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Abstract

Piperidinones are abundantly available in many naturally occurring bioactive compounds. Many commercially
available drug molecules also include a piperidinone skeleton. We have developed an easy and novel protocol
for the efficient synthesis of a series of fully and diversely functionalized piperidinones from the one-pot
three-component reactions of various aldehydes, cyanoacetamide and 1,3-dimethylacetonedicarboxylate or
1,3-diethylacetonedicarboxylate in the presence of a catalytic amount of trisodium citrate dihydrate as
catalyst, in aqueous ethanol at ambient temperature. To the best of our knowledge this is the first developed
protocol for the synthesis of these biologically promising scaffolds. This method, has many advantages such as
synthesis of fully and diversely functionalized novel bioactive piperidinone derivatives, use of trisodium citrate
dihydrate as an efficient metal-free organocatalyst, non-toxic solvents, high atom economy, excellent yields,
gram scale synthesis, reusability of the reaction media, room temperature reaction, etc.

11 entries, 1.5-3.5 h, 89-98%

One-pot three component reactions
no column chromatography

use of organocatalyst

non-toxic solvent

room tempertaure reaction

Two C-C and one C-N bond formation
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Introduction

Piperidine derivatives have gained huge attention due to their significant biological importance.!
Piperidine-containing compounds are well distributed in naturally occurring compounds having significant
biological importance. Figure 1 shows a selection of naturally occurring bioactive compounds with piperidine
moiety as the main building block.>® The piperidine skeleton is very common in commercially available drugs
used for the treatment of various diseases like depression, Parkinson disease, bronchial asthma, protozoan
infections, pruritic skin disorders, etc (Figure 2). 1924 Recent studies revealed that various synthetic piperidine
derivatives possess significant biological efficacies which include anticancer, farnesyltransferase (FTase)
inhibitor, antioxidant, and monoamine transport inhibitor activities (Figure 3).2>2® Among many other
piperidine derivatives, specifically, 2-piperidinone can be isolated from Talinum portulacifolium.?® Many drug
molecules viz., awajanomycin, tedanalactam, meloscine etc consist of a 2-piperidinone skeleton and have
been used as antiasthmatic, antifungal, antimicrobial, MDM2 (murine double minute 2) inhibitor and
prostaglandin agonists (Figure 4).29-34 After realizing the biological importance of piperidine and piperidinone
moieties we were motivated to develop a protocol for the synthesis of a series of fully and diversely
functionalized piperidinone derivatives under relatively milder conditions. In this aim we have been successful
and synthesized a series of novel methyl/ethyl 4-(4-aryl)-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-
oxopiperidine-3-carboxylate derivatives in excellent yields from one-pot three-component reactions of
aromatic aldehydes (1), cyanoacetamide (2) and 1,3-dimethylacetonedicarboxylate (3a) or 1,3-
diethylacetonedicarboxylate (3b) by using a catalytic amount of trisodium citrate dihydrate as an efficient
organocatalyst in aqueous ethanol at room temperature (Scheme 1).

The use of multicomponent reaction strategies makes protocols more atom-economic and cost
effective.3>*? In addition, nowadays, use of metal-free organocatalysts for the diverse organic transformations
is increasing rapidly.***” Among many others, trisodium citrate dihydrate has gained considerable attention for
the synthesis of various heterocyclic scaffolds 48>0 as it is a non-toxic, inexpensive and commercially available.
It is fully biodegradable and used in WHO-recommended rehydrating drinks. It is also plays an important role
in some medicines.! Therefore, the use of trisodium citrate dihydrate as catalyst, even on a large scale, is safe
for the environment without any hazardous effect.>® To the best of our knowledge, this is the first report of
the synthesis of methyl/ethyl 4-aryl-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-
carboxylate derivatives. Through this protocol we were able to decorate a piperidinone skeleton with five

substituents, cyano, substituted phenyl, ester, hydroxyl and alkyl acetate, at four different positions.
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Figure 1. Some naturally occurring bioactive molecules with a piperidine skeleton

Page 3 of 16 ©AUTHOR(S)



Arkivoc 2024 (8) 202412298 Banerjee, B. et al.

” O
e 0T
g , - ”
F

v
CHy B, OH
Paroxating Pipradrol
Antideprassants Famoxeling Antidepressants
Salective Serotonin Antideprassants Merepinephrine-Dopaming
Reuptake Inhibitor (SSRI) Selactive Serotonin Reuptake Inhibitors (NDRI) [12] Pridinal
(10] Reuptake Inhibiter (SSRI) [11] Antiparkinsonian drug [13]

FiC I\/\/l
HO., ’(j N o O
+ CHy 5"

S
W ) M
e
oy N
HO '.;J'H
CH4
OH CH;,
Ftin‘!ilerul Mafleguina Cyeriming Ropivacaina
Adrenargic drug [14] For protozoan infactions [15] Anticholinergic agent [16] Anesthatics [17]
Q) » o
N7 CH, ‘
Y P o 7
v}
5
"o O .
P> CHa N HiC™ "N TCHy
CHs CHa
Anesthetics [18] Antimuscarinic agant [19] mﬁﬂ’;ﬂm agent [20] Anticholinergic and

antimuscarinic agent [21]

G U&L@
.

H,C

| "M
. H ;
N MG~ "CHj H
CHs o Marafripian
Bamipine Lorcainide Selesctive 5-HT 1
Antihistaminic agent [22] antiarrhythmic agent [23] recaptor agonist [24]

Figure 2. A sample of commercially available drugs with a piperidine moiety
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Figure 3. Some synthetic piperidine or related derivatives with important biological activities
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Figure 4. Some naturally occurring and synthetic bioactive piperidinone derivatives

Results and Discussion

During optimization of the reaction conditions, a series of trial reactions between 4-
chlorobenzaldehyde (1a; 0.5 mmol), cyanoacetamide (2; 0.5 mmol) and 1,3-dimethylacetonedicarboxylate (3;
0.5 mmol) was carried out under various reaction conditions. At the beginning, we carried out the reaction at
room temperature under stirring conditions in the absence of any catalyst or solvent, but under these
conditions no desired product was obtained, even after 10 hours (Table 1, entry 1). Under catalyst-free
conditions, none of the desired product was obtained either in water or ethanol as the solvent even after 10 h

at room temperature (Table 1, entries 2,3). After observing the poor yields under catalyst free conditions we
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decided to use trisodium citrate dihydrate as catalyst, in continuation of our previous strong interest. Thus, we
used 20 mol% of trisodium citrate dihydrate as catalyst for a reaction in water as solvent which afforded a 55%
yield of the desired product i.e., methyl 4-(4-chlorophenyl)-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-
oxopiperidine-3-carboxylate (4a), after 5 hours of stirring (Table 1, entry 4). Though this was a significant
improvement in the yield but we were not satisfied with the yield and the reaction time. Using the same
amount of catalyst, a slight improvement in the product yields was observed in ethanol (Table 1, entry 5) or
methanol (Table 1, entry 6) as solvent under stirring at room temperature for 5 hours. Surprisingly, when we
used aqueous-ethanol (1:1 v/v) as solvent and 20 mol% trisodium citrate dihydrate as catalyst, an excellent
yield (98%) of the compound (4a) was obtained within just two hours (Table 1, entry 7). From these
observations, we realized that aqueous ethanol may be the best suitable solvent to carry out this reaction in
the presence of trisodium citrate dihydrate as catalyst. We were then interested to standardize the amount of
required catalyst for that we carried out the same reaction in the presence of 15 mol% and 25 mol% trisodium
citrate dihydrate as catalyst separately. No notable improvement was observed in the reaction rate with 25
mol% trisodium citrate dihydrate as catalyst (Table 1, entry 8) whereas substantial decrease in the product
yield was noted with 15 mol% trisodium citrate dihydrate (Table 1, entry 9).

Without altering the other conditions, the catalytic efficiency of a number of other catalysts such as 20
mol% sodium formate (Table 1, entry 10), 20 mol% glycine (Table 1, entry 11), 20 mol% ammonium citrate
(Table 1, entry 12), 20 mol% ammonium formate (Table 1, entry 13) were also screened, but all of them
afforded poorer yields of the desired product, as compared to 20 mol% trisodium citrate dihydrate. Therefore,
from these above experimental results, we concluded that 20 mol% of trisodium citrate dihydrate in aqueous
ethanol (1:1 v/v) as solvent are the best conditions for the synthesis of methyl 4-(4-chlorophenyl)-5-cyano-2-
hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-carboxylate (4a) from the equimolar reaction of 4-
chlorobenzaldehyde (1a; 0.5 mmol), cyanoacetamide (2; 0.5 mmol) and 1,3-dimethylacetonedicarboxylate (3a;
0.5 mmol) under stirring conditions at room temperature (Table 1, entry 7).

To check the effectiveness as well as the generality of our developed protocol we were then interested
to synthesize some other derivatives by using some other benzaldehydes under the same optimized reaction
conditions. We found that a number of substituted benzaldehydes, with both electron-withdrawing (Table 2,
entries 2-5) or -donating (Table 2, entry 6) substituents, all underwent the reaction smoothly and afforded the
desired products in 89-96% yields (4b-4f).

Under the same reaction conditions, reactions with various substituted benzaldehydes,
cyanoacetamide (2; 0.5 mmol), 1,3-diethylacetonedicarboxylate (3b; 0.5 mmol) also afforded the desired

products i.e. ethyl 5-cyano-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-4-aryl)-6-oxopiperidine-3-carboxylates in
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excellent yields (Table 2, entries 7-11). The reaction with 1,3-diethylacetonedicarboxylate (3b; 0.5 mmol)
required a little longer time than 1,3-dimethylacetonedicarboxylate (3a; 0.5 mmol). We were able to
synthesize methyl 4-(4-chlorophenyl)-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-
carboxylate (4a, 1.71 g, 90%) in gram scale from the reaction of 4-chlorobenzaldehyde (1a; 5 mmol, 0.703 g),
cyanoacetamide (2; 5 mmol, 0.420 g) and 1,3-dimethylacetonedicarboxylate (3a; 5 mmol, 0.87 g) using 20
mol% of trisodium citrate dihydrate (0.294 g) in 20 mL aqueous ethanol (1:1 v/v) for 5 hours. No column
chromatographic purification was required. The synthesized compound was isolated pure just by simple
filtration and subsequent washing with aqueous ethanol. During the gram-scale synthesis, the filtrate
containing catalyst was collected quantitatively and the same was reused for another run of the same
reaction. This time we isolated 73% (1.58 g) of the targeted product (4a) within 5 hours.

A plausible mechanism of this transformation is shown in Figure 5. It was assumed that the reactions of
aldehydes and cyanoacetamide generated the Knoevenagel condensation products in situ (I-1) under the
influence of a catalytic amount of trisodium citrate dihydrate. Without isolating the intermediate, in the same
vessel, an equimolar amount of 1,3-dimethylacetonedicarboxylate (3a) or 1,3-diethylacetonedicarboxylate
(3b) was added. The enol form of the compound (3') was then attacked the in situ formed Knoevenagel adduct

to generate the 2™ intermediate (I-2) which on further cyclization afforded the desired products (4).

Table 1. Optimization of the reaction conditions for the synthesis of methyl 4-(4-chlorophenyl)-5-cyano-2-

hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-carboxylate

Cl
CHO N o
< . w reaction conditions _ H3CO CN
T G-NH, H3CO OCH; Os
N (@]
1Cl 2 3
Entry Catalyst (mol%) Solvent Time (h) Yield (%)*°
1 Catalyst-free Neat 10 -
2 Catalyst-free H,O 10 trace
3 Catalyst-free EtOH 10 trace
4 Trisodium citrate dihydrate (20) H,O 5 55
5 Trisodium citrate dihydrate (20) EtOH 5 75
6 Trisodium citrate dihydrate (20) MeOH 5 69
7 Trisodium citrate dihydrate (20) EtOH:H.0 2 98
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8 Trisodium citrate dihydrate (15) EtOH:H,0 2 75
9 Trisodium citrate dihydrate (25) EtOH:H,0 2 96
10 Sodium formate (20) EtOH:H,0 2 73
11 Glycine (20) EtOH:H,0 2 55
12 Ammonium citrate (20) EtOH:H,0 2 77
13 Ammonium formate (20) EtOH:H,0 2 62

@Reaction conditions: 4-chlorobenzaldehyde (1a; 0.5 mmol), cyanoacetamide (2; 0.5 mmol) and 1,3-
dimethylacetonedicarboxylate (3; 0.5 mmol) in the absence or presence of catalyst in neat/4 mL of
water/ethanol/aqueous ethanol as solvent at room temperature (28-35 °C). PIsolated yields.

Table 2. Synthesis of alkyl-4-aryl-5-cyano-2-hydroxy-2-(2-alkoxy-2-oxoethyl)-6-oxopiperidine-3-carboxylate

derivatives
CONH O 0 0 . 20mol% T CN
ACHO + <CN 2 .\ ROWOR trisodium citrate dlhydrat(i Or;o\)j\)t\[
EtOH:H,0, RT RO N~ 0
1 2 3 HO H
4a-4k
Entry Ar R Product Time (h) Yield (%)
1 4-CICesHa (1a) Me 4a 2 98
2 2-NOCsHa4 (1b) Me 4b 1.5 90
3 4-NO;,CsHa (1c) Me 4c 2.5 94
4 3-CNCeH4 (1d) Me 4d 2 91
5 4-CNCsHa4 (1e) Me 4e 2 95
6 3,4,5-(OMe)3CeH; (1f) Me af 2 98
7 2-NOCsHa4 (1b) Et 4g 2 89
8 4-CNCgHs (1e) Et 4h 2.5 93
9 4-NO3CsHa (1c) Et 4i 3 91
10 2,4-Cl2CeH4 (18) Et 4j 3.5 94
11 3,4,5-(OMe)3CeH> (1f) Et 4k 3 98

3Reaction conditions: substituted benzaldehydes (1; 0.5 mmol), cyanoacetamide (2; 0.5 mmol) and 1,3-
dimethylacetonedicarboxylate (3a; 0.5 mmol) or 1,3-diethylacetonedicarboxylate (3b; 0.5 mmol) in the
presence of 20 mol% of trisodium citrate dihydrate as catalyst in aqueous ethanol at room temperature (28-
35 °C). "Isolated yields
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Figure 5. Proposed mechanism for the synthesis of alky 4-aryl-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-

Experimental Section

General. Melting points were recorded on a Digital Melting Point Apparatus (Model No. MT-934) and are
uncorrected. TLC was performed on silica gel 60 F254 (Merck) plates. 'H and *3C NMR spectra were obtained

at 500 MHz Jeol (JNM ECX-500) NMR machines with CDCl3/DMSO-ds as the solvent. Mass spectra (TOF—MS

from Sigma Aldrich and used without further puriification.

ES*) were measured on a Bruker Impact HD QTOF Micro mass spectrometer. All the chemicals were purchased
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General procedure for the synthesis of alkyl-4-aryl-5-cyano-2-hydroxy-2-(2-alkoxy-2-oxoethyl)-6-
oxopiperidine-3-carboxylate derivatives (4a-4k). In a clean reaction tube, a magnetic stir bar, substituted
benzaldehyde (1; 0.5 mmol), cyanoacetamide (2; 0.5 mmol), 20 mol% trisodium citrate dihydrate and aqueous
ethanol (1:1 v/v; 4 mL) were added in a sequential manner. Then the reaction tube was placed on a magnetic
stirrer and the reaction mixture was allowed to stir vigorously at room temperature for 1 h. In this process a
white coloured material was formed. After that, 1,3-dimethylacetonedicarboxylate (3a) (0.5 mmol) or 1,3-
diethylacetonedicarboxylate (3b) (0.5 mmol) was added the stirring was continued for the time mentioned in
Table 2, monitored by TLC. On completion, white products precipitated out which were isolated pure by
simple filtration and subsequent washing with aqueous ethanol. The structure of the each purified fully and
diversely functionalised piperidinone scaffold was confirmed by the detailed physical as well as spectroscopic

characterization techniques including FT-IR, *H NMR, 3C NMR and HRMS analyses.

Methyl 4-(4-chlorophenyl)-5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-carboxylate
(4a). Light yellow solid, yield 98%; mp 142 °C; FTIR (cm™): 3421, 1726, 1682, 1359, 1219, 1087, 615, 507, 434;
1H NMR (500 MHz, DMSO-ds) 81/ppm: 8.67 (s, 1H, -NH), 7.39 (d, J 8.5 Hz, 2H, aromatic H), 7.33 (d, J 8.5 Hz, 2H,
aromatic H), 6.57 (s, 1H, -OH), 4.33, (d, J 12 Hz, 1H, -CH ), 3.91 (t, J 12.5 Hz, 1H, -CH ), 3.69 (d, J 12.5 Hz, 1H,
aromatic H), 3.62 (s, 3H, -OCHs) 3.33 (s, 3H, -OCH3), 2.82 (dd, J 17 Hz, 2H, -CH; ); 3C NMR (125 MHz, DMSO-db)
dc/ppm: 170.22, 169.88, 168.84, 162.94, 159.07, 138.59, 132.82, 130.49 (2C), 129.09 (2C), 80.75, 52.57, 52.14,
52.07, 43.11, 41.97); HRMS (ESI-TOF) m/z: For C17H17CIN20¢ Caled. [M]*380.0775; Found [M-H] 379.0355.
Methyl 5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-4-(2-nitrophenyl)-6-oxopiperidine-3-carboxylate (4b).
Light yellow solid, yield 90%; mp 153-155 °C; FTIR (cm1): 3423, 2355, 1681, 1344, 1218 848, 699, 617; *H NMR
(500 MHz, DMSO-ds) 6n/ppm: 8.80 (s, 1H, -NH), 7.88-7.86 (m, 1H, aromatic H), 7.77-7.69 (m, 2H, aromatic H),
7.52-7.49 (m, 1H, aromatic H), 6.79 (s, 1H, OH), 4.65-4.63 (m, 2H, -CH ), 3.71-3.69 (m, 1H, -CH), 3.68 (s, 3H, -
OCHs), 3.26 (s, 3H, -OCHs), 2.88 (dd, J 17 Hz, 2H, -CH ); 3C NMR (125 MHz, DMSO-ds) 8c/ppm: 170.25,
168.73, 167.74, 162.86, 151.05, 134.05, 133.74, 129.48, 128.96, 124.96, 116.66, 80.74, 53.61, 52.41, 52.11,
42.94, 40.94); HRMS (ESI-TOF) m/z: For C17H17N30gCalcd. [M+ Na]*414.1016; Found [M+Na]* 414.1050.

Methyl 5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-4-(4-nitrophenyl)-6-oxopiperidine-3-carboxylate (4c).
Light yellow solid, yield 94%; mp 140 °C; FTIR (cm™): 3423, 2355, 1681, 1344, 1218, 848, 699, 617; 'H NMR
(500 MHz, DMSO-ds) du/ppm: 8.75 (s, 1H, -NH), 8.19 (d, J 9Hz, 2H, aromatic H), 7.61 (d, J 8.5 Hz, 2H, aromatic
H), 6.64 (s, 1H, -OH), 4.46 (d, J 12.5 Hz, 1H, -CH ), 4.09 (t, J 12.5 Hz, 1H, -CH), 3.81 (d, J 12.5 Hz, 1H, aromatic H),
3.63 (s, 3H, -OCH3s), 3.32 (s, 3H, -OCHs), 2.85 (dd, J 17 Hz, 2H, -CH, ); 3C NMR (125 MHz, DMSO-ds) 8¢/ppm:
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170.20, 168.68, 162.63, 147.59 (2C), 147.18, 130.02, 124.32 (2C), 124.12 (2C), 117.13, 117.10, 80.83, 52.11,
40.62, 40.46); HRMS (ESI-TOF) m/z: For C17H17N30sCalcd. [M+Na]*414.1016; Found [M+Na]*414.1050.

Methyl 5-cyano-4-(3-cyanophenyl)-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-carboxylate (4d).
White solid, yield 91%; mp 163 °C; 3422, 2355, 1722, 1679, 1348, 1216, 619, 548, 458; *H NMR (500 MHz,
DMSO-ds) on/ppm: 8.77 (s, 1H, -NH), 7.81 (s, 1H, aromatic H), 7.75 (d, J 8 Hz, 1H, aromatic H), 7.75 (d, J 8 Hz,
1H, -CH ), 7.55 (d, J 8 Hz, 1H, -CH ), 6.65 (s, 1H, -OH), 4.47 (d, J 12Hz, 1H, -CH ), 3.99 (t, J 12.5 Hz, 1H, -CH ), 3.75
(d, J 12.5 Hz, 1H, -CH ), 3.63 (s, 3H, -OCHs), 3.32 (s, 3H, -OCHs), 2.83 (dd, J 17 Hz, 2H, -CH, ); 3C NMR (125
MHz, DMSO-de) 6c/ppm: 170.17, 168.75, 162.81, 141.18, 134.14, 132.20, 132.00 (2C), 119.10, 117.24, 112.10,
80.76, 52.27 (2C), 52.09 (2C), 42.97, 41.60); HRMS (ESI-TOF) m/z: For C1gH17N30¢Calcd. [M]* 371.1117; Found
[M-H]-370.0476.

Methyl 5-cyano-4-(4-cyanophenyl)-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxopiperidine-3-carboxylate (4e).
White solid, yield 95%; mp 151 °C; FTIR (cm™): 3422, 2355, 1722, 1679, 1348, 1216, 619, 548, 458; 'H NMR
(500 MHz, DMSO-ds) on/ppm: 8.73 (s, 1H, -NH), 7.81(d, J 8.5 Hz, 2H, aromatic H), 7.52 (d, J 8 Hz, 2H, aromatic
H), 6.61 (s, 1H, -OH), 4.43 (d, J 12 Hz, 1H, -CH ), 4.02 (t, J 12.5 Hz, 1H, -CH ), 3.77 (d, J 12 Hz, 1H, aromatic H),
3.63 (s, 3H, -OCH3), 3.32 (s, 3H, -OCHs), 2.84 (dd, J 17 Hz, 2H, -CH, ); 13C NMR (125 MHz, DMSO-ds) 8¢/ppm:
170.18, 168.71, 162.72, 145.15, 133.05 (2C), 129.80 (2C), 119.03, 117.15, 111.20, 80.81, 52.23 (2C), 52.07 (2C),
43.06, 41.54); HRMS (ESI-TOF) m/z: For C1gH17N30¢Calcd. [M]*371.1117; Found [M-H] 370.0476.

Methyl 5-cyano-2-hydroxy-2-(2-methoxy-2-oxoethyl)-6-oxo0-4-(3,4,5-trimethoxyphenyl)piperidine-3-
carboxylate (4f). White solid, yield 98%; mp 181-182 °C; *H NMR (500 MHz, DMSO-ds) &u/ppm: 8.65 (s, 1H, -
NH), 6.59 (s, 2H, aromatic H), 6.61 (s, 1H, -OH), 4.41 (d, J 12 Hz, 1H, -CH ), 3.80 (t, J 12.5 Hz, 1H, -CH ), 3.73 (s,
6H, 2X -OCHs), 3.64 (d, J 8.5 Hz, 1H, -CH ), 3.62 (s, 3H, -OCHs), 3.61 (s, 3H, -OCHs), 3.36 (s, 3H, -OCHs), 2.79
(dd, J 16.5 Hz, 2H, -CH; ); *3C NMR (125 MHz, DMSO-ds) 8c/ppm: 170.25, 169.07, 163.31, 153.21 (2C), 137.23,
135.07, 117.65, 105.99, 80.67, 60.48 (2C), 56.49 (2C), 52.84 (2C), 52.14, 52.09, 43.06, 41.99); HRMS (ESI-TOF)
m/z: For Ca0H24N209Calcd. [M+Na]*459.1482; Found [M+Na]* 459.1274.

Ethyl 5-cyano-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-4-(2-nitrophenyl)-6-oxopiperidine-3-carboxylate (4g). Light
yellow solid, yield 89%; mp 161-163 °C; FTIR (cm): 3742, 3307, 3153, 2361, 1738, 1356, 1053, 649, 537, 436;
IH NMR (500 MHz, DMSO-ds) 81/ppm: 8.76 (s, 1H, -NH), 7.89 (d, J 8.5 Hz, 1H, aromatic H), 7.76-7.71 (m, 1H,
aromatic H), 7.70 (d, J 8 Hz, 1H, aromatic H), 7.51 (td, J 17 Hz, J 8 Hz, J 7.5 Hz, 1H, aromatic H), 6.71, (s, 1H,
OH), 4.69-4.59 (m, 2H, -CH ), 4.11-4.060 (m, 2H, -OCH,), 3.80-3.77 (m, 1H, -CH), 3.71-3.67 (m, 2H, -OCH.), 2.88
(d, J 17 Hz, 1H, -CH, ), 2.76 (d, J 17 Hz, 1H, -CH2 ), 1.17 (t, J 7 Hz, 3H, -OCH3), 0.78 (t, J 7 Hz 3H, -OCHs); 13C
NMR (125 MHz, DMSO-ds) dc/ppm: 169.74, 168.21 (2C), 162.86, 134.07, 133.99, 129.39, 128.96, 125.02,
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116.64, 80.74, 61.17, 60.70, 53.41, 41.15, 40.56, 33.43, 14.58, 13.91; HRMS (ESI-TOF) m/z: For
C19H21N30sCalcd. [M+Na] *442.1329; Found [M+Na]* 442.1194.

Ethyl 5-cyano-4-(4-cyanophenyl)-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-6-oxopiperidine-3-carboxylate (4h).
Light yellow solid, yield 93%; mp 155 °C; FTIR (cm™): 3741, 3304, 3192, 2361, 1733, 1318, 1060, 721, 526, 437;
'H NMR (500 MHz, DMSO-dg) du/ppm: 8.78 (s, 1H, -NH), 7.82 (d, J 8 Hz, 2H, aromatic H), 7.51 (d, J 8.5 Hz, 2H,
aromatic H), 6.60 (s, 1H, OH), 4.57-4.33 (d, J 12 Hz, 1H, -CH ), 4.10-4.078 (m, 2H, -OCH,), 4.00 (t, J 12.5 Hz,
1H, -CH), 3.85-3.81 (m, 1H, -CH), 3.75-3.70 (m, 2H, -OCH.), 2.88 (d, J 17 Hz, 1H, -CH; ), 2.76 (d, J 17 Hz, 1H, -
CH, ), 1.77 (t, J 7 Hz, 3H, -OCHs), 0.82 (t,J 7 Hz, 3H, -OCH3); 13C NMR (125 MHz, DMSO-ds) 8c/ppm: 169.67,
168.19 (2C), 162.76, 145.20, 133.07 (2C), 129.89, 119.22, 119.072, 111.10, 107.99, 80.78, 60.94, 60.70, 51.95,
43.03, 41.58, 14.59, 14.03; HRMS (ESI-TOF) m/z: For CyoH21N3OsCalcd. [M+K]* 438.1430; Found [M+K]*
438.1109.

Ethyl 5-cyano-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-4-(4-nitrophenyl)-6-oxopiperidine-3-carboxylate (4i). Light
yellow solid, yield 91%; mp 162 °C; FTIR (cm™): 3742, 3307, 3153, 2361, 1738, 1356, 1053, 649, 537, 436; H
NMR (500 MHz, DMSO-ds) 81/ppm: 8.76 (s, 1H, -NH), 8.20 (d, J 9 Hz, 2H, aromatic H), 7.61 (d, J 8.5 Hz, 2H,
aromatic H), 6.61 (s, 1H, OH), 4.45 (d, J 12.5 Hz, 1H, -CH ), 4.11-4.06 (m, 2H, -OCH,, 1H, -CH), 3.85-3.71 (m, 2H,
-OCH>, 1H,-CH), 2.89 (d, J 17 Hz, 1H, -CH> ), 2.78 (d, J 17 Hz, 1H, -CH, ), 1.87 (t, J 7 Hz, 3H, -CH3), 0.84 (t,J 7
Hz, 3H, -CHs); 13C NMR (125 MHz, DMSO-ds) 8c/ppm: 169.70, 168.15, 162.65, 147.58, 147.23, 130.22 (2C),
124.17 (2C), 117.14, 80.84, 61.01, 60.72, 52.04, 43.10, 41.61 (2C), 14.58, 14.04; HRMS (ESI-TOF) m/z: For
C1oH21N30sCalcd. [M+Na] *442.1329; Found [M+Na]*442.1194

Ethyl 5-cyano-4-(2,4-dichlorophenyl)-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-6-oxopiperidine-3-carboxylate (4j).
White solid, yield 94%; mp 174 °C; FTIR (cm™): 3741, 3377, 3297, 2360, 1717, 1519, 1355, 1054, 625, 518, 436;
H NMR (500 MHz, DMSO-ds) 6n/ppm: 8.70 (s, 1H, -NH), 7.60 (d, J 2 Hz, 1H, aromatic H), 7.48 (d, J 8.5 Hz, 1H,
aromatic H), 7.43 (dd, J 2 Hz, 1H, aromatic H) 6.66 (s, 1H, OH), 4.60 (d, J 12 Hz, 1H, -CH), 4.31 (d, J 12 Hz, 1H,
-CH), 4.12-4.08 (m, 2H, -OCH,), 3.87-3.83 (m, 1H, -CH), 3.76-3.71 (m, 2H, -OCH,), 2.90 (d, J 16.5 Hz, 1H, -CH> ),
2.78 (d,J 17 Hz, 1H, -CH, ), 1.18 (t, J 7 Hz, 3H, -CH3), 0.84 (t,J 7 Hz, 3H, -CHs); 13C NMR (125 MHz, DMSO-ds)
dc/ppm: 169.77, 168.16, 162.74, 136.91, 136.03, 133.22, 129.72, 128.42, 117.47, 116.75, 80.83, 60.96, 60.71,
52.54, 43.26, 41.59 (2C), 14.57, 13.96; HRMS (ESI-TOF) m/z: For C19H20Cl2N,0¢ Calcd. [M+Na] *465.0596; Found
[M+Na]*465.0704

Ethyl 5-cyano-2-(2-ethoxy-2-oxoethyl)-2-hydroxy-6-oxo-4-(3,4,5-trimethoxyphenyl)piperidine-3-carboxylate
(4k). White solid, yield 98%; mp 197 °C; FTIR (cm): 3741, 3305, 3155, 2361, 1725, 1517, 1317, 1054, 627, 519,
435; 'H NMR (500 MHz, DMSO-ds) 81/ppm: 8.67 (s, 1H, -NH), 6.59 (s, 2H, aromatic H), 6.49 (s, 1H, OH), 4.39 (d,
J 12.5Hz, 1H, -CH ), 4.11 (m, 2H, -OCH), 3.88-3.79 (m, 2H, -OCH>, 1H, -CH), 3.72 (s, 6H, 2 x -OCH3), 3.6 (t, 3H, -
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OCHs, 1H, -CH), 2.85 (d, J 16.5 Hz, 1H, -CHz ), 2.70 (d, J 17 Hz, 1H, -CH, ), 1.19-1.165 (m, 3H, -CHs), 0.83 (t,J 7
Hz, 3H, -CHs); 13C NMR (125 MHz, DMSO-ds) 8c/ppm: 169.71, 168.55, 164.54, 163.30, 153.18, 137.30, 135.05,
117.66, 106.05, 80.68, 78.71, 60.74, 60.64, 60.49, 56.47, 52.64 (2C), 43.24, 42.12 (2C), 14.54, 14.12; HRMS
(ESI-TOF) m/z: For Ca3H2sN200 Caled. [M+Na] * 487.1693; Found [M+Na]* 487.1756.

Conclusions

In conclusion, we have developed an easy, efficient and novel protocol for the synthesis of a series of fully
and diversely functionalized piperidinone derivatives via one-pot three-component reactions of substituted
benzaldehydes, cyanoacetamide and 1,3-dimethylacetonedicarboxylate/1,3-diethylacetonedicarboxylate in
the presence of 20 mol% trisodium citrate dihydrate as catalyst in aqueous ethanol at ambient temperature.
This is the first report of the synthesis of these biologically promising scaffolds. Benzaldehydes with both
electron-donating as well as -withdrawing substituents are well tolerated under the developed conditions and
afford the desired products in excellent yields. Through this protocol we were able to decorate the
piperidinone skeleton with five different substituents such as cyano, substituted benzene rings, ester, hydroxyl
and alkyl acetate at four different positions. The desired products were formed through the formation of two
new C-C and one C-N bonds. Synthesis of fully and diversely functionalized novel bioactive scaffolds, excellent
yields, high atom economy, use of trisodium citrate dihydrate as an efficient metal-free organocatalyst, non-
toxic solvents, gram scale synthesis, reusability of the reaction media, energy efficiency, one-pot three-
component synthesis, high atom economy are some of the notable advantages of this newly developed

protocol.
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