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Abstract: Silver salts such as silver nitrate and silver oxide have been found to promote
oxidative aromatization of various 1, 4-dihydropyridines to their corresponding pyridine
derivatives by iodine monochloride under heterogeneous conditions in dichloromethane at
room temperature. Silver oxide in comparison to silver nitrate promoted the oxidation to
completion without any by-products in shorter reaction times and cleaner conditions. The
products were separated by simple filtration of reaction mixture and evaporating of solvent
and identified by physical and spectral data.

Introduction

Dihydropyridine derivatives first synthesized almost at 1882 when Arthur Hantzsch via a
three-component reaction of a B-ketoester with an aldehyde and ammonia (1). Much attention
and research activities have been devoted recently to the chemistry and biology of the
Hantzsch dihydropyridine derivatives because of their wide utilities in different scientific
branches such as synthesis of pyridine derivatives (2), serving as effective redox catalysts, as
NADH coenzyme mimics and effective calcium channel antagonist with as exemplified by
therapeutic agents such as Nifedipine, Nitrendipine, Nimoldipine Amoldipine (2c). The 1, 4-
dihydropyridine based drugs are oxidatively transformed into the related pyridines by the
action of cythocrome P-450 in the liver (3). Furthermore the aromatization of readily
accessible 1, 4 —dihydropyridines is known as the easiest method to obtain pyridine
derivatives. It is evident that the aromatization of 1,4-dihydropyridines has been obtained by
using various oxidants such as bismuth nitrate pentahydrate(4-7), tetrakis-pyridine cobalt (II)
dichromate (TPCD) (5-8), S-nitrosoglutathione(6-9), N,O4 complex of 18-crown-6 (7-10) ,
diphenylpicryl- hydrazyl and benzoyl peroxide as free radical oxidizing agents (8-11),
Cr03(9-12), HNO;(10-13), silica gel supported ferric nitrate (silfen)(11-14), N;O3(12-15),
photochemical oxidation(13-16), inorganic acidic salts/ sodium nitrite or nitrate and catalytic
oxidation (14-16-17-19), Dess-Martin periodinane(17-20), silver carbonate on silica gel and
celite(18-21), microwave-assisted with FeCl;.Si0, (19-22), bismuth(IIl) chloride supported
onto wet HZSM-5 zeolite(20-23), selenium dioxide(21-24), iodobenzene diacetate(22-25),
iodoxy benzoic acid (IBA)(23-26), iodine/alkali hydroxide(24-27), the one-pot synthesis and
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aromatization in refluxing water(25-28), Co(Il) catalyzed auto oxidation(2c) and biomimetic
catalyzed oxidation(26-30).

However many of these methods suffer from disadvantages such as long reaction times, strong
oxidant like CrO; and HNO; and require drastic reaction condition or the need of excess
oxidant. Therefore this type of aromatization continues to attract the attention of researcher for
the introducing of milder conditions applicable to a wide variety of 1, 4-dihydropyridines. In the
course of our studies on the oxidation process (27), we planned to investigate the oxidation of 1,
4-dihydropyridines imploying silver salts/ ICl. Iodine monochloride that is a good iodinating
reagent, have two crystalline forms « and B. In both structure, there are non-planner chains of
ICl molecules in zig-zag formation[] Herein, we would like to report a mild, facile and efficient
method for the aromatization of various types of 4- substituted 1,4- dihydropyridines with ICI in
the presence of silver salts as promoting agent.

Experimental

Chemicals and Apparatus

Chemicals were purchased from Merck, Fluka, and Aldrich. The reactions were monitored by
TLC. The products were isolated and identified by comparison of their physical and spectral
data with those reported in the literature [14-16]. All 1,4- dihydropyridines 1 were synthesized
by the reported procedure.® IR spectra were recorded on FT-IR JASCO- 680 and the 'H-
NMR spectra were obtained on a Brucker-instrument DPX-300 MHz model.

Typical experimental procedure

To a solution of 1 mmol (0.359 g) 1i in 8 mL dichloromethane, 1.5 mmol Ag,O (0.324 g) and
1.5 mmol IC1 (0.381 g) were added. The heterogeneous reaction mixture was stirred at room
temperature. The reaction completed as monitored by TLC (n-hexane: ethyl acetate 15:5) after
30min. The reaction mixture containing AgCl and Agl as precipitates was filtered. To the
filtrate, diluted aq. 5% Na;S;0;, SmL water and dried Na,SO4 were added and after 10 min
the mixture was filtered. Dichloromethane removed by water bath (40-50°C) and 2i as a pale
yellow solid 0.32 g (90%) was obtained, mp 70-72 °C [Lit.22 mp 71-72°C]. 'HNMR (CDCI3),
d(ppm): 0.94-0.05 (t, 6H), 4.00-4.06 (q, 4H), 2.71 (s, 6H), 2.39 (s, 3H), 7.15-7.19 (m, 4H);
IR(KBr): 2980, 1726, 1557, 1446, 1239, 1033, 821, 856, 775 cm™.

Results and Discussion

Several 1, 4-dihydropyridines were aromatized to the corresponding pyridine derivatives in
good to excellent yields by treatment with silver salts/ IC1 in dichloromethane at room

temperature (Scheme 1).

290



Montazerozohori et al. Heterocyclic Communications

H R R H
E100C COOE! " Et00C
. jl\)j\/ Silver salts / ICI ﬁcme' Emjl\)j\/”“'
+
—
Me” “N” “Me CH,CL,, RT Me Me” “N” “Me
H

Me N

2 3
1

Scheme-1
For the optimization of the reaction conditions, the several control experiments were designed
based on 1, 4-dihydropyridine 3a and 8a as a typical substrate. Firstly the oxidation reaction
was done by using of ICI in dichloromethane with ratio of 1:2 of substrate: IC1. The conversion
was completed within 4-5 h to obtain corresponding pyridines (60-70%) as well as two or more
unidentified by-products (30-40%). Secondly the oxidation reactions were performed in the
presence of silver salts such as AgNO; and Ag,O with ratio of 1:2 of substrate: silver salts. A
very little progress of the aromatization was observed after 10 h. Finally the aromatization
reactions were done in the presence of silver salts (AgNO; or Ag,0)/ IC1 with ratio 2(1): 2: 1 of
AgNO; (Ag,0): ICI: substrate. It was of interest to observe that the reaction rates and yields are
dramatically increased while by-products decreased. Both silver nitrate and silver oxide were
effective in accelerating the oxidation by iodine monochloride. Among the two silver salts
studied, silver oxide was found to be more efficient as well as less by-products in this
formation. It seems with using silver nitrate, after conversion of 1, 4- dihydropyridines to
pyridine derivatives, the nitrated side products are generally formed that it is not observed when
silver oxide is used. Therefore all of the reactions were done with Ag,0O/ Iodine monochloride.

The results were summarized in the Table 1.

Table-1: Oxidative aromatization of 1, 4-dihydropyridines (1) to their corresponding pyridine derivatives
(2 or 3) with Ag;0/ Iodine monochloride in dichloromethane at room temperature.

Entry Substrate (R) Product® | Time (Min) | Yield ¢ (%) | M.p.(°C)[Lit.]

1 la (H) 3 30 92 70-72[71-72) '* >4

2 1b (Me) 2b 40 90 oil [oil) "'

3 Ic (n-Pr) 2¢c 50 9] 0oil [Oil) '*'®

4 1d (Ph) 2d 40 88 61-63[63-65] ' '

5 le(i-Pr) 3 35 91 68-70[68-69] ' 15

6 1f(Ph-CH,) 4 45 93 67-69[67-68] '* '~

7 Ig (3-NO,-CeH,) 2g 50 86 62-64[61-62) '*'**

8 1h(2-MeO-CH.,) 2h 35 90 57-59[57-58] °

9 1i (4-MeO-CgH.) 2i 45 92 49-52[50-51] "% 1% #

10 1j (4-C1-C¢H.) 2j 60 90 65-66[63-65] '* >

11 1k (2-Furyl) 2k 20 92 Oil [Oil] * ™®

12 11 (2-C1-C¢H,) 21 40 85 58-60[61-62]'*'> *

13 1m(Me-CH=CH) 2m 60 90 160-161[159-160]'*'#
14 1n (4-F-C¢H,) 2n 50 85 87-88[88-90] '* 1>

15 lo (4-HO-C¢H.) 20 40 80 170-172[172-173)"*"% %

* The product were identified by comparison with those reported in the literatures.

® Isolated yields. °1.5 mmol Ag,O(I): 1.5 mmol Iodine monochloride : 1 mmol substrate.
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Also it was observed that the oxidation of 1, the Entries 5, 6 bearing alkyl substituents at the
4-position leads only to dealkylated pyridine derivatives (3). This is in agreement with the
observation made by the others employing different oxidative conditions (4-26). This fact can
be related to alkyl moiety that may be responsible for generating stable carbocations during
the progress of the reaction via aromatization. However, aryl substituted-1, 4-
dihydropyridines 1 (Entries 4, 7-12 and 14-15) and vinyl substituted (Entry 13) furnished the
corresponding pyridine derivatives 2 (Table 1). It is to say that mafly reported oxidative
reagents for the aromatization of 1, 4- dihydropyridines 1 need acidic media that it may lead
to hydrolysis of the susceptible functional groups. Since this system acts in neutral medium,
hydrolysis of any group in the case of 1, 4- dihydropyridines 1 bearing susceptible substituent
(COOE) did not occur. Also Silver salt /ICl has been reported to be used for the iodination
but in this reaction iodinated pyridine derivatives were not observed. Therefore this system
behaves chemo selectively only on the nitrogen site of 1, 4- dihydropyridines to oxidize it to
the pyridine derivatives under controlled condition. It is to be noted in all of the reactions
black silver (I) oxide or silver nitrate were converted to yellowish-white precipitate containing
mixture of AgCl and Agl.

With a literature survey we found that HgO/ I, reagent (28) is similar to this system and has
been used for the oxidation of various organic substrates under heterogeneous conditions.
Based on the evidences from the reaction and previous suggestions on such a system as
shown in Scheme 2, our rationale about of the proposed mechanism includes coordination
interaction of iodine monochloride to 1-NH of 1,4- dihydropyridines. Then silver oxide enters
into the reaction to accept chloride ion to produce AgCl and AgOH. Then continuation of
interaction of Ag-center (AgOH) with bounded-iodine (N-I) or proton abstraction by it runs
deprotonation or dealkylation at the 4- position of 1, 4- dihydropyridines to generate the

pyridine derivatives (2 or 3).
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Although other iodine compounds specially hypervalent iodine such as iodobenzene diacetate
(22), iodoxy benzoic acid (23), have been reported for the aromatization of the titled
compounds with the same yields but it must be considered that they are more serious oxidant
than iodine monochloride due to higher oxidation number of iodine therein. Therefore it
seems that current reaction is milder and under heterogeneous neutral conditions that leads to
easily work up.

Conclusion

We think that Ag,O/ICl is a good neutral reagent due to efficiency, convenient work—up of
products, available, clean reactions, suitable times and high yields of reactions. In this paper
we reported a convenient, efficient and practical method for the oxidative aromatization of 1,
4- dihydropyridines 1 to the pyridine derivatives 2 or 3, under mild and heterogeneous
conditions.
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