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Abstract Tartaric acid is a highly effective and efficient catalyst for the one-pot
synthesis of highly substituted piperidines through a combination of 1,3-dicarbonyl
compounds, aromatic aldehydes, and various amines in methanol at room temperature.
The advantages of this protocol are good yields, short reaction time, mild reaction
conditions, no need for column chromatography, easy access, simple work-up procedure,
and a cheap and biodegradable catalyst.

Keywords Multi-component reaction - One-pot - Piperidine - Green catalyst -
Tartaric acid - No need to column chromatography

Introduction

Multi-component (MCRs) reactions allow compounds to be synthesized in short
steps and usually in a one-pot manner [1]. These reaction MCRs play an efficient
role in chemistry because of their ability to synthesize small drug-like molecules
with several degrees of structural diversity. This group of reactions offers a
considerable number of advantages including being time and energy saving while
having simple procedures, high bond forming efficiency, low expenditures, very
environmentally friendly, and easy access to large compound libraries with the
avoidance of protection and deprotection steps, and diverse functionalities, for
possible combinatorial investigating of structural variations [2—5]. One-pot multi-
component reactions including domino processes with three different starting
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materials like aldehydes, 1,3-dicarbonyl compounds, and nucleophile compounds
have been carried out in recent years [6-9].

Poly-functionalized piperidines are widely distributed in naturally occurring
monocyclic and bicyclic alkaloids and synthetic drugs [10]. Also, piperidine and its
derivatives have an important role in drug discovery exhibiting various biological
activities such as anti-hypertensive [11], antimalarial [12], neuro-protective [13,
14], antibacterial [15], anticonvulstant [16], and anti-inflammatory activities [17].
Furthermore, it is noteworthy that the substituted piperidines are important
therapeutic agents in the treatment of influenza [18-20], diabetes [21, 22], viral
infections including AIDS [23, 24], and cancer metastatis [25, 26]. In addition, some
of the tetrahydropyridine (THP) derivatives have been found to possess enzyme
inhibitory activity versus farnesyltransferase [27] (Fig. 1).

In recent years, the syntheses of functionalized piperidines were reported using a
plethora of reagents, such as a combination of L-proline/TFA [12], InCl; [28, 29],
tetrabutylammoniumtribromide (TBATB) [30], bromodimethylsulfonium bromide
(BDMS) [31], cerium ammonium nitrate (CAN) [32], iodine [33], ZrOCl,-8H,O
[34], VCl; [35], Bi(NO3);-5H,0 [36], BF3-SiO, [37], and LaCl;-7H,O [38] as a
catalyst. But some of these procedures have disadvantages, such as long reaction
times, unsatisfactory yields, highly toxic catalysts, being difficult to prepare, harsh
reaction conditions, or the use of expensive catalysts. Therefore, there is a need for a
simple and high-yielding environmentally benign method for the one-pot multi-
component synthesis of piperidines without these problems.

It is well known that tartaric acid has many applications in the pharmacy, food, and
textile industries [39]. Tartaric acid is added to foods in order to give a sour taste, and
is usually used as an antioxidant [40]. This compound is also used in the production of
jams, sweets, jelly, tinned fruit and vegetables, coca powder and frozen dairy produce,
mainly as an acidity adjuster but also in the form of an emulsifier [41]. In regard to acid
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Fig. 1 Pharmaceutically active compounds containing piperidine framework
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Scheme 1 Synthesis of highly substituted piperidine 4

adjustment, it is one of the strongest naturally occurring acids in fruit and is the
strongest acid in grapes and wine (pK,; = 2.90) [42]. Tartaric acid is relatively
microbiologically stable compared to the other naturally occurring organic acids, such
as malic and citric acids in the wine industry [41].

As a part of our current studies on the development of efficient multi-component
reactions for the preparation of interesting bioactive molecules [43—49], we report
here a simple and efficient procedure for the synthesis of highly substituted
piperidines via a one-pot five-component reaction between aromatic aldehydes,
anilines and f-ketoesters in the presence of tartaric acid as a catalyst in methanol at
ambient temperature (Scheme 1).

Experimental
General

Melting points and IR spectra were measured on an Electrothermal 9100 apparatus
and a JASCO FT/IR-460 plus spectrometer, respectively. The "H NMR spectra were
recorded on a Bruker DRX-400 Avance instrument with CDCl; as solvent at
400 MHz. The aromatic aldehydes, anilines, ff-ketoesters, and tartaric acid were
obtained from Merck (Darmstadt, Germany), Acros (Geel, Belgium), and Fluka
(Buchs, Switzerland), and used without further purification.

General procedure for the synthesis of highly functionalized piperidine 4
A solution of aromatic amine 2 (2.0 mmol) and f-ketoester 3 (1.0 mmol) in MeOH
(5 mL) was stirred for 20 min in the presence of 0.075 g tartaric acid at room

temperature. Next, the aromatic aldehyde 1 (2.0 mmol) was added and the reaction
mixture was stirred for the time indicated in Table 2. The progress of the reaction
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Table 1 Optimization of the reaction conditions for the synthesis of highly substituted piperidine

CHO W o
2
H‘C/©/ M Tartaric acid (mol%) X OMe
l N;z 3 OMe Solvent, r.t /©\ N
2

4a

Entry Solvent/conditions Catalyst/g Time/h Yield/ %°
1 EtOH/r.t 0.03 23 50
2 CH;CN/r.t 0.03 27 45
3 EtOAc/r.t 0.03 46 20
4 MeOH/r.t 0.03 21 60
5 THF/r.t 0.03 30 50
6 H,O/r.t 0.03 30 41
7 MeOH/60 °C 0.03 18 42
8 MeOH/r.t 0.0075 40 32
9 MeOH/r.t 0.011 37 38
10 MeOH/r.t 0.015 32 45
11 MeOH/r.t 0.023 26 50
12 MeOH/r.t 0.045 17 65
13 MeOH/r.t 0.06 13 79
14 MeOH/r.t 0.075 10 86
15 MeOH/r.t 0.09 10 85
16 Neat/r.t 0.075 48 25
17 MeOH - 48 -

* Experimental conditions: 4-methyl benzaldehyde (2 mmol), aniline (2 mmol), and methyl acetoacetate
(1 mmol), with varying amounts of catalyst tartaric acidinsolvent (5 mL) at different temperatures

® Isolated yield

was monitored by thin-layer chromatography (TLC). After completion of the
reaction, the thick precipitate was filtered off and washed with ethanol (3 x 2 mL)
to give the pure product 4.

Results and discussion

For optimizing the reaction conditions, the one-pot five-component reaction between
4-methyl benzaldehyde, aniline and methyl acetoacetate was chosen as a model
reaction (Table 1). A survey of solvents revealed methanol to be the best choice, used
directly without rigorous drying. It is noteworthy that no product was obtained in the
absence of the catalyst even after 48 h (Table 1, Entry 17), which indicated that the
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Table 2 Synthesis of highly substituted piperidines 4a-4af
Entry R' R? R®  Product Time/h  Yield/ %* Mp./°C  Lit. m.p./°C®
(Reference)
1 4-Me H Me 4a 10 86 211213 212-214 [31]
2 4-Me 4-Me Et 4b 16 80 169-171  169-171 [44]
3 4-OMe H Me 4c 14 60 186-188  187-188 [31]
4 3-Cl H Me 4d 86 219-222  220-221 [32]
5 4-Cl H Me de 87 190-191 189-191 [31]
6 4-F H Me 4f 13 83 178-180 180 [12]
7 3-NO, H Me 4g¢g 21 47 182-184  182-183 [33]
8 4-NO, H Me 4h 21 39 237-238  239-241 [33]
9 H H Me 4i 14 79 171-173  169-171 [31]
10 H 4-OMe Et 4j 6 76 179-181  179-181 [43]
11 H 4-Cl Et 4k 5 70 202-204 202 [12]
12 3-Cl 4-Cl Et 41 9 70 189-190 190 [12]
13 3-Cl 4-OMe Me 4m 5 86 163-165  162-163 [32]
14 4-F 4-OMe Me 4n 4 74 202-204  204-205 [32]
15 4-OMe 4-Cl Me 4o 16 70 193-195  194-195 [32]
16 4-Me 4-Br Me 4p 24 50 228-230  229-230 [31]
17 4-Me 4-OMe Me 4q 3 73 223-225  225-226 [31]
18 4-Me 4-Me Me 4r 15 78 203-205  206-208 [33]
19 4-Me 4-F Et 4s 26 77 186-187  183-185 [43]
20 4-Me 34-di-Cl  Et 4t 18 38 174-175  173-175 [43]
21 4-F 4-Me Me 4u 7 70 203-205  200-202 [43]
22 4-OMe H Et 4v 22 62 166-168  166-168 [43]
23 4-Cl 4-F Et 4w 7 80 217-220  219-222 [36]
24 H H Et 4x 12 88 173-176  174-175 [31]
25 4-NO, H Et 4y 20 82 247-249  247-250 [32]
26 4-Me 4-OMe Et 4z 8 66 219-222  221-224 [32]
27 H 4-Br Me 4aa 12 90 245-246 247 [37]
28 3-Br 4-Br Me 4ab 80 232-234 234 [37]
29 3-Br H Et 4ac 91 164-166 165 [37]
30 3-Br 4-F Et 4ad 84 187-188 189 [37]
31 4-NO, 4-OMe Me 4ae 17 71 198-200  198-199 [34]
32 4-OMe 4-Br Me 4af 12 69 176-179 178 [12]
33 4-NMe, 4-OMe Me — 48 —° - -

 TIsolated yield

" All known products reported previously in the literature were characterized by comparison of IR and
NMR spectra with those of authentic samples

¢ No reaction

catalyst’s presence is necessary for this transformation. Also, the effect of different
solvents and the amount of catalyst were investigated on the yield and rate of reaction.
The best result was achieved in the presence of 0.075 g of catalyst in methanol at
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Scheme 2 Mechanistic pathway for five-component one-pot synthesis of piperidine 4

ambient temperature (Table 1, Entry 14). When the reaction was performed under
solvent-free conditions, the product was generated in a moderate yield (25 %) that
may be relevant to the lack of catalyst (Table 1, Entry 16).

Different reactions between substituted anilines, benzaldehydes, and methyl/
ethyl acetoacetate were examined under the optimized conditions reaction, and the
results are summarized in Table 2. These results show that the aldehydes with
electron-withdrawing groups reacted effectively with anilines as did electron-
donating groups to give the corresponding piperidines in good to high yields.
Various substituents on the benzene ring such as OMe, Me, NO,, F, Cl, and Br were
tolerated during the reaction. In all cases, the reaction proceeded to obtain
piperidines in good yields. However, the reaction of 4-(dimethylamino) benzalde-
hyde, p-anisidine, and methyl acetoacetate did not produce any piperidine (Table 2,
Entry 33).
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Table 3 Comparison of tartaric acid with previously reported catalyst for the synthesis of piperidine 4e

Entry Catalyst/conditions Time Yield (%) Reference
1 BDMS/CH;CN, r.t. 3 76 [31]
2 TBATB/EtOH, r.t. 10 82 [30]
3 I,/MeOH, r.t. 6 85 [33]
4 CAN/CH;CN, r.t. 15 86 [32]
5 ZrOCl,-8H,O/EtOH, reflux 4 80 [34]
6 VCI3/EtOH, r.t. 7 75 [35]
7 Bi(NO;)3-5H,0/EtOH, r.t. 18 76 [36]
8 p-TsOH-H,O/EtOH, r.t. 7 86 [43]
9 oxalic acid dihydrate/EtOH, r.t. 10 80 [44]
10 ZrCl4/EtOH, r.t. 6 82 [46]
11 Tartaric acid/MeOH, r.t. 7 87 This work

The structures of all the compounds were characterized by a comparison of their
IR and NMR spectra with authentic samples. Also, the relative stereochemistry of
these piperidines has been confirmed by single X-ray crystallography analysis in
previously reported literature [28-34, 36, 37, 44], and the relative stereochemistry
of the products in the present work was proved by comparison of spectroscopic data
of some products with those authentic samples.

The formation of piperidines through a Knoevenagel-type intermediate followed
by [4 + 2] aza-Diels—Alder reaction has been reported in the literature [12, 31, 34,
35, 38, 45]. The possible reaction mechanism for this five-component reaction is
described in Scheme 2. Tartaric acid is a Brgnsted acid, which serves as an acid
catalyst for the construction of imine 5, formed by the reaction of aromatic aldehyde
with aniline. Subsequently, ethyl acetoacetate reacts with aniline to give f-
enaminone 6. Benzaldehyde which is retained in the reaction mixture undergoes
Knoevenagel condensation with f-enaminone leading to the formation of interme-
diate 7 and reactive form 8. Due to the diene core present in intermediate 8, it
proceeds towards an intramolecular [4 + 2] aza-Diels—Alder reaction with imine 5
(serves as dienophile) which affords the foreseen functionalized piperdine 4
(Scheme 2).

To compare the applicability and efficiency of our catalyst with catalysts reported
for the synthesis of piperidine 4e, we have tabulated results for these catalysts
(Table 3). It is apparent from Table 3 that tartaric acid remarkably improved the
synthesis of piperidine 4e, in terms of reaction time and yield.

Conclusion
In summary, an efficient and simple method has been developed for the formation of
highly functionalizaed piperidines via one-pot five-component under mild condi-

tions using tartaric acid as the catalyst in methanol. This reaction can be employed
as an efficient approach for the preparation of synthetically and pharmaceutically
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important piperidine systems. This methodology offered several advantages, such as
mild reaction conditions, easy work-up, simple procedure, clean reaction profiles,
no need to column chromatography, high yields, and cheap and biodegradable
catalyst.

Acknowledgment We gratefully acknowledge financial support from the Research Council of
University of Sistan and Baluchestan, Iran.
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