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a b s t r a c t 

The Hantzsch three-component reaction is the best-known multicomponent reaction, affording dihy- 

dropyridines which have been employed therapeutically and also as visible-light photoredox catalysts. 

In this work we report the application of an ultra-stable (US) Y zeolite as a promising green catalyst in 

the synthesis of a series of 1,4-dihydropyridines under microwave irradiation. Using the optimized reac- 

tion conditions, 21 compounds were prepared in 64-96% isolated yields. The recovery and recycle of the 

USY zeolite are also reported as well as its fully characterization. 

© 2020 Elsevier B.V. All rights reserved. 
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. Introduction 

Important factors associated with the development of greener 

rocesses are atom economy, efficiency, elimination of toxic inter- 

ediates/products and generation of as minimum waste as pos- 

ible [1] . In this sense, multicomponent reactions (MCRs) have 

merged as an interesting tool that allows for the straightforward 

ynthesis of intricate molecules in a one-pot fashion without the 

solation and purification of intermediates, therefore leading to 

ower costs, time and energy consumption. Additionally, MCRs are 

odular and convergent in nature and also an important source of 

olecular diversity [2] . 

The 1,4-dihydropyridine synthesis using β-ketoesters, aldehydes 

nd ammonia, reported by A. R. Hantzsch in 1881, is the best- 

nown three-component reaction (3CR) [3] . This class of com- 

ounds has been extensively studied due to their potent biological 

ctivities [4] . Illustrative examples are nifedipine and nimodipine, 

hat are employed therapeutically to reduce blood pressure and 

reat neurological deficits, respectively ( Scheme 1 ). Hantzsch esters 

ave also proven to be a useful class of electron donors and proton 

ources in photoredox catalyzed processes. Moreover, under pho- 

oredox catalytic conditions, alkyl-1,4-dihydropyridines can serve 

s versatile types of alkylation reagents via oxidative fragmentation 
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echanisms. The recent advances in the chemistry of Hantzsch es- 

ers in photoredox catalyzed organic synthesis have been reviewed 

5] . 

Several mechanisms have been reported for the Hantzsch 3CR. 

epending on the reaction conditions and substrates selected for 

he transformation, side reactions may take place in competition 

ith the Hantzsch ester formation [6] . Due to its importance, 

iterature survey discloses numerous synthetic protocols for 1,4- 

ihydropyridines synthesis [7] , including green solvents such as 

ater [8] or sodium acetate trihydrate–urea deep eutectic solvent 

DES) [9] , as well as solvent-free conditions [10] , under infrared 

11] or UV irradiation [12] , microwave heating [13] , and the use of 

itric acid as organocatalyst [14] . 

In the last decades, catalytic processes have unquestionably be- 

ome a cornerstone within the Green Chemistry perspective, and 

heir continuous advances have enabled the discontinuation of out- 

ated stoichiometric methodologies to give place to more sustain- 

ble ones [15] . Among the major current challenges in this area 

s the replacement of conventional homogeneous catalysts by het- 

rogeneous ones, which are easy to handle and usually recyclable, 

ince they can be readily recovered. Recently, we have reviewed 

he applications of zeolites [16] as catalysts in multicomponent re- 

ctions [17] . 

The synthesis of 1,4-dihydropyridines using heterogeneous 

atalysis have been reported employing for example silica- 

upported sulphuric acid [18] , silica gel/NaHSO 4 [19] , sulfated zir- 

onia [20] , nano-crystalline solid acid catalyst [21] , supported ionic 
alez et al., USY-zeolite catalyzed synthesis of 1,4-dihydropyridines 
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Scheme 1. The Hantzsch MCR and examples of dihydropyridines as commercially available drugs. 

Table 1 

Catalyst testing for 1,4-dihydropyridine synthesis. 

Entry a Catalyst Catalyst (mg) Time (min) 4a yield (%) b 

1 - - 120 12 

2 - - 180 18 

3 CuCl 2 .2H 2 O 3 120 70 

4 CuCl 2 .2H 2 O 7 120 90 

5 mordenite 100 120 82 

6 ferrierite 100 120 87 

7 ZSM-5 100 120 82 

8 BETA 100 120 83 

9 USY 100 120 96 

10 c USY 100 10 96 

11 c USY 100 15 95 

12 c USY 50 15 82 

13 c USY 50 20 96 

14 c USY 25 20 63 

15 c USY 25 25 71 

a reactions were carried out using benzaldehyde 1 (0.5 mmol), dimedone 2 (1.0 mmol), ammonium ac- 

etate 3 (1.25 mmol) and EtOH (0.5 mL) in an oil bath at 110 °C; 
b isolated yield after column chromatography; 
c performed under MW irradiation (110 °C, 300 W). 
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iquid phase catalyst [MerImi]PF 6 under ultrasonication [22] , and 

 negatively charged borotungstic acid H 5 BW 12 O 40 [23] . In this re- 

ard, zeolites, in particular, have received increasing attention ow- 

ng to their efficiency and selectivity in organic transformations, as 

onsequence of attractive properties, i.e. tunable acidity and pore 

ize; still, an important feature of such materials is the possibil- 

ty of inserting additional metals into their framework [24–26] . 

ikpassand et al . reported the use of HY zeolite (Si/Al = 2.54) as 

atalyst for the Hantzsch synthesis using dimedone and 9 different 

romatic aldehydes, under reflux of ethanol (2.5-3.5 h) [27] . The 

esired products were obtained in good yields (70-90%), although 

o information on the recycling of the catalyst was described. 

Continuing our interest on the use of zeolites as green cat- 

lysts [28] , in this work we report the promising application of 

n ultra-stable (US) Y zeolite in the synthesis of a series of 1,4- 

ihydropyridines. 

. Results and discussion 

We initiated our study using dimedone, benzaldehyde, ammo- 

ium acetate in ethanol as solvent and evaluating different cata- 

ysts ( Table 1 ) [29] . Through the data obtained in entries 1 and 2,

t is possible to notice that the reaction needs a catalyst to inten- 

ify its performance. As copper has been reported to catalyze this 

eaction [30] , we tested CuCl 2 .2H 2 O (entries 3 and 4) and obtained

roduct 4a in good yields. However, aiming to develop more sus- 

ainable synthetic methods, a metal-free condition would be de- 

ired. Taking this into account, different zeolites, such as USY, ZSM- 
2 
 (Zeolite Socony Mobil – 5), ferrierite, mordenite and beta [31] , 

aving the Si/Al ratios shown in Table 2 , where tested as catalyst 

n its protonic form in the described MCR at 110 °C for 2 h using

onventional heating ( Table 1 , entries 5-9). 

As can be seen from Table 1 , the USY zeolite showed to be the

ost suitable for the studied MCR, providing compound 4a in 96% 

ield (entry 9). Looking for a more efficient protocol, microwave 

MW) irradiation was tested, and for our delight, the desired prod- 

ct was still obtained on the USY zeolite in the same yield in only 

0 min (entry 10). We then evaluated the catalyst loading (entries 

2-15), using 50 or 25 mg of the USY zeolite under MW irradiation 

or 15, 20 or 25 min., and the best result was that of the entry 13,

here the Hantzsch ester 4a ( Table 1 ), was isolated in 96% yield. 

For the catalyst recycling study, the USY zeolite was separated 

rom the reaction mixture and washed 4-5 times with ethanol fol- 

owed by centrifugations for 5 min at 50 0 0 W, and then reused. As

hown in Fig. 1 , the yield was still very good ( > 90%) up to the 4 th 

ycle. 

The zeolites were characterized by XRD, SEM analyses and N 2 

hysisorption measurements. The XRD diffractograms of the ze- 

lites in their protonic form, prepared as reported in previous 

orks [32] , confirmed its respective type FAU crystalline struc- 

ure ( Fig. 2 a) [33] . Coherent with their crystal sizes of about 1

m or higher ( Fig. 3 ), the USY, mordenite, ferrierite and ZSM- 

 zeolites present well resolved XRD patterns evidencing sam- 

les with high crystallinity ( Fig. 4 ). The zeolite beta, constituted 

y agglomerates of nanosized crystals, generated a less resolved 

RD pattern [ 34 , 35 ]. The textural properties of the studied zeolites 
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Table 2 

Si/Al ratio and textural properties of the used zolites. 

Zeolite Si/Al a 

Micropore b 

volume 

(cm 

3 �g −1 ) 

External b 

surface area 

(m 

2 �g −1 ) 

Structure, Micropore 

system and pore 

diameter c (nm) 

mordenite 10 0.159 53.4 MOR 

1D–12/8-ring 

0.71 × 0.62 / 0.48 × 0.38 

ferrierite 10 0.118 39.3 FER 

2D–10/8-ring 

0.42 × 0.54 / 0.35 × 0.48 

ZSM-5 20 0.159 24.4 MFI 

3D–10-ring 

0.56 × 0.53 / 0.55 × 0.51 

Beta 15 0.160 228 BEA 

3D–12-ring 

0.66 × 0.77 / 0.56 × 0.56 

USY 2.9 0.273 22.9 FAU 

3D–12-ring 

0.74 

a Si/Al ratio determined by EDX; 
b Calculated using the t-plot method [39] ; 
c Data from the International Zeolite Association [40] . 

Fig. 1. Yield of compound 4a for each reaction cycle using the USY zeolite as cata- 

lyst. 

(
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s
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B

ig. 2. Fresh USY zeolite (in red) and USY zeolite recovered from the reaction mixture (in

rønsted acid sites band at ~1545 cm 

−1 , Lewis acid sites band at ~1450 cm 

−1 . 

3 
 Table 2 ) clearly show a superior microporous volume for the USY 

eolite. 

In order to better understanding its role of as heterogeneous 

atalyst in the Hantzsch 3CR, the USY zeolite was also analysed 

y in situ FTIR of adsorbed pyridine. The obtained results showed 

hat besides its 3D microporous structure [31] ( Table 2 ) and the 

bove commented higher microporous volume ( Table 2 ) and high 

pecific surface area ( Table 3 ), the acidic nature of the USY active 

ites ( Table 3 ), was another important contributing factor on its 

est catalytic behavior [37] . In this way, the USY zeolite, because 

ts lower Si/Al ratio, shows a high amount of active acid sites with 

rønsted nature ( Fig. 2 b and Table 3 ) [38] . 

Moreover, the high stability of the USY zeolite as catalyst is 

emonstrated by XRD ( Fig. 2 a), textural ( Table 3 ), and in situ

TIR of adsorbed pyridine ( Fig. 2 b and Table 3 ) data, which were
 blue): (a) XRD diffractograms; (b) in-situ DRIFTS spectra of adsorbed pyridine [36] . 
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Fig. 3. SEM micrograph of the used commercial zeolites: (a) ZSM-5; (b) USY; (c) ferrierite; (d) mordenite; (e) beta. 

Fig. 4. XRD diffractograms of the used protonic beta, ferrierite, mordenite and ZSM- 

5 zeolites. 

Table 3 

Textural and acid properties of the USY zeolite. 

Sample 1 BET area (m 

2 .g −1 ) 2 C Brønsted ( μmol.g −1 ) 3 C Lewis ( μmol.g −1 ) 

4 USY fresh 679 446 < 15 
5 USY spent 669 482 < 15 

1 Specific surface area; 
2 Brønsted acid sites; 
3 Lewis acid sites 
4 Before reaction; 
5 After reaction. 

o

c

f  

o

Fig. 5. MEV images showing the USY zeolite: (a) before (fresh) and (b) after (spent) 

reaction. 

(

t

d

z

a

d

g

d

2

e

i

a

g

n

s

h

°
a

g

m

t

w

u

d

(

btained before (fresh USY) and after (spent USY) reaction. As 

an be evidenced, the FAU structure ( Fig. 2 a), the specific sur- 

ace area ( Table 3 ) and acidic properties ( Table 3 and Fig. 2 b),

f the fresh USY zeolite are practically preserved after reaction 
4 
spent USY zeolite). As can be seen in Fig. 5 , coherently with 

he commented XRD and acidic properties stability, MEV images 

id not show any changes in the original morphology of the USY 

eolite. 

We then turned our attention for the evaluation of the scope 

nd limitation of this method using different aldehydes and dime- 

one or ethyl acetoacetate. As can be observed on Table 4 , in 

eneral the best yields were obtained with dimedone probably 

ue to its higher acidity. It is worth to mention that pentan- 

,4-dione and heptan-3,5-dione have been tested as well, how- 

ver the desired products were not obtained recovering the start- 

ng material. Aromatic aldehydes containing both electron donor 

nd withdrawing groups were successfully employed furnishing 

ood to excellent isolated yields (entries 1-4), excepting for 4- 

itrobenzaldehyde as only traces of the desired product was ob- 

erved (entry 5). In order to obtain compounds 4e and 4o , we 

ave also tested the reactions under MW irradiation at 90 and 100 

C without success. When aliphatic aldehydes were tested, once 

gain the corresponding 1,4-dihydropyridines were obtained in 

ood yields (entries 6-8), including the new derivative 4h . Further- 

ore, heteroaromatic aldehydes could also be employed affording 

he corresponding products in good yields (entries 9-10). Finally, 

e have tested this protocol in the synthesis of acridinediones 

sing p -toluidine instead of ammonium acetate [16] , and for our 

elight the desired product 5 was obtained in 64% isolated yield 

 Scheme 2 ). 
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Table 4 

Scope of the three-component reaction catalyzed by USY zeolite. 

Entry a Aldehyde (R 1 ) Yield (%) b with dimedone Yield (%) b with ethyl acetoacetate 

1 C 6 H 5 4a , 96 4k , 90 

2 4-CH 3 OC 6 H 4 4b , 95 4l , 83 

3 3-BrC 6 H 4 4c , 83 4m , 75 

4 4-NCC 6 H 4 4d , 83 4n , 78 

5 4-NO 2 C 6 H 4 4e , traces 4o , traces 

6 C 6 H 11 4f , 87 4p , 62 

7 (CH 2 ) 6 CH 3 4g , 72 4q , 64 

8 (CH 2 ) 8 CH 3 4h , 80 4r , 60 

9 C 4 H 4 S 4i , 88 4s , 88 

10 NC 5 H 4 4j , 85 4t , 85 

a All reactions were performed using aldehyde (0.5 mmol), diketone (1.0 mmol), ammonium acetate (1.25 mmol), USY 

zeolite (50 mg) and EtOH (0.5 mL) under MW irradiation (110 °C, 300 W) for 20 min. 
b Isolated yield after column chromatography. 

Scheme 2. Synthesis of acridinedione 5. 
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. Conclusion 

In conclusion we report herein the promising application of an 

SY zeolite as a green catalyst in the synthesis of a series of 1,4- 

ihydropyridines under microwave irradiation. After simple recov- 

ry, the USY zeolite could be reused up to the 4 th cycle still fur-

ishing excellent isolated yield ( > 90%) of compound 4a . The USY 

eolite was fully characterized in order to better understanding its 

atalytic stability and its role of as heterogeneous catalyst. The best 

atalytic behavior of the USY zeolite was attributed to its microp- 

rous structure and their textural and acidic properties. Using such 

SY zeolite and optimized reaction conditions, 21 compounds were 

repared in 64-96% isolated yields. 

. Experimental section 

.1. Zeolites characterization 

The zeolites used in this study were prepared as reported in 

revious works [32] , and only one batch of each catalyst has been 

sed. The X-ray diffractograms of the used zeolites were collected 

etween 5 and 50 ° (2 θ ) with a step-rate of 10 ° (2 θ ) min 

−1 , us-

ng a Rigaku Miniflex diffractometer operated with Cu K α radia- 

ion ( λ = 1.5418 Å) at 40 kV and 30 mA. The specific surface area

BET) of the USY zeolite was obtained from N 2 physisorption data 

t -196 °C using a Micromeritics ASAP-2020 apparatus. Prior to the 

nalysis, the zeolite was degassed for 5 h at 300 °C under a vac- 

um of 20 μmHg. The micropores volume and the external specific 

urface area were estimated using the t -plot method, assuming the 

arkins–Jura thickness equation [41] . Taking into consideration the 

riteria recommended by IUPAC [42] , values of the apparent BET 

urface area at P/P 0 = 0.95 of the fresh and spent USY zeolite were

etermined. The morphological characteristics and the Si/Al ratio 
5 
f the zeolites were determined by scanning electron microscopy 

ith energy-dispersive X-ray spectroscopy (SEM-EDX) using a FEI 

agellan 400L electronic microscope. 

Analyses of in-situ FTIR of adsorbed pyridine were used to in- 

estigate the nature of the acid sites (Brønsted and Lewis) of the 

resh and spent USY zeolites [43] . The measurements were per- 

ormed using a high-temperature cell (Harrick) and a Bruker Ver- 

ex 70 spectrometer equipped with a mercury cadmium telluride 

etector. Prior to the measurement, the analyzed sample was pre- 

reated at 350 °C for 1 h under an argon flow (60 mL min 

−1 )

nd then cooled to 150 °C. Afterward, the sample was saturated 

y pulses of pyridine vapor. The excess and the weakly adsorbed 

yridine on the zeolite surface were purged with an argon flow 

60 mL min 

−1 ) for 2 h. Finally, the sample was analyzed in the re-

ion from 1700 to 1400 cm 

−1 with a nominal resolution of 4 cm 

−1 

nd accumulation of 180 scans. All the spectra of adsorbed pyri- 

ine were collected at 150 °C and removed from the spectrum of 

he zeolite before adsorption. A reference spectrum was acquired 

or dried KBr, under the same conditions. The concentration of 

rønsted and Lewis acid sites was estimated using the equations 

 Brønsted = AB/( ɛ B 

∗α) and C Lewis = AL/( ɛ L ∗α), where AB and AL

re the areas of the bands at around 1545 cm 

−1 (pyridinium ions 

onded to Brønsted acid sites) and 1450 cm 

−1 (pyridine coordi- 

ated to Lewis acid sites), respectively; ɛ L (1.73 cm μmol −1 ) and 

 B (1.23 cm μmol −1 ) are the extinction coefficients related to the 

ewis and Brønsted acid sites [39] , respectively; and α is the ratio 

f the sample mass to the pellet area. 

.2. Synthesis of 1,4-dihydropyridines 

The commercially available reagents were purchased from 

igma-Aldrich or Alfa Aesar and, when necessary, treated accord- 

ng to the procedures described in the literature. The purification 
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f the products was performed by a flash chromatographic column, 

sing silica gel 60, 230-400 mesh ASTM Merck and silica gel 60 

, 70-230 mesh AldrichCo. The thin layer chromatography anal- 

ses were carried out on silica gel 60 F254 plates supported on 

luminum sheets and developed under ultraviolet light and / or 

tained in an acid vanillin. The solvent excess was evaporated in 

uchi Rotavapor R-114 with BuchiWatherbath B-490 bath. The Nu- 

lear Magnetic Resonance spectra ( 1 H and 

13 C NMR) were recorded 

n the Bruker ARX 400 MHz spectrometers. The chemical shifts ( δ) 

re expressed in ppm and the coupling constants (J) in Hertz (Hz). 

o indicate the multiplicity of signs, the following abbreviation 

as used: s (singlet), d (doublet), dd (double doublet), t (triplet), 

 (multiplet). Mass Spectra were recorded on a Shimadzu GCMS- 

P50 0 0. The reactions using microwaves were performed using a 

EM Discovery equipment making use of the equipment’s cooling 

ystem in all reactions. 

.2.1. General procedure 

In a sealed tube, a mixture of diketone or β-ketoester (1.0 mol), 

ldehyde (0.5 mol) and ammonium acetate or p -toluidine (1.25 

ol) was carried out with the zeolite catalyst USY (50 mg) at 0.5 

L of ethanol, heated to 110 °C (300 W) in an oil bath or under

icrowave irradiation (300 W) for the time required for product 

ormation. The progress of the synthesis was verified by TLC. Af- 

er completing the time proposed in the optimization of the reac- 

ion, the reaction mixture was diluted with ethanol (5-6 mL) and 

he catalyst was separated by centrifugation, along 3 processes fol- 

owed by washing of the mixture composed of the desired product 

iluted in ethanol and the heterogeneous catalyst, this solvent be- 

ng eliminated by vacuum, resulting in a solid that was purified by 

olumn chromatography using hexane / ethyl acetate as eluent. 

For the catalyst recycling study, the zeolite was separated from 

he reaction mixture and washed 4-5 times with ethanol followed 

y centrifugations for 5 min at 50 0 0 W. At the end of each wash-

ng process, the zeolite was placed in the kiln to remove the re- 

aining ethanol and then weighed to be reused. In all cycles the 

atalyst was practically fully recovered, that is, in all syntheses it 

as possible to use approximately 50 mg of USY zeolite. 

.2.2. Compounds characterization 

3,3,6,6-tetramethyl-9-phenyl-3,4,6,7,9,10-hexahydroacridine- 

,8(2H,5H)-dione ( 4a ) [8] : 

Light yellow solid (0.167g, 96%), m.p.190-192 °C. 1 H NMR (CDCl 3 , 

0 0 MHz, ppm) δ 8.0 0 (bs, 1H), 7.33 (d, J = 7.8 Hz, 2H), 7.18 (t,

 = 7.4 Hz, 2H), 7.06 (t, J = 7.2 Hz, 1H), 5.08 (s, 1H), 2.32-2.10 (m,

H), 1.05 (s, 6H), 0.94 (s, 6H). 

9-(4-methoxyphenyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10- 

exahydroacridine-1,8(2H,5H)-dione ( 4b ) [10b] : 

Light yellow solid (0.180g, 95%), m.p. 270-272 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 7.96 (bs, 1H), 7.22-7.26 (m, 2H), 6.71 (d, 

 = 8.4 Hz, 2H), 5.03 (s, 1H), 3.66 (s, 3H), 2.11-2.27 (m, 8H), 1.05

s, 6H), 0.94 (s, 6H). 

9-(3-bromophenyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10- 

exahydroacridine-1,8 (2H,5H)-dione ( 4c ) [8] : 

Light yellow solid (0.170g, 83%), m.p. 286-288 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 7.44 (bs, 1H), 7.35 (bs, 1H), 7.25 (d, 

 = 7.6 Hz, 1H), 7.14 (d, J = 7.7 Hz, 1H), 7.00 (t, J = 7.8 Hz, 1H),

.98 (s, 1H), 2.28-2.18 (m, 4H), 2.18–2.06 (m, 4H), 1.01 (s, 6H), 0.91 

s, 6H). 

4-(3,3,6,6-tetramethyl-1,8-dioxo-1,2,3,4,5,6,7,8,9,10- 

ecahydroacridin-9-yl) benzonitrile ( 4d ) [14] : 

Light yellow solid (0.155g, 83%), m.p. 298-300 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 7.47 (dd, J = 18.6, 8.0 Hz, 4H), 6.00 (bs,

H), 5.03 (s, 1H), 2.40-2.16 (m, 8H), 1.03 (s, 6H), 0.89 (s, 6H). 

9-cyclohexyl-3,3,6,6-tetramethyl-3,4,6,7,9,10-hexahydroacridine- 

,8(2H,5H)-dione ( 4f ) [12] : 
6 
Light yellow solid (0.154g, 87%), m.p. 249-251 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 6.95 (bs, 1H), 4.05 (s, 1H), 2.42-2.20 (m, 

H), 1.62 (t, J = 14.8 Hz, 5H), 1.40-1.19 (m, 3H), 1.14 (s, 6H), 1.09

s, 6H), 0.91-0.81 (m, 2H). 

3,3,6,6-tetramethyl-9-heptyl-3,4,6,7,9,10-hexahydroacridine- 

,8(2H,5H)-dione ( 4g ) [8] : 

Yellow solid (0.133g, 72%), m.p. 109-111 °C. 1 H NMR (CDCl 3 , 400 

Hz, ppm) δ 7.63 (s, 1H), 4.06 (t, J = 4.9 Hz, 1H), 2.42-2.19 (m, 

H), 1.44-1.14 (m, 12H), 1.10 (s, 6H), 1.09 (s, 6H), 0.82 (t, J = 6.8

z, 3H). 

3,3,6,6-tetramethyl-9-nonyl-3,4,6,7,9,10-hexahydroacridine- 

,8(2H,5H)-dione ( 4h ) : 

Yellow solid (0.159g, 80%), m.p. 134-137 °C. 1 H NMR (CDCl 3 , 400 

Hz, ppm) δ 7.06 (bs, 1H), 4.07 (t, J = 4.8 Hz, 1H), 2.37-2.23 (m, 

H), 1.44-1.16 (m, 16H), 1.10 (s, 6H), 1.09 (s, 6H), 0.87 (t, J = 6.8 Hz,

H). 13 C NMR (101 MHz; CDCl 3 ) δ 196.1, 149.8, 112.7, 51.0, 41.1, 35.1, 

2.5, 31.9, 30.0, 29.7, 29.7, 29.6, 29.3, 27.2, 27.1, 25.4, 22.7, 14.1. GC- 

S (70 eV) m/z (%): 434.4 (100), 406.3, 398.3, 339.1, 325.1, 311.2. 

3,3,6,6-tetramethyl-9-(thiophen-2-yl)-3,4,6,7,9,10- 

exahydroacridine-1,8 (2H,5H)-dione ( 4i ) [9] : 

Light orange solid (0.155g, 80%); m.p. 284-286 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 6.98 (d, J = 4.9 Hz, 1H), 6.92 (d, J = 3.1

z, 1H), 6.83-6.80 (m, 1H), 6.12 (bs, 1H), 5.40 (s, 1H), 2.37-2.25 (m, 

H), 1.10 (s, 6H), 1.04 (s, 6H). 

3,3,6,6-tetramethyl-9-(pyridin-2-yl)-3,4,6,7,9,10- 

exahydroacridine-1,8 (2H,5H)-dione ( 4j ) [9] : 

Light orange solid (0.148g, 85%), m.p. 299-301 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 8.81 (d, J = 4.6 Hz, 1H), 7.61 (d, J = 7.7

z, 1H), 7.54 (t, J = 7.6 Hz, 1H), 7.01-6.96 (m, 1H), 6.55 (bs, 1H),

.20 (s, 1H), 2.35-2.15 (m, 8H), 1.07 (s, 6H), 0.98 (s, 6H). 

Diethyl-2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5- 

icarboxylate ( 4k ) [44] : 

Light yellow solid (0.168g, 90%), m.p. 155-157 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 7.24 (d, J = 1.9 Hz, 2H), 7.17 (t, J = 7.4 Hz,

H), 7.09 (t, J = 7.2 Hz, 1H), 5.58 (bs, 1H), 4.96 (s, 1H), 4.10-4.01

m, 4H), 2.30 (s, 6H), 1.19 (t, J = 7.1 Hz, 6H). 

Diethyl-4-(4-methoxyphenyl)-2,6-dimethyl-1,4-dihydropyridine- 

,5-dicarboxylate ( 4l ) [21] : 

Light yellow solid (0.148g, 83%); m.p. 164-166 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 7.19 (d, J = 8.0 Hz, 2H), 6.74 (d, J = 8.1

z, 2H), 5.70 (bs, 1H), 4.92 (s, 1H), 4.13-4.04 (m, 4H), 3.74 (s, 3H), 

.31 (s, 6H), 1.22 (t, J = 7.1 Hz, 6H). 

Diethyl-4-(3-bromophenyl)-2,6-dimethyl-1,4-dihydropyridine-3,5- 

icarboxylate ( 4m ) [44] : 

Yellow solid (0.153g, 75%), m.p. 112-114 °C. 1 H NMR (CDCl 3 , 400 

Hz, ppm) δ 7.45 (bs, 1H), 7.35-7.29 (m, 2H), 7.07 (t, J = 7.8 Hz, 

H), 5.98 (s,1H), 4.94 (s, 1H), 4.12-4.05 (m, 4H), 2.31 (s, 6H), 1.21 

t, J = 6.8 Hz, 6H). 

Diethyl-4-(4-cyanophenyl)-2,6-dimethyl-1,4-dihydropyridine- 

,5-dicarboxylate ( 4n ) [21] : 

Brown solid (0.138g, 78%); m.p. 192-194 °C. 1 H NMR (CDCl 3 , 400 

Hz, ppm) δ 7.50 (d, J = 7.8 Hz, 2H), 7.39 (d, J = 7.6 Hz, 2H), 5.80

bs, 1H), 5.03 (s, 1H), 4.12-4.04 (m, 4H), 2.34 (s, 6H), 1.20 (t, J = 7.1

z, 6H). 

Diethyl-4-cyclohexyl-2,6-dimethyl-1,4-dihydropyridine-3,5- 

icarboxylate ( 4p ) [44] : 

Orange solid (0.100g, 60%); m.p. 112-114 °C. 1 H NMR (CDCl 3 , 400 

Hz, ppm) δ 5.61(bs,1H), 4.23–4.12 (m, 4H), 3.91 (d, J = 5.4 Hz, 1H); 

.29 (s, 6H), 1.54 (d, J = 12.0 Hz, 4H), 1.29 (t, J = 7.1 Hz, 9H), 1.06

d, J = 7.2 Hz, 4H). 

Diethyl-4-heptyl-2,6-dimethyl-1,4-dihydropyridine-3,5- 

icarboxylate ( 4q ) [45] : 

Orange oil (0.112g, 64%). 1 H NMR (CDCl 3 , 400 MHz, ppm) δ 5.62 

bs, 1H), 4.23-4.11 (m, 4H), 3.91 (t, J = 5.8 Hz, 1H), 2.27 (s, 6H),

.35-1.25 (m, 12H), 1.20 (bs, 6H), 0.85 (t, J = 7.0 Hz, 3H). 
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Diethyl-2,6-dimethyl-4-nonyl-1,4-dihydropyridine-3,5- 

icarboxylate ( 4r ) [46] : 

Orange oil (0.113g, 60%). 1 H NMR (CDCl 3 , 400 MHz, ppm) δ
.85-5.75 (m, 1H), 4.20-4.09 (m, 4H), 3.89 (t, J = 5.7 Hz, 1H), 2.25

s, 6H), 1.30-1.22 (m, 12H), 1.21 (bs, 10H), 0.85 (t, J = 5.6 Hz, 3H). 

Diethyl-2,6-dimethyl-4-(thiophen-2-yl)-1,4-dihydropyridine-3,5- 

icarboxylate ( 4s ) [21] : 

Light yellow solid (0.147g, 88%); m.p. 170-172 °C. 1 H NMR 

CDCl 3 , 400 MHz, ppm) δ 7.04 (d, J = 5.0 Hz, 1H), 6.84 (t, J = 4.2

z, 1H), 6.79 (d, J = 3.3 Hz, 1H), 5.88 (bs, 1H), 5.34 (s, 1H), 4.25-

.08 (m, 4H), 2.33 (s, 6H), 1.27 (t, J = 7.0 Hz, 6H). 

Diethyl-2,6-dimethyl-4-(2-pyridyl)-1,4-dihydropyridine-3,5- 

icarboxylate ( 4t ) [22] : 

Brown solid (0.140g, 85%); m.p. 194-196 °C. 1 H NMR (CDCl 3 , 400 

Hz, ppm) δ 9.03 (d, J = 13.3 Hz, 1H), 8.47 (d, J = 4.8 Hz, 1H),

.58 (t, J = 7.6 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.16-7.11 (m, 1H),

.18 (s, 1H), 4.04 (q, J = 7.0 Hz, 4H), 2.22 (s, 6H), 1.18 (t, J = 7.1 Hz,

H). 

3,3,6,6-tetramethyl-9-phenyl-10-(p-tolyl)-3,4,6,7,9,10- 

exahydroacridine-1,8(2H,5H)-dione ( 5 ) [18] : 

Orange solid (0.140g, 64%); m.p.265-267 °C. 1 H NMR (CDCl 3 , 

00 MHz, ppm) δ 7.28 (d, J = 4.2 Hz, 2H), 7.21 (t, J = 7.5 Hz, 2H),

.10 (t, J = 7.2 Hz, 1H), 6.97 – 6.90 (m, 2H), 6.71 (d, J = 8.0 Hz,

H), 5.26 (s, 1H), 2.47 – 2.18 (m, 11H), 1.11 (s, 6H), 1.01 (s, 6H). 
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