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Abstract: Silica chromate easily converts 1,4-dihydropyridines to their corresponding
pyridines in the presence of NaHSO, - H,O and wet SiO, in dichloromethane at room
temperature in good to excellent yields.
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Hantzsch 1,4-dihydropyridines, a class of model compounds of nicotine amid
adenine dinucleotide (NADH) coenzyme, have been extensively studied in
view of the biological pertinence of these compounds to the NADH redox
process."'?! They process neuroprotective, platet anti-aggregration, and anti-
diabetic activities.”) Some representative, such as nifedipine, niguldipine,
nicardipine, and amlodipine, are widely used for treatment of hypertension.'*’
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Hantzsch 1,4-dihydropyridines are easily prepared from the Hantzsch reaction
or its modifications."” =3 In recent years, it was found that drugs such as nifedi-
pine and niguldipine undergo redox processes due to the catalysis of cytochrome
P-450 in the liver during their metabolism.! Therefore, the oxidation of 1,4-
dihydropyridines has attracted considerable attention. Several oxidation
reagents have been reported for the oxidation of 1,4-dihydropyridines, such
as isoxazolones,[laj SeOz,l3 Head av) tetraacetate,l4J FeCls/ KMnO4,[9J triazo-
linediones,'”! ferric or cupric nitrates on a solid support (clayfen or claycop),
ceric ammonium nitrate, clay-supported cupric nitrate accompanied by ultra-
sound-promotion NO gas,[”] Pd/C,[lz] O, /activated carbon,m] manganese
dioxide or DDQ, nitric oxide, bismuth nitrate pentahydrate, pyridinum
chloro chromate (PCC), tetrakis-pyridine cobalt(Il) dicromate (TPCD), nicoti-
nium dichromate,“‘” the N,O4 complex of 18—cr0wn-6,[15] S-nitroso-
gluthathione, diphenylpicrylhydrazyl and benzoyl peroxide as free-radical
oxidizing agents, KMnQO,, CrO;, HNOj;, HNO,, fert-butylhydroperoxide,
silica-gel-supported ferric nitrate (silfen), N,O3;, MCl,/NaNO,/wet SiO,
and silica chloride/NaNO, wet SiOz,”‘ﬂ photochemical and voltammetric
oxidation,'”! H,0, / Co(OAc),, 1 NaHSO,/Na,Cr,0;/wet Si0,,"! peroxy-
disulfate—cobalt(II),[20] Zr(NO3)4,[2” hypervalent iodine reagents,[22] Co(II)-
catalyzed auto oxidation,”®! inorganic acidic salts and sodium nitrite or
nitrate,’**~2% 1,-MeOH and L,-ultrasound,”’ KBrO; / MCl,,B% (n-Bu)410,/
[Mn(TPP)Cl],m] and heteropolyacid/NaNO,/wet SiOz.m'

Our goal in undertaking this line of work was twofold: (i) to overcome the
limitations and drawbacks of the reported methods such as tedious workup,
acidic media, and safety problems, and moreover (ii) to develop a high-
yielding conversion of 1,4-dihydropyridines to their corresponding pyridines
by using a novel synthetic silica-based oxidant.

In continuation of our studies on the synthesis of new inorganic
silica-based resins,[33] we found that silica gel reacts with dichloro
chromium oxide to give silica chromate (I). It is interesting to note that the
reaction is easy and clean without any workup procedure because HCI gas
is evolved from the reaction vessel immediately (Scheme 1).24 Here, we
report a simple, cheap, and mild method for the effective oxidation of
1,4-dihydropyridines using silica chromate I in the presence of
NaHSO, - H,O and wet SiO, in dichloromethane at room temperature.

o) 0
I I
2181 —_ — 3 — v = o)
_ OH + Cl ﬁr Cl—-— 0 C”1 o) +_HCH
0 0
1

Scheme 1.
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A good range of dihydropyridines (1) was subjected to the oxidation
reaction in the presence of silica chromate I, NaHSO, - H,O, and wet SiO,
(50% w/w) in dichloromethane (Scheme 2). The oxidation reactions were
performed under mild and completely heterogeneous conditions at room
temperature and took place with good to excellent yields. The reaction was
mild and the workup was straightforward, requiring simple filtration of the
silica-based reagents. Highly pure pyridine derivatives 2 could be obtained
by passing the filtrate through a short pad of silica gel and evaporation of
the solvent. The results and reaction conditions are give in Table 1. The

R2
R' [0,si]-0- Cr-O-m R! R!

Na Hg04 7O/Wet S10' H C N CH;

T CH,CI, 1t
H
1 2
Scheme 2.
1,2 R’ R?
a COOEt H
b COOEt Me
c COOEt Et
d COOEt n-Pr
e COOEt Ph
f COOEt 2-Thienyl
g COOEt 2-Furyl
h COOEt 3-NO,-CgHy-
i COOEt 4-NO,-CgHy-
j COOEt 4-Br-C¢Hy-
k COOMe Me
1 COOMe Et
m COOMe n-Pr
n COOMe Ph
o COOMe 2-Thienyl
p COOMe 2-Furyl
q COOMe 3—N02—C6H4-
r COOMe 4- NO,-CgHy-
S COOMe 2-Br-CgHy-
t COOMe 4—Br—C6H4—
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Table 1. Oxidation of 1.4-dihydropyridines (1) to their corresponding pyridine
derivatives (2) with a combination of silica chromate (I), NaHSO, - H,O (II), and
wet SiO, (50% w/w) in dichloromethane at room temperature

Reagents/
substrate”
Time Yield”

Entry Substrate Product | 11 (min) (%)

1 1a 2a 1.05 7 20 76

2 1b 2b 1.125 7.5 35 98

3 1c 2¢ 1.05 7 50 97

4 1d 2d 1.05 7 35 85

5 le 2e 1.125 7.5 150 88

6 1f 2f 1.2 8 75 97

7 1g 2¢g 1.2 8 100 95

8 1h 2h 1.2 8 65 91

9 1i 2i 1.2 8 60 98
10 1j 2j 1.05 7 50 89
11 1k 2k 1.125 7.5 45 80
12 11 21 1.05 7 40 83
13 1m 2m 1.05 7 75 91
14 In 2n 1.125 7.5 125 90
15 1o 20 1.2 8 90 83
16 1p 2p 1.2 8 60 91
17 1q 2q 1.2 8 100 94
18 1r 2r 1.2 8 105 92
19 1s 2s 1.05 7 50 85
20 1t 2t 1.05 7 120 91

“Wet SiO,:substrate (0.3 g:1 mmol); I and II refer to gram of the silica chromate and
mmol of NaHSO, - H,O respectively.
bIsolated yields.

pyridine derivatives were characterized by comparison of their spectral (IR,
"H NMR) and physical data with the authentic samples (Table 1).

The application of silica-gel-supported chromium trioxide in the aroma-
tization of 1,4-dihydropyridines has already been reported.*>! To the best of
our knowledge, silica chromate is the first example of silica-chromium-
based oxidant with covalent linkages (silica vulcanized with CrO,
linkages)."** Thus, we hoped that the silica chromate I would be superior to
the previously reported chromium-based oxidants™®~*!! because (i) toxic
chromium cations could be collected from the reaction mixture easily, (ii)
workup is very simple and pure products are obtained solely by filtration
and removing of solvent, and (iii) there is no need for any chelating agents
such as pyridine in pyridinium chlorochromate (PCC).*"! Moreover, in
older procedures, isolation of the oxidation products from reaction mixture
and chelating agents such as pyridine in PCC was difficult.!*¢*!)
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In conclusion, the low cost and the availability of the reagents, easy and
clean workup, and high yields make this method attractive for chemists. We
believe that the present methodology could be an important addition to
the existing methodologies.

EXPERIMENTAL
General

Chemicals were purchased from Fluka, Merck, and Aldrich chemical
companies. The pyridine derivatives were characterized by comparison of
their spectral (IR, '"H NMR) and physical data with those of the authentic
samples.!"**! All Hantzsch 1,4-dihydropyridines were easily prepared by
our recent published procedure.'!

Preparation of Silica Chromate

A 500-mL suction flask was equipped with a constant-pressure dropping
funnel containing dichloro chromium oxide (23.2 g, 0.15 mol) and gas inlet
tube for conducting HCI gas over an adsorbing solution (i.e., water). Silica
gel (100 g) was charged into the flask. Dichloro chromium oxide was added
dropwise over a period of 20 min at room temperature. HCl gas evolved
from the reaction vessel immediately (Scheme 1). After the addition was
complete, the mixture was shaken for 90 min. A brown solid (silica
chromate) was obtained quantitatively.**!

General Procedure for the Oxidation of 1,4-Dihydropyridines

A suspension of compound 1, silica chromate, and wet SiO, [(50% w/w)] in
CH,Cl, (10 mL) was stirred at room temperature for a specific time (molar
ratio of reagents and needed reactions times indicated in Table 1). The
progress of the reaction was monitored by thin-layer chromatography
(TLC). After disappearing the spot of starting material 1 on TLC, the
reaction mixture was filtered off. The residue was washed with CH,Cl,
(2 x 10 mL). Anhydrous Na,SO, (1 g) was added to the filtrate and filtered
off after 20 min. Dichloromethane was removed, and product 2 was obtained.
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