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Abstract An efficient protocol for the synthesis of 1,4-dihydropyridine and polyhydroquinoline derivatives via
multi-component coupling reaction of aldehyde, 3-keto ester and ammonium acetate at room temperature
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Background
The multi-component condensation reactions signify an
important tool in the organic synthesis as they possess
ability of building up the complex molecules with great-
est simplicity and brevity [1]. The search of a cleaner
and efficient organic process is still sustained by syn-
thetic organic chemists. In addition to the intrinsic atom
economy and selectivity underlying such reactions, time
and energy saving, as well as environmental friendliness,
have led to significant efforts to design and implement
multi-component reactions both in academia and industry
[2-5]. 1,4-Dihydropyridine derivatives are widely used drugs
for the treatment of cardiovascular disease [6-11] and have
a broad range of pharmaceutical activities [12-21].
Three-component condensation reaction involving
aldehyde, p-keto ester and ammonium acetate, popu-
larly known as Hantzsch pyridine synthesis [6-11],
lead to the formation of 1,4-dihydropyridine nucleus.
The compounds containing 1,4-dihydropyridine nucleus
comprise a large family of medicinally important com-
pounds like nifedipine as Ca** channel antagonists [12-
18]. Moreover, 1,4-dihydropyridine nucleus exhibits sev-
eral pharmaceutical applications such as neuroprotectant
[19], anti-aggregratory agents [20], cerebral and ischemic
agents for the treatment of Alzheimer’s disease, and as
chemo sensitizer in tumor therapy [21], and it is also proven
to be a valuable intermediate in the preparation of natural
product alkaloids [22].
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In the present investigation, various aromatic alde-
hydes condensed with -keto ester and ammonium acet-
ate in the presence of the catalyst 3-nitrophenylboronic
acid at room temperature yielded 1,4-dihydropyridine
and polyhydroquinoline derivatives in good to excellent
isolated yield (Schemes 1 and 2).

Methods

All chemicals were purchased from Sigma-Aldrich chem-
ical companies (St. Louis, MO, USA). The progress of
the reactions was followed by thin layer chromatography
TLC using silica gel Merck 60 F254 plates (Merck & Co.,
Inc., Whitehouse Station, NJ, USA). Melting points were
recorded on open capillaries and were not corrected. IR
spectra were recorded on Varian FTIR spectrophotom-
eter (Agilent Technologies, Santa Clara, CA, USA) using
KBr disks. "H NMR spectra were recorded on a Varian
300-MHz spectrometer using CDCl; as solvent. The
mass spectra were scanned on a Shimadzu LCMS-2010
EV instrument (Shimadzu, Columbia, MD, USA) at 70 eV.

General procedure for synthesis of 1, 4-dihydropyridines
(Scheme 1)

A mixture of aldehyde (2 mmol), S-keto ester (4 mmol)
and ammonium acetate (3 mmol) in acetonitrile (20 mL)
was added to 3-nitrophenylboronic acid (3.5 mg, 1 mol%),
and the resulting mixture was stirred at room temperature
for 5 h. After completion of the reaction, as indicated by
TLC, the reaction mixture was quenched with water (20
mL) and extracted with ethyl acetate (3x15 mL). The
combined organic layer was washed with 10% sodium
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Scheme 1 Synthesis of 1, 4-dihydropyridines.
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bicarbonate solution followed by water three times and
then dried over anhydrous Na,SO,. The organic layer was
concentrated iz vacuo to furnish the products, which were
purified by column chromatography using silica gel (100-
200 mesh) with ethyl acetate to n-hexane in the ratio of
8:2 as eluent.

General procedure for synthesis of polyhydroquinolines
(Scheme 2)

A mixture of aldehyde (2 mmol), 5-keto ester (2 mmol),
5,5-dimethylcyclohexane-1,3-dione (2 mmol) and ammo-
nium acetate (3 mmol) in acetonitrile (20 mL) was added
to 3-nitrophenylboronic acid (3.5 mg, 1 mol%), and the
resulting mixture was stirred at room temperature for 5
h. After completion of the reaction, as indicated by TLC,
the reaction mixture was poured on crushed ice, and
precipitate was filtered and washed with cold water. The
crude product of crystallization with ethyl alcohol gave
pure polyhydroquinoline derivatives.

Results and discussion

We have been engaged in evaluating the catalytic po-
tential of phenylboronic acids, particularly those with
electron-withdrawing substituents in organic synthesis.
As a part of our ongoing research on 3-nitrophenylboronic
acid as efficient catalyst for selective trans-esterification of
B-keto esters and acetylation of alcohols under mild and
solvent-free conditions [23,24], we report herein the syn-
thesis of 1,4-dihydropyridine and polyhydroquinoline

derivatives by Hantzsch pyridine synthesis. Thus, to find
out the best reaction conditions and reactivity pattern of
different aldehydes in three-component Hantzsch conden-
sation reaction by the use of 3-nitrophenylboronic acid as
catalyst for the synthesis of 1,4-dihydropyridines is our ob-
jective in the present investigation.

The model reaction involving three-component
condensation of 4-chlorobenzaldehyde, ethyl acetoace-
tate and ammonium acetate in the molar ratio of
2:1:1.5 was performed without any catalyst; the reac-
tion resulted in the low yield of product. However,
in the presence of 3-nitrophenylboronic acid, the re-
action is proceeded smoothly with the desired prod-
uct in 94% isolated yield using catalytic amount of
catalyst (1 mol%) in a short reaction time. A wide
variety of aromatic aldehydes bearing electron-releasing, as
well as electron-withdrawing, substituent reacted smoothly
to give the corresponding 1,4-dihydropyridines in good to
excellent yields. Notably, the aromatic aldehydes posses-
sing highly sensitive functionalities such as 4-benzyloxy
benzaldehyde (Table 1, entry 8) also reacted smoothly to
give a good yield of the corresponding product. Thus, the
present protocol not only preserves the simplicity but also
consistently provides the high yield of 1,4-dihydropyridine
derivatives under extremely mild conditions, using cata-
lytic amount of the catalyst.

The analogous four-component condensation of alde-
hyde, S-keto ester, 5,5-dimethylcyclohexane-1,3-dione
and ammonium acetate leads to the cyclic 1,4-
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Scheme 2 Synthesis of polyhydroquinolines.
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Table 1 Synthesis of 1, 4-dihydropyridines (Scheme 1)

Entry R R: Product® Yield® (%) m.p.(°C)
1. CeHs Et 4a 93 61
2. 4-Me- CgHs Et 4b 88 67
3. 4-OMe-CgHs Et 4c 90 50
4. 4-Cl-CgHs Et 4d 91 62
5. 3-Cl-CgHs Et 4e 92 63
6. 3-NO,CeHs Et af 87 114
7. 2-Furyl Et 4g 79 70
8. 4-Benzyloxy- CgHs  Et 4h 81 161
9. 4-Me-CgHs Me 4j 86 297
10. 3-Cl-CgHs Me 4k 82 61

2The structures of the products were characterized by spectral analysis (IR, "H
NMR and MS). PIsolated yield.

dihydropyridines (polyhydroquinoline). The structural
variation on the dihydropyridine nucleus enhances the bio-
logical activity of the parent molecule. In view of the above
fact, we investigated the four-component condensation re-
action involving 4-chlorobenzaldehyde, methyl acetoace-
tate, 5,5-dimethy-1,3-hexanedione and ammonium acetate
carried out under the same reaction conditions. The reac-
tion proceeds smoothly to give corresponding polyhydro-
quinoline derivative in 81% yield. The above results
prompted us to use different aldehydes for the synthesis of
polyhydroquinoline using the same reaction conditions
(Table 2). Thus, various cyclic analogs of 1,4-dihydropyri-
dines were synthesized efficiently in high yields at great
ease under mild conditions.

Conclusion

In summary, a simple and convenient method for the
synthesis of 1,4-dihydropyridines and polyhydroquino-
lines using 3-nitrophenylboronic acid as an efficient cata-
lyst in excellent yield has been developed. The
advantages of this method include mild reaction condi-
tions, simple workup and short reaction time with excel-
lent isolated yield.

Table 2 Synthesis of polyhydroquinolines (Scheme 2)

Entry R Product Yield (%) m. p. (°C)
1. CeHs 7a 87 203
2. 4-Me- CgHs 7b 89 261
3. 4-OMe- CgHs 7c 92 259
4. 4-Cl- CgHs 7d 90 246
5. 3-Cl- CgHs 7e 88 230
6. 4-OH- CgHs 7f 95 234

2The structures of the products were characterized by spectral analysis (IR, "H
NMR and MS). PIsolated yield.

Page 3 of 3

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

RA carried out synthesis of 1, 4-dihydropyridine derivatives. RT carried out
synthesis of polyhydroquinoline derivatives. SG participated in the design of
the study and performed the spectral analysis. SB conceived of the study and
participated in its design and coordination. All authors read and approved
the final manuscript.

Acknowledgement

We acknowledge Dr. PL More and Dr. WN Jadhav of Dnyanopasak College,
Parbhani for providing the necessary facilities. The financial support by DST-
SERC, New Delhi (SR/FT/CS-023/2008) for this work is highly appreciated.

Received: 16 May 2011 Accepted: 20 June 2012
Published: 20 June 2012

References

1. Wender PA, Handy ST, Wright DL (1997) "Towards the Ideal Synthesis".

Chemistry & Industry 765-769.

Ramon DJ, Miguel Y (2005) Angew Chem Int Ed 44 1602

Romano VA Orru*, Michiel de Greef (2003) Synthesis 10:1471-1499

Ugi |, Heck S (2001) Comb Chem High Throughput Screening 4:1

Lutz Weber, Katrin lligen, Michael Almstetter (1999) Synlett 3:366-374

Anderson DR, Stehle NW, Kolodziej SA, Reinhard EJ (2004) PCT Int. Appl. WO

2004055015 Al 20040701

7. Nirschl AA, Hamann LG (2005) US Pat Appl Publ US 2005182105 Al
20050818

8. Harada H, Watanuki S, Takuwa T, Kawaguchi K, Okazaki T, Hiranu Y, Saitoh C
(2002) PCT Int Appl WO 2002006237 Al 20020124

9. ChenH, Zhang W, Tam R, Raney AK (2005) PCT Int Appl WO 2005058315 Al
20050630

10. Levy SB, Alekshun MN, Podlogar BL, Ohemeng K, Verma AK, Warchol T,
Bhatia B, Bowser T, Grier M (2005) US Pat Appl Publ US 2005124678 Al
20050609

11. Hantzsch A, Justus Liebigs (1882) Ann Chem 215:1

12. Goldmann S (1991) Angew Chem Int Ed Engl 30:1559

13. Staut DM, Meyers Al (1982) Chem Rev 82:223

14.  Hilgeroth A, Baumester U, Heinemann FW (2000) Eur J Org Chem 245

15.  Hilgeroth A, Wiese M, Billich A (1999) J Med Chem 42:4729

16. Hilgeroth A, Baumeister U, Heinemann FW (1999) Heterocycles 51:2367

17. Hilgeroth A, Heinemann FW (1998) J Heterocyclic Chem 35:359

18.  Hilgeroth A, Baumeister U, Heinemann FW (1998) Eur J Org Chem 1213

19.  Schleifer KJ (1999) J Med Chem 42:2204

20. Visentin S, Amiel P, Frittero R, Bpschi D, Roussel C, Giusta L, Carbone E,
Gasco A (1999) J Med Chem 42:1422

21, Jiang JL, Li AH, Jang SY, Chang L, Melman N, Moro S, Ji XD, Lobkowsky E,
Clardy J, Jacobson K (1999) J Med Chem 42:3055

22. Wenkert E, Chang C, Chawla H, Cochran D, Hagman E, King J, Orito K (1976)
J Am Chem Soc 98:3645

23. Tale RH, Adude RN (2006) Tetrahedron Lett 47:7263

24. Tale RH, Adude RN, Sagar AD, Santan HD (2006) Synlett 3:475

oW

doi:10.1186/2228-5547-3-6

Cite this article as: Adude et al: 3-Nitrophenylboronic acid-catalyzed
efficient one-pot synthesis of 1,4-dihydropyridines and
polyhydroquinolines. Advances in Difference Equations 2012 3:6.




	Abstract
	Background
	Methods
	General procedure for synthesis of 1, 4-dihydropyridines (Scheme 1) 
	General procedure for synthesis of polyhydroquinolines (Scheme 2)

	Results and discussion
	link_Sch1
	link_Sch2
	Conclusion
	Acknowledgement
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_Tab1
	link_Tab2

