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ABSTRACT

In this study, L-Proline as an organo-catalyst has been used for the synthesis
of highly functionalized tetrahydropyridines derivatives in good to excellent
yields by one-pot multicomponent reaction (MCR) of aniline, methyl
acetoacetate, and aromatic aldehydes in ethanol under reflux conditions.
The use of green solvents, eco friendliness, mild reaction conditions, and
low catalyst loading are advantages of current study.
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Introduction

Due to the complexity and variety of organic
synthesis, multicomponent reactions (MCRs)
are gaining favorable attention [1-4]. MCRs are
described as a one-pot procedure that entails
at least three components reacting to produce
a single product that virtually contains every
atom of the starting elements. As a result,
theoretically, a variety of sets of reasonably
intricate structures could be produced from
fundamental building blocks in a single
reaction step. MCRs extensively has been used
for preparation of agrochemicals, drug
development, and organic synthesis [5-11].
One of the most important carbon-carbon and
carbon-heteroatom bonds forming reactions in
organic synthesis to make the biological and
medicinal compounds are tetrahydropyridines
derivatives.

One of the most significant compounds in
organic chemistry and natural products are
tetrahydropyridines and its analogues. These
compounds are synthesized by applying MCRs
exhibit special
activities such as anti-inflammatory activities
[12], anti-bacterial [13], and anti-hypertensive
[14]. Scheme 1 illustrates some Piperidine

biological and medicinal

scaffolds that have role in commercially
drugs such as
Risperidone (for schizophrenia treatment of),
Naratriptan (for the treatment of migraine
headaches), and Donepezil (for the treatment
of Alzheimer’s disease) [15-18].
catalysts are widely
applied for the synthesis of
tetrahydropyridines using MCRs, such as ionic
liquid [19], InClz [20], ZrCls [21], FeCl3/SiO;
NPs [22], PEG-embedded KBrs [23], chiral
phosphoric acids [24, 25], CAN [26], acetic acid
[27], picric acid [28], ZrOCL..8H.0 [29],
BF3;/SiO, [30], and TBATB [31]. Some of
reported procedures suffer from disadvantages
including use of toxic solvents, poor yields,
expensive reagents, and long reaction time.
Given the interesting advantages of MCRs or
recent developments in nanomaterial synthesis
in catalysis science [32-41], herein, we used L-
Proline as an organo-catalyst for the synthesis
of tetrahydropyridines
amines, methyl acetoacetate, and aromatic
aldehydes in ethanol at room temperature
(Scheme 2).
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Scheme 1. Some Piperidine scaffolds that have role in commercially available drugs
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Scheme 2. L-Proline catalyzed synthesis of tetrahydropyridines derivatives

Experimental

General procedure for the preparation of
tetrahydropyridines derivatives

The mixture of aromatic aldehyde (2 mmol),
methyl acetoacetate (1 mmol), aniline (2
mmol), and L-proline (10 mol%) in ethanol (5
mL) for synthesis of products 4a-b was stirred
under reflux conditions for the appropriate
times. Reaction progress was investigated
using TLC. After completion of the reaction, 20
mL ethyl acetate was added to reaction
mixture to diluted, and then the reaction
mixture washed with water and brine and
dried through anhydrous Na;SO4. Finally, pure

products were prepared via silica gel column
chromatography.

Results and Discussion

To optimize the synthesis of
tetrahydropyridines derivatives, the effect of
different parameters for instance solvent and
loading of catalyst was studied in the reaction
acetoacetate, and 4-
chlorobenzaldehyde as a model reaction (Table
1). To explore the catalyst effect, the model
reaction was performed with various amount

of aniline, methyl

of catalyst such as 1-15 mol% at room
temperature in ethanol (Table 1, entries 2-8).
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As listed in Table 1, good yield (95%) was reaction was performed with various solvents,
obtained in a short reaction time (2.5 h) including MeOH, MeCN, THF, CH:Cl, and water
compared to the other temperatures in the (Table 1, entries 9-13). As can be seen, the
attendance of 10 mol% of catalyst at room ethanol effect is betters than the other
temperature (Table 1, entry 6). In another solvents.

study, to explore the solvent effect, the model

Table 1. Optimizing the solvent, catalyst amount according to the model reaction for the 4g2 preparation

: NH O
CHO NH .,
2 )J\/[J\ L-proline N
2 + 2 + OMe
Cl Solvent (5 mL) Cl Cl

Room temperature

Entry Catalyst (mol%) Solvent Time (h) Yield (%)P

1 - - 12 0

2 1 EtOH 7 31

3 3 EtOH 6 53
4 5 EtOH 6 71

5 7 EtOH 5 79
6 10 EtOH 3 85
7 12 EtOH 3 84
8 15 EtOH 3.5 81
9 10 MeOH 3 65
10 10 MeCN 15 Trace
11 10 THF 12 21
12 10 CH:Cl2 12 Trace
13 10 Water 18 Trace

aReaction conditions: 4-chlorobenzaldehyde (2 mmol), aniline (2 mmol), methyl acetoacetate (1 mmol), solvent
(5 mL), and L-proline at room temperature
bIsolated yield

Table 2. Optimizing the temperature according to the model reaction for the 4g preparation?

©\NH o

A OMe
(0] (0] .
CHO NH, )J\/U\ L-proline (10 mol%) N
2 + 2 + OMe
EtOH (5 mL)
Cl Cl Cl
Reflux
Entry Temperature (°C) Time (h) Yield (%)
1 Room temperature 3 85
2 40 3 85
3 60 25 89
4 Reflux 2.5 93

aReaction conditions: 4-chlorobenzaldehyde (2 mmol), aniline (2 mmol), methyl acetoacetate (1 mmol), EtOH
(5 mL), and L-proline (10 mol%) under reflux conditions
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The effect of temperature was also perused
onto the model reaction was studied. For this
purpose, the reaction carried out in the
presence of 10 mol% of catalyst in EtOH
various temperature. Reaction performance
with various temperatures including room
temperature, 40, 60 and reflux conditions was
performed to explore the temperature effect
(Table 2, entries 1-4). As presented in Table 2,
good yield (95%) was obtained in a short
reaction time (2.5 h) for reflux conditions
compared to the other temperatures listed in
the table (Table 2, entry 4). The obtained
optimized condition for the synthesis of
compound 4g was the use of 10 mol% of L-
Proline in ethanol under reflux condition.

Preparation of tetrahydropyridines
derivatives 4a-k were studied using a series of
amines, methyl acetoacetate, and aromatic
aldehydes in ethanol under reflux conditions to
evaluate generality and applicability of this
method, and the results summarized in Table
3. As indicated in Table 3, all aromatic
aldehydes including aldehydes
synthesizing of corresponding
tetrahydropyridines derivatives in high to
excellent yield and no side products have been
observed.

Scheme 3 represents a mechanism to afford
tetrahydropyridines
attendance of L-Proline as an organo-catalyst.

have led

derivatives in the

Table 3. Preparation of tetrahydropyridines derivatives catalyzed by L-Proline

Entry Product
: NH O
1
2

Time (h) Yield (%) Mp (reference)
2.5 93 192-194 [42]
3.5 90 130-132 [42]
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3.5

88

86

90

92

212-214 [42]

249-252 [42]

159-161 [42]

221-223 [42]
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10
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1.5

3.5

5.5

94

92

91

85

226-228 [42]

244-246 [42]

238-240 [42]

179-182 [42]
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11 4 82 180-182 [42]

4k

aReaction conditions: Various aldehyde (2 mmol), aniline (2 mmol), methyl acetoacetate (1 mmol), EtOH (5
mL), and L-proline (10 mol%) under reflux conditions
bIsolated yield
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Scheme 3. Plausible reaction mechanism of tetrahydropyridines derivatives
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Conclusion

In conclusion, we have developed a green
and simple reaction of amines, methyl
acetoacetate, and aromatic aldehydes catalyzed
by from L-Proline. This method provides
access to tetrahydropyridines derivatives in
excellent yields and short reaction time.
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