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A new approach utilizing graphite oxide as an oxidizing agent is applied for the oxidative aromatization
of 1,4-dihydropyridines. Graphite oxide efficiently aromatized Hantzsch 1,4-dihydropyridines into their
corresponding pyridine derivatives in excellent yields. The reaction was carried out in toluene at 100 �C.
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Due to their low cost and wide variety of reasonably well-
defined physicochemical properties and morphologies, carbon-
based materials are desirable catalytic agents. However, little
systematic attention has been given to their use and behavior as
catalysts. Carbon-based materials catalyze a variety of reactions
in solution.1 Medina et al. reported that carbon samples (carbon
black, activated carbon, non-activated charcoal, and graphite)
catalyzed nitrobenzene reduction with hydrazine.2 Carbon nano-
tubes have been shown to dehydrogenate n-butane,3 while C60

has successfully been used to catalyze the hydrogenation of nitro-
benzene.4 Graphite oxide (GO) and other chemically modified
graphene-based materials (CMGs) have not been explored exten-
sively as catalysts for facilitating synthetically useful transforma-
tions. In a recent patent, Lizhu et al. investigated the reduction of
graphite oxide to graphene using 1,4-dihydropyridines as hydro-
gen donors.5 GO impregnated with palladium nanoparticles dis-
played very high turnover frequencies in Suzuki–Miyaura
coupling reactions.6 More recently, GO was applied for the oxida-
tion of alcohols and alkenes, and the hydration of various alkynes
into their respective aldehydes and ketones in good to excellent
yields. The reactions proceed under relatively mild conditions
and simple filtration was shown to be a convenient and effective
method for catalyst recovery.7

The pyridine nucleus is of substantial significance as it is the key
component in a variety of bioactive compounds, both naturally
occurring and synthetic.8 Thus, the synthesis of highly substituted
ll rights reserved.
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pyridines has attracted much attention, and a number of proce-
dures have been developed.9 Among these, a very convenient ap-
proach which attracted our attention was the oxidative
aromatization of 1,4-dihydropyridines (1,4-DHPs). These com-
pounds generally undergo oxidative metabolism in the liver by
the action of cytochrome P450 to form the corresponding pyridine
derivatives.10 A variety of reagents and methods such as tetrakis-
(pyridine)cobalt(II) dichromate,11 electrochemical catalysis,12

peroxydisulfate-Co(II),13 H6PMo9V3O40,14 MnO2,15 silica modified
sulfuric acid/NaNO2,16 and silica chromate17 have been utilized
for this oxidative conversion.

Herein, we report on the use of graphite oxide (GO), a readily
available and inexpensive material, as a mild and efficient agent
for the oxidative aromatization of Hantzsch 1,4-dihydropyridines
(Schemes 1 and 2).

The synthesis of graphite oxide typically involves the oxidation
of graphite using a modified Hummers method.18 The relatively
R= Ph, p-Me-C6H4, p-Br-C6H4, m-HO-C6H4, p-O2N-C6H4

Scheme 1. Graphite oxide mediated oxidative aromatization of symmetrical 1,4-
dihydropyridines.
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Scheme 2. Graphite oxide mediated oxidative aromatization of unsymmetrical 1,4-
dihydropyridines.

Table 2
Synthesis of pyridine derivatives

Entry R or R0 Producta Yield (%)b Mp (�C)

Found Reported

1 C6H4 2a 93 136 136–13824

2 p-Me-C6H4 2b 90 137–138 137–13825

3 p-Br-C6H4 2c17 96 139 136–14017

4 m-HO-C6H4 2d 92 191–192 —
5 p-O2N-C6H4 2e 95 148 14826

6 p-Cl-C6H4 2f 91 151–152 —
7 p-HO-C6H4 2gc 94 134–135 —
8 p-MeO-C6H4 2h27 95 196–198 15327

9 p-HO-m-EtO-C6H3 2ic 92 121–122 —

a All products were characterized by 1H NMR and mass spectrometry.28

b Isolated yields.
c When the 1,4-dihydropyridine was not completely soluble in toluene, one drop

of DMF was added.
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harsh conditions used in this synthetic protocol introduce a variety
of oxygen-containing functionalities (e.g., alcohols, epoxides, and
carboxylates) into the material. As a result, GO is slightly acidic19

and has long been recognized as having strong oxidizing
properties.20

The GO used in this work was synthesized according to a mod-
ified Hummers method.21,22 The prepared GO was characterized
using powder XRD, and UV, and FT-IR spectroscopy to establish
its authenticity.23

In a typical experimental procedure, a solution of 1,4-dihydro-
pyridine 1a (1 mmol) in CHCl3 as solvent was heated under reflux
for six hours in the presence of graphite oxide (200 wt %). Under
these conditions, dimethyl 2,6-dimethyl-4-phenylpyridine-3,5-
dicarboxylate (2a) was obtained in 32% yield (entry 1, Table 1). It
should be noted that increasing the oxidant concentration from
200 to 300 wt % had a negligible effect on the yield of the corre-
sponding pyridine 2a in CHCl3 (entry 2, Table 1). Performing the
reaction in the absence of solvent at 100 �C gave the corresponding
pyridine in a high 75% yield (entry 3, Table 1). A high yield was ob-
tained when CHCl3 was replaced by toluene as the solvent. Indeed,
the reaction of 1 equiv of 1,4-dihydropyridine 1a in the presence of
200 wt % GO in toluene at 100 �C gave the corresponding pyridine
2a in 93% yield after three hours (entry 4, Table 1).

In a similar fashion, various symmetrical and unsymmetrical
1,4-dihydropyridines 1a–e and 1f–i reacted smoothly with GO
under similar reaction conditions to give the corresponding sym-
metrical pyridines 2a–e and unsymmetrical pyridine derivatives
2f–i, respectively, in 90–96% yields (Schemes 1 and 2). The results
are summarized in Table 2. Symmetrical and unsymmetrical 1,4-
dihydropyridines containing electron-withdrawing or electron-
donating groups on the 4-aryl substituent gave the corresponding
pyridine derivatives in excellent yields.

The results obtained using GO as the oxidizing agent are compa-
rable to those previously reported using other oxidants, but with
several advantages including short reaction times, high yields,
and avoidance of the use of toxic transition metals. Furthermore,
GO is easily synthesized from inexpensive and readily available
graphite. The utility of this methodology should make this simple
technique an attractive addition to the range of procedures already
known for this transformation.11–17

We also investigated the reusability of the oxidizing agent. After
completion of the reaction, the solvent was evaporated, methylene
Table 1
Effect of the solvent and temperature on the oxidative aromatization of dimethyl 2,6-
dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicarboxylate (1a)

Entry GO (wt %) Solvent Time (h) Yielda (%)

1 200 CHCl3 (reflux) 6 32
2 300 CHCl3 (reflux) 6 40
3 200 Solvent-freeb (100 �C) 7 75
4 200 Toluene (100 �C) 3 93

a Isolated yield.
b 1,4-Dihydropyridine 1a was dissolved in CHCl3 and added to GO; the solvent

was evaporated from the mixture which was then heated at 100 �C.
chloride was added and the mixture was filtered through a sin-
tered funnel. GO is insoluble in methylene chloride and could be
removed by filtration. The dried recycled oxidant was used three
times in consecutive reactions of 1a with only a 20% loss in the
yield, compared to the original experiment, for each run.

In conclusion, we have developed a novel method using graph-
ite oxide, a cheap and easily available material, for the oxidative
aromatization of symmetrical and unsymmetrical 1,4-dihydropyr-
idine derivatives. The reaction is carried out at 100 �C and affords
excellent yields of products in short reaction times. The present
method has many advantages, including simplicity and generality.
Graphite oxide was synthesized from inexpensive graphite using
readily available reagents. Further investigations using graphite
oxide for other chemical transformations are currently in progress.
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H, 6.06; N, 3.68.
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