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Abstract – A simple and efficient synthesis of Hantzsch 1,4-dihydropyridines 

from the condensation of benzaldehydes with alkyl acetoacetates/benzoylacetate 

and aqueous ammonia in the absence of catalyst has been developed by using a 

continuous flow microreactor. Under optimized condition, various 

1,4-dihydropyridines were obtained in 80-93% yield with high atom efficiency. 

Compared with using batch system, the present smooth procedure greatly 

accelerated the reaction due to the excellent mixing and mass transfer of reactant 

in micro flow system. 

Hantzsch 1,4-dihydropyridines (1,4-DHPs) scaffold exist in the core structure of several biologically 
active compounds such as vasodilator, calcium channel blocker, bronchodilator, antiatherosclerotic, 
antitumor, geroprotective, hepatoprotective and antidiabetic agents.1 Furthermore, it has been 
demonstrated that 1,4-DHPs could exhibit other medicinal applications including radioprotection and 
HIV protease inhibition, in addition to acting as a cocaine dependent regulator and as a TGFβ signal 
inhibitors.2 In recent year, Hantzsch reaction3 also have been used as a powerful method for one-pot 
multicomponent synthesis of polyhydroquinolines4a-b and hexa-substituted 1,4-dihydropyridines4c which 
possess potential biological activities. Moreover, oxidative aromatization of Hantzsch 1,4-DHPs is of 
great interest to synthetic chemists for it could generate corresponding pyridine derivatives.5  
It is well know that 1,4-DHPs have been achieved by using the classical Hantzsch procedure and the 

modified Hantzsch conditions, which involves a one-pot condensation of aldehyde with ethyl acetoacetate, 

and ammonia either in acetic acid or refluxing in alcohol.3 Although various catalysts, nitrogen sources 
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and techniques have been introduced into this reaction process, most of these protocols suffer from 

moderate yields, long reaction times, and/or low atom efficiency.6 Therefore, it is highly desirable to 

develop efficient synthetic methods for this class of compound and expand their structure diversity for 

current medicinal chemistry and organic synthesis chemistry demands. 

Combinatorial chemistry as a high-throughput synthetic technology has became a powerful tool for the 

discovery of new drugs and increasing interests have been drawn onto the application of microfluidic 

continuous flow technique in this field.7 Automated microreactor-based (microfluidic chip) continuous 

flow systems have the potential to greatly accelerate the production of small molecule libraries of 

drug-like structures (primarily heterocycles).8 Our previous work had demonstrated the use of 

microfluidic continuous flow microreactors could eliminate the formation of the corresponding byproduct 

and simultaneously accelerate the desired transformation with very high selectivity and efficiency.9 In 

comparison with the classical batch systems, especially for the three-component cascade approach, the 

continuous micro flow technique enhances accurate temperature control and efficient mixing. As a result 

of ongoing research on develop new synthetic methods for the generation of heterocycle libraries and 

potential radiolabelling imaging probes based on microfluidic reactor,10 we herein report the continuous 

flow synthesis of 1,4-DHPs. 

The structure of the continuous flow microreactor system is illustrated in Scheme 1. This system is made 

from Longer LSP02-1B syringe pump, gas-tight syringes, oil bath, Y-shape mixer, stainless steel tubing 

and fittings. The end of inlet tube is connected to the syringe pump and the end of outlet tube is connected 

to a sample vial. The sample vial is cooled down by ice water to collect the final product solution. 

Firstly, the model reaction for synthesis of 1,4-DHP was investigated in continuous flow system by 

varing the flow rate and the temperature. As shown in Scheme 1, during the experiment, the ethanol 

solution of benzaldehyde (1, 0.67 M) mixed with ethyl acetoacetate (2, 2 equiv.) in syringe 1 and 

equivoluminal aqueous ammonium (3, 25%) in syringe 2 were respectively introduced into the mixer by 

syringe pump at identical flow rates changed from 5 μL/min to 8.5 μL/min (residence times changed from 

39.3 min to 23.1 min accordingly). The reaction mixture was then allowed to flow through a stainless 

steel tube reactor (  = 500 μm, l = 1 m) which was dipped in a heated oil bath. The outlet solution of 

crude poduct was collected in a cold sample vial and then concentrated under vacuum. The residue was 

subjected to silica gel column chromatography with petroleum ether – ethyl acetale Pet-EA (5:1) as eluent 

to give pure product 4a. Herein, flow rate and reaction temperature were preliminary optimized and the 

results are summarized in Table 1. At 100 ˚C, when the flow rates were respectively set up at 5, 6.7, 8.5 

μL/min, with the increase of flow rate, the yields of product droped from 80% to 72% (Table 1, entries 

1-3). At 110 ˚C, when flow rates set up at 5, 6.7, 8.5 μL/min respectively, the reactions afforded the 

product with yields between 93% and 90% (Table 1, entries 4-6). While, further raising the temperature to 
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120 ˚C give similar yields as that of 110 ˚C (Table 1, entry 7-9). In general, at 110 ˚C and 6.7 μL/min flow 

rate, the reaction could afford best yield. Notably, all the reactions were carried out with catalyst free. At 

same time, oxidative aromatization of 1,4-DHP did not perform because the corresponding pyridine was 

not observed by thin layer chromatography (TLC). In addition, no leakage of ammonia was detected from 

this semi-closed system even the reactant mixture was heated to about 120 ˚C. In comparison to 

continuous flow microreactor system, the same reaction could give a 75% yield after 10 h in a batch 

system. This result demonstrated the advantage of the micro system which could accelerate the reaction. 

Scheme 1. Continuous flow microreactor system for the synthesis of 1,4-dihydropyridines 

Table 1. Optimization of reaction conditions for the synthesis of 1,4-dihydropyridine in 

continuous flow microreactor 

Entry 
Temperature 

(˚C) 

Flow rate 

(μL/min) 

Residence time 

(min) 

Yield 

(%)a 

1 100 5 39.3 80 

2 100 6.7 29.3 78 

3 100 8.5 23.1 72 

4 110 5 39.3 93 

5 110 6.7 29.3 93 

6 110 8.5 23.1 90 

7 120 5 39.3 93 

8 120 6.7 29.3 93 

9 120 8.5 23.1 91 

a Isolated yield. 
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Under the optimized continuous flow conditions, a series of 1,4-DHP derivatives were subsequently 

synthesized to study the scope and limitation of this procedure as shown in Scheme 2 and the results are 

summarized in Table 2. By altering the substituent group of benzaldehydes, such as electron-donating and 

electron-withdrawing groups, various substituted benzaldehydes and methyl/ethyl acetoacetate could 

afford corresponding products in good to excellent yields (85-92%). It was found that the electronic effect 

of substituted benzaldehydes in these reaction is not apparent. In addition, ethyl benzoylacetate was used 

to prepare more sterically congested 1,4-dihydropyridine which gave slightly lower yield (80%). 

Scheme 2. Synthesis of 1,4-dihydropyridines in continuous flow microreactor 

Table 2. Synthesis of 1,4-dihydropyridines in continuous flow microreactor 

Entry R1 R2 R3 Product 
Yield 

(%)a 

Mp(˚C) 

Measured 

Mp(˚C) 

Lit. reported 

1 4-OMe Et Me 4b 90 157-159 158-1606i 

2 4-Br Et Me 4c 91 162-164 162-1646i 

3 4-NO2 Et Me 4d 90 129-131 130-1326i 

4 4-Me Et Me 4e 90 136-138 136-1386i 

5 4-Cl Et Me 4f 92 144-146 145-1476i 

6 H Me Me 4g 92 197-198 197-1986f

7 4-OMe Me Me 4h 90 172-174 173-1746f

8 4-Cl Me Me 4i 91 195-197 195-1966f

9 4-OH Me Me 4j 90 198-199 198-1996f

10 2-NO2 Me Me 4k 85 170-172 171-1726f

11 H Et Ph 4l 80 135-136 136-1376j 

a Isolated yield. 
In conclusion, we have successfully developed a rapid and efficient process for the synthesis of 1,4-DHP 

derivatives using micro flow reactor. Under the optimized conditions, a series of 1,4-DHP derivatives 

were synthesized in 80-93% isolated yields with catalyst free. Compared with the classical batch systems, 
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in the present micro flow reactor, the reactions completed smoothly within half an hour taking the 

advantage of efficient reactant mixing and enhanced mass transfer. These advances will facilitate the 

rapid synthesis of biologically compounds library and radio labeled imaging probes. Therefore, further 

exploration of the reactivity features of this methodology and applications to molecule imaging probe and 

the drug discovery are in progress. 

EXPERIMENTAL 

All chemicals were reagent grade and used as purchased without further purification unless otherwise 

stated. Column chromatography was performed using silica gel 60 (300-400 mesh). Melting points were 

measured on a YANACO micro melting point apparatus and are uncorrected. 1HNMR spectra were 

recorded in CDCl3 using TMS as an internal reference with a Bruker Avance-400 spectrometer operating 

at 400 MHz. 

Typical procedure for the synthesis of 1,4-dihydropyridines in continuous flow microreactor 

system. 

Diethyl 2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate (4a). EtOH solution (3 mL) of 

benzaldehyde (0.67 M) mixed with ethyl acetoacetate (1.34 M) and the 25% aqueous NH3 (3 mL) were 

respectively transferred into gas-tight syringe 1 and syringe 2. The syringes were placed in a Longer 

LSP02-1B syringe pump which was set to deliver the reactants into the mixer at identical flow rate of 6.7 

μL/min. The reaction mixture was then allowed to flow through a stainless steel tube reactor which was 

dipped in a 110 ˚C oil bath. The output mixture was collected in a cooled sample vial. After reaction 

completion, rinsed the reactor with ethanol to collect all of the reactant solution and then concentrated 

under vacuum. The residue was subjected to silica gel column chromatography with Pet-EA (5:1) as 

eluent to give 4a (612mg, 93% yield); Mp 158-160 ˚C (lit.,6i Mp 158-160 ˚C); 1H NMR (CDCl3, 400 

MHz):  δ 1.22 (t, J = 7.0 Hz, 6H, 2CH3CH2), 2.33 (s, 6H, 2CH3), 4.07 (q, J = 7.0 Hz, 4H, 2CH3CH2), 4.99 

(s, 1H, CH), 5.56 (s, 1H, NH), 7.12-7.14 (m, 1H), 7.17-7.21 (m, 2H), 7.26-7.29 (m, 2H); 13C NMR 

(CDCl3, 100 Hz): δ 14.4, 19.2, 40.0, 60.0, 104.0, 126.1, 127.8, 128.4, 144.2, 147.8, 167.6. FT-IR (KBr) : 

3342, 2982, 1688, 1651, 1489, 1323 cm-1. 

Procedure for the synthesis of 1,4-dihydropyridine (4a) in batch system. 

The EtOH solution (3 mL) of benzaldehyde (2 mmol) mixed with ethyl acetoacetate (4 mmol) and the 

25% aqueous NH3 (3 mL). The mixture was kept in a screw stoppered preasure bottle and heated for 10 h 

in a 110 ˚C oil bath. After cooling, the contents of the bottle were transferred to a round-bottomed flask 

and then concentrated under vacuum. The residue was subjected to silica gel column chromatography 

with Pet-EA (5:1) as eluent to give 4a (494mg, 75% yield). 
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