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Abstract: Recent advances in functionalized organic Spiro heterocyclic compounds composed of 
nitrogen bonded five- and six-membered rings have been made, establishing them as a synthetic 
target in organic-based biomedical applications. In this work, we report a synthesis of spirocyclic 
compounds under a one-pot reaction using 1,3-dipolar cycloaddition in a regio and diastereoselec-
tive manner. The higher atomic economy with higher yield (95%) and regio and stereoselectivity 
were achieved by a multi-component reaction of L-proline (1), Indenoquinoxaline (2), and the dipo-
larophile of malononitrile (3) solvents followed by reflux conditions. The reaction intermediate com-
prised azomethineylides derived from reactive primary amines, and the spiro derivatives were syn-
thesized up to a ≈ 95% yield. The structural and characteristic chemical components of the as-pre-
pared Spiro compounds were characterized by 1H-NMR, FTIR, and Mass spectroscopy. The func-
tionalized spiro-pyrrolizidines were found to be effective for biological uses by considering their in 
vitro screening and antimicrobial impacts. Spiro constituents were found to be much more effective 
for Gram-positive bacteria due to the stronger lipophilic character of the molecules, and they re-
sulted feasible membrane permeation in a biological system. Based on the planarity geometry of the 
Spiro pyrrolizidines, meta-substitution possesses steric hindrance and hence shows less effective-
ness compared to para-substitution on the same nucleus, which shows a marginal steric effect. The 
biological studies showed that the derived spiro heterocyclic systems have an inhibitory effect of 
50%. 

Keywords: spiro heterocyclics; quinoxalin-11-one; one-pot synthesis; azomethineylides; biomedical 
uses 
 

1. Introduction 
Spiro pyrrolizidines have attracted much attention because of their multi-component 

processing and applicability towards multifunctional uses in the modern age of chemical 
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sciences and technologies. Spiro pyrrolizidines have been used to enhance antibacterial 
and anticancer activities by a number of studies in recent advances in organic molecular 
structures. The smooth strategies, synthetic efficacy, and biological relevance of function-
alized organic substances such as fluoro-spiro-isoxazolines have implemented suitable 
anti-viral and anti-cancer agents. In this context, Liu, Dou, and Shi, [1] have suggested a 
single-step synthesis of dispiropyrrolidinebisoxindole derivatives with ≈ 85% yield using 
different chemical methods. Furthermore, the productivity of spiro pyrrolizidines was in-
creased by up to 95% by Yang et al. [2], using the facile method. Rahmannejadi, Yavari, 
and Khabnadideh, 2020, also synthesized and evaluated a series of heterocyclic molecules 
for obtaining efficient antitumor agents. In another study, Selvakumar, Vaithiyanathan, 
and Shanmugam [3,4] also conducted the stereoselective synthesis of 3-spirocyclopen-
tene- and 3-spiropyrazole-2-oxindoles via 1,3-dipolar cycloaddition reaction, followed by 
E- and Z-isomers of bromo derivatives with a ≈75% yield. Liu, Dou, and Shi, [5] and Bar-
kov et al. [6] studied regio- and stereoselective 1,3-dipolar cycloaddition of indenoquinox-
alinoneazomethineylides to achieve a larger amount of β-nitrostyrenes with 94% yield. 
Huang et al. [7] performed a one-pot reaction using isatin and sarcosine to synthesize dif-
ferent derivatives of dipolarophile 5-(4-bromobenzylidene)-1,3-dimethylpyrimidine-
2,4,6-trione components. Meanwhile, Yang et al. [2] discussed the efficient regioselective 
synthesis of novel functionalized dispiropyrrolidines via a three-component (3 + 2) cy-
cloaddition reaction with a yield of approximately 87%. Additionally, other studies have 
shown a desired synthetic route for Spiro indeno[1,2-b]quinoxaline-11,3′-pyrrolizidine de-
rivatives [8]. These various approaches were considered for the higher yield of the final 
compounds including multicomponent derivatives of the heterocyclic Spiro compounds. 
However, a one-pot route was used to synthesize indenoquinoxalone Spiro pyrrolidine 
chromene-3-carbonitrile by Shachkus, Degutis, and Mikul’skis [9]. They considered that 
the electron-rich heterocyclic compounds have potential medicinal properties due to the 
presence of highly active binding sites on the molecular structures, which is why these 
functionalized molecules are widely used in the anticancer, antimalarial, antituberculosis, 
and progesterone sectors. In this work, we used acetonitrile medium to derive indeno[1,2-
b]quinoxalin-11-one with a higher yield, followed by 1,3 dipolar addition. The used 
method is desirable for the synthesis of regioselective spiro moiety due to the easier han-
dling and processing [10]. The synthesized spiro pyrrolizidine derivatives are nitrogen-
containing heterocycles that play a vital role in medicinal chemistry because of their re-
markable binding sites. 1,3-Dipolar cycloaddition of azomethineylides generated in situ 
from l-proline and indenoquinoxalinones moieties occurred at the aldehyde derivatives 
with malononitriles upon heating in acetonitrile, leading to the respective spirocyclic ad-
ducts with spiro substituent and the quinoxaline moiety. The azomethineylide represents 
one of the foremost reactive and versatile categories of 1,3-dipoles and is instantly trapped 
by a range of dipolarophiles forming substituted pyrrolidines. 1,3-dipolar cycloaddition 
reactions of azomethineylides have been well developed, and the reactions proceeded 
with high regio- and stereoselectivity [11]. 

2. Results and Discussion 
Spiro pyrrolizidines reactions were completed within 3 h, and the resulted target 

structures were yielded up to 95%. This cascade reaction was efficiently promoted using 
the desired ortho-phenylene-1,2-diamine. Additionally, we explored this improved meth-
odology for the synthesis of Spiro heterocyclic indeno[1,2-b]quinoxaline derivatives in ac-
etonitrile by using chloroindenoquinoxaline (Scheme 1), which is a much more suitable 
chemical environment [1,2]. Our improved method for the synthesis of Spiro pyrrolidines 
indenoquinoxaline derivatives has merits because it includes reduced reaction time with 
a higher yield. It is noteworthy to mention that the polar solvents afforded an excellent 
yield compared to the non-polar ones. Excellent results were observed in the acetonitrile 
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solvent because of its polar aprotic nature with the polarity. This nature felicitates a mis-
cible phase with water and a range of organic solvents, but not saturated hydrocarbons 
[12]. 

 

 
Scheme 1. Proposed schematic mechanism of the synthesis of Spiro derivatives. (a) Mechanism for 
Azomethine formation, (b) Scheme for spiro indenoquinoxaline. 

Spiro derivatives were prepared by an asymmetric 1,3-dipolar cycloaddition be-
tween chloroindenoquinoxaline and the starting materials (a product of malononitrile and 
aldehydes). Preliminarily, the reaction of the Spiro pyrrolizidines derivative I–VIII was 
carried out in acetonitrile solvents using chloroindenoquinoxaline and L-Proline under 
reflux for 3 h. The afforded moderate yield for Spiro I—86%, Spiro II—84%, Spiro III—
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79%, Spiro IV—83%, Spiro V—87%, Spiro VI—95%, Spiro VII—89%, and Spiro VIII—91% 
were obtained. In this context, Huang et al. [13] reported decorated Spiro pyrrolidines 
derivatives by incorporating both the bioactive moieties in a single structural framework. 
Tan et al. [14] have studied an efficient synthesis of 9-anthrone lactone derivatives via 
Knoevenagel condensation towards efficient biological applications. However, in the pre-
sent scenario, we introduced a facile method to prepare the Spiro pyrrolidines and Spiro 
pyrrolizidines derivatives under a 1,3-dipolar cycloaddition reaction [15,16]. 

2.1. NMR and Mass Spectral Analysis for Synthesized Spiro Compounds (I-VIII) 
Spiro I: 7-chloro-2′-phenyl-7′,7a′-dihydrospiro[indeno[1,2-b]quinoxaline-11,3′-pyr-

rolizine]-1′,1′(2′H)-dicarbonitrile, shown in Scheme 2. 

 
Scheme 2. 7-chloro-2′-phenyl-7′,7a′-dihydrospiro[indeno[1,2-b]quinoxaline-11,3′-pyrrolizine]-
1′,1′(2′H)-dicarbonitrile. 

Color, dark yellow solid; Yield, 86%; 1H-NMR, 500 MHz (CDCl3). The 1H-NMR spec-
tral data of the Spiro I compound is shown in Figure 1a. The observed structural NMR 
parameters are as follows: δH-ppm: 8.58, (s, 1H), 8.21, (d, 1H J = 8.49), 8.13 (d, 1H J = 8.71), 
7.93(m, 1H J = 7.57), 7.71 (m, 1H J = 7.65), 7.46 (m, 1H J = 7.83), 6.96 (s, 1H), 6.86 (d, 1H), 6.76 
(s, 1H), 5.36 (d, 1H J = 9.73), 5.12 (s, 1H), 4.68 (m, 1H J = 8.63), 4.12 (t, 1H J = 7.23), 3.94 (s, 1H), 
2.69 (d 1H J = 7.40), 1.63 (s, 1H), 1.37-1.14 (m, 1H J = 7.34), 0.87, (s, 1H). The MS spectral data 
are f m/z 474.1991 (m + 1) for the as-prepared material, and the spectrum is presented in 
Figure 1b. 
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Figure 1. (a) NMR spectra for 7-chloro-2′-phenyl-7′,7a′-dihydrospiro[indeno[1,2-b]quinoxaline-
11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile and (b) MS spectra for Spiro I. 

Spiro II: 7-chloro-2′-(4-fluorophenyl)-7′,7a′-dihydrospiro [indeno [1,2-b]quinoxaline-
11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile, Scheme 3. 

 
Scheme 3. Synthesis mechanism for 7-chloro-2′-(4-fluorophenyl)-7′,7a′-dihydrospiro [indeno [1,2-
b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile. 

Color; light yellow solid; Yield, 84%; 1H-NMR, 500 MHz (CDCl3). The 1H-NMR spec-
tral data of the Spiro II compound is shown in Figure 2a. The obtained NMR parameters 
are as follows: δH-ppm: 8.20 (d, 1H J = 6.62), 8.13 (s, 1H), 7.81 (t, 1H J = 8.57), 7.70 (s, 1H), 
7.40 (d, 1H J = 7.41), 7.35 (d, 1H J = 8.63), 7.14 (t, 1H J = 6.30), 6.97 (d, 1H J = 7.5), 6.19 (s, 
1H), 5.36 (d, 1H J = 9.63), 5.31 (s, 1H), 4.81 (d, 1H J = 5.65), 4.72 (s, 1H), 4.59 (d, 1H J = 7.51), 
4.46 (d, 1H J = 9.95), 4.42 (s, 1H), 4.35 (d, 1H J = 5.08), 3.88 (d, 1H J = 10.98), 3.56 (d, 1H J = 
10.20), 3.30 (d, 1H J = 6.61), 2.85 (s, 1H), 2.68 (d, 1H J = 8.71), 2.29 (m, 1H), 2.15 (d, 1H J = 
7.09), 2.04 (s, 1H). The MS spectral line of m/z 492.1381(m ± 1) is presented in Figure 2b. 
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Figure 2. (a) 7-chloro-2′-(4-fluorophenyl)-7′,7a′-dihydrospiro[indeno[1,2-b]quinoxaline-11,3′-pyr-
rolizine]-1′,1′(2′H)-dicarbonitrile and (b) MS spectrum for Spiro II. 

Spiro III: 2′-(3-bromophenyl)-7-chloro-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-
b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile, Scheme 4. 

 
Scheme 4. Synthesis mechanism for 2′-(3-bromophenyl)-7-chloro-5′,6′,7′,7a′-tetrahydrospiro[in-
deno[1,2-b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile. 

Color; dark yellow solid; Yield, 79%; 1H-NMR, 500 MHz (CDCl3) The 1H-NMR spec-
tral data of the Spiro III compound is shown in Figure 3a. The obtained NMR parameters 
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are as follows: δH-ppm: 8.20 (d, 1H J = 8.31), 8.12 (m, 1H J = 9.08), 7.96 (d, 1H J = 7.28), 7.81 
(t, 1H J = 8.49), 7.72 (s, 1H), 7.62 (d, 1H J = 7.88), 7.50 (d, 1H J = 8.62), 7.35 (d, 1H J = 8.29), 
7.16 (t, 1H J = 8.56), 5.31 (d, 1H J = 9.31), 4.59 (d, 1H J = 8.58), 4.41 (d, 1H J = 10.31), 4.29 (m, 
1H J = 5.94), 3.81 (t, 1H J = 10.98), 3.52 (d, 1H J = 10.03), 3,21 (s, 1H), 3 (s, 1H), 2.68 (t, 1H J = 
6.42), 2.27 (m, 1H J = 8.83), 0.87 (d, 1H J = 6.25). The value of MS, m/z 554.1189(m ± 1), is 
shown in Figure 3b. 

 

 
Figure 3. (a) 2′-(3-bromophenyl)-7-chloro-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-b]quinoxaline-
11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile and (b) MS spectrum for Spiro III. 

Spiro IV: 2′-(4-bromophenyl)-7-chloro-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-
b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile, Scheme 5. 
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Scheme 5. Synthesis mechanism for 2′-(4-bromophenyl)-7-chloro-5′,6′,7′,7a′-tetrahydrospiro[in-
deno[1,2-b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile. 

Color, yellow solid; Yield, 83%; 1H-NMR, 500 MHz (CDCl3). The 1H-NMR spectral 
data of the Spiro IV compound is shown in Figure 4a. The obtained NMR parameters are 
as follows: δH-ppm: 8.24 (d, 1H J = 7.70), 8.21 (m, 2H J = 6.09), 8.16 (d, 1H J = 8.85), 8.13 (d, 
1H J = 8.85), 7.95 (d, 1H J = 7.84), 7.79 (d, 1H J = 9.30), 7.72 (m, 4 h J = 7.78), 7.49 (t, 1H J = 
7.60), 7.29 (t, 1H J = 7.67), 6.82 (d, 1H J = 7.90), 6.41 (m, 1H J = 9.61), 5.84 (s, 1H), 5.79 (d, 1H 
J = 5.76), 5.49 (s, 1H), 5.23 (d, 1H J = 8.52), 5.05 (s, 1H), 4.95 (s, 1H), 4.91 (s, 1H), 4.49 (d, 1H 
J = 8.05) 4.33 (d, 1H J = 6.33), 3.19 (s, 1H), 2.71(t, 1H J = 10.18), 2.31 (m, 1H J = 8.36), 2.04 (s, 
1H). The MS, m/z 554.1189 (m ± 1), is displayed in Figure 4b. 
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Figure 4. (a) 2′-(4-bromophenyl)-7-chloro-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-b]quinoxaline-
11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile and (b) MS spectrum for Spiro VI. 

Spiro V: 7-chloro-2′-(4-chlorophenyl)-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-
b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile, Scheme 6. 

 
Scheme 6. 7-chloro-2′-(4-chlorophenyl)-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3′-
pyrrolizine]-1′,1′(2′H)-dicarbonitrile. 

Color, light yellow solid; Yield, 87%; 1H-NMR, 500 MHz (CDCl3). The 1H-NMR spec-
tral data of the Spiro V compound is shown in Figure 5a. The obtained NMR parameters 
are as follows: δH-ppm: 8.57 (t, 1H J = 7.71), 8.30 (d, 1H J = 7.39), 8.20 (m, 1H J = 7.47), 8.16 
(s, 1H), 8.13 (t, 1H J = 8.50), 8.07 (s, 1H), 7.95 (d, 1H J = 7.69), 7.80 (t, 1H J = 7.67), 7.72 (s, 
1H), 7.65 (s, 1H), 7.57 (d, 1H J = 7.39), 7.46 (m, 1H J = 8.30), 7.38 (s, 1H), 7.21 (s, 1H), 7.05 
(s,1H), 6.86 (s, 1H), 6.79 (d, 1H J = 7.02), 6.62 (t, 1H J = 8.22), 5.41 (s, 1H), 5.33 (d, 1H J = 9.69), 
5.00 (s, 1H), 4.70 (s, 1H), 4.59 (d, 1H J = 8.65), 4.43 (s, 1H), 3.83 (m, 1H J = 10.89), 3.53 (t, 1H J 
= 10.29), 2.68 (d, 1H J = 8.45), 2.28 (d, 1H J = 6.58), 2 (s, 1H). The spectral MS, m/z 508.1341 (m 
± 1), is shown in Figure 5b. 
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Figure 5. (a) 7-chloro-2′-(4-chlorophenyl)-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-b]quinoxaline-
11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile and (b) MS spectrum for Spiro V. 

Spiro VI: 7-chloro-2′-(4-methoxyphenyl)-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-
b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile, Scheme 7. 

 
Scheme 7. Synthesis mechanism for7-chloro-2′-(4-methoxyphenyl)-5′,6′,7′,7a′-tetrahydrospiro[in-
deno[1,2-b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile. 

Color; light yellow solid; Yield, 95%; 1H-NMR, 500 MHz (CDCl3). The 1H-NMR spec-
tral data of the Spiro VI compound is shown in Figure 6a. The obtained values are as 
follows: δH-ppm: 8.20 (d, 1H J = 8.99), 8.13 (d, 1H J = 8.69), 7.95 (d, 1H J = 7.51), 7.81 (t, 1H 
J = 7.37), 7.66 (d, 1H J = 7.35), 7.55 (d, 1H J = 8.41), 7.22 (s, 1H), 6.99 (d, 1H J = 8.44), 5.30 (d, 
1H J = 9.52), 4.60 (d, 1H J = 8.62), 3.90 (t, 1H J = 8.94), 2.67 (d, 1H J = 7.64), 2.28 (d, 1H J = 
6.71), 2.17 (s, 1H), 2.13 (s, 1H), 1.99 s, 1H), 1.27 (s, 1H), 0.87 (d, 1H J = 6.73). The spectral 
MS, m/z 502.3625 (m ± 1), is shown in Figure 6b. 
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Figure 6. (a) 7-chloro-2′-(4-methoxyphenyl)-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-b]quinoxaline-
11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile and (b) MS spectrum for Spiro VI. 

Spiro VII: 7-chloro-2′-(3-nitrophenyl)-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-
b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile: Scheme 8. 

 
Scheme 8. Synthesis mechanism for 7-chloro-2′-(3-nitrophenyl)-5′,6′,7′,7a′-tetrahydrospiro[in-
deno[1,2-b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile. 

Color, light yellow solid; Yield, 89%,1H-NMR, 500 MHz (CDCl3). The 1H-NMR spec-
tral data of Spiro VII compound is shown in Figure 7a. The obtained values are as follows: 
δH-ppm: 8.86 (s, 1H), 8.47 (d, 1H J = 8.00), 8.34 (d, 1H J = 8.28), 8.21 (m, 1H), 8.18 (d, 1H J = 
9.19), 8.12 (d, 1H J = 8.16), 7.95 (d, 1H J = 7.49), 7.81 (d, 1H J = 7.60), 7.77 (s, 1H), 7.75 (d, 1H 
J = 5.87), 7.71 (d, 1H J = 9.27), 7.65 (d, 1H J = 7.45), 5.48 (d, 1H J = 9.69), 5.31 (s, 1H), 4.66 (d, 
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1H J = 8.31), 2.71 (d, 1H J = 7.10), 2.30 (d, 1H J = 7.04), 2.05 (s, 1H), 1.38 (s, 1H), 0.87 (d, 1H 
J = 6.50), and the MS, m/z 518.0928, is presented in Figure 7b. 

 

 
Figure 7. (a) 7-chloro-2′-(3-nitrophenyl)-5′,6′,7′,7a′-tetrahydrospiro[indeno[1,2-b]quinoxaline-11,3′-
pyrrolizine]-1′,1′(2′H)-dicarbonitrile and (b) MS spectrum for Spiro VII. 

Spiro VIII: 7-chloro-2′-(4-cyanophenyl)-7′,7a′-dihydrospiro[indeno[1,2-b]quinoxa-
line-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile, Scheme 9. 

 
Scheme 9. Synthesis mechanism for 7-chloro-2′-(4-cyanophenyl)-7′,7a′-dihydrospiro[indeno[1,2-
b]quinoxaline-11,3′-pyrrolizine]-1′,1′(2′H)-dicarbonitrile. 

Color, light yellow solid; Yield, 91%; 1H-NMR, 500 MHz (CDCl3). The 1H-NMR spec-
tral data of Spiro VIII compound is shown in Figure 8a. The observed structural NMR 



Catalysts 2022, 12, 213 13 of 21 
 

 

parameters are as follows: δH-ppm: 8.34 (d, 1H J = 8.18), 8.30 (d, 1H J = 8.29), 8.20 (s, 1H), 
8.17 (s, 1H), 8.13 (d, 1H J = 8.43), 8.09 (t, 1H J = 7.45), 7.95 (d, 1H J = 7.58), 7.82 (m, 1H J = 
6.56), 7.77 (s, 1H), 7.73 (d, 1H), 7.65 (t, 1H J = 7.49), 7.13 (d, 1H J = 7.79), 5.48 (d, 1H J = 9.61), 
5.30 (s, 1H), 4.95 (d, 1H J = 5.34), 4.65 (m, 1H J = 8), 4.55 (d, 1H J = 5.53), 4.36 (s, 1H), 4.12 
(d, 1H J = 7.46), 3.99 (d, 1H J = 11.08), 3.30 (s, 1H), 2.71 (s, 1H), 2.32 (s, 1H), 2.05 (s, 1H), 0.87 
(d, 1H J = 6.68). The MS, m/z 496.1838 (m ± 2), is shown in Figure 8b. 

 

 
Figure 8. (a) 7-chloro-2′-(4-cyanophenyl)-7′,7a′-dihydrospiro[indeno[1,2-b]quinoxaline-11,3′-pyrrol-
izine]-1′,1′(2′H)-dicarbonitrile and (b) MS spectrum for Spiro VIII. 

2.2. FTIR Spectral Analysis of Spiro Pyrrolizidines Derivatives 
To identify the various functional groups involved in synthesized heterocyclic Spiro 

compounds, the FTIR technique was performed, and the spectra were taken at room tem-
perature (25 °C). Spiro I: stretching vibrational frequency of the functional groups (–CH, 
–CN, –CH3, –C–Cl) appeared at around 2850, 2250, 1450, and 800 cm−1, respectively, as 
shown in Figure 9a. Spiro II: stretching vibrational frequency of the functional groups (–
C–F, –CN, –CH3, –C–Cl) appeared at around 1350, 2250, 1450, and 800 cm−1, respectively, 

as shown in Figure 9b. 
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Figure 9. FTIR Spectra: (a) Spiro compounds (I, III, V, VI, VII, and VIII) and (b) for (II and IV). 

The peaks at around 750, 2250, 1450, and 800 cm−1 indicate the presence of the Spiro 
III compound’s functional groups (–C–Br, –CN, –CH3, –C–Cl) (Figure 9a). The confirma-
tion of the (–C–Br, –CN, –CH3, –C–Cl) functional groups were assigned for the Spiro IV 
compound at 750, 2250, 1450, and 800 cm−1 frequencies, respectively (Figure 9b). Further, 
the Spiro V stretching vibrational frequencies of the functional groups (–C–Cl, –CN, –CH, 
–CH) exist at 800, 2250, 1450, and 3300 cm−1, shown in Figure 9a. while the Spiro VI stretch-
ing frequency of the functional groups (–C–CH3, –CN, –C–Cl) are found at 2950, 2250, and 
800 cm−1, as shown in Figure 9a. The Spiro VII compound showed its stretching frequency 
at 1400, 2250, 1450, and 800 cm−1 for the functional groups (–C–NO2, –CN, –CH3, –C–Cl) 
(Figure 9a) and the Spiro VIII compound showed its stretching frequency at 2250, 1450, 
and 800 cm−1 for the functional groups (–CN, –CH3, –C–Cl), as shown in Figure 9a. It is noted 
that systems II and IV showed different behavior due to the involvement of electron-with-
drawing functional groups, confirmed by the FTIR. Meanwhile, except for these two systems, 
I, III, V, VI, VII, and VIII showed the same manners due to the electron-donating function 
components. 

3. Biological Activities 
Antimicrobial studies were carried out for Gram-positive S. aureus, B. megatherium, 

and B. subtilis, and for Gram-negative E. coli, S. typhi, and A. aerogenes organisms using 
sterile Media under the Disc Diffusion Method. A zone of inhibition of the synthesized 
compounds was noted and compared with the standard drug Norfloxacin. The entire 
work was carried out, followed by a horizontal Laminar Flow Hood [16]. The IC50 value 
corresponded to the concentration required for 50% inhibition. The inhibition efficiency 
is calculated following Equation (1). 

Percent Inhibition =
Rate without Inhibitor − Rate with inhibitor

Rate without Inhibitor
× 100 − 1 (1) 

3.1. Antimicrobial Activities Evaluation 
The Samples were solubilized in DMSO and soaked into 6 mm sterile discs to achieve 

final concentrations of 1 mg/disc for antimicrobial assay. The samples were screened 
against various strains of S. aureus, and the results were expressed as a zone of inhibition 
(in mm). We have examined antimicrobial studies of synthesized compounds and it has 
shown excellent performance as an antimicrobial agent, as shown in Table 1. 

Table 1. The minimum inhibitory concentration of samples against S. aureus. 
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 MIC (µg/mL) 

Sample S. aureus (MTCC 96) 
Methicillin-Resistant 

Staphylococcus aureus (MRSA 33) 
1. 125 125 
2. 500 500 
3. >500 >500 
4. 125 125 
5. 500 500 
6. 500 500 
7. 125 500 
8. 125 500 

Norfloxacin 62.2 62.5 

3.2. Disc Diffusion Assay 
The strains of Staphyloccoccus aureus (MTCC 96, ATCC 29213, MRSA 33, Sa Cipro, and 

Sa BRTm) microorganisms were also evaluated in the present study. Each strain of micro-
organism was grown on infusion agar overnight, and pure colonies were suspended in 
phosphate buffer saline to achieve a concentration of 0.5 followed by McForland stand-
ards. The strain of cell line inhibition efficiency is presented in Table 2. The used method 
was also performed by several researchers, followed by hybrid metamaterials with differ-
ent morphologies for the biomedical applications [17,18]. 

Sterile brain–heart infusion agar plates were taken, and the inoculum was spread-
plated to dryness. The sample-impregnated discs were then carefully placed on the 
seeded plates and left for overnight incubation at 37 °C. Readings were noted on the next 
day using an antibiotic zone measuring scale, and the result was expressed as a zone of 
inhibition (mm). The in vitro antibacterial activity was studied using Gram-positive bac-
teria, and also Staphylococcus aureus (ATCC 29213), Staphylococcus aureus (MTCC 96), and 
MRSA 33, Sa Cipro, and Sa BRT. The known antimicrobial agent Norfloxacin (reference 
antibacterial drugs) has been studied for differentiating the antimicrobial activity of Spiro 
pyrrolizidines. 

Table 2. Cell lines inhibition efficiencies for different strains. 

Sample MTCC 96 ATCC 29213 MRSA 33 Sa Cipro Sa BRT 
1. 8 5 8 5 0 
2. 3 0 3 0 2 
3. 0 3 0 2 0 
4. 7 0 8 0 0 
5. 6 0 5 5 6 
6. 5 4 4 2 1 
7. 7 0 6 1 0 
8. 8 2 7 4 5 

Norfloxacin 10 10 10 10 10 

It was evaluated that the tested compounds are more effective against Gram-positive 
bacteria. The Spiro pyrrolizidines are important derivatives/factors for interactions with 
biological systems. Several methods were proposed to investigate the drug molecules us-
ing cross biological membranes. Lipophilicity also has an important parameter, due to its 
contribution to absorption, distribution, metabolism, excretion, and toxicity of drug mol-
ecules. The hydrophobic drug molecules are significantly adsorbed on the lipid cell wall, 
but only in cases where the hydrophilic drug molecules could have interacted with blood 
serum. Hydrophobicity and lipophilicity are important factors for interaction with the 
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body environment and during removal from the body cells. For this reason, we have de-
signed spiro pyrrolizidine compounds to overcome the recent problem. In general, pro-
tein molecules bind with the hydrophobic active sites. In Spiro, pyrrolizidine derivatives 
are slightly soluble in a non-polar solvent, which could increase the lipophilicity due to 
the functional groups present in the structure. Synthesized spiro derivatives possess ex-
cellent actives sides, such as C=N–C–R (R = Br, F, Cl, O, Me, CN, NO2). The halogen fam-
ilies are excellent leaving groups and could make carbocation, and the cation side could 
be able to interact with cell walls. According to MIC studies, it has been observed that a 
lower concentration (4 to 60 mg/mL) of spiro derivatives resulted in higher inhibition ef-
ficiency. The biological studies of spiropyrrolizidines on cell lines MTCC 96, ATCC 29213, 
and MRSA 33 showed excellent inhibition efficiency compared with the cell line Sa 
CiproSa BRT due to the electron-withdrawing group present in the compound. The 
amounts of materials and their derivatives are explored for the biomedical, environmen-
tal, and optoelectronic impacts along with the organic and polymeric compounds. [19–
21]. 

4. Materials and Methods 
4.1. Materials 

The required chemicals, such as Ninhydrin, 4-Chlorophenylene 1, 2-diamine, L-Pro-
line, Lithium Bromide, Acetic acid, and DMF, were purchased from Sigma-Aldrich 
(Darmstadt, Germany) and used for the synthesis reactions without further purification. 
In the characterization, the possible functional groups present in the synthesized mole-
cules were confirmed by a Perkin Elmer (Santa Clara, California, USA) made Fourier 
transform infrared (FTIR) model number SP 65. The 1H-NMR analysis was carried out 
using a Bruker AVANCE III HD 500 MHz spectrometer (Alberta, Canada), and the TMS 
reference sample was used as an internal standard, in CDCl3 as a solvent. The NMR spec-
tral data were analyzed in ppm units. The Mass spectral data were recorded by an Agilent 
Technologies 6545 Q-TOF LC/MS (Santa Clara, California, USA), and methanol was used 
as a moving solvent. 

4.2. Synthesis Procedure for Starting Materials 
The starting material was synthesized by a one-step method using malononitrile and 

aldehyde with lithium bromide (catalytic amount) and dimethyl formamide (DMF) as a 
solvent. The reaction conditions are presented in Table 3. The taken reaction mixture was 
stirred for 1 h at room temperature, and the reaction was monitored by TLC. After com-
pletion of the reaction, the product was quenched, adding ice, and then filtered using 
Whatmann (Ontario, Canada) filter paper (Scheme 10). 

Table 3. Reaction parameters of starting materials. 

Sr. No. Chemical Name Molecular Weight Mmol Quantity Equivalent 
1. Malononitrile 66.06 100 6.6 gm 1 
2. Aldehyde - 100 - 1 
3. Lithium Bromide 86.84 Catalytic amount 50 mg - 
4. DMF (Solvent) - - 20 mL - 
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Scheme 10. Synthesis of starting materials. 

4.3. Synthesis of 7-Chloro-11H-Indeno[1,2-b]Quinoxaline 
A mixture of 4-Chlorobenzene-1,2-diamine (2.34 gm, 15 mmol, 1.1eq) and Ninhydrin 

(2.672 gm, 15 mmol, 1eq) were added to acetic acid (10 mL) and methanol (30 mL), in a 1:3 
ratio, as solvent. A continuously stirred condition was maintained to propagate the reac-
tion, and the mixture was then refluxed for 1 h, which yielded approximately 3.91 gm of 
product (Scheme 11a). The 1H-NMR spectra were recorded for the 7-chloro-11H-in-
deno[1,2-b]quinoxaline starting materials (Scheme 11b). The product was found to be pale 
yellow powder (yield: 95%), 1H-NMR 500 MHz (CDCl3) δ: Aromatic protons 9.13 (s, 1H), 
8.61 (d, 1H, J = 9.46 Hz), 8.29 (d, 1H, J = 9 Hz), 8.20 (d, 1H, J = 7.50 Hz), 8.02 (d, 1H, J = 7.41 
Hz), 7.87 (t, 1H, J = 7.28 Hz), 7.73 (t, 1H, J = 7.41 Hz). The optimized reaction conditions 
are presented in Table 4. The reaction was monitored by Thin Layer Chromatography 
(TLC). The precipitate formed was filtered and washed using MeOH (3 times) for normal 
conditions. The yellow product was dried under a vacuum oven at 50 °C for 24 h. 
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Scheme 11. (a) Synthesis of 7-chloro-11H-indeno[1,2-b]quinoxaline, (b) 1H Spectra for 7-Chloro-
11H-indeno[1,2-b]quinoxalin-11-one. 

Table 4. Reaction parameters of 7-chloro-11H-indeno[1,2-b] quinoxaline. 

S. No. Chemical Name Mol. Weight Mmol Quantity Equivalent 
1. 4-Chlorobenzene-1,2-diamine 142.58 15 2.34 gm 1.1eq 
2. Ninhydrin 178.14 15 2.67 gm 1eq 
3. Acetic acid 60.05  10 ml  
4. MeOH   30 ml  

4.4. Synthesis of Spiro-Pyrrolizidines 
In a sequence, 2-benzylidenemalononitrile (154 mg), 1eq and L-proline (127 mg) 

1.1eq; 2-(4-fluorobenzylidene) malononitrile (171 mg), 1eq and L-proline (127 mg) 1.1eq; 
2-(3-bromobenzylidene) malononitrile (232 mg), 1eq and L-proline (127 mg) 1.1eq; 2-(4-
bromobenzylidene) malononitrile (232 mg), 1eq and L-proline (127 mg) 1.1eq; 2 (4chloro-
benzylidene) malononitrile (188.6 mg), 1eq and L-proline (127 mg) 1.1eq; 2-(4-methox-
ybenzylidene) malononitrile (184 mg), 1eq and L-proline (127 mg) 1.1eq; 2-(3-nitrobenzyl-
idene)malononitrile (199 mg), 1eq and L-proline (127 mg) 1.1eq; 2-(4-cyanobenzylidene) 
malononitrile (179.18 mg), 1eq and L-proline (127 mg) 1.1eq precursors were used, along 
with a fixed amount of 1,7-chloro-11H-indeno[1,2-b]quinoxalin-11-one (266 mg) 1eq. The 
starting material in 10 mL acetonitrile was placed in a round bottomed flask for the prep-
aration of the I–VIII Spiro compounds (Table 5). The reaction was stirred and refluxed for 
3–4 h, until the reaction mixture became homogeneous. The reaction mixture was broken 
up by DCM (3 times) and washed by lime water. The molecules were isolated and purified 
by column chromatography (Scheme 12). 



Catalysts 2022, 12, 213 19 of 21 
 

 

 
Scheme 12. Schematic representation for Spiro I–VIII compounds. 

Table 5. 7-chloro-2′-phenyl-7′,7a’-dihydrospiro[indeno[1,2-b]quinoxaline-11,3′-pyrrolizine]-
1′,1′(2′H)-dicarbonitrile. 

S. No. Chemical Name Mol. Weight Mmol Quantity Equivalent 
1. 7-chloro-11H-indeno[1,2-b]quinoxalin-11-one 266 1 266 mg 1eq 
2. Starting material - 1 - 1eq 
3. L-Proline 115 1 126.5 mL 1eq 
4. ACN   10 L  

4.5. Microbroth Dilution Assay 
The 96-well micro-fiber plates (Merck, Darmstadt, Germany) were taken under ster-

ile conditions; 100 µL of broth was dispensed in all wells, except the first column, where 
150 µL was dispensed. A fixed 50 µL of each sample (10 mg/mL) was added to the first 
column of the plate. Two-fold serial dilution was then made up to the last well. An inoc-
ulum of 10 µL was added to all wells. Suitable controls, such as only broth, broth + inoc-
ulum, were also taken. The plates were incubated overnight at 37 °C, and the readings 
were noted after 24 h. It was observed that no turbidity was considered by dilution for 
MIC. Furthermore, the corresponding concentration was calculated in order to decode the 
exact minimum inhibitory concentration of the samples, which was expressed in µg/mL 
units. 

5. Conclusions 
Spiro indinoquinoxaline pyrrolidines and a series of derivatives were synthesized by 

one-pot reaction using 1,3-dipolar cycloaddition. The characteristic chemical components 
were confirmed by 1H-NMR, FTIR, and Mass spectral analysis. A maximum yield of 97% 
was obtained for the synthesized Spiro compounds/derivatives. The characteristic vibra-
tional stretched frequencies revealed the presence of functional groups for the different 
derivatives. Based on biological studies, Spiro derivatives have shown active inhibition 
and a maximum efficiency of 50% against Gram-positive species. The antimicrobial stud-
ies showed significant results on MTCC 96, ATCC 29213, MRSA 33, Sa Cipro, and Sa BRT 
cell lines due to functionalized chemical groups. The biological results have shown an 
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efficient impact due to the involvement of active spiroindinoquinoxalinepyrrolidine bid-
ing sites. The electron-donating or withdrawing binding sites mainly interact with the bi-
ological molecular structures due to the lipophilic interaction, and hence showed a poten-
tial application in the biomedical sectors. These functionalized Spiro pyrrolidine struc-
tures could be explored regarding various antibacterial/microbial species as synthetic Spi-
rocyclic agents. However, the structural and physicochemical properties of such spirocy-
clics could be manipulated by exchanging the active sites with desired functional compo-
nents with the aim of producing targeted applications. 
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