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LiBr as an Efficient Catalyst for One-pot Synthesis of Hantzsch
1,4-Dihydropyridines under Mild Conditions
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A simple, inexpensive and efficient one-pot synthesis of 1,4-dihydropyridines has been accomplished via lith-
ium bromide-catalyzed Hantzsch three-component condensation reaction of an aldehyde, a,5-ketoester and ammo-
nium acetate in acetonitrile at room temperature in good to excellent yields. The present protocol is applicable to
wide range of substratesincluding aliphatic, aromatic and heterocyclic aldehydes affording 1,4-dihydropyridines.
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Introduction

Multicomponent reactions (MCRs) are one-pot
processes that combine three or more substrates simul-
taneously. Such processes are of great interest in diver-
sity-oriented synthesis, especially to generate compound
libraries  for  screening  purposes. Hantzsch
1,4-dihydropyridines (1,4-DHPs) and their derivatives
have gained considerable importance in the field of or-
ganic and medicinal chemistry since they display a fas-
cinating array of pharmacological properties.”® The
1,4-dihydropyridine skeleton is common in many drugs
such as nifedipine, nicardipine, amlodipine and others,
which have been found to be useful as calcium channel
blockers,® and are used most frequently as cardiovascu-
lar agents for the treatment of hypertension (Figure 1).”

Nicardipine

Figurel Examplesof 1,4-DHPsin clinical use.
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Moreover, studies have discovered that 1,4-DHPs
exhibit diverse medical functions such as neuroprotec-
tants, platelet antiaggregators, chemosensitizersand are
important in Alzheimer's disease as antiischaemic
agents.® Furthermore, the 1,4-dihydropyridine skeleton
is common in many vasodilator, bronchodilator, anti-
atherosclerotic, antitumour, antidiabetic, geroprotective
and hepatoprotective agents.’ Among 1,4-DHPs, there
are also examples of drug-resistance modifiers,’® anti-
oxidants' and a drug for the treatment of urinary urge
incontinence.*? Interest in 1,4-dihydropyridines is also
sustained by their structural similarity to nicotinamide
dinucleotide, a cofactor used by many reductases in
metabolism.’®** Beyond their diverse pharmaceutical
applications, Hantzsch-derived 1,4-dihydropyridines are
also useful synthetic tools as organo-reducing agents in
organic synthesis.** These examples clearly demonstrate
the remarkable potential of novel DHP derivatives as a
source of valuable drug candidates. A recent computa-
tiona analysis of the comprehensive medicinal
chemistry database found the 1,4-DHP framework to be
among the most prolific chemotypes found. Thus, the
synthesis of this heterocyclic nucleus is of continuing
interest. The success of these calcium antagonists has
led to the development of new synthetic strategies to
improve their classical methods of preparation. The
preparation of dihydropyridines was first reported by
Hantzsch via the one-pot condensation of ethyl aceto-
acetate and acetaldehyde with ammonia in refluxing
alcohol or acetic acid.™> Owing to the modest yield re-
ported, numerous improvements on this method have
been developed involving also the use of preformed
Knoevenagel adducts between aldehyde and the ke-
toester or the use of preformed enaminoesters that en-
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hance the yields of the product but lack the simplicity of
the one-pot, one-step synthesis® Other procedures
comprise the use of microwaves,"” ionic liquids,*® bo-
ronic acids,'®"® meta triflates® TMSCI-Nal,*?
CeCl3*7H,0,”® molecular iodine® ceric ammonium
nitrate, ™™ iron(l11) trifluoroacetate™® in situ generated
HCI,?*® and silica-supported acids,”® Na- and Cs-Norit
carbons,?  tetrabutylanmonium hydrogen sulfate, ™
fermenting Baker's yeast?®® and organocatalysts.> Very
recently, Debache et al. have introduced triphenyl-
phosphine as a Lewis base catalyst for one-step synthe-
sis of Hantzsch 1,4-dihydropyridines.?*

Although most of these processes offer distinct ad-
vantages, they suffer from certain drawbacks such as
high reaction temperatures, expensive metal precursors,
use of cataysts that are harmful to environment,

spending longer reaction times and unsatisfactory yields.

Thus, the development of a simple, efficient and versa-
tile method for the synthesis of 1,4-dihydropyridines
remains of interest and there is a scope for further
renovation toward milder reaction conditions and better
yields.

Considering the above vaid points and in
continuation of our effort towards the deveIoEJment of
newer and ‘greener’ synthetic methodologies,”® we set
out to find out a ssimple and improved protocol for the
preparation of 1,4-dihydropyridines using a readily
available, cheap and non-toxic catalyst. Lithium bro-
mideis a stable, relatively safe and readily available low
cost reagent having unique mild Lewis acid properties.
It has a wide variety of utility in different chemical
transformations including Biginelli condensation, Kno-
evenagel condensation, Ehrlich-Sachs reaction, Friedel-
Crafts reaction, rearrangement of epoxides and prepara-
tion of acylals and xanthenes.”® In most of these re-
ported reactions, LiBr is almost neutral®’ and also does
not form any corrosive or harsh by-products during
agueous workup, unlike strong and expensive catalysts.

Experimental

General procedure

Melting points were determined by open glass
capillary method and are uncorrected. IR spectrain KBr
were recorded on a Perkin-Elmer 993 IR spectropho-
tometer. '"H NMR spectra were recorded on a Bruker
WM-40 C (300 MHZz) FT spectrometer in CDCl3 using
TMS as internal reference. Mass spectra (MS) were re-
corded under eectron impact at 70 €V on an LC-MSD
instrument (Agilent Technologies). All chemicals used
were reagent grade and were used as received without
further purification. Silicagel-G wasfor TLC.

General procedure for the synthesis of Hantzsch
1,4-dihydropyridines

A mixture of an aldehyde (1 mmol), a,5-ketoester (2
mmol), NH;OAc (1.1 mmoal), and LiBr (0.1 mmol) was
stirred at room temperature in acetonitrile for an appro-
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priate time (Table 2). After completion of the reaction,
asindicated by TLC, acetonitrile was removed and ethyl
acetate was added to the residue. The resulting suspen-
sion was washed with water followed by brine solution
and dried over NaxSO,. After evaporation of the solvent,
the crude yellow products were purified by crystalliza-
tion from ethanol to afford 1,4-dihydropyridines 4 in
81%—94%. The structure of the products was con-
firmed by comparison of their m.p., TLC, IR and 'H
NMR data with authentic samples prepared by the lit-
erature methods (Table 2).

Diethyl  2,6-dimethyl-4-phenyl-1,4-dihydropyri-
dine-3,5-dicarboxylate (4b) m.p. 157—159 C; 'H
NMR (CDCl; 300 MHz) §: 1.30 (t, J=8.2 Hz, 6H),
2.22 (s, 6H), 4.09 (q, J=8.2 Hz, 4H), 5.02 (s, 1H), 5.90
(brs, 1H), 7.24—7.36 (m, 5H); IR (KBr) vma: 3344,
2958, 1705, 1652, 1497 cm *; EIMS mVz: 329 (M ™).

Results and discussion

Herein, we report a mild and efficient protocol for
the preparation of 1,4-dihydropyridines derivatives by
three-component condensation of an adehyde, a
[-ketoester and ammonium acetate at room temperature
using LiBr as catalyst (EQ. 1).
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Our initial work commenced with screening of sol-
vent and catalyst loading so as to obtain optimal reac-
tion conditions for the synthesis of 1,4-dihydropyridines.
Compiled in Table 1 are the results of the model study
using benzaldehyde, methyl acetoacetate and ammo-
nium acetate as substrates under various reaction condi-
tions. The catalytic activity of LiBr was found to be the
best with 10 mol% catalyst loading in acetonitrile as the
solvent (Table 1, Entry 1) in terms of yield and reaction
time among all the other tested solvents, namely,
ethanol, THF, water (Table 1, Entries 3—5). There was
no improvement in the reaction rate and yield on in-
creasing the catalyst loading from 10 mol% to 20 mol%
(Table 1, Entries 1 and 7). In the absence of a catalyst,
the product 1,4-dihydropyridine 4a was obtained in only
25% yield after 16 h demonstrating the efficiency of our
catalyst (Table 1, Entry 8). Neat conditions furnished
the product 4a in 68% yield. Furthermore, the reaction
in the presence of other catalysts was aso examined.
When LiClO4+3H,0 and FeCl3*6H,0 were used as the
catalyst, the reaction required longer time and afforded
the desired product in significantly lower yields than
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that in the case of LiBr (Table 1, Entries 1, 9 and 10).

Tablel Optimization of conditions for LiBr-catalyzed Hantzsch
synthesis of 1,4-dihydropyridine 4a%
O

O o]
r.t.
©)J\H + MO/ + NH,0Ac ——
2a 3

1

Entry Catalyst Mol% Solvent® Timeh Yield¥%

1 LiBr 10 CH4CN 3.0 90
2 LiBr 5 CHsCN 5.0 79
3 LiBr 10 EtOH 5.0 81
4 LiBr 10 THF 8.0 38
5 LiBr 10 H,O 8.0 20
6 LiBr 10 Neat 6.0 68
7 LiBr 20 CH;CN 30 90
8 — — CHiCN 16 25
9 LiClOg#3H,O 10 CHiCN 8.0 70
10 FeCl3+6H,0 10 CHLCN 10 72

#Reaction conditions. Benzaldehyde (1 mmol), methyl acetoace-
tate (2 mmol), ammonium acetate (1.1 mmol). ®2 mL was used.
°Yields of the isolated pure compounds.

Under these optimized conditions, the reactions be-
tween various aliphatic, aromatic, heterocyclic ade-
hydes and f-ketoesters (ethyl acetoacetate and methyl
acetoacetate) in the presence of ammonium acetate were
investigated and the results are summarized in Table 2,
which clearly demonstrate the generality and scope of
the present methodology. It was found that al the reac-
tions proceeded smoothly to give the corresponding
1,4-dihydropyridines in good to excellent yields 81%—
94% (Table 2). Both aromatic aldehydes bearing
electron-donating substituents such as 4-methoxybenz-
adehyde (giving 4e, 89%; 4f, 84%) and electron-
withdrawing groups such as 4- or 3-nitrobenzaldehyde
(giving 4j, 91%; 4k, 81%; 4l, 90%) gave excellent
yields.

The procedure worked well for heterocyclic alde-
hydes (giving 4m, 90%; 4n, 93%) as well as aiphatic
adehydes (giving 40, 88%; 4p, 84%) in addition to
aromatic aldehydes. The mildness of the procedure
makes it very selective, as it tolerates a variety of func-
tionalities, including chloro, bromo, methoxy and nitro
groups. In all cases, crude products were obtained by
extracting the reaction mixtures with ethyl acetate and
were then purified by crystallization from ethanol. The
products were characterized by IR, '"H NMR and mass
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spectroscopy, and also by comparison with authentic
samples.

The generality and superiority of the present
protocol over existing methods can be seen by compar-
ing our results with those of some recently reported
procedures, as shown in Table 3. The reaction of ben-
zaldehyde 1la, ethyl acetoacetate 2b and ammonium
acetate for the preparation of 2,6-dimethyl-3,5-dicar-
bomethoxy-4-(phenyl)-1,4-dihydropyridine 4b (Table 2)
was chosen as amodel reaction and the comparisonisin
terms of mol% of the catalysts used, reaction times, re-
action conditions and percentage yields (Table 3).

From a mechanistic point of view, the first step of
this reaction can be visualized as the LiBr-catalyzed
formation of Knoevenagel product 5. A second key in-
termediate is ester enamine 6, produced by condensation
of the second equivalent of the S-ketoester with ammo-
nia. Condensation of these two fragments gives inter-
mediate 7, which subsequently cyclizes to afford
1,4-dihydropyridine 4 (Scheme 1).

Scheme 1l
Ly
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Conclusion

In conclusion, we have reported for the first time
lithium bromide as a novel and highly efficient catalyst
for the synthesis of a variety of 4-substituted-1,4-di-
hydropyridines via one-pot three-component condensa
tion of an aldehyde, o,f-ketoester and ammonium ace-
tate in acetonitrile. The present remarkably improved
Hantzsch reaction is applicable to wide range of
substrates including aliphatic, aromatic and heterocyclic
aldehydes affording 1,4-dihydropyridines in good to
excellent yields at room temperature. This methodol ogy
offers several advantages such as reduced reaction times,
milder conditions, elevated product yields, compatibility
with various functional groups and economic viability
of the catalyst, compared with conventiona methods
and other catalyst.
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Table2 LiBr-catalyzed Hantzsch synthesis of 1,4-dihydropyridine 4

N ) ) L ab m.p./C
Compound R R Time/h Yield*®/%

Measured Reported
4a CeHs CHs 3.0 90 194—196 196—198'™
4b CeHs CoHs 3.0 93 157—159 158—160%
4c 4-MeCgH, CHs 35 82 175—177 174—176™
4d 4-MeCgH, CoHs 4.0 91 137—139 135—137*72
4e 4-MeOCgH, CHs 4.0 89 187—188 186—188'™
4f 4-MeOCgH, CoHs 35 84 159—161 161—163%
4g 4-CICgH4 CH, 4.0 87 195—196 196—198'7
4h 4-CICgH, CoHs 4.0 94 146—148 147—148%
4 4-BrCgH, CoHs 45 86 159—160 162—164%
4 4-NO,CgH,4 C,Hs 5.0 91 130—132 129—131%
4K 3-NO,CgH,4 CH, 55 81 210—211 210—212%
4 3-NO,CgH, CoHs 5.0 90 161—163 162—164%
4m 2-Furyl CH, 4.0 90 191—193 192—194%™
4n 2-Furyl CoHs 45 93 158—160 160—161%
40 (CH3),CH CoHs 5.0 88 95—96 96—972°
4p (CH3),CHCH, CH, 6.0 84 120—122 122—124%

2Product were characterized by comparison of their m.p., TLC, IR, and *H NMR data with those of authentic samples. °Yields of the

isolated pure compounds.

Table 3 Comparison of results for the synthesis of
1,4-dihydropyridine 4b (Table 2) via Hantzsch reaction using
other catalysts

Catdyst Mol/% Time/h Temp./C Yield¥% Ref.
CeClg7H,O0 10 3.0 rt. 80 21b
PPh; 20 5.0 78 72 24
PhB(OH), 10 4.0 78 90 19
SiO,SOzH 12 55 60 90 22b
LiBr 10 3.0 r.t. 93  Thiswork

2Yield of the isolated pure product.
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