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A simple, inexpensive and efficient one-pot synthesis of 1,4-dihydropyridine derivatives using 10 wt.% of Montmorillonite K-
10 clay as catalyst is developed under microwave irradiation. A most probable mechanism is also advanced.
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Introduction
Dihydropyridines (DHP) are important organic molecules

with diverse biological activities. For example, they have
vasodilator, anti-atherosclerotic, antitumor, and antidiabetic
activities1–7. Owing to vast chemotherapeutic application and
unique structural motif, various methods are reported for the
synthesis of this class of molecules8–17. Hantzsch reaction
is a very good method for the preparation of DHP13, although
numerous other methods are available for the synthesis of
these molecules.  Molecular iodine8,18,19, lithium bromide20,
bismuth nitrate21, ruthenium trichloride22, Zn-proline com-
plex23, bakers’ yeast24 and ionic liquid25 are used for this
purpose. However, the existing methods suffer certain limi-
tation like high temperature, longer reaction time, low yield
and cost related issues. Therefore, the development of
simple, efficient and versatile methods for the synthesis of
1,4-dihydropyridyl scaffold is immensely desirable. In recent
years, the use of clay as catalyst especially Montmorillonite,
has been extensively explored in organic synthesis26–29. The
major advantages of this catalytic system over other existing
catalyst include process recyclability, readily availability, easy

handling process, nontoxic nature of the catalyst, inexpen-
sive and noncorrosive nature.

As a part of our ongoing interest in clay-mediated organic
transformation towards the search of anticancer drugs mol-
ecule30–35 we studied the catalytic and non-catalytic effects
of Montmorillonite K-10.

This paper describes clay-induced microwave-mediated
novel synthesis of dihydropyridines in excellent yield. In com-
parison to existing methods, clay-mediated reactions have a
much wider scope since this reaction is solventless, fast,
and economical. The product can be isolated without con-
ducting any tedious workup.

Results and discussion
In some of our previous publications, the use of Montmo-

rillonite was demonstrated36–38. Interestingly, this clay is
compatible in the presence of microwave irradiation and ab-
sorbs energy readily. Numerous dihydropyridines derivatives
were prepared following microwave-assisted Montmorillonite-
mediatedreaction of aldehyde 1a-e, dicarbonyl compound 2
in presence of ammonium acetate 3 under solvent-free con-
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ditions following the principles of multi-component reactions.
This reaction became successful and dihydro-
pyridines were obtained in good yield (Scheme 1).

Initially, reaction of benzaldehyde (1 mmol) (1a),
acetylacetone (2 mmol) (2a) and ammonium acetate (3) in
presence 10 wt.% of catalyst Montmorillonite K-10 under
microwave irradiation (power level 5) for 3 min, without us-
ing any solvent was performed. Only 60% of the product 4a
was realized after purification of the crude products. To im-
prove the reaction yield and optimize the reaction condition,
we increased the catalyst loading from 10–20 wt.% and car-
ried out the reaction under the same condition. Surprisingly
a noticeable improvement in the yield of compound 5a (80%
Y) was recorded.

This optimistic result encouraged us to further investi-

gate the reaction to identify the best condition. In this con-
nection we investigated this reaction with diverse substituted
aromatic aldehydes 1b-e with different 1,3-di-carbonyl es-
ters 2b-d under the delineated condition. An increase the
amount of Montmorillonite K-10 from 10–25 wt.% further im-
proved the product yield (70–90% Y) and also reduced the
reaction time significantly.

It was worthy to note that the sterically hindered phenyl
group viz benzoyl acetone generally reduced the yield of 1,4-
dihydropyrdyl compounds moderately (Scheme 1, Table 1,
entry 7).

No oxidation to pyridines was observed during our inves-
tigation. But some of the reported methods produced pyri-
dine as a side product.

The formation of the products can be explained through

Table 1. Synthesis of 1,4-dihydropyridines (1,4-DHPs) derivatives catalyzed by Montmorillonite K-10 under microwave irradiation
Entry Aldehyde 1,3-DCs 1,4-DHPs Catalyst Time Yielda

1 2 4 (wt.%) (min) (%)
[a-c] [a-d] [a-e]
R2 R1 R2/R1

1 1a (H) 2a (Me) 4a (H, Me) 20 5 80
12 1b (Me) 2a (Me) 4b (Me, Me) 15 5 75

1c (OMe) 2a (Me) 4c (OMe, Me) 15 8 90
1d (F) 2a (Me) 4d (F, Me) 25 10 70
1e (Cl) 2a (Me) 4e (Cl, Me) 20 10 75
1c (OMe) 2b (Et) 4f (OMe, Et) 15 8 70
1c (OMe) 2c (Ph) 4g (OMe, Ph) 20 10 65
1c (OMe) 2d (OEt) 4f (OMe, OEt) 20 8 80

aIsolated yield after column chromatography.

Scheme 1. Montmorillonite K-10 clay catalysed synthesis of 4-substituted 1,4-dihydropyridine derivatives under microwave condition through
Hantzsch reaction.
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Hantzsch reaction mechanism (Scheme 2). The reaction
occurred through aldol condensation between the aldehyde
and diketone to form an intermediate that reacted further
through Michael addition with another molecule of diketone.

An amination to form the imine intermediate (D2) was
occurred at the last step through a reduction rearrangement
to form dihydropyridine.

It is important that clay can be used as a solid support
and acidic material to obtain the desired products. A number
of studies indicated that the proportion of clay to function as
an appropriate catalyst depends on the power of microwave
irradiation. For example, the reaction went to completion at
high power microwave irradiation conditions even with much
lower proportion of clay (for 1 mmol of the substrate, 25 mg
of clay is sufficient at high power microwave irradiation).

Experimental
To the reactants (1 mmol each) were added clay (25 mg)

and the reaction mixture was thoroughly mixed. It was then
irradiated in a microwave oven for 2–3 min. To the reaction
mixture was added dichloromethane (5 mL) and it was then
filtered to remove the clay. The crude product which was
sufficiently pure was obtained by evaporation of the solvent.

Acknowledgement
BKB is grateful to US NIH, US NCI and the Kleberg Foun-

dation of USA for the support of this research.

References
1. R. Shan, C. Velazquez and E. E. Knaus, J. Med. Chem., 2004,

47(1), 254. https://doi.org/10.1021/jm030333h.
2. S. Goldmann and J. Stoltefuss, Angew. Chem. Int. Ed. Eng.,

1991, 30(12), 1559. https://doi.org/10.1002/anie.199115591.
3. N. M. Evdokimov, I. V. Magedov, A. S. Kireev and A. Kornienko,

Org. Lett., 2006, 8(5), 899. https://doi.org/10.1021/ol052994+.
4. A. Di Stilo, S. Visentin, C. Cena, A. M. Gasco, G. Ermondi and

A. Gasco, J. Med. Chem., 1998, 41(27), 5393. https://doi.org/
10.1021/jm9803267.

5. P. D. Henry, Clin. Investig. Med., 1987, 10(6), 601.
6. H. A. S. Abbas, W. A. El Sayed and N. M. Fathy, Eur. J. Med.

Chem., 2010, 45(3), 973. https://doi.org/10.1016/j.ejmech.2009.
11.039.

7. J. Briede, M. Stivrina, B. Vigante, D. Stoldere and G. Duburs,
Cell Biochem. Funct., 2008, 26(2), 238. https://doi.org/10.1002/
cbf.1442.

8. S. Ko, M. N. V. Sastry, C. Lin and C. F. Yao, Tetrahedron Lett.,
2005, 46(34), 5771. https://doi.org/10.1016/j.tetlet.2005.05.148.

9. J. G. Breitenbucher and G. Figliozzi, Tetrahedron Lett., 2000,
41(22), 4311. https://doi.org/10.1016/S0040-4039(00)00660-2.

10. G. Sabitha, G. S. K. K. Reddy, C. S. Reddy and J. S.
Yadav, Tetrahedron Lett., 2003, 44(21), 4129. https://doi.org/
10.1016/S0040-4039(03)00813-X.

11. D. Bandyopadhyay, S. Maldonado and B. K. Banik, Mol-
ecules, 2012, 17(3), 2643. https://doi.org/10.3390/mol-
ecules17032643.

12. C. Bladen, M. G. Gündüz, R. S, ims,ek, C. S,afak and G. W.
Zamponi, Pflugers Arch. Eur. J. Physiol., 2014, 466(7),
1355. https://doi.org/10.1007/s00424-013-1376-z.

13. A. M. Vijesh, A. M. Is loor, S. K.  Peethambar,  K. N.

Scheme 2. Mechanism of Hantzsch synthesis of 1,4-dihydropyridin (DHPs).



J. Indian Chem. Soc., Vol. 96, October 2019

1354

Shivananda, T. Arulmoli and N. A. Isloor, Eur. J. Med.
Chem., 2011, 46(11), 5591. https://doi.org/10.1016/j.ejmech.
2011.09.026.

14. W. Gati, M. M. Rammah, M. B. Rammah, F. Couty and G.
Evano, J. Am. Chem. Soc., 2012, 134(22), 9078. https://
doi.org/10.1021/ja303002a.

15. A. Radadiya, V. Khedkar, A. Bavishi, H. Vala, S. Thakrar,
D. Bhavsar, A. Shah and E. Coutinho, Eur. J. Med. Chem.,
2014, 74, 375. https://doi.org/10.1016/j.ejmech.2014.01.011.

16. G. Sabitha, K. Arundhathi, K. Sudhakar, B. S. Sastry and
J. S. Yadav, Synth. Commun., 2009, 39(16), 2843. https://
doi.org/10.1080/00397910802656091.

17. S. Shabalala, S. Maddila, W. E. Van Zyl and S. B.
Jonnalagadda, Catal. Commun., 2016, 79, 21. https://
doi.org/10.1016/j.catcom.2016.02.017.

18. M. A. Zolfigol, P. Salehi, A. Khorramabadi-Zad and M.
Shayegh, J. Mol. Catal. A: Chem., 2007, 261(1), 88. https://
doi.org/10.1016/j.molcata.2006.07.063.

19. J. D. Akbari, S. D. Tala, M. F. Dhaduk and H. S. Joshi,
Arkivoc, 2008, 12, 126. https://doi.org/10.3998/ark.5550190.
0009.c15.

20. D. K. Yadav, R. Patel, V. P. Srivastava, G. Watal and L. D.
S. Yadav, Chinese J. Chem., 2011, 29(1), 118. https://
doi.org/10.1002/cjoc.201190036.

21. S. Sheik Mansoor, K. Aswin, K. Logaiya and S. P. N.
Sudhan, J. Saudi Chem. Soc., 2016, 20, S100. https://
doi.org/10.1016/j.jscs.2012.09.010.

22. D. Kumar and J. S. Sandhu, Synth. Commun., 2009,
39(11), 1957. https://doi.org/10.1080/00397910802622762.

23. V. Sivamurugan, R. S. Kumar, M. Palanichamy and V.
Murugesan, J. Heterocycl. Chem., 2005, 42(5), 969. https://
doi.org/10.1002/jhet.5570420534.

24. A. Kumar and R. A. Maurya, Tetrahedron Lett., 2007,

48(22), 3887. https://doi.org/10.1016/j.tetlet.2007.03.130.
25. K. Ghandi, Green Sustain. Chem., 2014, 4(1), 44. https://

doi.org/10.4236/gsc.2014.41008.
26. R. S. Varma, Tetrahedron, 2002, 58(7), 1235. https://

doi.org/10.1016/s0040-4020(01)01216-9.
27. N. Kaur and D. Kishore, J. Chem. Pharm. Res., 2012,

4(2), 991.
28. S. Samajdar, F. F. Becker and B. K. Banik, Tetrahedron

Lett., 2000, 41(42), 8017. https://doi.org/10.1016/S0040-
4039(00)01397-6.

29. D. Bahulayan, S. K. Das and J. Iqbal, J. Org. Chem.,
2003, 68(14), 5735. https://doi.org/10.1021/jo020734p.

30. B. K. Banik, I. Banik and F. F. Becker, Eur. J. Med. Chem.,
2010, 3(2), 319. https://doi.org/10.1016/j.ejmech.2009.11.024.

31. B. K. Banik, I. Banik and F. F. Becker, "Novel Anticancer
-Lactams", in: ‘Heterocyclic Scaffolds I’, 2010, pp. 349-
373. https://doi.org/10.1007/7081_2010_28.

32. B. K. Banik and F. F. Becker, Bioorganic Med. Chem., 2001,
9(3), 593. https://doi.org/10.1016/S0968-0896(00)00297-2.

33. I. Banik, F. F. Becker and B. K. Banik, J. Med. Chem.,
2003, 46(1), 12. https://doi.org/10.1021/jm0255825.

34. F. F. Becker and B. K. Banik, Front. Chem., 2014, 8(20),
2877. https://doi.org/10.3389/fchem.2014.00055.

35. D. Bandyopadhyay, S. Mukherjee, J. C. Granados, J. D.
Short and B. K. Banik, Eur. J. Med. Chem., 2012, 50, 209.
https://doi.org/10.1016/j.ejmech.2012.01.055.

36. B. K. Banik, S. Samajdar and I. Banik, J. Org. Chem.,
2004, 69(1), 213. https://doi.org/10.1021/jo035200i.

37. D. Bandyopadhyay and B. K. Banik, Org. Med. Chem.
Lett., 2012, 2(1), 15. https://doi.org/10.1186/2191-2858-2-15.

38. Katherine Ramos and Bimal K. Banik, Heterocycl. Lett.,
2011, 1, 27.


