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The oxidative conversion of 1,4-dihydropyridines to give the corresponding pyridine derivatives in excellent yields was easily

effected using the catalytic amount of Nal in combination with H,O, (30%) as a green external oxidant. The process is highly

green wherein the solid products are easily filtered out after the addition of ice-water to the reaction mixture. This non-transition

metal catalyst is cost-effective, affords simple work-up and easy separation of the product.
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INTRODUCTION

1,4-Dihydropyridin (1,4-DHPs) derivatives containing the
1,4-dihydropyridine structure include calcium antagonists [1],
antitubercular agents [2], antitumours [3], bronchodilatings
[4], antidiabetics [5], antivirals [6], antianginals [7] and
neuropeptide Y Y1 receptor antagonists [8]. The oxidative
aromatization of 1,4-DHPs to the corresponding pyridine
derivatives entails the principal metabolic route in particular in
biologically significant NADH redox processes [9], as well as
a facile access to the corresponding pyridine derivatives which
show anti-hypoxic and anti-ischemic activities [10] from the
easily available 1,4-DHPs [11].

Consequently, this aromatization reaction continues to
attract the attention of many organic and medicinal chemists
for the discovery of a plethora of protocols applicable to a
wide range of 1,4-DHPs [12]. Although a variety of reagents
are capable of effecting these oxidations, the transformation is
not always easy to effectand may even be problematic if the
substrate has functional groups sensitive to the oxidizing agent
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and the reaction conditions. Most of the reported reagents
produce by-products which are difficult to separate from the
products. Therefore, the development of an efficient, cost-
effective and green method for the aromatization of 1,4-DHPs
under milder conditions is still desirable. The hydrogen
peroxide was selected as the oxidant over other available
oxidizing agents and sodium iodide was chosen as the catalyst
since they were cheap, operationally safe, environmentally
friendly, and easy to handle and work-up.

EXPERIMENTAL

All the chemicals were purchased from Merck Company.
4-Substituted Hantzsch 1,4-dihydropyridines were prepared
using the appropriate aldehyde, ammonium carbonate and
ethyl acetoacetate as reported earlier [19]. All products were
known compounds and their physical and spectroscopic data
were compared with those of authentic samples. Melting
points were measured in capillary tubes using Buchi 545
instrument and are uncorrected. IR spectra were recorded as
KBr pellets on Brucker Spectrum FT-IR. NMR spectra were
obtained using an 11.7 T vertical bore spectrometer (‘H 500
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MHz; "*C 125 MHz; "°F 470 MHz). 'H and "*C chemical shifts
are referenced to TMS as an internal standard, '°F to a dilute
solution of trifluoroacetic acid (TFA) in capillary column as
an external reference.

The procedure for the oxidative aromatization of Hantzsch
1,4-dihydropyridines, and physical and spectral data for some
selected synthesized pyridine derivatives are given below. The
identities of the products were confirmed by mp, IR, 'H, "*C
and '°F NMR spectral data.

Diethyl-2,6-dimethyl-4-(2-fluorophenyl)-pyridine-3,5-
dicarboxylate (Table 2, entry 2). To a mixture of Hantzsch
1,4-dihydropyridine (1 mmol), HO, 30% (2.2 mmol, 0.25 ml)
and acetic acid (3 ml), Nal (0.05 mmol, 0.008 g) was added
and stirred at room temperature for the appropriate reaction
time indicated in Table 2. After ascertaining the completion of
the reaction by TLC, the product was precipitated by addition
of ice-water to reaction mixture. The pure corresponding
pyridines were collected with a simple filtration and
consequently washing with cold water. The crud product was
recrystallized in ethanol to give the pure product as a pale
yellow solid. Yield 85%; m.p.: 45-47 °C; FT-IR: vy (KBr):
2982, 1722, 1557 em™; "H NMR (500 MHz, CDCl;) § 1.00 (t,
J=7.1 Hz, 6H), 2.65 (s, 6H), 4.04 (q, J = 7.1 Hz, 4H), 7.11 (t,
J = 8.6 Hz, 1Hyom), 7.14-7.21 (m, 2H.0m), 7.36-7.40 (m,
1H,om) ppm; C NMR (125 MHz, CDCly) § 14.0, 23.6, 61.7,
115.6 (e = 21.2 Hz), 124.1 (Jer = 3.6 Hz), 124.8 (Jer =
16.7 Hz), 127.5, 130.8 CJcy = 7.9 Hz), 131.0 (‘I = 2.6 Hz),
141.4, 156.6, 159.7 ("Jcr = 246.4 Hz), 167.6 ppm; '’F NMR
(470 MHz, CDCl;) ¢ -114.2 ppm.

Diethyl-2,6-dimethyl-4-(3-fluorophenyl)-pyridine-3,5-
dicarboxylate (Table 2, entry 3). Oxidative aromatization of
diethyl-2,6-dimethyl-4-(3-fluorophenyl)-1,4-dihydropyridine-
3,5-dicarboxylate (1 mmol, 0.35 g) with H,O, 30% (2.2 mmol,
025 ml), acetic acid (3 ml) and Nal (0.05 mmol, 0.008 g), then
work up as described above gave diethyl 2,6-dimethyl-4-(3-
fluorophenyl)-pyridine-3,5-dicarboxylate as a pale yellow
solid. Yield 80%, m.p.: 58-60 °C; FT-IR: vy, (KBr): 2995,
1719, 1560 cm™; 'H NMR (500 MHz, CDCl3) ¢ 1.00 (t, J =
7.2 Hz, 6H), 2.62 (s, 6H), 4.06 (q, J = 7.2 Hz, 4H), 7.00-7.10
(m, 3Hguom), 7.35-7.36 (m, 1H,y0m) ppm; BCNMR (125 MHz,
CDCly) 0 14.2, 23.8, 62.0, 115.8 (*Jcy = 18.4 Hz), 124.4,
125.1, 127.9, 130.1 Clcr = 7.5 Hz), 1312 (*Jcr = 3.2 Hz),
141.5, 156.7, 159.9 (‘Jcr =247 Hz), 168.3 ppm; '°F NMR

(470 MHz, CDCls) 6 -113.1 ppm.
Diethyl-2,6-dimethyl-4-(4-fluorophenyl)-pyridine-3,5-
dicarboxylate (Table 2, entry 4). Oxidative aromatization of
diethyl-2,6-dimethyl-4-(4-fluorophenyl)-1,4-dihydropyridine-
3,5-dicarboxylate (1 mmol, 0.35 g) with H,O, 30% (2.2 mmol,
025 ml), acetic acid (3 ml) and Nal (0.05 mmol, 0.008 g), then
work up as described above gave diethyl 2,6-dimethyl-4-(4-
fluorophenyl)-pyridine-3,5-dicarboxylate as a white solid.
Yield 85%, m.p.: 88-89 °C; FT-IR: v, (KBr): 2988, 1714,
1558 cm™; 'H NMR (500 MHz, CDCl3) 6 1.00 (t, J = 7.1 Hz,
6H), 2.62 (s, 6H), 4.06 (q, J = 7.1 Hz, 4H), 7.09 (t, ] = 8.6 Hz,
2Huom), 7.26-7.28 (m, 2Huom) ppm; “C NMR (125 MHz,
CDCly) 6 14.1, 23.3, 61.8, 115.6 (*Jey = 21.1 Hz), 127.4,
130.5 CJcr = 8.1 Hz), 132.8 (*Jcy = 3.4 Hz), 145.3, 155.9,
163.2 ("Jer = 247 Hz), 168.1 ppm; ""F NMR (470 MHz,

CDCl3) ¢ -113.3 ppm.

Diethyl-2,6-dimethyl-4-(3-pyridyl)-pyridine-3,5-di-

carboxylate (Table 2, entry 7). Oxidative aromatization of
diethyl-2,6-dimethyl-4-(3-pyridyl)-1,4-dihydropyridine-3,5-di-
carboxylate (1 mmol, 0.33 g) with H,O, 30% (2.2 mmol, 025
ml), acetic acid (3 ml) and Nal (0.05 mmol, 0.008 g), then
work up as described above gave diethyl 2,6-dimethyl-4-(3-
pyridyl)-pyridine-3,5-dicarboxylate as pale yellow solid. Yield
95%, m.p.: 78-81 °C; FT-IR: v (KBr): 2985, 1717, 1558
em™; '"H NMR (500 MHz, CDCl;) 6 1.00 (t, J = 7.1 Hz, 6H),
2.65 (s, 6H), 4.07 (q, J = 7.1 Hz, 4H), 7.34-7.37 (m, 1H,0m),
7.63-7.65 (m, 1H,0m), 8.54 (d, J = 1.8 Hz, 1H,,01,), 8.66 (dd,
J, =49 Hz, J, = 1.6 Hz, 1H,,,) ppm; °C NMR (125 MHz,
CDCly) 0 14.1, 23.5, 62.0, 123.2, 127.3, 133.0, 136.3, 143.0,
149.0, 150.0,156.4, 167.7 ppm.

RESULTS AND DISCUSSION

Hydrogen peroxide has been used for the oxidation of a
variety of substrates [13] and is generally considered to be a
green oxidant because it is relatively non-toxic and breaks
down in the environment to non-toxic by-products. Literature
survey shows that only a limited number of catalytic methods
employing H,O, and its supports for the oxidation of 1,4-
DHPs have been developed such as Co(OAc),/H,0, [14a],
maleic anhydride/urea-H,0, [14b] and L,/urea-H,0, [14c].

As part of our recent studies directed towards the
development of a practical, safe and environmentally friendly
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procedure for some important transformations [15,16], we
wish to report an efficient, convenient and green procedure for
the oxidative aromatization of 1,4-DHPs by H,O, 30% in the
presence of catalytic amount of sodium iodide (Nal).

Based on our initial optimization studies and adopting a
more efficient way to minimize the time, the amount of the
diethyl 2,6-dimethyl-4-phenyl-1,4-
dihydropyridine-3,5-dicarboxylate was chosen as the model
substrate. A mixture of diethyl 2,6-dimethyl-4-phenyl-1,4-
dihydropyridine-3,5-dicarboxylate (1 mmol) and aqueous

catalyst and oxidant,

hydrogen peroxide (30%) in acetic acid was stirred in the
presence of some catalysts at room temperature (Table 1). We
observed a drastic rate enhancement when we used Nal as the
co-oxidant catalyst (Table 1, entry 6) to produce the desired
pyridine in 98% isolated yield after a short reaction time (~5
min). Then, the amount of Nal and hydrogen peroxide was
optimized and 2.2 mmol of H,0, (0.25 ml) and 5 mol% of Nal
were chosen as the optimized reaction conditions (Table 1,
entries 6-10).

The reactions in the absence of catalysts did not yield any

Table 1. Optimization of Reaction Conditions®

product after a prolonged reaction time (Table 1, entry 1). In
order to show the merit of the presented protocol in
comparison with the other catalysts used for similar reactions,
we have presented the results in Table 1 (entries 11-13). As
can be seen, our method is simpler, more efficient, and uses no
toxic solvents in the reaction media and/or work-up.
According to the obtained results, the catalytic role of Nal in
the oxidation of DHPs can be explained as follows (Fig. 1).

I, as a soft nucleophile, attacked soft oxy-electrophile
group in HO-OH to in-situ production of [-OH. A softer N-
group in DHPs attacked I-OH that was
thermodynamically an unstable and reactive molecule. HI was

molecule

eliminated from N-iodo intermediate to produce pyridine
derivatives. The pure solid product was simply filtered out
after addition of ice-water to the reaction mixture.

The general applicability of this method was further
evaluated for structurally diverse DHPs under optimized
reaction conditions (Table 2). The results presented in Table 2
indicate the generality of the method and the high efficacy of
this new oxidation system. The reaction was completed

Ph H Ph
EtO,C CO,Et Oxidant, Cat. rit. EtO,C N COaEt
» CH,CO,H ~
H N

Entry Oxidant Cat (Mol-%) Time (h) Yield (%)
1 H,0, 30% (4 ml, 35 mmol) - 24 0
2 H,0, 30% (4 ml, 35 mmol) CeCl;.7H,0 (5) 24 60
3 H,0, 30% (4 ml, 35 mmol) L, (%) 10 98
4 H,0, 30% (4 ml, 35 mmol) KBr (5) 24 0
5 H,0, 30% (4 ml, 35 mmol) NBS (5) 10 75
6 H,0, 30% (4 ml, 35 mmol) Nal (5) 0.08 98
7 H,0, 30% (4 ml, 35 mmol) Nal (2.5) 0.5 95
8 H,0, 30% (4 ml, 35 mmol) Nal (1) 1 96
9 H,0, 30% (0.5 ml, 4.4 mmol) Nal (5) 0.25 95
10 H,0, 30% (0.25 ml, 2.2 mmol) Nal (5) 0.5 98
11 H,0, 30% (0.25 ml, 2 mmol) Co(OAc), (100) 0.5 97 [14a]
12 Urea-H,0, Maleic anhydride - 84 [14b]
13 Urea-H,0, 1, (20) 12 89 [14c]

*Reaction conditions: 1,4-DHPs (1 mmol), acetic acid (3 ml), room temperature.
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Fig. 1. Catalytic cycle of 1,4-DHPs oxidation mediated by I-OH.

Table 2. Oxidation of 1,4-DHPs with H,0, in the Presence of Catalytic Amount of Nal at Room Temperature®

R H R
Ei0,C CO,E1 H,C, Nal, 11 Ei0,C X CO,E1
h N
Entry R Time (min) Yield (%)° m.p. (°C) (Found)“"
1 CeHs 30 98 63-65 (62-64)''™
2 2-F-C¢H, 25 85 45-47
3 3-F-C¢H, 25 80 58-60
4 4-F-CgH, 25 85 88-89 (88-90)'""
5 4-CF;.CeH,4 20 88 56-57
6 2-Pyridyl 30 94 90-92
7 3-Pyridyl 30 95 78-81
8 4-Pyridyl 20 97 100-102
9 3-0,N-C¢H, 30 96 60-62 (61-62)''™
10 4-0,N-CgH, 15 96 112-114 (115)''™
11 3-HO-C¢H,4 3h 87 151-153
12 4-MeO-CgH, 20 95 56-58 (57-59)''™
13 2-CI-C¢H,4 30 90 61-63 (61-62)'"
14 4-C1-C¢H,4 30 92 66-68 (65-67)''*
15 2-Furyl 25 90 37-39 (38-41)'""
16 4-CH;-CgH, 30 98 71-73 (72-73)''™

*Reaction conditions: 1,4-DHPs (1 mmol), acetic acid (3 ml), H,O, (2.2 mmol), Nal (0.05 mmol), room
temperature. *Yields refer to isolated pure products which are characterized by comparison of their mp, IR,
"H, *C and ""F NMR spectra with those of authentic samples.
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between 20-30 min in excellent yields, except for the
compound containing a hydroxyl group in substituent on the
aromatic ring, which was oxidized within 3 h in good yields
(Table 2, entry 11).

CONCLUSIONS

Sodium iodide acted as an efficient catalyst for the
aromatization of 1,4-DHPs employing the hydrogen peroxide
adduct as an environmentally benign oxidant. The reaction
proceeded smoothly at room temperature in acetic acid. The
products of high purity were isolated after a simple work-up
procedure in good to high yields.

ACKNOWLEDGMENTS

The partial support of this work by the Research Council
of Yazd University is gratefully acknowledged.

REFERENCES

[1T a) G.W. Zamponi, S.C. Stotz, R.J. Staples, T.M. Andro,
J.K. Nelson, V. Hulubei, A. Blumenfeld, N.R. Natale, J.
Med. Chem. 46 (2003) 87; b) S. Visentin, B. Rolando,
A. Di Stilo, R. Frutterro, M. Novara, E. Carbone, C.
Roussel, N. Vanthuyne, A. Gasco, J. Med. Chem. 47
(2004) 2688; c) A. Zarghi, H. Sadeghi, A. Fassihi, M.
Faizi, A. Shafiee, Farmaco. 58 (2003) 1077; d) R. Peri,
S. Padmanabhan, A. Rutledge, S. Singh, D.J. Triggle, J.
Med. Chem. 43 (2000) 2906.

[2] P.S. Kharkar, B. Desai, H. Gaveria, B. Varu, R. Loriya,
Y. Naliapara, A. Shah, V.M. Kulkarn, J. Med. Chem. 45
(2002) 4858.

[3] T. Tsuruo, H. lida, M. Nojiri, S. Tsukagoshi, Y. Sakurai,
Cancer Res. 43 (1983) 2905.

[4] R.W. Chapman, G. Danko, M.I. Siegels, Pharmacology
29 (1984) 282.

[5] W.J. Malaise, P.C.F. Mathias, Diabetologia 28 (1985)
153.

[6] A. Krauze, S. Germane, O. Eberlins, I. Sturms, V.
Klusa, G. Duburs, Eur. J. Med. Chem. 34 (1999) 301.

[71 R. Peri, S. Padmanabhan, S. Singh, A. Rutledge, D.J.
Triggle, J. Med. Chem. 43 (2000) 2906.

1056

(8]

(9]

[10]
(1]

a) G.S. Poindexter, M.A. Bruce, J.G. Breitenbucher,
M.A. Higgins, S.-Y. Sit, J.L. Romine, S.W. Martin, S.A.
Ward, R.T. McGovern, W. Clarke, J. Russell, I. Antal-
Zimanyi, Bioorg. Med. Chem. 12 (2004) 507; b) G.S.
Poinder, M.A. Bruce, K.L. LeBoulluec, I. Monkovic,
S.W. Martin, E.M. Parker, L.G. Iben, R.T. McGovem,
A.A. Ortiz, J.A. Stanley, G.K. Mattson, M. Kozlowski,
M. Arcuri, LA. Zimanyi, Bioorg. Med. Chem. Lett. 12
(2002) 379.

R.J. Kill, D.A. Widdowson, In Bioorganic Chemistry,
Vol. 4, Academic Press, New York, 1978, p. 239.

B. Khadikar, S. Borkat, Synth. Commun. 28 (1998) 207.
a) M.A. Zolfigol, M. Safaiee, Synlett. (2004) 827; b) B.
Loev, M.M. Goodman, K.M. Snader, R. Tedeschi, E.
Macko, J. Med. Chem. 19 (1974) 956; ¢) M. Moghadam,
M. Nasr-Esfahani, S. Tangestaninejad, V. Mirkhani,
Bioorg. Med. Chem. Lett. 16 (2006) 2026; d) M.
Moghadam, M. Nasr-Esfahani, S. Tangestaninejad, V.
Mirkhani, Bioorg. Med. Chem. Lett. 15 (2005) 3276; e)
M.M. Heravi, F. Derikvand, S. Hassan-Pour, K.
Bakhtiari, F.F. Bamoharram, H.A. Oskooie, Bioorg.
Med. Chem. Lett. 17 (2007) 3305; f) J. Arguello, L.J.
Nu'n"ez-Vergara, J.C. Sturm, JA. Quella,
Electrochimica Acta 49 (2004) 4849; g) B. Han, Z. Liu,
Q. Liu, L. Yang, Z.L. Liu, W. Yu, Tetrahedron 62
(2006) 2492; h) H. Adibi, A.R. Hajipour, Bioorg. Med.
Chem. Lett. 17 (2007) 1008; i) M. Filipan-Litvic, M.
Litvic, V. Vinkovic, Bioorg. Med. Chem. Lett. 16
(2008) 9276; j) M. Filipan-Litvic, M. Litvic, V.
Vinkovic, Tetrahedron 64 (2008) 10912; K) L.J. Peng,
J.T. Wang, Z. Lu, Z.Q. Lu, UM. Wu, Tetrahedron Lett.
49 (2008) 1586; 1) E. Fasani, A. Albini, M. Mella,
Tetrahedron 64 (2008) 3190; m) M. Anniyappan, D.
Muralidharan, P.T. Perumal, Tetrahedron 58 (2002)
5069; n) B. Zeynizadeh, K. Akbari, A. Roozijoy, J.
Chin. Chem. Soc. 52 (2005) 1001; o) M. Filipan-Litvic,
M. Litvic, V. Vinkovic, Arkivoc (2008) 96; p) H.R.
Memarian, M. Javahery, J. Chin. Chem. Soc. 53 (2006)
511; q) S. Paul, S. Sharma, M. Gupta, R. Gupta, D.
Choudhary, Bull. Korean Chem. Soc. 28 (2007) 2; r) C.
Xiao-Hua, Y. Hai-Jun, Z. Guo-Lin, Can. J. Chem. 83
(2005) 273; s) M.M. Hashemi, Y. Ahmadi, H. Ghafuri,
Monatshefte fur Chemie. 134 (2003) 107.



[12]

[13]

[14]

Shahabi et al.

M. Balogh, I. Hermecz, Z. Meszaros, P. Laszlo, Helv.
Chim. Acta 67 (1984) 2270.

W.J. Craig, Applications of Hydrogen Peroxide and
Derivatives, The Royal Society of Chemistry, Thomas
Graham House, Science Park, Milton Road Cambridge
CB4 OWF, UK, 1999.

a) M.M. Hashemi, Y. Ahmadibeni, H. Ghafuri,
Monatsh. Chem. 134 (2003) 107; b) A.R. Momeni, H.
Aliyan, H. Mombeini, Z. Naturforsch, Chem. Sci. 61
(2006) 331; ¢) M.F. Litvic, M. Litvic, V. Vinkovic,

[15]

[16]

Tetrahedron 64 (2008) 5649.

a) A.A. Jafari, F. Moradgholi, F. Tamaddon, Eur. J. Org.
Chem. (2009) 12495; b) A.A. Jafari, F. Moradgholi, F.
Tamaddon, J. Iran. Chem. Soc. 6 (2009) 588; c) H.
Firouzabadi, N. Iranpoor, A.A. Jafari, Adv. Synth. Catal.
347 (2005) 655; d) H. Firouzabadi, N. Iranpoor, A.A.
Jafari, Adv. Synth. Catal. 348 (2006) 434.

F. Tamaddon, Z. Razmi, A.A. Jafari, Tetrahedron Lett.
51(2010) 1187.

1057



