis of 2-ethynyl-1,4-dihydropyridine derivatives in two 

steps from alkyl 3-oxo-5-trimethylsilyl-4-pentynoates via the Hantzsch three-

component reaction followed by an alkaline hydrolysis is described.  
 

Introduction 

2-Ethynylamino esters have numerous applications in biology and synthetic chemistry. SC-54701A (1),1 

its prodrug ester (2)1 and 2-ethynyl-1,4-dihydropyridine (DHP) derivative (3)2 have significant 

pharmacological properties such as platelet aggregation inhibitors (fibrinogen receptor antagonists)1 and 

increasing coronary blood flow2,3 (Scheme 1).  
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The only known 2-ethynyl-1,4-DHP (3) was reported by Satoh et al.2 derived from 2-formyl-1,4-DHP (5) 

according to the method developed by Corey et al.,4 in which 3 was isolated in an overall yield of 20.4%5 

and was accompanied by the formation of 8 in small amount (Scheme 1).6   

In the connection with our research program directed towards the synthesis and the use of the 1,4-DHP 

polyheterocycles,7 we report herein a three-component Hantzsch type 1,4-DHP synthesis.8  

Results and Discussion 

Initially, a series of 3-oxo-5-trimethylsilyl-4-pentynoates (11a-c) with different ester group (R=Me, Et, 

iso-Pr) were prepared from 9 in a two steps according to the reported procedure.9 The trimethylsilylation 

of methyl propiolate (9) by TMSCl in CH2Cl2 at room temperature gave methyl 3-trimethylsilylpropio-

late (10) in 95% yield (Scheme 2). Reaction of 109 with methyl lithioacetates,10 which prepared in situ 

from methyl acetate and LDA as a base at –75°C, gave β-keto esters (11a-c).10,11 
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Interestingly, the 1H NMR spectra of compounds (11a-c) recorded in CDCl3 show, in addition to the 

singlet signal of the methylene protons at δ=3.44 to 3.60 ppm in the β-keto ester form, a low field singlet 

1H assigned to the vinylic proton =CH at δ=5.22 to 5.39 ppm for the enol ester form (A) or (B) which is 

best described by the tautomeric structures (11)↔↔↔↔(A)↔↔↔↔(B) (Scheme 2). The ratios of these forms was 

1/1 for β-keto esters (11a,b) (R=Me, Et) and 2/1 for β-keto ester (11c) (R=iso-Pr) in favour of the keto 

ester form.12 This fact, was also confirmed by the presence of the exchangeable signal of the chelate 

proton (δ=1.63 to 2.15 ppm) when D2O was added to CDCl3 solution of the silylated compounds (11a-c). 

In the first set of our Hantzsch type three-component reaction experiments, 3-nitrobenzaldehyde (12)13  

(Scheme 3) was subjected to reaction with 1.05 equiv. of 11a and 1.1 equiv. of 13a in iso-propanol by 

simply heating at reflux for 3 to 5 h. The product (14a) was isolated by chromatography on silica gel 

column (hexane/ethyl acetate (10/1)) followed by recrystallisation from a mixture of ligroin/ethyl acetate 

(3/4) in 20% yield (Table 1, Run 1). 
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The desilylation from 14a proceeded smoothly with potassium carbonate in methanol (Scheme 3) at room 

temperature to give 2-ethynyl-1,4-DHP (3a) after recrystallisation from a mixture of ligroin/ethyl acetate 

(3/4) in 89% yield (Table 1, Run 1).14  
 

Table 1: 2-(2-Trimethylsilanyl)ethynyl-1,4-DHPs (14a-e) and corresponding 2-ethynyl-1,4-DHPs (3a-e). 
Run R group R1 group Producta Yield (%)b mp (°C) c Product Yield (%)b mp (°C) c Overall yield (%) 

1 
2 
3 
4 
5 

Me 
Et 

i.Pr 
i.Pr 
i.Pr 

Me 
Me 
Me 
Et 

i.Pr 

14a 
14b 
14c 
14d 
14e 

20 
35 
32 
30 
25 

187-189 
180-182 
160-161 
150-152 
131-133 

3a 
3b 
3c 
3d 
3e 

89 
95 
80 
87 
75 

183-185 
138-140 
152-154 
163-165 
126-128 

17.8 
33.5 
25.5 
26.1 
18.7 

a The reactions were performed on 2-4 mmol using 1.05 equiv. of silylated reagents (11a-c) and 1.1 equiv. of enamino ester 
derivatives (13a-c) at reflux. 
b The indicated yields were obtained after purification by chromatography on silica gel column and recrystallisation. 
c In general, the mp measurements were accompanied with the decomposition of the products. 

 
In a similar manner as above, the reaction of 3-nitrobenzaldehyde (12), 13 and 11 afforded 2-(2-tri-

methylsilanyl)ethynyl-1,4-DHPs (14b-e) in a range of 25-35% yields (see Table 1). The labile trimethyl-

silyl group was removed under basic conditions in the same manner as above to form the 2-ethynyl-1,4-

DHPs (3b-e). These products were isolated in a range of 75-95% yields after recrystallisation (Table 1). 

Under the light of these results, we can therefore assume that there was no discernible preference for the 

nature and the range of the substituents R and R1 groups since the DHP skeletons (3a-e) were observed in 

comparable yields. These results also indicated clearly that the keto/enol ratio in the β-keto ester (11), did 

not constitutes an important factor during the Hantzsch protocol but the lowest of the yield of this 

cyclocondensation is due to the fragility of the silylated product (15c) itself as the Knoevenagel 

intermediate, obtained by condensation of the formyl (12) and the methylene (13) reagents.  

To test this hypothesis, and in order to increase the overall yield of the 2-ethynyl-1,4-DHP compounds 

(3a-e), we first investigated the Knoevenagel condensation of the aldehyde (12) and silylated β-keto ester 

(11c), with a catalytic amount of piperidinium acetate under azeotropic conditions to give quantitatively 

the benzylidene derivative (15) (Scheme 4).7 
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Heating 15c and amino esters (13a-c) in anhydrous iso-propanol gave (14c-e) but in mediocre yields (10 

to 20%). In the same manner, use of base (piperidine, pyrrolidine, etc...) as a catalyst, either at reflux or at 

room temperature for prolonged time, proved unsuccessful and the reaction was accompanied with total 

destruction of the starting benzylidene substrate (15c). Interestingly, gaseous hydrogen chloride treatment 

of 15c gave cleanly rise to the 2-(2-chloro-2-trimethylsilanyl)vinyl-1,4-DHPs (17c-e) (54 to 60%). This 

result can be explained by invoking a HCl addition onto the triple bond (Scheme 4), and the exclusive 

and more reactive intermediate (16c) obtained, after an ultimate Hantzsch cyclisation step, leads to 

formation of 1,4-DHP nucleus bearing the vinyl group at the 2-position as a single isomer.15 Furthermore, 

taking into account that 17c-e bear a trimethylsilyl group and an halide atom which could potentially 

cleaved, tentative of their displacement were partially achieved when K2CO3 in methanol at room 

temperature was used. The sole products (18c-e) were isolated in good yields (65 to 77%) and the olefin 

geometry was established as trans identical to that of their congeners (17c-e). Finally, further study in 

reaction conditions to form ethynyl products (3) from these substrates (17c-e) is under investigations. 

Conclusion 

We have demonstrated in this paper, that Hantzsch type three-component reaction constitutes a facile and 

effective process to 2-ethynyl-1,4-DHPs (3a-e). The reaction proceeded without activation in two steps 

(overall yield of 17.8-33.5%) but in the presence of an additional acid as a catalyst, the reaction take an 

other way to furnish 2-(2-chlorovinyl)-1,4-DHPs (18c-e). 
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15. The olefin geometry of products (17c-e) was established as E according to the NOE Difference 
experiments. 
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