Tetrahedron Letters 51 (2010) 3859-3861

journal homepage: www.elsevier.com/locate/tetlet

Contents lists available at ScienceDirect

Tetrahedron Letters

Oxidative aromatization of Hantzsch 1,4-dihydropyridines by sodium chlorite

Xiali Liao®P, Wenbin Lin?, Jun Lu? Chun Wang **

2 Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu 610041, China
b Graduate School of the Chinese Academy of Sciences, Beijing 100039, China

ARTICLE INFO ABSTRACT

Article history:

Received 27 April 2010
Revised 19 May 2010
Accepted 21 May 2010
Available online 25 May 2010

Hantzsch 1,4-dihydropyridines were converted to the corresponding pyridines efficiently by sodium
chlorite under mild conditions in excellent yields.
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1. Introduction

Hantzsch 1,4-dihydropyridines (1,4-DHPs) are important car-
diovascular drugs due to their calcium antagonistic effect.! The
oxidation of 1,4-DHPs into the corresponding pyridines is one of
the main metabolic pathways of these drugs. This process is cata-
lyzed by the cytochrome P450 (CYP) 3A4 isoform.? In addition, 1,4-
DHPs were also used in modeling the coenzymes NADH in its bio-
logical redox processes.> In order to understand these biological
systems, as well as to develop new methods for preparing poly-
substituted pyridines, considerable attention has been paid to the
oxidative aromatization of 1,4-DHPs. However, most reported
methods involved strong oxidants, such as HNOs;* KMnO,,’®
CAN,® and PCC.” Alternative efforts have been made to electro-
chemical oxidation and catalytic aerobic oxidation using RuCls,
Pd/C, or activated carbon as catalysts.3~!! These processes still exist
with at least one of the following drawbacks, such as long reaction
time, only modest yields, harsh reaction conditions, expensive or
toxic reagents, inconvenient preparation of reagents and tedious
workup procedures. In particular, the undesirable dealkylation on
4-position or the formation of side products was detectable.!?
Therefore, development of efficient, mild, and environmentally
friendly methods for aromatization of 1,4-DHPs are still desirable.

Sodium chlorite (NaClO,) is a relatively inexpensive and green
reagent which is widely used in disinfection of drinking water.

To our knowledge, the use of sodium chlorite to oxidize 1,4-DHPs
has never been reported before. Herein, we described an efficient,
convenient, and economic method for the aromatization of 1,4-
DHPs by sodium chlorite in the presence of hydrochloric acid as
in Scheme 1.

2. Results and discussion

Diethyl 2,6-dimethyl-4-phenyl-1,4-dihydropyridine-3,5-dicar-
boxylate 1a was chosen as the model compound to establish a gen-
eral procedure for the reaction. A series of solvent systems were
screened with 1.0 equiv of NaClO, at 20 °C (Table 1, entries 1-6).
Presumably, the oxidation was conducted by chlorine dioxide
(Cl0O,) which can be readily generated from hydrochloric acid-acti-
vated NaClO,,'3 the reaction was designed to run under acidic con-
ditions. The reactions in THF, CH,Cl,, Et;0, and EtOH all proceeded
smoothly to give modest to excellent yields when concd HCI
(12 M) was added. Nonetheless, the use of CH3COOH without HCI
dramatically decreased the yield (Table 1, entry 5), and the use
of water could not afford any product even in the presence of
HCI (Table 1, entry 6). Mixed solvents, EtOH/H,O (1:1) gave an
excellent yield (up to 92%) (Table 1, entry 7). In terms of oxidant
loading, 1.5 equiv of NaClO, gave the best yield in much shorter
time (Table 1, entry 8).
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Scheme 1. Oxidative aromatization of 1,4-DHPs by sodium chlorite.
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Table 1
Oxidative aromatization of 1a under different conditions

X. Liao et al./ Tetrahedron Letters 51 (2010) 3859-3861

(0] (0]
HsPh NaClO,, HCI (con.) P!
a 2, con.
EtO | | OEt EtO | X OEt
Solvent, time, 20°C _
N N
1a 2a
Entry? Solvent Oxidant loading (equiv) Time (min) Yield? (%)
1 THF® 1.0 90 85
2 CH,Cl,° 1.0 90 93
3 Et,0° 1.0 90 94
4 EtOH 1.0 90 75
5 CH3COOH¢ 1.0 90 33
6 H,0" 1.0 120 n.r.
7 EtOH/H,0 (1:1) 1.0 90 92
8 EtOH/H,0 (1:1) 1.5 20 96
9 EtOH/H,0 (1:1) 2.0 15 95
10 EtOH/H,0 (1:1)° 2.0 360 n.r.t

Reaction conditions: 1,4-DHP (1 mmol), NaClO, (designed amount), solvent (5 mL), concd HCI (12 M, 0.2 mL), 20 °C.

a
> 0.1 equiv of n-BuyN*Br~ was added.
¢ No concd HCI was added.
9 Isolated yields.

€ No reaction.

Table 2

Aromatization of 4-substituted 1,4-DHPs?
Substrate R Yield of 2° (%) Mp (°C)  Ref. mp (°C)
1a Ph 96 60-61 62-63'°
1b H 99 71-72 69-70'°
1c Me 97 0il Liquid'?®
1d 4-HO-CgH, 92 172-173  171'®
1e 4-MeO-CgHy4 89 49-50 51-53'6
1f 4-0,N-CgH,4 94 115-116  114-115'¢
1g 2-0,N-CgH, 95 77-78 74-76'7
1h 4-F-CgH,4 98 90-92 88-90'°
1i 4-Cl-CgHy4 95 64-65 64-66'%
1j 3-Me0-4-HO-CgHy 97 159-160  159-160'°
1k 3-HO-4-MeO-CgHy 99 140-141  140-142'¢
11 3,4-Cl,-CgHy 95 63-65 66-68%°
1m 3,4,5-(Me0);-CgHy 917! 107-108  no ref.
1n 2-Furyl 95 oil oil'®

@ Reaction conditions: 1,4-DHP (1 mmol), NaClO, (1.5 mmol),
concd HCI (12 M, 0.2 mL), 20 °C, 30 min.

b Isolated yields, and all compounds were characterized by spectroscopic tech-
niques and the data were compared with those reported (except 1m).

solvent (5 mL),

To investigate the scope of the reaction, a series of 1,4-DHPs 1
were prepared with a modified Hantzsch reaction procedure,!*
and each was converted to the corresponding pyridine derivative

2 by the general procedure (see below). The results are summa-
rized in Table 2. Despite varying the substituents with electron-
withdrawing or electron-donating groups, and bulky or small
groups, the yields fell between 89% and 99%. The considerably close
yields revealed that both electronic and steric nature of the substit-
uents on 4-position had no significant influence on the reaction.
It was well known that the reaction between sodium chlorite
and hydrochloric acid generated chlorine dioxide (ClO,, Eq. 1)
and the reaction was catalyzed by chlorine.?? Furthermore, ClO,
can oxidize organic species with the formation of a chlorite ion
(Cl0,).% The fact that the reaction yielded undetectable product
without the addition of hydrochloric acid (Table 1, entry 10) sug-
gested that ClO, played a significant role in the aromatization pro-
cess. Based on our experimental observations, an electron transfer
mechanism promoted by ClO, is proposed as in Scheme 2.

5NacClO, + 4HCI — 5NaCl + 4Cl0, + 2H,0 (1)

As demonstrated in Scheme 2, the oxidation of 1,4-DHPs was
initiated by ClO,-promoted single electron transfer to produce
radical cation A and (ClO, ). This was followed by a proton loss
from 4-position to afford radical B. Further oxidation of radical
B by another molecule of ClO; resulted in the protonated pyridine
C. The aromatization was accomplished by the loss of a proton
from C.
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Scheme 2. Proposed mechanism for the aromatization process.
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In summary, we have developed an efficient, convenient, and
environmentally benign protocol for the aromatization of various
1,4-DHPs in very good yields under mild conditions.

3. Experimental
3.1. General procedure for the aromatization of 1,4-DHPs

To a stirred solution of 1,4-DHP (1 mmol) and NaClO,
(1.5 mmol) in EtOH/H,0 (1:1) (5 mL), HCl (concd) (12 M, 0.2 mL)
was added dropwise. The mixture was allowed to stir at 20 °C for
specified time (Table 1). The progress of the reaction was moni-
tored by TLC. Upon completion of the reaction, the mixture was
concentrated under reduced pressure. The residue was diluted
with 10% NaHCOs; (5 mL) and extracted with EtOAc. The organic
layer was washed with iced water and brine, dried over anhydrous
Na,S0,, filtered and evaporated to dryness. The crude products
were crystallized from EtOH or EtOH/H,O or chromatographed
on silica gel column to give pure products.
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