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Abstract - 2-Pyrrolidinone is a y-lactam heterocycle consisting
of four carbon atoms and one nitrogen atom. In the family of
2-pyrrolidinone heterocycles, 3-pyrroline-2-ones, also named as
1,5-dihydro-2H-pyrrol-2-ones are important substructures of
various natural products with promising biological activities. In
addition, this y-lactam heterocyclic ring also exists in synthetic
medicinal compounds. In this manuscript, multi-component
reactions (MCRs) were applied to synthesize three 1,5-
disubstituted-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-ones
containing nitro group from aromatic aldehydes, 4-nitroaniline
and sodium diethyl oxalacetate in absolute ethanol. Furthermore,
the molecular structure of products has been proven via modern
spectroscopic methods: nuclear magnetic resonance spectroscopy
(*H NMR, *3C NMR) and electrospray ionization-high resolution
mass spectrometry (ESI — HRMS).

Key words - Multi-component reaction; y-lactam ring;
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1. Introduction

2-Pyrrolidinone is a y-lactam nitrogen-containing
heterocyclic scaffold that occurs in numerous biologically
active compounds of natural origin and non-natural
medicinal compounds [1], [2], [3]. Azaspirene, for
example, was isolated from the fungus Neosartorya sp.
which exhibited the endothelial migration induced by the
vascular endothelial growth factor [4]. Cynometrine, an
y-lactam containing alkaloid, was found in the sterm bark
of Cynometra hankei [5] which has been used as an
antitussive and analgesic (for dental pain and rheumatism)
[2], [6]. Doxapram, a non-natural compound, has been used
to form doxapram hydrochloride which helps to increase
the respiratory rate [7] (Figure 1).
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Figure 1. Structure of some naturally occurring and synthetic
2-pyrrolidinone derivatives
In the family of 2-pyrrolidinones, 3-pyrroline-2-ones,
also known as 1,5-dihydro-2H-pyrrol-2-ones are important
substructures in numerous naturally occurring compounds.
Pyrrocidine A, for instance, was derived from

Tém tit - 2-Pyrrolidinone 1a mot di vong y-lactam chira bdn
nguyén tir carbon va mét nguyén tir nitrogen. Trong nhoém cac
dan xuét 2-pyrrolidinone, 1,5-dihydro-2H-pyrrol-2-one, con
duogc goi 1a cac din xuat 3-pyrroline-2-one 1a nhitng don vi ciu
tric quan trong trong nhidu hop chat thién nhién c6 hoat tinh
sinh hoc. Hon nita, di vong y-lactam ndy con c6 mat trong céu
tric ciia mot sb loai duge pham. Trong nghién ciru nay, ba din
xuét cua 4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one chira
nhém nitro (-NO2) di duge téng hop dwa vao phan (mg nhiéu
thanh phan (MCR) tir aldehyde thom, 4-nitroaniline va sodium
diethyl oxalacetate trong dung moi ethanol. Ngoai ra, cdu tric
cuia cac san phdm da dugc chimg minh dira vao cac phuong phép
phé hién dai nhu phd cong huéng tir hat nhan (*H NMR,
13C NMR) va phé khéi phén giai cao (ESI — HRMS)

Tw khoa - Multi-component reaction; y-lactam ring;
2-pyrrolidinone; 3-pyrroline-2-one; 1,5-dihydro-2H-pyrrol-2-one

Acremonium zeae, a fungal endophyte, and this natural
origin compound presents biological activity against
Gram-positive bacteria [8]. Ascosali pyrrolidinone A was
isolated from a marine fungus named Ascochyta salicornae
which shows antimalarial activity [9] (Figure 2).
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Figure 2. Natural compounds containing
1,5-dihydro-2H-pyrrol-2-one subunit

Along with compounds of natural origin, non-natural
polysubstituted 3-pyrroline-2-ones have been synthesized
and evaluated for their biological and pharmacological
activities such as antioxidant [10], [11], [12], antibacterial
[13], [14], anticancer [15], [16], [17], as well as anti-HIV-
1 [18] and inflammatory [19]. Therefore, there has been
increasing attention to the synthesis of polysubstituted
3-pyrroline-2-ones, and especially 1,5-disubstituted-4-
ethoxycarbonyl-3-hydroxy-3-pyrroline-2-ones [20].
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Multi-component reactions (MCRs) are efficient
synthetic strategies in which three or more starting materials
react in a single flask to obtain new products containing
important portions of all reactants [21]. 1,5-Disubstituted-
4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-ones have been
synthesized via MCRs of substituted benzaldehydes,
amines, and diethyl acetylenedicarboxylate [22], [23], [24],
[25]. In addition, 1,5-disubstituted-4-ethoxycarbonyl-3-
hydroxy-3-pyrroline-2-ones could also be synthesized via
MCRs of substituted benzaldehydes, amines and sodium
diethyl oxalacetate [26], [10]. However, the above-
mentioned five-membered ring heterocycles containing
nitro group (-NO-) still need to be explored more by
synthetic organic chemists. Thus, in this manuscript,
MCRs of substituted benzaldehydes, 4-nitroaniline and
sodium diethyl oxalacetate to obtain nitro group (—-NO2)
containing 1,5-disubstituted-4-ethoxycarbonyl-3-hydroxy-
3-pyrroline-2-ones will be reported. Furthermore, the
molecular structure of three products will be determined via
nuclear magnetic resonance spectroscopy (*H NMR,
13C NMR) and electrospray ionization-high resolution mass
spectrometry (ESI — HRMS).

2. Experimental section
2.1. General experimental methods

All chemicals were received from Merk, Sigma Aldrich
and Acros without further purification. Silica gel 60
(0.063-0.200 mm) was used as the stationary phase for
column chromatography. All NMR spectra were acquired
on Bruker Avance |1+ spectrometer at 600 MHz for proton
and 150 MHz for carbon. The chemical shifts were
reported in ppm (part per million) relative to
tetramethylsilane (TMS) or internal deuterated solvent
signals (CDCls; or DMSO-d6). Biichi Melting Point B-545
apparatus was used to determine the melting points of
products. Electrospray ionization - High-resolution mass
spectra (ESI — HRMS) were recorded with SCIEX X500
QTOF instrument.

2.2. Preparation and purification of 1,5-disubstituted-4-
ethoxycarbonyl-3-hydroxy-3-pyrroline-2-ones [10]

To a round-bottom flask of 10 mL equipped with a
mechanical stirrer was added substituted benzaldehyde
(1 mmol, 1 equiv.), 4-nitroaniline (1 mmol, 1 equiv.), citric
acid (2 mmol, 2 equiv.), absolute ethanol (1.5 mL) and
toluene (0.5 ml). The mixture was stirred at room
temperature for 1 hour under Ar atmosphere. Then, sodium
diethyl oxalacetate (2 mmol, 2 equiv.) was added, the
resulting mixture was stirred vigorously at room
temperature for 12 hours under Ar atmosphere. The
formation 1,5-disubstituted-4-ethoxycarbonyl-3-hydroxy-
3-pyrroline-2-ones  was checked by thin layer
chromatography (TLC) (Hexane/Ethyl acetate = 5: 1 and
Hexane/Ethyl acetate = 5: 3.5). Then, dichloromethane
(CHxCly) and HCI (5%) were added to the flask, and the
mixture was stirred at room temperature for 15 minutes.
Two layers were separated and the organic layer was
washed three times with distilled water, and dried over
MgSO.. The crude product was recrystallized in the

solvent mixture of CH2Cl, and absolute ethanol or CH.Cl,
and ethyl acetate to yield a pure product.

3. Results and discussion

The optimal reaction conditions for the synthesis of
1,5-diphenyl-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-
one [10] were applied to yield nitro group containing
1,5-disubstituted-4-ethoxycarbonyl-3-hydroxy-3-pyrroline
-2-ones (Figure 3, Table 1). Furthermore, due to low
solubility of nitro group containing aromatic compounds in
absolute ethanol, toluene was also added to the reaction
mixture to dissolve all starting material containing nitro
group (-NO>).
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Figure 3. The overall reaction for the synthesis of 1,5-disubstituted-
4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-ones (4a-c)
Table 1. Synthesis of 1,5-disubstituted-4-ethoxycarbonyl-3-
hydroxy-3-pyrroline-2-ones (4a-c)

Entry R! Product Yield (%)
1 H 4a 38
2 CHs 4b 31
3 NO2 4c 48
The initial step in MCRs to synthesize

1,5-disubstituted-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-
2-ones (4a-c) takes place via the reaction between
substituted benzaldehyde (1a-c) and 4-nitroaniline (2a) to
yield imine (5) [27] (Figure 4). Therefore, the presence of
substituent groups attached to the benzene ring in the
structure of starting materials will affect both the rate and
the yield of imine formation reaction [10].

Nitro group (NOy), an electron-withdrawing group, in
4-nitroaniline (2a) results in the decrease in the
nucleophilicity of the amino group (—-NH) [28]. Therefore,
the imine formation reaction rate between benzaldehyde
(1a) and 4-nitroaniline (2a) is slower than that between
benzaldehyde (1a) and aniline [27], [29]. Consequently,
there was a dramatic decrease in the vyield of
1-(4-nitrophenyl)-5-phenyl-4-ethoxycarbonyl-3-hydroxy-
3-pyrroline-2-one (4a), 38% (Table 1), as compared to the
synthesis of 1,5-diphenyl-4-ethoxycarbonyl-3-hydroxy-3-
pyrroline-2-one, 86% [10]. Moreover, the yields of 4b and
4c were also lower than that of 1,5-diphenyl-4-
ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one [10].

The existence of substituents in substituted
benzaldehydes will affect the electrophilicity of
the carbonyl carbon atom (C=0). Methyl (CHs) is an
electron-donating group which brings about the decrease in
the electrophilicity of carbonyl carbon atom in
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4-methylbenzaldehyde (1b) as compared to benzaldehyde
(1a). The formation of the imine between 1b and 2a is
slower than that between 1a and 2a, and consequently, the
yield of 4b is lower than that of 4a. In contrast, the presence
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of nitro group (NOy) in reactant 1c leads to the increase in
the electrophilicity of the carbonyl carbon atom [27], [28],
[29]. As a consequence, the yield of 4c is higher than that
of 4a and 4b (Table 1).
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Figure 4. Mechanism for the synthesis of 1,5-disubstituted-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-ones [10]

1-(4-Nitrophenyl)-5-phenyl-4-ethoxycarbonyl-3-hydroxy
-3-pyrroline-2-one (4a) was obtained as an off-white solid,
melting point: 180 — 182°C. HRMS (ESI-TOF MS/MS)
m/z: found 369.1076 [M + H]*, 391.0908 [M + Na]*
(calculated: 369.1087 [M + HJ*, 391.0906 [M + Na]*).
IH NMR (600 MHz, DMSO-d6) 6 11.85 (Str, 1H; —OH),
8.13 (d, 3J(H,H) = 9.29 Hz, 2H; Ar-H), 7.90 (d, 3J(H,H) =
9.29 Hz, 2H; Ar-H), 7.31 (d, 3J(H,H) = 6.95 Hz, 2H;
Ar-H), 7.23 (t, 3J(H,H) = 7.34 Hz, 2H; Ar-H), 7.17 (m, 1H;
Ar-H); 6.17 (s, 1H), 4.04 (dg, 3J(H,H) = 7.03 Hz, 2J(H,H)
= 10.8 Hz, 1H; —OCHz-), 3.99 (dq, 3J(H,H) = 7.07 Hz,
2)(H,H) = 10.9 Hz, 1H; —OCH2-), 1.07 ppm (t, 3H; CHj).
13C NMR (DMSO-d6, 150 MHz) § 164.69, 161.75, 151.83,
143.52, 142.06, 135.94, 128.37, 128.17, 127.73, 124.34,
121.59, 113.22, 60.34, 59.88, 13.94 ppm.
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Figure 5. 'H NMR spectrum of 1-(4-nitrophenyl)-5-phenyl-4-
ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4a)

The *H NMR spectrum of 4a exhibited a broad and low
intensity peak representing for hydrogen atom of the
hydroxyl group (-OH) at a high chemical shift, 11.85 ppm,
which is due to intramolecular hydrogen bond. Four

hydrogen atoms of 1,4-disubstituted benzene ring linked to

nitrogen atom at 1-position of the 3-pyrroline-2-one
heterocyclic ring were showed by two doublets at 8.13 and
7.90 ppm. In addition, the spectrum also exhibited peaks in
the range of 7.15 — 7.31 ppm representing five hydrogen
atoms of the monosubstituted benzene ring (Figure 5). Two
protons of methylene group (-CH2) of ethoxycarbonyl
(—C(O)OCH2CH3) moiety were characterized by two
doublets of quartets (dg) at 3.99 and 4.04 ppm (see
supporting information). Undoubtedly, two methylene
hydrogen atoms are diastereotopic, they will not only
couple with each other but also show spin-spin coupling
with methyl hydrogen atoms (CHs) [30], [31].

5-(4-Methylphenyl)-1-(4-nitrophenyl)-4-ethoxycarbonyl-
3-hydroxy-3-pyrroline-2-one (4b) was obtained as an off-
white solid, melting point: 205 — 207°C. The existence of
strong electron-withdrawing group in 4-nitroaniline (2a)
brought about a sharp decrease in the yield of 4b
as compared to  5-(4-methylphenyl)-1-phenyl-4-
ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one, 72% [10].

HRMS (ESI-TOF MS/MS) m/z: found 383.1238 [M +
H]*, 405.1089 [M + Na]* (calculated: 383.1243 [M + H]*,
405.1063 [M + Na]*). *H NMR (600 MHz, CDCls) 6 9.06
(sor, 1H; —OH), 8.12 (d, 3J(H,H) = 9.29 Hz, 2H; Ar-H), 7.79
(d, 3J(H,H) = 9.34 Hz, 2H; Ar-H), 7.12 (d, 3J(H,H) = 8.27
Hz, 2H; Ar-H), 7.09 (d, ®J(H,H) = 8.05 Hz, 2H; Ar-H), 5.76
(s, 1H), 4.22 (m, 2H; CHy), 2.27 (s, 3H; CH3), 1.22 ppm (t,
3J(H,H) = 7.09, 3H; CHs). **C NMR (CDCls, 150 MHz) ¢
165.11, 163.37, 155.76, 144.30, 142.31, 139.11, 131.31,
129.82, 127.30, 124.79, 120.76, 114.31, 61.78, 61.14,
21.27, 14.08 ppm.

Similarly to compound 4a, the *H NMR spectrum of 4b
also appeared resonance signal of proton of hydroxy! group
(—OH) as a broad and low-intensity peak at the chemical
shift of 9.06 ppm. There were four doublets located at 8.12,
7.79, 7.12 and 7.09 ppm representing eight protons of two
1,4-disubstituted benzene rings which attached to 1,5-
positions of the 3-pyrroline-2-one heterocyclic ring. In
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addition, the spectrum exhibited two singlet resonance
signals at 5.76 and 2.27 ppm corresponding to hydrogen
atom at the 5-position and methyl group protons,
respectively (Figure 6). Furthermore, resonance signals
of two methylene protons and three methyl protons
of ethoxycarbonyl (-C(O)OCH:CH3) group were
characterized by a multiplet and a triplet at 4.22 and
1.22 ppm, respectively.
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Figure 6. 'H NMR spectrum of 5-(4-methylphenyl)-1-(4-
nitrophenyl)-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4b)

1-(4-Nitrophenyl)-5-(4-nitrophenyl)-4-ethoxycarbonyl
-3-hydroxy-3-pyrroline-2-one (4c) was obtained as a
slightly yellow off-white solid, melting point: 200 — 202°C.
The yield of 4¢ had roughly halved to 48%, as compared to
5-(4-nitrophenyl)-1-phenyl-4-ethoxycarbonyl-3-hydroxy-
3-pyrroline-2-one, 91% [10].

HRMS (ESI-TOF MS/MS) m/z: found 412.0777 [M -
HY, (calculated: 412.0781 [M - H]). 'H NMR (600 MHz,
DMSO0-d6) 6 8.11 (d, %J(H,H) = 9.28 Hz, 2H; Ar-H), 8.04
(d, 3J(H,H) = 8.90 Hz, 2H; Ar-H), 7.87 (d, 3J(H,H) = 9.28
Hz, 2H; Ar-H), 7.63 (d, 3J(H-H) = 8.78 Hz, 2H; Ar-H),
6.33 (s, 1H), 4.01 (dq, 3J(H,H) = 7.05 Hz, 2J(H,H) = 10.82
Hz, 1H; ~OCH2-), 3.97 (dq, 3J(H,H) = 7.09 Hz, 2J(H,H) =
10.93 Hz, 1H; ~OCH>-), 1.05 ppm (t, 3J(H,H) = 7.06, 3H;
CHj3). 3C NMR (DMSO-d6, 150 MHz) 6 164.67, 161.71,
152.83, 147.31, 144.09, 143.76, 141.78, 129.38, 124.53,
123.51, 121.65, 111.97, 60.06, 59.47, 14.00 ppm.
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Figure 7. Peaks of doublet of quartet (dqg) of two diastereotopic
methylene protons (—CHz) in compound 4c
3-Pyrroline-2-one derivative 4¢ was dissolved in the
solvent of DMSO-d6 for *H NMR measurement.
8 Protons of two 1,4-disubstituted benzene rings in the

structure of compound 4c were characterized by four
doublets at 8.11, 8.04, 7.86, and 7.62 ppm. In addition,
the spectrum exhibited singlet resonance signal at
6.33 ppm corresponding to hydrogen atom at 5-position
of the heterocyclic ring. It is undoubtedly that the plane
of five-membered heterocyclic ring and ethoxycarbonyl
moiety (—C(O)OCH2CHg3) is co-planar [30], [31]. Two
methylene protons (CH:) in compound 4c are not
chemically equivalent and therefore, represented by two
doublets of quartets (dq) at 4.01 and 3.97 ppm (Figure 7).

4. Conclusions

Three polysubstituted 3-pyrroline-2-ones containing
nitro group (—NOz) were synthesized successfully via
three-component reactions (MCRs) of 4-nitroaniline,
substituted benzaldehydes and sodium diethyl oxalacetate.
The presence of electron-withdrawing or electron-donating
groups bonded to the benzene ring in the structure of both
aromatic amine and aromatic aldehyde will affect the yield
of heterocyclic products 4a-c. The molecular structure of
three polysubstituted 1,5-dihydro-2H-pyrrol-2-ones was
determined by 'H NMR, C NMR spectroscopy and
electrospray ionization - high resolution mass spectrometry
(ESI-HRMS).
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Figure S1. *H NMR spectrum of 1-(4-nitrophenyl)-5-phenyl-4-
ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4a) in the
chemical shift range of 7.0 — 8.4 pmm
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Figure S2. Peaks of doublet of quartet (dq) of two
diastereotopic methylene protons (—CHz) in compound 4a
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Flgure S3. 13C NMR spectrum of 1-(4- nltrophenyl) -5- phenyl -4-

ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4a)
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Figure S4. ESI — HRMS spectrum of 1-(4-nitrophenyl)-5-
phenyl-4- ethoxycarbonyl -3-hydroxy-3-pyrroline-2-one (4a)
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Figure S5. 13C NMR spectrum of 5-(4-methylphenyl)-1-(4-
nltrophenyl) -4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4b)
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Figure S6. ESI — HRMS spectrum of 5-(4-methylphenyl)-1-(4-
nitrophenyl)-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4b)

Figure S7. *H NMR spectrum of 1-(4-nitrophenyl)-5-(4-
nitrophenyl)-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4c)
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Figure S8. $3C NMR spectrum of 1-(4-nitrophenyl)-5-(4-
nitrophenyl)-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4c)
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HRMS spectrum of 1-(4-nitrophenyl)-5-(4-

nitrophenyl)-4-ethoxycarbonyl-3-hydroxy-3-pyrroline-2-one (4c)



