Heterocyclic Letters

Vol. 12| No.2|295-303|February -April|2022
ISSN : (print) 2231-3087 / (online) 2230-9632
CODEN: HLEEAI

http://heteroletters.org

SYNTHESIS OF TWO PYRROLIDINE-2,5-DIONE DERIVATIVES AS
ANTIBACTERIAL AGENTS

Lépez-Ramos Maria!, Figueroa-Valverde Lauro’”, Diaz-Cedillo Francisco?, Rosas-
Nexticapa Marcela®”, Alvarez-Ramirez Magdalena3, Mateu-Armad Maria Virginia®,
Lopez Gutierrez Tomas!, Melgarejo-Gutierrez Montserrat*, Moo-Kuc Cristina *.

1 Laboratory of Pharmaco-Chemistry, Faculty of Chemical Biological Sciences,
University Autonomous of Campeche, Av. Agustin Melgar s/n, Col Buenavista C.P.
24039 Campeche, Camp., México;
Escuela Nacional de Ciencias Bioldgicas del Instituto Politécnico Nacional. Prol. Carpio
y Plan de Ayala s/n Col. Santo Tomas, México, D.F. C.P. 11340;
Facultad de Nutricion, Universidad Veracruzana, Médicos y Odontologos s/n C.P. 91010,
Unidad del Bosque Xalapa Veracruz, México;
* Correspondence: Ifiguero@uacam.mx (F.V.L.)

*Facultad de Medicina Universidad Veracruzana, Médicos y Odontologos s/n, Unidad del
Bosque, Xalapa, C.P. 91010 Veracruz, México.

2

3

Abstract

Various protocols have used for the synthesis of some pyrrolidine-2,5-diones as antibacterial
agents; however, these methods involve different reagents which can be dangerous and require
special conditions such as different pH and higher temperatures. The aim of this research was
to synthesize two pyrrolidine-2,5-dione derivatives (compounds 4 and 5) using some chemical
strategies to evaluate their antibacterial activity against some bacteria. The chemical structure
of compounds involved in this study was confirm with both *H and 3C NMR spectra. The
results showed that both 4 and 5 decreased bacterial growth of bacterial strains. However,
biological activity of 5 was higher compared with 4. These data suggest that the biological
activity depends on the functional groups involved in the chemical structure of 5.

Keywords. Synthesis, pyrrol-2,5-dione, derivatives, antibacterial.

Introduction

For years, some pyrrolidione analogs' have been used with therapeutic purposes for treat
diabetes”, inflammation™, epileptic", cancer’, pain“, depression'". In addition, new
pyrrolidiones have been developed to treat some infectious diseases“'". For example, a
pyrrolidine-2,5-dione derivative was synthesized from indole, benzaldehyde and succinimide
as antibacterial agent against Escherichia coli strain™. Besides, a study showed the synthesis
of some pyrrolidine-2,5-diones from a o,3-unsaturated anhydride and an amines-derivative
with antibacterial activity on Staphylococcus aureus strain*. Other data indicate the synthesis
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of a phenylpyrrolidine-2, 5-dione via reaction of succinic anhydride with a primary aromatic
amine as antibacterial agent against Escherichia colistrain®. Besides, a study showed the
synthesis of 6-substituted benzo[d]thiazol2yl-3-substituted pyrrolidine-2,5-dione from
succinic anhydride and a benzothiazole derivative as antibacterial agent*. It is noteworthy that
methods used for preparation of several pyrrolidine-2, 5-dione derivatives require special
conditions such as different pH and higher temperatures. In this way, the aim of this research
was to prepare two pyrrolidine-2,5-dione derivatives to evaluate their biological activity on
different bacterial strains.

General methods.

Starting materials were purchased from commercial suppliers (Sigma-Aldrich and AKos
Consulting & Solutions). NMR spectra were recorded on a Varian VXR300/5 FT apparatus
(300 MHz/CDCls) using tetramethylsilane as an internal standard. Electron lonization mass
spectrometry (EIMS) was recorder on a Finnigan PolarisQ ion trap mass spectrometer.
Melting-point (m.p.) was determined on an electrothermal-900 model apparatus. The infrared
spectrum (IR) was determined on a thermo-scientific iISOFT/IR device. Elemental analysis was
determined using a PerkinElmer apparatus (Ser. 11 CHNS / 02400).

Chemical synthesis.
3-Methyl-7-(4-nitro-benzyl)-2,4,6-triaza-bicyclo[3.2.0]hepta-3,6-diene (2)

In a round bottom flask (10 ml), 4-Nitrophenylacetonitrile (150 mg, 0.92 mmol), Copper[Il]
chloride anhydrous (130 mg, 0.97 mmol) and 2-methylimidazol (80 mg, 0.97 mmol) and
methanol (5 ml) was stirring for 12 h at room temperature. Then, the solvent was evaporated
under reduced pressure: Following the product was separated using the chloroform:water (4:1)
system; yielding 44% of product; m.p. 102-104 °C;IR (Vmax, cm™?) 3432 and 1540: 'H NMR
(300 MHz, CDCls-d) on: 1.92 (s, 3H), 3.32 (m, 2H), 5.40-6.00 (m, 3H), 7.12-7.80 (m, 4H)
ppm. BC NMR (300 Hz, CDCls) éc: 20.60, 37.80, 55.90, 69.80, 124.12, 128.56, 141.18,
147.02, 159.80, 179.20 ppm. EI-MS m/z: 244.02. Anal. Calcd. for C12H12N4O». C, 59.01; H,
4.95; N, 22.94; O, 13.10. Found: C, 59.00; H, 4.92.

3-(3-Amino-phenyl)-5-(3-methyl-2,4,6-triaza-bicyclo[3.2.0]hepta-3,6-dien-7-ylmethyl)-
indol-1-ol (3)

In a round bottom flask (10 ml), compound 2 (200 mg, 0.82 mmol), 3-ethynylaniline (100 pl,
0.90 mmol), Copper [II] chloride anhydrous (130 mg, 0.97 mmol) and either methanol or
ethanol or dimethyl sulfoxide (5 ml) was stirring for 72 h at room temperature. Then, the
solvent was evaporated under reduced pressure. Following the product was separated using the
chloroform:water (4:1) system; m.p.122-124°C;IR (Vmax, cm™) 3430, 3380 and 3260: 'H NMR
(300 MHz, CDCl3-d) dn: 1.92 (s, 3H), 3.44 (m, 2H), 5.40-5.72 (m, 2H), 6.56-6.80 (m, 2H),
6.86 (m, 1H), 6.92 (broad, 4H), 7.00-7.04 (m, 2H), 7.10-7.20 (m, 3H) ppm. *3C NMR (300 Hz,
CDCls) oc: 20.60, 39.50, 55.90, 69.80, 107.50, 112.34, 113.10, 114.90, 116.76, 122.30, 123.52,
124.32, 127.32, 128.96, 130.22, 134.44, 135.70, 144.38, 159.80, 179.20 ppm. EI-MS m/z:
345.15. Anal. Calcd. for C20H19NsO. C, 69.55; H, 5.54; N, 20.28; O, 4.63. Found: C, 69.52; H,
5.52.

1-{3-[1-Hydroxy-5-(3-methyl-2,4,6-triaza-bicyclo[3.2.0]hepta-3,6-dien-7-ylmethyl)-1H-
indol-3-yl]-phenylamino}-pyrrolidine-2,5-dione (4)

In a round bottom flask (10 ml), compound 3 (200 mg, 0.58 mmol), Copper[Il] chloride
anhydrous (80 mg, 0.59 mmol) and N-bromosuccinamide (120 mg, 0.61 mmol) and methanol
(5 ml) was stirring for 12 h at room temperature. Then, the solvent was evaporated under
reduced pressure. Following the product was separated using the chloroform:hexane (4:1)
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system; yielding 64% of product; m.p.144-146°C;IR (Vmax, cm™) 3430, 3260 and 1712: 'H
NMR (300 MHz, CDCls-d) dn: 1.92 (s, 3H), 2.44-2.50 (m, 4H), 3.44 (m, 2H), 5.40-5.72 (m,
2H), 6.20-6.56 (m, 2H), 6.66 (m, 1H), 6.80-7.00 (m, 2H), 7.06 (broad, 3H), 7.12-7.30 (m, 3H)
ppm. *C NMR (300 Hz, CDCls) éc: 20.60, 27.80, 39.50, 55.90, 69.80, 107.50, 109.12, 112.44,
114.90, 116.76, 121.95, 123.52, 124.32, 125.60, 128.96, 130.14, 134.06, 134.44, 135.30,
159.80, 165.66, 179.20 ppm. EI-MS m/z: 442.17. Anal. Calcd. for C24H22NeOs. C, 65.15; H,
5.01; N, 18.99; O, 10.85. Found: C, 65.12; H, 5.00.

1-{3-[5-(3-Methyl-2,4,6-triaza-bicyclo[3.2.0]hepta-3,6-dien-7-ylmethyl)-1-(4-prop-2-
ynyl-phenoxy)-1H-indol-3-yl]-phenylamino}-pyrrolidine-2,5-dione (5)

In a round bottom flask (10 ml), compound 4 (200 mg, 0.45 mmol), potassium carbonate (70
mg, 0.50 mmol) and dimethyl sulfoxide (5 ml) was stirring for 12 h (80 °C). Then, the solvent
was evaporated under reduced pressure. Following the product was separated using the
chloroform:hexane (4:1) system; yielding 56% of product; m.p. 102-104 °C;IR (Vmax, cm™)
3430, 2112, 1712 and 1150: *H NMR (300 MHz, CDCls-d) éx: 1.92 (s, 3H), 2.00 (s, 1H), 2.40-
2.50 (m, 4H), 3.44 (m, 2H), 3.48 (m, 2H), 4.10 (broad, 2H), 5.40-5.72 (m, 2H), 6.66 (m, 1H),
6.80-7.12 (m, 4H), 7.20 (m, 2H), 7. 24 (m, 1H), 7.28 (m, 2H), 7.30 (m, 2H), 7.32-7.34 (m, 2H)
ppm. 3C NMR (300 Hz, CDCls) dc: 20.60, 25.12, 27.00, 39.50, 55.90, 69.80, 71.24, 82.44,
100.34, 109.12, 112.34, 115.70, 115.85, 117.16, 121.85, 123.82, 126.62, 128.16, 128.43,
128.80, 128.82, 130.94, 132.52, 135.06, 135.74, 159.60, 159.64, 165.66, 179.20 ppm. EI-MS
m/z: 572.25. Anal. Calcd. for CasH32NeOz. C, 71.31; H, 5.63; N, 14.68; O, 8.38. Found: C,
71.28; H, 5.60.

Biological evaluation.

Staphylococcus aureus (ATCC 33591), Streptococcus pneumoniae (ATCC 6303) Escherichia
coli (ATCC 14035), and Klebsiella pneumoniae (ATCC 4352) were acquired from the strain
bank from Laboratory of Pharmacochemistry, Faculty of Chemical-Biological Sciences of the
Autonomous University of Campeche.

Antimicrobial activity.

The antibacterial effect produced by compounds 2 to 5 against Staphylococcus aureus (ATCC
49775), Streptococcus pneumoniae (49136), Escherichia coli (ATCC 25922), and Klebsiella
pneumoniae (700603) was evaluated using a previously reported report®'. In this way, the
bacteria were incubated using the following growth media as brain/heart infusion for
Escherichia coli and Staphylococcus 110 for Staphylococcus aureus for 24 h to 37 °C in the
absence or presence of either compounds 2 to 5 (at dose of 0.0625 to 1 mg) to determine
bacterial growth. Then, several tubes (12) with different characteristics were prepared as
follows. The first tube was added 2 mL of culture medium (soybean trypticase protein) at
double concentration and the rest (11 tubes) contained the same amount of medium at a single
concentration. To first tube (double concentration) a 2 mL aliquot of either compound 2 or
5was added and shaken, and from this tube a 2 mL aliquot was taken and added to the next
tube (single concentration); this process was repeated successively until the solution had been
consumed. Then, a bacterial suspension corresponding to the McFarland scale (9 x 108
cells/ml) was added to each tube, and all tubes were incubated at 37 °C for 24 hours.

Results and Discussion

Some pyrrolidine-2,5-dione analogs have been prepared using some protocols which require
special condition such as different pH and higher temperatures*™". The aim of this study was
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to synthesize twopyrrolidine-2,5-dione derivatives (compounds 4 and 5) using some chemical
strategies as follows:

Synthesis of a 2,4,6-triaza-bicyclo derivative (2)

Several triazabicyclo derivatives have been prepared using diferent protocols; for example, a
study showed the preparation of a serie of 2,6,9-triazabicyclo[3.3.1]nonane derivatives from
unsaturated benzyl- or allylimines*. Other study showed the condensation of 5-aminothieno[2,3-
c]pyridazine-6-carbaldehyde  with  aliphatic primary amines to form some 2,6,9-
triazabicyclo[3.3.1]nonane derivatives®.In addition, A8-triazabicyclo)6.3.0)decene was prepared from
2-(o-hydroxyalkylamino)- A?-1,3-diazacycloalkene®™'. These studies show some methods which
require several reagents that can be dangerous and difficult to handle; therefore, in this study a 2,4,6-
triaza-bicyclo derivative (compound 2)was synthesized from 4-Nitrophenylacetonitrile and 2-
methylimidazol using Copper[I1] chloride as catalyst(Figure 1). The *H NMR spectrum of 2
showed several signals at 1.92 ppm for methyl group; at 3.32 for methylene group bound to
both 2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fregment and phenyl group; at 5.40-6.00 for
2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fragment; at 7.12-7.80 ppm for phenyl group. The
13C NMR spectra display chemical shifts at 20.60 ppm for methyl group; at 37.80 ppm for
methylene group bound to both 2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fregment and
phenyl group; at 55.90-69.80 and 159.80-179.30 ppm for 2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-
diene fregment; at 124.12-142.09 ppm for phenyl group. Besides, the mass spectrum from 2
showed a molecular ion (m/z) at 244.009.
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Figure 1. Synthesis of a triaza-bicyclo-indol-1-ol derivative (3). Conditions and reagents: i= 4-Nitrophenyl-
acetonitrile, 2-methylimidazol, Copper(ll) chloride, 12 h, rt; ii = 3-ethynylaniline,Copper(ll) chloride
anhydrous,rt.

rt =room temperature.

Preparation of a triaza-bicyclo-indol-1-ol derivative

There are several protocols for synthesis of indole derivatives which use some reagents such
as ruthenium*"', oxiandoles*'", tert-butyl isocyanide*™, palladium™*, nitroxide* and others.

In this research, a triaza-bicyclo-indol-1-ol analog (3) was prepared from compound 2 and 3-
ethynylaniline in the presence of Copper(ll) chloride (Figure 1 and 2). It should be noted that
this reaction was carried out using three different solvents such as methanol, ethanol and
dimethyl sulfoxideto evaluate the yielding of the reaction. The results showed a higher yield
with methanol compared to with either ethanol or dimethyl sulfoxide (Table 1).The *H NMR
spectrum of 3 showed several signals at 1.92 ppm for methyl group; at 3.44 for methylene
group bound to both 2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fregment and phenyl group; at
5.40-6.72 for 2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fragment; at 6.56-6.80 and 7.00-7.04
ppm for indole fragment; at 6.86 and 7.10-7.20 ppm for phenyl group; at 6.92 ppm for both
hydroxyl and amino groups.. The 3C NMR spectra display chemical shifts at 20.60 ppm for
methyl group; at 39.50 ppm for methylene group bound to both 2,4,6-Triaza-
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bicyclo[3.2.0]hepta-3,6-diene fregment and phenyl group; at 55.90-69.80 and 159.80-179.20
ppm for 2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fregment; at 107.10-114.90-116.76,
123.52-124.32 and 128.96-134.44 ppm for indole fragment; at 112.34-113.10, 122.30,127.32
and 135.70-144.38ppm for phenyl group. In addition, the mass spectrum from 3 showed a
molecular ion (m/z) at 345.15.

Table 1. Effect of solvent involved in the synthesis of compound 3.

Substrate Entry Catalyst Solvent Product Yield (%)
2 NH; Copper(ll)  MeOH 3 55
chloride
Copper(ll)  EtOH 3 -
A chloride
Copper(ll)  DMSO 3 12
chloride

—R
l (e
] H
O
Rm CN®
N R /
OH H

Figure 2. Reaction mechanism involved in the synthesis of compound 3.

Synthesis of a pyrrolidine-2,5-dione derivative (4)

Several pyrrolidine-2,5-dione have prepared using different methods which require special
conditions such diferent pH and higher temperature ™. In this researh the compound 4 was
prepared from 3and N-bromosuccinamide using Copper[11] chloride as catalyst (Figure 2). The
'H NMR spectrum of 4 showed several signals at 1.92 ppm for methyl group; at 2.44-2.50 ppm
for Pyrrolidine-2,5-dione ring; at 3.44 for methylene group bound to both 2,4,6-Triaza-
bicyclo[3.2.0]hepta-3,6-diene fregment and phenyl group; at 5.40-6.72 for 2,4,6-Triaza-
bicyclo[3.2.0]hepta-3,6-diene fragment; at 6.20-6.56 and 6.80-7.00 ppm for indole fragment;
at 6.66 and 7.12-7.30 ppm for phenyl group; at 7.06 ppm for both hydroxyl and amino groups.
The 3C NMR spectra display chemical shifts at 20.60 ppm for methyl group; at 27.80 and
165.66 ppm for Pyrrolidine-2,5-dione ring; at 39.50 ppm for methylene group bound to both
2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fregment and phenyl group; at 55.90-69.80 and
159.80 and 179.20 ppm for 2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fregment; at 107.50,
114.90-116.76, 123.52-124.32, 128.96-130.14 and 134.44 ppm for indole fragment; at 109.12-
112.44, 121.95, 125.60, 134.06 and 135.30 ppm for phenyl group. Additionally, the mass
spectrum from 4 showed a molecular ion (m/z) at 442.17.
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Figure 2. Synthesis of two pyrrolidine-2,5-dione derivatives (4 and 5).Conditions and Reagents: iii = N-bro-
mosuccinamide, Copper[I1] chloride, 12 h, rt; iv = dimethyl sulfoxide, potasium carbonate, 12 h, reflux at
80 °C.rt = room temperature.

Preparation of an ether derivative (5)

There are some protocols for synthesis of ether analogs which use some reagents, suchas  p-
toluenesulfonic acid®¥, tetrabutylammonium bromide®, Cu/ZnO/ZrO2*V, lithium aluminum
hydride*, dimethyl sulfoxide®"' and others. In the study, 5 was prepared from compounds 4
and dimethyl sulfoxide in mild conditions.The *H NMR spectrum of 5 showed several signals
at 1.92 ppm for methyl group; at 2.00 ppm for alkyne group; at 2.40-2.50 ppm for Pyrrolidine-
2,5-dione ring; at 3.44 ppm for methylene group bound to both indole ring and 2,4,6-Triaza-
bicyclo[3.2.0]hepta-3,6-diene fregment; at 3.48 ppm for methylene group linked to both phenyl
and alkyne groups; at 4.10 for amino groups; at 5.40-5.72 ppm for 2,4,6-Triaza-
bicyclo[3.2.0]hepta-3,6-diene fregment; at 6.66, 7.24 and 7.32-7.34 ppm for phenyl group
bound to both indole ring and amino group; at 7.20 and 7.30 ppm for phenyl group linked to
ether group. The 3C NMR spectra display chemical shifts at 20.60 ppm for methyl group; at
25.12 ppm for methylene bound to both alkyne and phenyl group; at 27.00 ppm for Pyrrolidine-
2,5-dione ring; at 39.50 ppm for methylene group bound to both indole ring and 2,4,6-Triaza-
bicyclo[3.2.0]hepta-3,6-diene fregment; at 70.24-82.44 ppm for alkyne group; at 55.90-69.80,
159.64 and 179.20 ppm for 2,4,6-Triaza-bicyclo[3.2.0]hepta-3,6-diene fregment; at 100.34,
115.70, 117.16, 123.82, 128.16-128.80 and 130.94 ppm for indole ring; at 109.12-118.34,
121.85 and 126.62 and 135.06-135.74 ppm for phenyl group linked to both indole ring and
amino group; at 115.80, 128.82, 132.52 and 159.60 ppm for phenyl group bound to ether group;
at 165.66 ppm for ketone groups. Finally, the mass spectrum from 4 showed a molecular ion
(m/z) at 572.25

Antibacterial activity

There are various studies which indicate that some pyrrolidine-2,5-dione derivativesmay
decrease bacterial growth ofdifferent bacterial strains™™>". Analyzing these data, in this studythe
antibacterial activity produced by both compounds 4 to 5 against Staphylococcus aureus,
Streptococcus pneumoniae, Escherichia coli and Klebsiella pneumoniae was evaluated, using

300



Lauro F-V etal. / Heterocyclic Letters Vol. 12| No.2|295-303| February-April |2022

the compounds 2and 3 as control with minimum inhibitory concentration method. The results
showed that bacterial growth of either Gram-negative or Gram-positive bacteria only was
inhibited by the compounds4 and 5.1t is noteworthy that antibacterial activity produced by
compound 5 was higher compared with 4. These data suggest that bacterial activity of both
compounds 4 and 4could depend onfunctional groups involved in their chemical structure.

Table 2. Antibacterial activity of compounds 4 and 5against four bacterial strains

Compound Staphylococcus  Streptococcus Escherichia coli  Klebsiella
aureus (mg) pneumoniae (mg) pneumoniae
(mg) (mg)
2and3(controls) | - - - -
4 1 0.25 0.25 0.25 0.25
5 105 0.5 1.0 1.0

CONCLUSIONS

In this research, a facile synthesis of two pyrrolidine-2,5-diones (4 and 5) is reported using
some chemical strategies. Besides, the compounds 4 and 5 decrease the bacterial growth of
both Gram-negative and Gram-positive bacteria and this effect depend of functional groups
involved in their chemical structure. In this way, these compounds could be considered as good
antibacterial agents.

ACKNOWLEDGEMENT
None

REFERENCES

I Yu, M.; Huang, X.; Gao, F.; Pyrrolidine-2, 5-dione. Acta Crystallographic a Section
E: Structure Reports Online.; 2012, 68(9), 02738.

ii. Hussain, F.; Khan, Z.; Jan, M.; Ahmad, S.; Ahmad, A.; Rashid, U.; Sadiq, A.;
Synthesis, in-vitro a-glucosidase inhibition, antioxidant, in-vivo antidiabetic and
molecular docking studies of pyrrolidine-2, 5-dione and thiazolidine-2, 4-dione
derivatives. Bioorganic Chemistry.; 2019, 91, 103128.

iii. Jan, M.; Ahmad, S.; Hussain, F.; Ahmad, A.; Mahmood, F.; Rashid, U.; Sadig, A.;
Design, synthesis, in-vitro, in-vivo and in-silico studies of pyrrolidine-2, 5-dione
derivatives as multitarget anti-inflammatory agents. European Journal of Medicinal
Chemistry.; 2020, 186, 111863.

v, Jolanta, O.; Agnieszka, Z.; Synthesis and anticonvulsant properties of new N-[(4-
arylpiperazin-1-yl)-methyl] derivatives of 3-aryl pyrrolidine-2, 5-dione and 2-aza-spiro
[4.4] nonane-1, 3-dione. Il Farmaco.; 2003, 58(12), 1227.

V. Tilekar, K.; Upadhyay, N.; Meyer-Almes, F.; Loiodice, F.; Anisimova, N.;Spirina, S.;
Ramaa, C.; Synthesis and Biological Evaluation of Pyrazoline and Pyrrolidine -2, 5 -
dione Hybrids as Potential Antitumor Agents. ChemMedChem.; 2020, 15(19), 1823.

Vi, Sadiq, A.;Mahnashi, M.; Alyami, B.; Algahtani, Y.; Algarni, A.; Rashid, U.;

Tailoring the substitution pattern of Pyrrolidine-2, 5-dione for discovery of new
structural template for dual COX/LOX inhibition. Bioorganic Chemistry.; 2021, 112,
104969.

vii.  Wrobel, M.; Chodkowski, A.; Herold, F.; Gomotka, A.; Kleps, J.; Mazurek, A.;Turlo,

301



viii.

Xi.

Xil.

Xiil.

XiVv.

XVil.

XViii.

XiX.

XX.

XXI.

XXil.

302

Lauro F-V etal. / Heterocyclic Letters Vol. 12| No.2|295-303| February-April |2022

J.; Synthesis and biological evaluation of novel pyrrolidine-2, 5-dione derivatives as
potential antidepressant agents. Part 1. European Journal of Medicinal Chemistry.;
2013, 63, 484.

Matviiuk, T.; Rodriguez, F.;Saffon, N.; Mallet-Ladeira, S.;Gorichko, M.; Ribeiro, A,;
Baltas, M.; Design, chemical synthesis of 3-(9H-fluoren-9-yl) pyrrolidine-2, 5-dione
derivatives and biological activity against enoyl-ACP reductase (InhA) and
Mycobacterium tuberculosis. European Journal of Medicinal Chemistry.; 2013, 70, 37.
Vijayachandrasakar, M.; Sivakami, M.; Rajeswari, S.; Evaluation of anti-microbial,
anti-cancer, and antioxidant activity of novel 1-((1H-indol-3yl)(phenyl) methyl)
pyrrolidine-2, 5-dione Mannich base. International Journal of Pharmaceutical Sciences
Review and Research.; 2015, 33, 178.

Abdallah, S.;Hefny, H.; Microwave synthesis of some new antimicrobial and
antiproliferative butenamides and pyrrolidine-2, 5-diones. Turkish Journal of
Chemistry.; 2011, 35(3), 463.

Dhivare, R.; Rajput, S.; Synthesis and antimicrobial evaluation of some novel bis-
heterocyclic chalcones from cyclic imides under microwave irradiation. Chemical
Science Review and Letters.; 2015, 4(15), 937.

Pawar, S.; Sant, S.;Nerkar, A.; Bhosale, A.; Synthesis of novel antimicrobial
derivatives of 3-substituted pyrrolidine-2,5-diones using pharmacophore hybrid
approach: Part-1. International Journal of Pharmacy and Pharmaceutical Sciences.;2014
6, 486.

Figueroa-Valverde, L., Diaz-Cedillo, F.; Lopez Ramos, M.; Garcia-Cervera.;
Synthesis of pregnenolone— danazol-ethylendiamine conjugate: relationship between
descriptors log P, 7, R m, and V m and its antibacterial activity in S. aureus and V.
cholerae. Medicinal Chemistry Research.; 2011, 20(7), 847.

Tanaka, K.; Siwu, E.; Hirosaki, S.; lwata, T.; Matsumoto, R.; Kitagawa, Y.; Fukase,
K.; Efficient synthesis of 2, 6, 9-triazabicyclo [3.3. 1] nonanes through amine-mediated
formal [4+ 4] reaction of unsaturated imines. Tetrahedron Letters; 2012, 53(44), 5899.
Quintela, J.; Alvarez-Sarandés, R.; Peinador, C.; Maestro, M.; Condensation of 5-
aminothieno [2, 3-c] pyridazine-6-carbaldehyde with aliphatic primary amines.
Synthesis of new heterocyclic 2, 6, 9-triazabicyclo [3.3. 1] nonane derivatives. Journal
of the Chemical Society, Perkin Transactions.; 1998,1(21), 3557.

McKay, A.; Kreling, M.; Preparation and chemistry of A®-Hexahydro-1,4,8-
pyrimidazole, A%-1,5,9-Triazabicyclo(4.4.0)decene, and A°®-1,4,9-Triazabyciclo-
(5.3.0)decene. Canadian Journal of Chemistry.; 1957, 35(12), 1438.

Penoni, A.; Volkmann, J.; Nicholas, K.; Regioselective synthesis of indoles via
reductive annulation of nitrosoaromatics with alkynes. Organic Letters.; 2002, 4(5),
699.

Wierenga, W.; Griffin, J.; Warpehoski, M.; A versatile and efficient process to 3-
substituted indoles from anilines. Tetrahedron Letters,; 1983, 24(24), 2437.
Schneekloth, J.; Sorensen, E.: An interrupted Ugi reaction enables the preparation of
substituted indoxyls and aminoindoles. Tetrahedron.; 2009, 65(16), 3096.

Odle, R.; Blevins, B.; Ratcliff, M.; Hegedus, L.; Conversion of 2-halo-N-allylanilines
to indoles via palladium (0) oxidative addition-insertion reactions. The Journal of
Organic Chemistry.; 1980, 45(13), 2709.

Taber, D.; Tirunahari, P.; Indole synthesis: a review and proposed

classification. Tetrahedron.; 2011, 67(38), 7195.

Kanakikodi, K.; Churipard, S.; Shanbhag, G.; Halgeri, A.; Raju, C.; Valavarasu, G.;



XXiil.

XXIV.

XXV,
XXVI.

Lauro F-V etal. / Heterocyclic Letters Vol. 12| No.2|295-303| February-April |2022

Maradur, S.; Exploring the acidity of a functionalized mesoporous polymer catalyst (P-
SO 3 H) for glycerol tert-butyl ether synthesis. Sustainable Energy & Fuels.; 2020, 4,
6299.

Yearty, K.; Maynard, R.; Cortes, C.; Morrison, R.; A multioutcome experiment for the
Williamson ether synthesis. Journal of Chemical Education.; 2020, 97, 578.

Polierer, S.; Guse, D.;Wild, S.; Herrera, K.; Otto, T.; Zevaco, T.; Pitter, S. Enhanced
Direct Dimethyl Ether Synthesis from CO.-Rich Syngas with Cu/ZnO/ZrO2 Catalysts
Prepared by Continuous CoPrecipitation. Catalysts.; 2020, 10, 816,

Kikelj, D.; Recent progress in diaryl ether synthesis. Synthesis.; 2006, 14, 2271.
Figueroa-Valverde, L.; Lopez, M.; Diaz-Cedillo, F.; Rosas-Nexticapa, M.; Mateu, V.;
Garcimarrero, A.; Ake, Y.; Design and synthesis of new azetidine-steroid derivative
with inotropic activity in a heart failure model. Vietnam Journal of Chemistry.; 2020,
58, 10.

Received on March 07, 2022.

303



