
Bioorganic Chemistry 143 (2024) 107091

Available online 4 January 2024
0045-2068/© 2024 Elsevier Inc. All rights reserved.

C3-Spirooxindoles: Divergent chemical synthesis and 
bioactivities (2018–2023) 

Mohamed H. Helal a, Medhat E. Owda b, Amal T. Mogharbel c, Ali Hamzah Alessa c, Noha Omer c, 
Mahmoud A. Abdelaziz c, Islam Ibrahim b,d, Essam M. Eliwa b,e,* 

a Department of Chemistry, Faculty of Arts and Science, Northern Border University, Rafha, 91911, PO 840, Saudi Arabia 
b Chemistry Department, Faculty of Science (Boys), Al-Azhar University, Nasr City 11884, Cairo, Egypt 
c Department of Chemistry, Faculty of Science, University of Tabuk, Tabuk 71491, Kingdom of Saudi Arabia 
d Department of Chemistry and Biochemistry, Florida International University, Miami, FL 33199, USA 
e Institute of Chemistry of Strasbourg, UMR 7177–LCSOM, CNRS, Strasbourg University, 4 Rue Blaise Pascal, 67000 Strasbourg, France   

A R T I C L E  I N F O   

Keywords: 
Spirooxindole 
Chemical synthesis 
Reaction mechanism 
Bioactivity 
Molecular docking 

A B S T R A C T   

This scientific review documents the recent progress of C3-spirooxindoles chemistry (synthesis and reaction 
mechanism) and their bioactivities, focusing on the promising results as well as highlighting the biological 
mechanism via the reported molecular docking findings of the most bioactive derivatives. C3-Spirooxindoles are 
attractive bioactive agents and have been found in a variety of natural compounds, including alkaloids. They are 
widely investigated in the field of medicinal chemistry and play a key role in medication development, such as 
antivirals, anticancer agents, antimicrobials, etc. Regarding organic synthesis, several traditional and advanced 
strategies have been reported, particularly those that started with isatin derivatives.   

1. Introduction 

Because of their widespread distribution in natural products and 
synthesized compounds with potential bioactivities, spiroheterocycles 
are regarded as a preferred framework. Among them are C3-spiroox-
indoles, which have a flexible biological profile produced by several 
natural and synthetic analogues derived from the combination of C-3 
indolyl scaffolds with numerous heterocycles providing various patterns 
such as horsfiline, elacomine, isoelacomine, rhynchophylline, spiro-
tryprostatin B, and trigolute D [1,2] (Fig. 1). C3-Spirooxindoles have 
wide pharmaceutical implementations as anticancer, anti- 
inflammatory, antimicrobial, antiviral, antidiabetic, and antimalarial 
agents [3] (Fig. 2). 

Spirooxindole chemical synthesis is a fast-emerging research topic in 
which large-scale studies are being conducted on techniques for green, 
sustainable, catalytic, and asymmetric synthesis. As starting materials 
for spirooxindole synthesis, isatin derivatives coupled with amines, 
active methylene compounds/α,β-unsaturated molecules are often used. 
MCRs are one-pot synthetic processes in which more than two reactants 
mix sequentially to produce highly selective products that retain the 
bulk of the starting material’s atoms. MCRs are a key technique in the 

development of novel drugs. MCRs are frequently expanded into 
combinatorial, solid-phase, or flow syntheses for the development of 
novel lead structures of active drugs. Clearly, MCRs are desirable and 
usable among the many synthetic techniques [1]. Over the last decade, 
several review publications have reported on the synthesis techniques 
and biological features of spirooxindoles [2–7]. Given the biological 
importance and synthetic hurdles of spirooxindole creation, there is an 
urgent need to gather recent discoveries in the field. This scientific re-
view summarizes the newly discovered approaches for accessing distinct 
C3-spirooxindoles categorized according to their medicinal features and 
uses throughout the previous six years (2018–2023). 

2. Synthesis of C3-spirooxindoles via spirocyclization of isatin 
derivatives as traditional protocols 

2.1. Chemical synthesis of anticancer C3-spirooxindoles 

Wu et al.’s (2018) paper successfully documents the chemical syn-
thesis of a group of C3-spirooxindoles-linked tetrazolo[1,5-a]pyrimidine 
units 4a–o (Scheme 1). The classic multicomponent condensation re-
action of isatins (1), lawsone (hennotannic acid, 2), and 5-aminotetra-
zole (3) in acetic acid under refluxing conditions yielded the 
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corresponding C3-spirooxindoles 4a–o in weak to moderate isolated 
yields (31–69 %) for 5–8 h. The proposed mechanism for the creation of 
4a–o is displayed in Fig. 3. Isatins (1) undergo Knoevenagel condensa-
tion with 2-hydroxy-1,4-naphthoquinone (2) to form the corresponding 
olefin, which condensed with 5-aminotetrazole (3) to form the corre-
sponding ketimine. Subsequent intramolecular cyclization via aza- 
Michael addition reaction (1,4-conjugate addition) of ketimine affor-
ded the desired C3-spirooxindole products (4a–o). In comparison with 
tanshinone IIA reference drug [IC50 = 23.85 (HepG2), 65.29 (LO2) μM], 
compounds (4a–o) possess a potent cytotoxic property towards HepG2 
with mean IC50 values ranging from 2.86 to 36.34 µM, but the normal 
LO2 cell line was less susceptible (IC50 = 36.37–248.39 µM). R sub-
stituents (5-F, 5-Me, 7-Cl, and 7-CF3) showed the best anti-proliferative 
potency. The authors did not examine the stereochemistry of 4a–o [8]. 

In the same synthesis manner, Ghosh et al.’s (2020) research article 
provides the chemical synthesis of a set of C3-spirooxindoles-linked N- 
methyl pyrrolidine/pyrrolizidine units 7a–e/8a–e (Scheme 2). These 
hybrids were installed via a one-pot protocol featuring MCR and ster-
eoselectivity in good to excellent yields (76–93 %) employing ethanol as 

a solvent at the reflux temperature for 5 h. The reaction seems to proceed 
by the [3 + 2] cycloaddition mechanism of dipole azomethine ylides [in 
situ formed from 1 with sarcosine (N-methylglycine, 6a)/L-proline (6b)] 
and dipolarophiles 5. The mechanistic study for the formation of 8a–e is 
shown in Fig. 4. As a widely common pathway for the creation of C3- 
spirooxindoles, especially in this article review, S-shaped dipole azome-
thine ylide was generated in situ while heating 1 and 6b. As a significant 
route to the regio- and stereoselective organic synthesis of five- 
membered heterocycles, endo 1,3-dipolar cycloaddition between 1,3- 
dipole and α,β-unsaturated ketone dipolarophile reagent 5 yielded the 
corresponding C3-spirooxindoles 8a–e. The newly developed spiroox-
indoles (7a–e/8a–e) were evaluated for antiproliferative potency to-
wards NCI-60 tumor cell lines and DNA G-quadruplex binding affinity. 
Biologically speaking, at a concentration of 10 µM, molecule 8b (R = 4- 
Br, R1 = 4-Cl) demonstrated specific cytotoxicity towards some carci-
noma cell lines (colon, leukemia, prostate, and renal). G4 interaction 
tests revealed that these C3-spirooxindoles have little activity as DNA G- 
quadruplex ligands [9]. 

By the same token, Mayakrishnan et al.’s (2022) study effectively 

Abbreviations 

MCRs Multicomponent reactions 
MW Microwave 
TEMPO 2,2,6,6-Tetramethyl-1-piperidinyloxy 
TFE Trifluoroethanol 
DCM Dichloromethane 
DFT Density functional theory 
WHO World Health Organization 
IC50 Half-maximal inhibitory concentration 
CC50 50 % Cytotoxic concentration 
EC50 Half maximal effective concentration 
MIC Minimum inhibitory concentration 
GI50 The growth inhibitory power 
KD the concentration of antibody 
Ki The inhibitor constant 
NCI The National Cancer Institute, USA 
MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide 
CDK4 Cyclin-dependent kinase 4 
EGFR Epidermal growth factor receptor 
GPX4 Glutathione peroxidase 4 

MDM2 Mouse double minute 2 homolog 
PGE2 Prostaglandin E2 
TNF-α Tumor necrosis factor alpha 
COVID-19 Coronavirus infectious disease 2019 
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 
DENV-1/2/3 Dengue virus serotype 1/2/3 

Cancer cell lines 
HepG2 Human liver cancer cell line 
LO2 Human fetal hepatocyte cell line 
SKOV-3, A2780 Ovarian cancer cell lines 
A549 Lung cancer cell line 
MCF-7, MDA-MB-453 Human breast cancer cell lines 
LNCaP, DU145 Human prostate cancer cell lines 
SJSA-1 Human Osteosarcoma 
HCT 116, CT26, Caco-2 Colon cancer cell lines 
U87MG, U251, T98G Glioblastoma cell lines 
PC3 Prostate cancer cell 
SKNSH Human neuroblastoma cell line 
Hela Cervical cancer cell line 
EC109 Esophageal squamous cell carcinoma 
MGC803 Gastric mucinous adenocarcinoma  

Fig. 1. Natural C3-spirooxindoles.  
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details the chemical synthesis of a group of C3-spirooxindoles-bearing 
indole and pyridine moieties (10a–x) in good to excellent yields (75–96 
%) under reflux conditions in EtOH for 2.5–3.0 h. Also, these molecules 
were constructed via a one-pot stereoselective protocol based on the [3 
+ 2] cycloaddition process between azomethine intermediates (in situ 
produced from 1 with secondary amines 6a–c) and dipolarophile re-
agents 9a and 9b (Schemes 3). Using the MTT bioassay, these newly 
created compounds (10a-x) were tested for anticancer efficacy against 
three carcinoma cell lines (HepG2, SKOV-3, and A549). In comparison 
with cisplatin, which was not active towards HepG2 cells, 10u and 10w 
had higher cytotoxic actions towards them at concentrations less than 
10 µg/mL. To get insights of biological mechanism, molecular docking 
simulation by Auto Dock Tools (ADT) version 1.5.6 and Auto Dock 
Version 4.2.5.1 was conducted between C3-spirooxindoles (10a–10x) 
with BCL-2 (PDB ID: 4IEH) and ALK receptors (PDB ID: 2XP2). Com-
pound 10w showed the best binding mode with BCL-2 (-8.41 kcal/mol) 
via interaction with seven amino acid residues. Among them two H- 
bonds are formed between the C═O of Val92 and the N–H of indole 
moiety and the second one is generated between the C═O of Asp70 and 
the N–H of the pyrrole ring of isatin. Regarding ALK receptors, com-
pound 10o exhibited the best binding affinity (-7.14 kcal/mol) through 
a variety of intermolecular interactions. Three of them are conventional 
H-bonds, which installed between the indole ring and Leu1122, pyridine 
ring and Ala1126, and the last one is existed between the isatin C═O and 

Lys1150 [10]. 
MDM2 and MDM4 are important negative regulators of p53, which is 

classified as a tumor suppressor gene. In response to stress, the tumor 
suppressor p53 can transcriptionally activate downstream genes, which 
subsequently control several cell processes, including the cell cycle, 
DNA repair, metabolism, angiogenesis, apoptosis, and other biological 
responses. The p53 signaling pathway is shown in Fig. 5. The p53 tumor 
suppressor function is inactivated in tumors overexpressing MDM2 and 
MDM4 proteins. Hence, these two proteins are significant targets for 
cancer therapy, aiming to reactivate of the p53 function [11–13]. Some 
C3-spirooxindoles have been found to be MDM2-p53 inhibitors and are 
now being studied in humans (Fig. 6) [14]. 

The MW-assisted construction of C3-spirooxindoles 12 as a racemic 
mixture is effectively shown in the study by Gollner et al. (2019). Next, 
the obtained mixture 12 was subjected to a reductive amination with 
cyclopropanecarboxaldehyde in the presence of NaBH(OAc)3 to furnish 
13 that was followed by the Buchwald C–N coupling reaction (Cs2CO3, 
Xantphos, Pd(TFA)2, MW) with methyl p-bromobenzoate, yielding C3- 
spirooxindoles-linked pyrrolidine fused pyrrolidinone 14 in good yield 
(86 %) (Scheme 4). The anticancer efficiency of 14 against MDM2-p53 
was highly robust (IC50 = 4 nM). As shown in Fig. 7, the authors suc-
ceeded in obtaining the X-ray crystal structure of compound 13 inter-
acted with the active site of MDM2, where the most important H-bond 
between the amino acid residue His96 and the lactam C═O was formed 

Fig. 2. Bioactive molecules containing a C3-spirooxindole unit.  

Scheme 1. Chemical construction of C3-spirooxindoles-linked tetrazolo[1,5-a]pyrimidine units 4a–o.  
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[15]. 
Most recently, Islam et al.’s (2023) study describes the pharmaco-

phoric hybridization design and chemical construction of a new library 
of C3-spirooxindoles‑linked pyrazole 16a–o (isolated with yields up to 
76–98 %) targeting the MDM2-p53. As aforementioned, the target 
molecules were constructed via stereoselective, one-pot, MCR based on 
[3 + 2] cycloaddition between azomethine ylides (in situ produced from 
1 with 6c) and dipolarophile chalcones-based pyrazole core 15a–o 
(Schemes 5). In comparison with doxorubicin [7.7 ± 3.9 (A2780), 61.3 
± 15.2 (A549), 178 ± 26 (MDA-MB-453), and 127 ± 18 nM (HepG2)], 
MTT bioassay results showed that compound 16 h was the best towards 
A2780 and HepG2, with IC50 mean values of 10.3 and 18.6 µM, 
respectively. Meanwhile, 16 m was the robust one against A549 with an 
IC50 value of 17.7 µM. MDM2 was downregulated in A549 cells by 16 k 
and 16 m, according to Western blot analysis. In combination with 
doxorubicin, 16 h and 16j were reduced its IC50 by 25 % [16]. 

Regarding the biological mechanism, the docking study of 16 k and 
16 m against MDM2 (PDB ID: 5LAW) was done by the “QuickPrep” of 
the Molecular Operating Environment (MOE) Version 2016.0802. 
Compound 16 k was fitted within the active site of MDM2 with binding 
energy value of − 5.49 kcal/mol via several interactions. Importantly of 
them is the H-bond that installed between the linker C═O and His96, 
which interacted with indolinone ring through π-π hydrophobic inter-
action. On the hand, compound 16 m was interlocked with the active 
domain of MDM2 by binding score value of − 6.01 kcal/mol that slightly 
better than 16 k, but without H-bond interactions. His96 forms π-π hy-
drophobic interaction with N-phenylpyrazole moiety instead of indoli-
none ring [16]. 

In 2022, Espadinha and his co-workers reported the structural opti-
mization and the chemical construction of a library of C3-spirooxindole- 
linked pyrazoline (20). Installation of these hybrids started with for-
mation of ethyl ester 19 via the cycloaddition reaction of 17 and 

Fig. 3. The proposed mechanism for the construction of 4a–o.  

Scheme 2. Chemical construction of C3-spirooxindoles-linked N-methyl pyrrolidine/pyrrolizidine units 7a–e/8a–e.  
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hydrazonyl chlorides 18. The sequential alkaline hydrolysis-amination 
process of 19 yielded the hit pyrazoline amides 20 (Scheme 6). Many 
of the generated molecules have shown potential antiproliferation ac-
tivities towards MCF-7, LNCaP, and SJSA-1 tumor cells by dual blocking 
MDM2-P53 and MDM4-p53 interactions. Immunoenzymatic biochem-
ical assay showed that 20a (R = 6-Cl, Rʹ = 3-Cl-2-F-Ph, R″ = CO2CH2CH3, 

R‴ = cyclohexyl) was the most potent dual inhibitor towards MDM2-P53 
and MDM4-p53 in the low nanomolar range, with IC50 values of 18.5 ±
2.1 and 14.8 ± 5.2 nM, respectively. In silico rational design studies 
interpret the prior activity, where Fig. 8 shows the main interaction 
types between 20 and MDM2/4-P53 [17]. 

The work of Lotfy et al. (2021) indicates the rational design and the 

Fig. 4. The proposed mechanism for the construction of 8a–e.  

 

 

 

Scheme 3. Chemical construction of C3-spirooxindoles-bearing indole and pyridine moieties 10a–x.  
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traditional construction of stereospecific C3-spirooxindoles-bearing 
hydropyrrolizine unit 22 (87–95 %) that were synthesized by a one-pot 
1,3-dipolar cycloaddition of azomethine intermediates and pyrrole de-
rivatives 21 (Scheme 7). Stereoselectivity in this protocol was validated 
by quantum chemical computations through DFT. The in vitro NCI-60 

one-dose screening methodology was used to evaluate the anti-
proliferation activity of 22 towards subpanel human carcinoma cell lines 
(leukemia, lung, colon, CNS, melanoma, ovary, kidney, prostate, and 
breast cancers) at 10 μM concentration. NCI-60 anticancer screening 
activities were expressed as percentage growth inhibition (GI %) [18]. 
Many of the obtained molecules demonstrated good MDM2 inhibitory 
activities. Using MTT biochemical assay, the potent compounds from the 
NCI-60 protocol were tested against MDA-MB 231, HepG2, and Caco-2 
cancer cells. In comparison with 5-fluorouracil, the installed com-
pounds 22a and 22b (Scheme 7) were more active towards MDM2 
binding ability in the low μM range, with KD values of 1.32 and 1.72 μM, 
respectively [18]. The docking study of compounds 22a and 22b was 
done as earlier mentioned above for compounds 16 k and 16 m [16] 
(Scheme 5). The best binding modes of 22a and 22b show the important 
role of indolinone rings that form the key intermolecular H-bonds with 
Leu54 for 22a and His96 with Lys94 for 22b [18]. 

In a similar synthetic vein, C3-spirooxindoles possessing furan moi-
ety 23 (Scheme 8) were successfully constructed (isolated yield up to 94 
%) through a one-pot protocol that published by Altowyan research 

Fig. 5. The p53 signaling pathway. Reproduced from the ChemOffice-v2022.  

Fig. 6. MDM2-p53 inhibitors-based C3-spirooxindole unit.  
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group in 2022. In comparison to the reference medication staurosporine 
[IC50 = 17.8 ± 0.50 (MCF-7) and 10.3 ± 0.23 (HepG2) µM/mL], two of 
the prepared compounds (23a and 23b) demonstrated strong anticancer 
activity against HepG2 and MCF-7 carcinoma cell lines, with mean IC50 
values ranging from 4.3 to 11.8 µM/mL [19]. 

An article from Liu’s lab represents the rational design and the 
construction of CF3-containing C3-spirooxindoles-incorporated nitro-
isoxazole 26 in good to excellent yields (72–93 %) as GPX4-MDM2 dual 
inhibitors. The construction process was conducted via the stereo-
selective cycloaddition of 5-styrylisoxazole 25 and imines 24 (Scheme 
9). Two of the obtained compounds (26a and 26b) displayed remarkable 
antitumor activities towards MCF-7 with the inhibition ability of MDM2- 
p53. In comparison with nutlin-3 [IC50 = 15.72 µM (MCF-7) and Ki =
0.28 ± 0.0 µM (MDM2)], compound 26a showed inhibitory effect 
against MDM2 with Ki = 0.24 ± 0.06 µM and cytotoxicity towards MCF- 
7 with IC50 value of 13.5 µM, whilst 26b exhibited these results: Ki =
0.26 ± 0.05 and IC50 = 13.7 µM (Scheme 9). The docking study of 26a 
towards MDM2 (PDB ID: 4LWU) was operated by CDOCKER module of 

Discovery Studio 3.5 (Accelrys, USA). The best binding mode shows that 
the oxindole-N1 forms a stable H-bond with Leu54, while the nitro-
isoxazole and phenyl groups are stabilized via π-π stacking interactions 
with His96 [20]. 

Kukushkin and his co-authors (2021) reported the chemical creation 
of C3-spirooxindoles-bearing imidazolone unit 28 in weak to high yields 
(10–75 %) via a one-pot stereospecific [3 + 2] cycloaddition of 5-indo-
lidene-2-chalcogen-imidazolones 27 and in situ generated azomethine 
intermediate (Scheme 10). Using MTT biochemical cytotoxicity assay 
and in comparison with Nutlin-3 [IC50 = 3.3 ± 0.13 (HCT116 p53+/+) 
and 35.12 ± 2.65 µM (HCT116 p53− /− )], among the 28 derivatives, one 
of its substituted groups, Cl (R), 4-MeOPh (Rʹ), and S (X) showed 
noticeable cell growth inhibition activities towards HCT116 p53+/+ and 
HCT116 p53− /− with CC50 values of 1.95 and 2.35 µM, respectively 
[21]. 

In 2020, Wang and his group published the rational design and the 
asymmetrical creation of C3-spirooxindoles-linked naphthalenes 32 via 
the Michael-aldol domino reaction of 3-ylideneisatins 29 and a benzal-
dehyde derivative 30. The reaction was mediated by thiourea organo-
catalyst as a bifunctional hydrogen-bonding source to produce silyl 
ether analog 31 followed by acid work-up to afford the desired 32 
(Scheme 11). The installed compounds successfully suppressed CDK4 
and MDM2 in glioblastoma cells. Among the 32 derivatives, one of its 
substituted groups, 5-Br (R) and CO2Et (Rʹ), was the most robust and 
potent towards U87MG, U251, and T98G, with IC50 values of 4.9, 8.6, 
and 9.5 µM, respectively [22]. 

A library of C3-spirooxindoles-linked pyrazolopyridine 35 was syn-
thesized via a one-pot three-component cycloaddition reaction of in situ 
formed azomethine intermediates (1 with 5-aminopyrazole 34) and 
aroylacetonitriles 33 under acidic conditions exposed to acetic acid 
(Scheme 12). In comparison with adriamycin [IC50 = 0.12 (HepG2) and 
0.62 µM (PC-3)], many of the prepared compounds showed optimistic 
cell growth inhibition activities. Among the 35 analogs, one of its 
substituted groups, H (R) and Ph (Rʹ), was the most potent and effective 
towards HepG2 and PC3, with IC50 values of 6.9 and 11.8 µM, respec-
tively. Also, the prior compound displayed high attraction towards p53 
and caspase-3/9, confirming their ability to enhance apoptosis. The 
authors did not examine the stereochemistry of 35 [23,24]. 

Fayed and his co-authors reported the construction of C3- 

Scheme 4. Chemical construction of C3-spirooxindoles-linked pyrrolidine fused pyrrolidinone 14.  

Fig. 7. The main interaction of 13 with MDM2-p53.  
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spirooxindole-linked chromene heterocycle 37 via Et2NH-catalyzed the 
condensation process of 1 and 2ʹ-hydroxyacetophenone. In a similar 
fashion, compound 36 was installed by using 4ʹ-aminoacetophenone as a 

ketone. AcOH-catalyzed Schiff base formation between 36 and salicy-
laldehyde furnishes 38 that was treated with hydrazines in acidic me-
dium to afford the corresponding C3-spirooxindoles-linked pyrazole 
heterocycle 39 (Scheme 13). Agents 37 and 39b displayed optimistic 
cell growth inhibition activities towards MCF-7, HepG2, and HCT116 
with mean IC50 values ranging from 0.68 to 1.30 µM, while the reference 
drug imatinib showed cytotoxic activities with IC50 values ranging from 
4.70 to 6 µM. Also, 39b exhibited encouraging EGFR inhibitory potency. 
The docking study of 39b against EGFR (PDB ID 1 M17) was done to get 
an insight into the molecular interaction between them. The docking 
simulation was performed by MOE v10.2008. The best docking mode of 
39b (-18.76 kcal/mol) manifested three H-bonds between 39b and 
EGFR. One among them was between the isatin C═O and Cys773 (2.99 
Å) whereas the second one was installed between the salicylaldehyde 
OH and Lys692 (2.63 Å). The last one was seen between isatin NH and 
Asp776 (2.46 Å). Also, the phenyl group of salicylaldehyde unit was 
stabilized via arene-cation interaction with Lys704. The authors did not 
examine the stereochemistry of 37 and 39 [25]. 

Kumar et al. (2019) reported the first use of ionic liquid [bmim]Br to 
mediate a one-pot [3 + 2] cycloaddition reaction of azomethine inter-
mediate (in situ formed from 1 with tyrosine 6f) and dipolarophile β- 
nitrostyrenes 40 to yield the C3-spirooxindoles-linked nitro pyrrolidine 
unit 41 in good to excellent yields (Scheme 14). A plausible mechanism 
for the installation of C3-spirooxindoles-pyrrolidine hybrids 41 is 
demonstrated in Fig. 9. As a hydrogen donor, ionic liquid [bmim]Br 
activated the isatin derivatives 1 via hydrogen bonding to form the 
corresponding imine compound by condensation with 6f. After subse-
quent cyclization and decarboxylation steps, the intermediate azome-
thine ylide was obtained. Hence, 1,3-dipolar cycloaddition between the 
reactive ylide and the activated nitrostyrenes 40 afforded the desired 
products 41. In comparison with camptothecin [IC50 = 32.11 ± 2.50 
(A549, 48 h) and 22 ± 1.50 µM (Jurkat, 48 h)], MTT bioassay results 

Scheme 5. Chemical construction of C3-spirooxindole‑pyrazole hybrids 16a–o.  

Scheme 6. Chemical construction of C3-spirooxindole-linked pyrazoline 20.  

Fig. 8. Main interactions of 20 with MDM2-P53 and MDM4-p53 as indicated 
from the rational design studies. 
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showed that one of the 41 analogs that its substituted groups are, 4-OMe 
(R) and OCF3 (Rʹ), was the most potent one towards A549 and acute T- 
cell lymphoma (Jurkat cells), with IC50 values of 29.60 ± 2.50 and 42.92 
± 4.50 µM (48 h), respectively. The authors did not examine the ste-
reochemistry of 41 [26]. 

The dipolar [3 + 2] cycloaddition process of azomethine 

intermediate (in situ generated from 1 with 2-piperazinoethylamine 42) 
and equimolar amounts of chalcones 5 in stirring EtOH yielded the 
desired spirooxindoles-linked pyrrolidinone moiety 43 in moderate to 
good yields (Scheme 15). Among the 43 products in which R = Me, the 
robust active one towards the KB cell line had a mean IC50 value of 6.5 
µM [27]. The best molecular docking mode of 43 (R = Me) towards 

 

 

Scheme 7. Chemical construction of C3-spirooxindoles-bearing hydropyrrolizine unit 22.  

Scheme 8. Chemical construction of C3-spirooxindoles possessing furan moiety 23.  
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MDM2 (PDB ID: 1RV1) exhibited binding energy value of − 12.78 kcal/ 
mol lower than the doxorubicin that was − 8.53 kcal/mol. The docking 
task was achieved by Argus lab and the perception is utilizing discovery 
studio 4.5. The docked ligand was interlocked into the active site of 
1RV1 via several hydrophobic interactions with amino acid residues, 

including Phe55, Val211, Tyr226, and Phe225. Also, there are Van der 
Waals interactions with Thr233, Lys51, Glu52, Tyr56, Lys221, and 
Gln59 [27]. 

In 2019, Islam and his co-workers reported the construction of C3- 
spirooxoindoles-linked thiazolopyrrolidine unit 45 in good yields 

Scheme 9. Chemical construction of C3-spirooxindoles-incorporated nitroisoxazole core 26.  

Scheme 10. Chemical construction of C3-spirooxindoles-bearing imidazolone unit 28.  

Scheme 11. Chemical construction of C3-spirooxindoles-linked naphthalenes 32.  
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(71–89 %) via a one-pot 1,3-dipolar cycloaddition reaction between 
azomethine intermediates (in situ produced from 1 with 6c) and dipo-
larophile chalcones 44 (Schemes 16). In comparison with cisplatin [IC50 
= 12.6 (HCT116) and 5.5 µM (HepG2)], among the 45 analogs in which 
R = 4-CF3C6H4, the most potent one towards HCT116 and HepG2 car-
cinoma cell lines had mean IC50 values of 7.0 and 5.5 µM, respectively. 
The best interaction mode between 45 (R = 4-CF3C6H4) and MDM2 
(PDB code: 5law) was illustrated via the docking study that was oper-
ated by Open Eye® software. Most importantly, the simulation mode 
showed an important H-bond between indole NH (H donor) and Leu54 
(H acceptor) [28]. 

The C3-spirooxindole-pyrrolocarbazole hybrids 48 were produced in 
good to excellent yields (73–93 %) by a one-pot [3 + 2] cycloaddition 
reaction between azomethine intermediates (in situ formed from 1 with 
benzylamine 47) and dipolarophile 2-ylidene-1H-carbazole-1-ones 46 
(Schemes 17). Cell growth inhibition abilities were observed for the 
installed compounds. In comparison with cisplatin [IC50 = 9 (MCF-7) 

and 10 µM (A549)], among the 48 agents in which Rʹ= Me, Cl, and H, 
were the most potent towards MCF-7 and A549 carcinoma cell lines with 
IC50 values vary from 13 to 16 µM [29]. 

As reported by the Kasaboina research group in 2019, a library of C3- 
spirooxindole-linked pyrrolizine core 50 was acquired via a one-pot 1,3- 
dipolar cycloaddition process between azomethine intermediates (in situ 
formed from 1 with 6b) and dipolarophile reagents 49 (Schemes 18). 
Many of the obtained molecules showed important antiproliferative 
activities towards the SKNSH tumor cell line. In comparison with 
doxorubicin (IC50 = 6.3 µM), among the 50 products in which R1/R2/R3 

= OMe/Cl/H and OMe/I/H were the robust actives with IC50 values of 
4.61 and 5.04 µM, respectively. The authors did not examine the ste-
reochemistry of 50 [30]. 

As shown in Scheme 19, dipolar cycloaddition between azomethine 
intermediates (in situ generated from 1 with 6) and dipolarophile re-
agents 51 yielded the C3-spirooxindoles-bearing cyclohexanone 52 in 
moderate yields (60–74 %). In comparison with standard doxorubicin 

Scheme 12. Chemical construction of C3-spirooxindoles-linked pyrazolopyridine 35.  

Scheme 13. Chemical construction of C3-spirooxindole-linked chromene heterocycle 37 and C3-spirooxindoles-linked pyrazole heterocycle 39.  

Scheme 14. Chemical construction of C3-spirooxindoles-linked nitro pyrrolidine unit 41.  
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(IC50 = 0.32–1.9 µM), MTT bioassay results showed that many of the 
obtained compounds displayed moderate cell growth inhibition activ-
ities towards PC3, Hela, and MCF-7, with IC50 values ranging from 0.9 to 
7.1 µM. The molecular docking study of 52 (R = Rʹ = H) into the active 
site of MDM2 (PDB ID 1T4E) was performed MOE software v.2019. The 

best docked pose of 52 (R = Rʹ = H) (-7.20 kcal/mol) showed that the 
phenyl rings are stabilized into the active pocket through π-π and π-alkyl 
interactions with amino acid residues, including Leu54, Ile61, Val75, 
Phe91, Val93, and Ile99. Also, isatin NH and C═O groups form two H- 
bonds with Leu54 (1.8 Å) and Gly58 (3.4 Å), respectively [31]. 

Fig. 9. The proposed mechanism for the construction of 41.  

Scheme 15. Chemical construction of C3-spirooxindoles-linked pyrrolidinone moiety 43.  

Scheme 16. Chemical construction of C3-spirooxoindoles-linked thiazolopyrrolidine unit 45.  

Scheme 17. Chemical construction of C3-spirooxindole-pyrrolocarbazole hybrids 48.  
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Pourshab’s lab in 2019 describes a diastereoselective-green protocol 
for the sonochemical construction of C3-spirooxindoles-linked cyclo-
propane moiety 54 in good to excellent yields (77–94 %) via a two-pot 
process (Wittig reaction then Michael addition) under aqueous condi-
tions that was mediated by ultrasonic irradiation. Mechanistically, the 
phenacyltriethylaminium ylide was formed by the nucleophilic attack of 

triethylamine (bonding to carbon) on electrophilic phenacyl bromide, 
followed by the loss of hydrogen bromide. On the other hand, the Wittig 
reaction between isatins 1 and phenacylidenetriphenylphosphorane 53 
(Wittig reagent) afforded an intermediate dipolarophile. Next, the 
Michael addition reaction between both intermediates affords a new one 
that is converted to the final product 54 by a cyclization process and the 

Scheme 18. Chemical construction of C3-spirooxindole-linked pyrrolizine core 50.  

Scheme 19. Chemical construction of C3-spirooxindole-bearing cyclohexanones 52.  

Scheme 20. Chemical construction and the proposed mechanism of C3-spirooxindoles-linked cyclopropane moiety 54.  

Scheme 21. Chemical construction of C3-spirooxindoles-bearing coumarin moiety 56 and 57.  
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loss of the Et3N molecule (Scheme 20). Many of the installed derivatives 
showed considerable antiproliferation activities towards HeLa, with IC50 
values ranging from 4.5 to 12.50 µg/mL (48 h). Among them compound 
with R/Rʹ/R″ = H/Cl/[1-(4-bromobenzyl)-1H-1,2,3-triazol-4-yl] man-
ifested the best cytotoxicity with IC50 = 4.50 ± 0.3 µg/mL, while IC50 of 
doxorubicin equals to 1.86 ± 0.1 µg/mL [32]. 

In 2018, Kumar and his co-authors documented an eco-friendly 
protocol to construct a library of C3-spirooxindoles-bearing coumarin 
moiety 56 and 57. This condensation process between a three- 
component mixture composed of 1, 4-hydroxycoumarin 55, and active 
methylene derivatives was aqueous mediated by p-toluenesulfonic acid 
at ambient temperature (Scheme 21). As illustrated in Fig. 10, the for-
mation of 56 was completed via acid-mediated three-step mechanistic 
pathway, including Knoevenagel condensation, Michael addition (1,4- 
addition), and intramolecular cyclization followed by removal of water 
molecule. The in vitro cell growth inhibition abilities of the installed 
compounds were tested towards PC3 and LNCaP cell lines by MTT 

bioassay. The most effective compounds are 57 that were derived from 
5-bromoisatine [57a, R = H, Rʹ = Br; IC50 = 0.025 ± 0.002 µM (PC-3)] 
and N-allylisatin [R = allyl, Rʹ = H; IC50 = 1.25 ± 0.09 µM (LNCaP)], 
while the standard bicalutamide IC50 equals to 1.25 ± 0.14 (PC3) and 
1.50 ± 0.25 (LNCaP) µM. The interaction mode between 57a and ALP 
enzyme (PDB ID: 2EW2) is shown in Fig. 11 via the molecular docking 
prediction that done by Autodock 4.2.6 and Autodock Tools (ADT) 1.5.6 
software. The best docked pose of 57a details the mechanism of mo-
lecular interaction, including H-bonding and noncovalent bonding 
consisting of π-π and π-cation interactions. The authors did not examine 
the stereochemistry of 56 and 57 [33]. 

Also, as a green protocol with solvent-free synthesis, Gobinath et al. 
described the synthesis of C3-spirooxindoles-linked acridinedione unit 
58 via a multicomponent reaction of 1, 1,3-cyclohexanedione and 
substituted aniline in the presence of a catalytic amount of p-toluene-
sulfonic acid (Scheme 22). Biologically speaking, many of the installed 
molecules showed outstanding antiproliferative activities towards MCF- 

Fig. 10. The proposed mechanism for the construction of 56.  

Fig. 11. Main interactions of 57a with ALP (PDB ID: 2EW2).  

Scheme 22. Chemical construction of C3-spirooxindoles-linked acridinedione unit 58.  
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7 via MTT bioassay. Among the 58 products in which R = 4-MeOPh, the 
robust active one had a GI50 (growth inhibitory power) value of 0.01 ±
0.34 relative to the standard doxorubicin 0.02 ± 0.70 µM. The authors 
did not examine the stereochemistry of 58, and the isolated yields are 
not reported [34]. 

El-Sharief’s research group reported a divergent protocol for the 
construction of C3-spirooxindoles-linked chromene/pyranopyrrole units 
60–62. Compound 60 was generated via the reaction of 1 and 2ʹ- 
hydroxyacetophenone in a two-step process, the first was mediated by 

Et2NH, and the second cyclization step was completed by AcOH/HCl. 
Agents 61 and 62 were produced via the reaction of 1 with malononitrile 
and either pyrazol-5-one or phenols under basic conditions. Another 
surrogate fashion for the synthesis of 61 and 62 is depicted in Scheme 
23. Modest cell growth inhibitory activities were exhibited by the target 
spirocompounds towards MCF-7, HepG2, and HCT 116 carcinoma cell 
lines, comparable to doxorubicin. The authors did not examine the 
stereochemistry of 60–62 [35]. 

A series of C3-spirooxindoles-bearing triazolothiadiazine unit 65 was 

Scheme 23. Chemical construction of C3-spirooxindoles-linked chromene/pyranopyrrole units 60–62.  

Scheme 24. Chemical construction of C3-spirooxindoles-bearing triazolothiadiazine unit 65.  

Fig. 12. The proposed mechanism for the construction of 65.  
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achieved via a two-step sequential reaction. Firstly, p-toluenesulfonic 
acid (pTSA)-catalyzed the imine formation between 1 and 63 to afford 
the secondary ketimine 64. After that SN2 reaction between electrophilic 
phenacyl bromides and nucleophilic 64 followed by intramolecular 
cyclization process afforded 65 in moderate to high yields (Scheme 24, 
Fig. 12). In comparison with standard 5-fluorouracil [10.38 ± 0.01 
(EC109), 24.29 ± 0.04 (DU145), 25.54 ± 0.05 (MGC803), and 22.46 ±
0.03 (MCF-7)], MTT bioassay results showed that many of the installed 
compounds displayed mild to robust in vitro antiproliferative activities. 
Among them, compound in which R = 4-MePh and Rʹ = H was the most 
potent one against the tested cell lines [6.62 ± 0.89 (EC109), 8.02 ±
0.64 (DU145), 9.49 ± 0.78 (MGC803), and 17.65 ± 0.82 (MCF-7)]. The 
authors did not examine the stereochemistry of 65 [36]. 

The chemical reaction between the ethanolic solution of 
ylideneoxindoline-2-ones 66 and azomethine ylide that formed from 
ethyl glycinate hydrochloride and dimethyl acetylenedicarboxylate 
(DMAD) at room temperature under basic conditions (Et3N) yielded C3- 
spirooxindoles-based pyrrolidine-linked triester groups 67 in moderate 
to good yields (Scheme 25). MTT bioassay results confirmed that some 
of the prepared molecules displayed prominent antiproliferative activ-
ities towards CT26 and HepG2 tumor cell lines. The compound with R =
CH2Ph, Rʹ = F, and R″ = 4-MeC6H4 at a concentration of 50 µg/mL 
exhibited cell death % values of 35.39 and 75.15 against HepG2 and 

CT26, respectively, in 48 h [37]. 

2.2. Chemical synthesis of antiviral C3-spirooxindoles 

COVID-19 emerged as a global pandemic by WHO in March 2020. 
COVID-19 is caused by infection with SARS-CoV-2 that affects all the 
world, leading to millions of people being infected and dying. Conse-
quently, this outbreak has caused global social and economic disruption 
[38]. A group of C3-spirooxindoles-based pyrrolidine-linked piperidines 
70 were constructed in good to excellent yields (70–93 %) by a regio-
selective 1,3-dipolar cycloaddition reaction between azomethine in-
termediates (in situ produced from 1 with 6a) and dipolarophile reagents 
69, which were synthesized through nucleophilic substitution between 
the corresponding amines 68 and sulfonyl chlorides (Scheme 26). Many 
of the prepared compounds displayed attractive antiviral activities to-
wards SARS-CoV-2 and considerable safety behavior against the host 
cell. Among the 70 products in which R = 4-FPh, Rʹ = Et, and R″ = Cl, the 
robust active one had an IC50 value of 7.69 µM and more active than the 
reference drugs (chloroquine and hydroxychloroquine) with about 3.3 
and 4.8 times [38]. 

Xu et al.’s (2019) paper shows the design and the chemical con-
struction of C3-spirooxindoles-linked triazolopyridine unit 73 via a one- 
pot two-step reaction of 1, aminotriazole derivative 71, and Meldrum’s 

Scheme 25. Chemical construction of C3-spirooxindoles-based pyrrolidine-linked triester groups 67.  

Scheme 26. Chemical construction of C3-spirooxindoles-based pyrrolidine-linked piperidine 70.  

Scheme 27. Chemical construction of C3-spirooxindoles-linked triazolopyridine unit 73.  
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acid under refluxing acidic conditions, followed by selective N-alkyl-
ation of the oxindole derivative 72 (Scheme 27). Among the 73 agents in 
which R = CH2CH2CH(Me)2, was the most active one towards DENV-1, 
− 2, and − 3 with EC50 values of 0.78, 0.16, and 0.035 µM, respectively. 
Also, the prior molecule demonstrated good in vivo pharmacokinetic 
characteristics and activity in the A129 mouse model, showing its 
therapeutic promise as a medication candidate for further preclinical 
research against dengue virus infection [39]. 

2.3. Chemical synthesis of antimalarial C3-spirooxindoles 

Malaria is one of the world’s most prevalent diseases. This is since 

mosquitoes thrive in tropical and subtropical areas with a high global 
population. Many parasitic protozoan species that cause this disease 
have been shown to be transmitted to humans through mosquito bites. 
Even though numerous malaria agents have been investigated, there is 
always a need for new ones [40]. Scheme 28 shows the construction of 
C3-spirooxindoles-linked oxadiazole unit 74 in moderate to high yield 
(42–87 %) through nitrilimine cycloaddition generated from dehydro-
chlorination of hydrazonyl chloride 18 and 1. Many of the installed 
spirooxindole agents show outstanding activity towards the erythrocytic 
stage of P. falciparum and the liver-stage of P. berghei. This result con-
firms the possibility of developing potent compounds to suppress both 
liver-stage (P. berghei) and blood-stage (P. falciparum) parasites. The 

Scheme 28. Chemical construction of C3-spirooxindoles-linked oxadiazole unit 74.  

Scheme 29. Chemical construction of C3-spirooxindoles-linked quinoline unit 78 and 79.  

Scheme 30. Chemical construction of C3-spirooxindoles-linked indolizine unit 81a and 81b.  
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authors did not examine the stereochemistry of 74 [41]. 
Mathebula research group (2019) reported the construction of C3- 

spirooxindoles-linked quinoline unit 78 and 79 via BF3.OEt2-catalyzed 
Povarov reaction of isatin-derived imines 75 and alkenes 76 or 77, 
respectively (Scheme 29). In comparison with chloroquine [IC50 = 0.110 
± 0.002 (FCR − 3) and 0.0127 ± 0.003 (3D7) µM], several of the 
compounds 78 showed in vitro antiplasmodial efficacy against 
P. falciparum drug-resistant FCR-3 and P. falciparum drug-sensitive 3D7 
strains with IC50 values of 1.52–4.20 and 1.31–1.80 µM, respectively 
[42]. 

Scheme 30 displays the chemical construction of C3-spirooxindoles- 
linked indolizine unit 81a and 81b via the reaction of 80 with N-bro-
mosuccinimide in an acidic solvent system at 0 ◦C, raised to the ambient 
temperature. The installed compounds showed moderate antiplasmodial 
activities towards the artemisinin-sensitive (3D7) and resistant 
P. falciparum strains (R539T) with IC50 ranging from 2.99 to 4.89 µM 
after 48 h [43]. 

2.4. Chemical synthesis of anti-inflammatory C3-spirooxindoles 

The research work of Kumar et al. (2018) indicates the construction 
of C3-spirooxindoles-based indolizine-linked piperidone unit 82 through 
a stereoselective one-pot 1,3-dipolar cycloaddition reaction between 
azomethine intermediates (in situ produced from 1 and pipecolinic acid 
6 h) with dipolarophile reagents 68 in ionic liquid [bmim]Br (Schemes 
31). Several of the produced compounds manifested pivotal anti- 
inflammatory activities comparable to indomethacin, with inhibitory 
observations towards PGE2, TNF-α, and nitrite levels [44]. 

As a common synthetic protocol, C3-spirooxindoles-containing ben-
zylidene indolines 83 were chemically constructed through a one pot [3 
+ 2] cycloaddition reaction between azomethine intermediates (in situ 
produced from 1 with 6b,c) and dipolarophile chalcones-based cyclo-
hexanone 51 (Scheme 32). In comparison with ibuprofen (IC50 = 11.2 ±
1.9 μM), C3-spirooxindole 83a that contains fluorobenzene units (R = H, 
Ar = 3-FC6H4) displayed the best in vitro anti-inflammatory activity with 
IC50 value of 2.4 ± 1.3 μM. The docking study of 83a towards the murine 

cyclooxygenase-2 (COX-2, PDB ID 4PH9) was carried out by MOE 
v2018.0101. The study showed the importance of fluorobenzene units. 
One among them is interacted with the binding site via non-polar con-
tacts with amino acid residues consisting of Leu532, Leu535, Val345, 
and Val350. While the other one displays a π-π T-shaped interaction with 
Tyr356. Also, two H-bonds are formed between the ligand and the target 
protein via Val542 and Ala528 [45]. 

2.5. Chemical synthesis of antidiabetic C3-spirooxindoles 

Still with the common protocol, C3-spirooxindoles-containing oxa-
zolone moiety 85a,b were designed and installed in moderate to good 
yields (68–80 %) as a mixture of two diastereoisomers via a MCR 1,3- 
dipolar cycloaddition reaction between azomethine intermediates (in 
situ produced from 1 and 6c) with dipolarophile 4-arylidene-5(4H)- 
oxazolones 84 (Scheme 33). Biologically, in comparison with acarbose 
[IC50 = 1.28 ± 0.13 (HAA) and 2.80 ± 0.20 µM (SCAG)], compound 85a 
with R = 4-MePh was the most active antihyperglycemic agent towards 
α-amylase (HAA) and α-glucosidase (SCAG) with IC50 values of 1.76 ±
0.14 and 4.81 ± 0.24 µM, respectively [46]. 

Toumi et al.’s (2021) study represents the creation of C3-spiroox-
indoles-linked pyrrolidine-fused rhodanine heterocycle 87 in moderate 
to excellent yields (66–96 %) via a MCR 1,3-dipolar cycloaddition re-
action between azomethine intermediates (in situ produced from 1 and 
glycine methyl ester) with dipolarophile reagents 86 (Scheme 34). The 
synthesized compounds display high α-amylase suppression with IC50 
values ranging from 1.49 ± 0.10 to 3.06 ± 0.17 µM, comparable to 
acarbose (IC50 = 1.56 ± 0.07 µM) [47]. The most active agents, 87a, 
87b, 87c, and 87d, were tested in vivo for hypoglycemic characteristics 
in alloxan-induced diabetic rats, resulting in a decrease in blood glucose 
levels. The molecular docking simulation of the most potent inhibitor 
(87a) was applied by MOE v2010.10 against the porcine α-amylase 
enzyme (PDB code: 1OSE). The thiazolidine C═O and NH groups form H- 
bonds with His305. The aromatic phenyl groups of 87a are stabilized 
within the active site of 1OSE through σ-π-interactions with the Leu162 
and Trp59. Also, pyrrolidine NH is interacted with Asp300 via an 
anionic interaction [47]. 

In 2022, Nivetha and co-workers published an article that documents 
the creation of C3-spirooxindoles-linked pyrrolidine 89/pyrrolizidine 90 
via a stereoselective MCR 1,3-dipolar cycloaddition between azome-
thine intermediates (in situ produced from 1 with 6a,b) and dipolar-
ophile reagents 88 (Scheme 35). The anti-diabetic properties of 
spirooxindoles 89 and 90 were screened towards the α-glucosidase and 
α-amylase enzymes. In comparison with acarbose [IC50 = 30.05 ± 0.05 

Scheme 31. Chemical construction of C3-spirooxindoles-based indolizine-linked piperidone unit 82.  

Scheme 32. Chemical construction of C3-spirooxindoles-containing benzyli-
dene indolines 83. 

Scheme 33. Chemical construction of C3-spirooxindoles-containing oxazolone 
moiety 85a,b. 
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(α-amylase) and 10.15 ± 0.06 µg/mL (α-glucosidase)], molecule 90a 
(R1 = R3 = H, R2 = F) was the promising one with an inhibition potency 
towards α-glucosidase (IC50 = 10.00 ± 0.16 µg/mL) and α-amylase en-
zymes (IC50 = 32.40 ± 0.86 µg/mL). Also, 90a was docked with 
α-glucosidase with binding affinity of − 10.1 Kcal/mol comparable to 
acarbose (-8.6 Kcal/mol). The best docking mode shows H-bond in-
teractions between 90a framework and His279, Arg312, and Phe157. 
Furthermore, 90a forms electrostatic interactions with His279 and 
Glu304. Moreover, 90a produces a variety of hydrophobic interactions 
(π-π, σ-π, π-alkyl, and alkyl-alkyl) with many amino acid residues, con-
firming the robust inhibitory activity of 90a [48]. 

Teja and his group in 2020 reported the synthesis of C3-spiroox-
indoles-linked pyrrolizine 92/pyrrolidine 93 through a regioselective 
sequential manner using Cu–TEMPO that catalyzed the oxidation of 
ketones 91, followed by a cycloaddition reaction with azomethine in-
termediates (in situ produced from 1 with 6a,b) (Scheme 36). The 
plausible mechanism was reported. Biochemically, in comparison with 
acarbose [IC50 = 0.058 ± 0.012 (α-amylase) and 0.046 ± 0.023 µg/mL 
(α-glucosidase)], molecule 92a displayed the best inhibition potency 
towards α-glucosidase with an IC50 value of 0.24 ± 0.05 µg/mL, while 
92b was the best one against α-amylase (IC50 = 0.28 ± 0.07 µg/mL). 
Consequentially, 92a and 92b are active at low µg/mL concentrations 
and could be promising antidiabetic lead candidates [49]. 

2.6. Chemical synthesis of antimicrobial C3-spirooxindoles 

Under ultrasonic conditions, Gul and his co-researchers (2023) suc-
cessfully synthesized C3-spirooxindoles-linked quinoline 97/pyrazolo 

[3,4‑b]quinoline 98 through a MCR including 1, naphthalene‑1‑amine 
(95)/or 5‑amino‑1‑methyl‑3‑pheylpyrazole (96), and active methylene 
reagents (94). The reaction was mediated by the (±)‑cam-
phor‑10‑sulfonic acid as an organocatalyst (Scheme 37). Biologically 
speaking, the MIC values of the most active antimicrobial compounds 
towards Enterococcus faecalis, Staphylococcus aureus, and Candida albi-
cans ranged from 375 to more than 6000 µg/mL relative to gentamicin 
(4 to > 256 µg/mL) and fluconazole (32 µg/mL). The authors did not 
examine the stereochemistry of 97 and 98 [50]. 

Pandey and his co-researchers (2022) reported the creation of the C3- 
spirooxindoles-linked cyclopropane moiety 100a–e. These hybrids were 
installed in excellent yields (91–94 %) via a MCR of methyl-
eneindolinones 66 with the aromatic aldehydes and TsNHNH2 in the 
presence of K2CO3. Compound 66 was prepared by a Wittig reaction of 1 
with Wittig reagent 99 (Scheme 38). Nucleophilic addition reaction 
between aldehydes and TsNHNH2 gives the corresponding hydrazones 
that converted by K2CO3 to the dipolarophile aryldiazo-methane via 
removal of tosyl group. Then [3 + 2] cycloaddition with Wittig product 
66 and removing of N2 molecule afforded the desired molecules 100 
(Fig. 13) [51]. Comparable to Scheme 20 [32], SN2 reaction between 
phenacyl bromides and nucleophilic Et3N yielded the corresponding 
dipolarophile that converts to the final products 54 via Michael addition 
reaction with Wittig products [32]. Biologically, in comparison with 
ciprofloxacin (MIC = 0.007–3.9 µg/mL), compound 100d with R = Br 
and Ar = 3-C6H4-O-CH2-Ph showed vital antimicrobial activities to-
wards Gram-positive and modest activity against Gram-negative path-
ogenic bacteria, with MIC values ranging from 0.007 to 7.88 µg/mL 
[51]. 

Conventionally, Salem et al. (2020) demonstrated the chemical cre-
ation of C3-spirooxindoles-linked pyran unit 101 and 102. These target 
molecules were generated via a two-step process started by the Knoe-
venagel condensation reaction of 1 and malononitrile/ethyl cyanoace-
tate, followed by the Michael 1,4-addition reaction between Michael 
acceptor 59 and 1,3-dicarbonyl Michael donors (β-ketoester/β-dike-
tone) to afford the desired Michael adducts 101 and 102 (Scheme 39). 
Several of the installed molecules showed optimistic antimicrobial ac-
tivities. Among them, molecules 101f,h, and 102a,c,e,f,g were the 
robust agents towards S. aureus with significant gyrase suppression ac-
tivities, with IC50 values ranging from 18.07 to 27.03 µM relative to 
ciprofloxacin (26.43 µM). The authors did not examine the stereo-
chemistry of 101 and 102 [52]. The docking study was carried out by 
the MOE v2008.10 towards the DNA gyrase (PDB ID: 2XCT). The best 
binding affinity was achieved by 102c (-19.73 kcal/mol) comparable to 
ciprofloxacin (-11.87 kcal/mol). The oxygen atom of the morphinyl unit 
forms a H-bond with Ser1028 (2.58 Å), while the isatin NH generates 
another one with Ala509 (3.07 Å). The third one was formed between 
pyran NH2 and Tyr580 (2.84 Å), proving the reactivity of 102c [52]. 

Scheme 34. Chemical construction of C3-spirooxindoles-linked pyrrolidine-fused rhodanine heterocycle 87.  

Scheme 35. Chemical construction of C3-spirooxindoles-linked pyrrolidine 89/ 
pyrrolizidine 90. 
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Scheme 36. Chemical construction of C3-spirooxindoles-linked pyrrolizine 92/pyrrolidine 93.  

Scheme 37. Chemical construction of C3-spirooxindoles-linked quinoline 97/pyrazolo[3,4‑b]quinoline 98.  

Scheme 38. Chemical construction of C3-spirooxindoles-linked cyclopropane moiety 100a–e.  
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Also, in the traditional pathway, Nalini et al. (2022) described the 
chemical creation of C3-spirooxindoles-linked oxadiazol unit 104 via a 
two-step process that began with hydrazide-hydrazone formation 103 
and was followed by cyclization with acetic anhydride to furnish the 
target compounds 104 (Scheme 40). Good antimicrobial activities were 
observed for the installed molecules. Among the 104 products in which 
R = Cl, the robustly active one towards B. subtilis and E. coli had a MIC 
value of 12.5 µg/mL (equipotent with Gentamicin). Also, the most 
potent anti-mycobacterial agents in which R = Br or Cl had an IC50 value 
of 6.25 µg/mL. The authors did not examine the stereochemistry of 104 
[53]. 

C3-Spirooxindoles-linked β-lactam (Scheme 41) unit 106 were 
generated via a [2 + 2] cycloaddition of isatin-derived imines 105 with 
aryloxy acetic acid (Scheme 42). The prepared molecules showed low 
antibacterial activities (MIC > 200 µM) towards S. aureus, E. coli, and 
P. aeruginosa. Also, the authors reported the antimalarial activities of 
these compounds, 106b (Ar = 4-MePh, Arʹ = 2,4-Cl2Ph) was the robust 
one against P. falciparum K1 Strain with IC50 value of 5.04 ± 0.28 μM 
comparable to chloroquine (IC50 = 0.80 µM). The authors did not 
examine the stereochemistry of 106 [54]. 

Also traditionally, the Radwan research group (2022) documented 
the chemical formation of C3-spirooxindoles-linked pyrazoline unit 

Fig. 13. The proposed mechanism for the construction of 100.  

Scheme 39. Chemical construction of C3-spirooxindoles-linked pyran unit 101 and 102.  

Scheme 40. Chemical construction of C3-spirooxindoles-linked oxadiazol unit 104.  

Scheme 41. Chemical construction of C3-spirooxindoles-linked β-lactam unit 106.  
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108/pyrimidine unit 109 in moderate to excellent yields (52–92 %) via 
a two-step process started by an Et2NH-promoted nucleophilic addition 
reaction between 1 and acetophenones, followed by catalytic dehydra-
tion to produce 107. The second step was completed through the basic 
cyclization of 107 with hydrazine hydrate and thiourea to afford 108 
and 109, respectively (Scheme 42). In comparison with imipenem (MIC 
= 0.026 mmol/L), the created molecules displayed optimistic antibac-
terial activities towards B. subtilis and S. aureus, with MIC values of 
0.348–1.809 and 0.044–0.226 mmol/L, respectively. The authors did 
not examine the stereochemistry of 108 and 109 [55]. 

In the same fashion, Pourshab et al. (2018) successfully published the 
formation of C3-spirooxindoles-linked pyrimidine core 110 via a MCR of 
1, Wittig reagent 53, and thiourea. The process seems to proceed 
through the Wittig reaction between 1 and 53, followed by the Michael 
addition on Cβ between the Wittig product and thiourea. After that, 
sequential 1,3-proton shift, and intramolecular cyclization via nucleo-
philic addition of the installed intermediates afforded the desired 
products 110 (Scheme 43, Fig. 14). Antimicrobial inspection manifested 
that the agent with X/Y/Z = F/Cl/H was the most promising one to-
wards S. aureus, B. subtilis, E. coli, and P. aeruginosa, with inhibition zone 

Scheme 42. Chemical construction of C3-spirooxindoles-linked pyrazoline unit 108/pyrimidine unit 109.  

Scheme 43. Chemical construction of C3-spirooxindoles-linked pyrimidine core 110.  

Fig. 14. The proposed mechanism for the construction of 110.  
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values of 13.5, 14.0, 8.5, and 9.0 mm, respectively, comparable to the 
gentamicin reference drug (inhibition zone = 20.3, 26.0, 19.6, and 15.6 
mm, respectively). The authors did not examine the stereochemistry of 
110 [56]. 

In 2018, Huang et al. reported the chemical creation of a new C3- 
spirooxindoles-linked pyrrolidine moiety 111–113 via a one-pot [3 + 2] 
cycloaddition reaction between Knoevenagel condensation products 
59a,b, and azomethine intermediates (in situ installed from 6a and 

Scheme 44. Chemical construction of C3-spirooxindoles-linked pyrrolidine moiety 111–113.  

Scheme 45. Chemical construction of C3-spirooxindoles-linked nitropyrrolidine unit 114 and 115.  

Scheme 46. Chemical construction of C3-spirooxindoles-linked dithiine fragment 117.  
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paraformaldehyde) (Scheme 44). Biologically, moderate to low anti-
bacterial activities were observed by some of the prepared compounds 
towards S. aureus and E. coli, with MIC values ranging from 250 to 1000 
µg/mL [57]. 

In the same manner as the synthesis of anticancer C3-spirooxindole- 
pyrrolidine heterocyclic hybrids 41, a set of spirooxindoles-linked 
nitropyrrolidine unit 114 and 115 was achieved in high isolated 
yields (75–90 %) by [bmim]Br-promoted [3 + 2] cycloaddition of a 
MCR between azomethine intermediates [in situ installed from 1 with L- 
tryptophan (6i) or L-histidine (6j)] and dipolarophile reagent 40 
(Scheme 45). The authors also screened the antifungal activity, which 
showed compounds 114 were most potent towards C. albicans, with MIC 
values ranging from 4 to 128 µg/mL through biofilm degradation [58]. 

The work of Moghaddam-Manesh et al. (2020) describes the creation 
of C3-spirooxindoles-linked dithiine fragment 117 via nucleophilic 
cycloaddition of 116 and Knoevenagel condensation products 59a. The 
reaction was assisted by heterogenous magnetic nanoparticles 
(Fe3O4@gly@CE, MNPs) as a recyclable catalyst (Scheme 46). Mecha-
nistically, Et3N-catalyzed the reaction between carbon disulfide and 
barbituric acid (or thiobarbituric acid) to yield 116, which reacts with 
Knoevenagel product 59a via Michael addition pathway followed by 
intramolecular cyclization and then tautomerism to generate the final 
products 117 (Fig. 15). Several of the installed compounds showed a 
good antimicrobial profile. Among them, the agent in which R = Cl and 
X  = O, was the most potent one towards A. fumigatus and C. albicans, 
with a MIC value of 8 µg/mL. The authors did not examine the stereo-
chemistry of 117 [59]. 

In 2020, Borad et al. documented the chemical creation of C3-spi-
rooxindoles-linked isoniazid unit 121 via a multi-step protocol that 
started with the formation of pyrazole derivative 119 via a hydrazi-
nolysis reaction of α,β-unsaturated compound 118. Next, the cascade 
nucleophilic addition-cyclization process between 1 and 119 afforded 
the corresponding spirooxindoles 120. Nucleophilic acyl substitution 
between 120 and chloroacetyl chloride, followed by SN2 reaction with 
isoniazid antibiotic drug, afforded the desired products 121 (Scheme 
47). Biologically, the installed C3-spirooxindoles-isoniazid hybrids 
(121) were evaluated as potential anti-tubercular agents towards 
Mycobacterium tuberculosis H37Rv. Among them, the agent that has two 
chlorine atoms in benzene and isatin rings (121a), was the robust anti- 
tubercular one with a MIC value of 12.5 µg/mL and an inhibition ability 
of 81.88 %. Compound 121a (R = 4-Cl, R1 = Cl) that showed the robust 
anti-tubercular activity, also displayed the best binding affinity with the 
active site of isoniazid-resistant I21V enoyl-ACP(COA) reductase mutant 
enzyme PDB ID: 2 IE0) via the molecular docking simulation using 
YASARA software. The best binding mode of 121a displayed two H- 
bonds with Gly96 (1.83 and 1.91 Å) through N–H and C═O groups of 
the side chain. The pyridine N exhibited three H-bonds with Ile16 (4.69 
Å), Leu197 (5.35 Å), and Ala198 (3.80 Å). In addition, 121a was sta-
bilized within the active site through van der Waals and a variety of 
hydrophobic interactions with several amino acids, including Gly14, 
Ile16, Thr17, Ser19, Ser20, Phe41, Asp42, Arg43, Ser94, Ile95, Gly96, 
Phe97, Met98, Met103, Ile122, Thr196, Leu197, Ala198, Ile202, and 
Leu207, proving the potency of 121a. The authors did not examine the 
stereochemistry of 121 [60]. 

Fig. 15. The proposed mechanism for the construction of 117.  

Scheme 47. Chemical construction of C3-spirooxindoles-linked isoniazid unit 121.  
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The chemical creation of C3-spirooxindoles-linked thiazolidine core 
124 was published by Borad et al. via a domino nucleophilic addition- 
cyclization reaction of isatin-derived imines 123 (formed from 

condensation of 1 and 122) with thioglycolic acid. The process was 
promoted by MW heating tool in the presence of ZrSiO2 (Scheme 48). 
Biologically speaking, the installed C3-spirooxindole-thiazolidine hy-
brids 124 were tested as potential anti-tubercular agents towards 
Mycobacterium tuberculosis. Among them, agent in which R = NO2 and X 
= O (124a), was the robust anti-tubercular one with MIC value of 12.5 
µg/mL relative to isoniazid (MIC = 0.2 µg/mL). The authors did not 
examine the stereochemistry of 124. Compound 124a was docked 
against a long-chain enoyl-acyl carrier protein reductase (InhA) (PDB ID: 
1ZID) using YASARA software. The best docking mode (11.4740 kcal/ 
mol) showed that the pyrimidine O atom forms an important H-bond 
with Val65 (3.15 Å) [61]. 

3. Synthesis of C3-spirooxindoles via the construction of the 
oxindole ring using N-arylamides as advanced protocols 

In 2018, Millington and his research group successfully published the 

Scheme 48. Chemical construction of C3-spirooxindoles-linked thiazolidine core 124.  

Scheme 49. Chemical construction of C3-spirooxindoles-linked pyrrolidine moiety 128a,b.  

Scheme 50. Chemical construction of C3-asymmetrical spirooxindoles 130.  

Fig. 16. The proposed mechanism for the construction of 130.  
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synthesis of C3-spirooxindoles-linked pyrrolidine moiety 128a,b 
through a combined [Pd(0)/Ag(I)] catalytic system that triggers Heck- 
1,3-dipolar cycloaddition domino process between N-arylamide 125 
(that converted to intermediate 126) and imine derivatives 127 
(Scheme 49). The domino process generates azomethine ylides and 
dipolarophiles in situ and gives two new rings with three stereocenters in 
high yields. The authors did not report the bioactivity of 128a,b [62]. 

Also, in 2018, Sun and co-researchers reported a new method to 
install a library of C3-asymmetrical spirooxindoles 130 in poor to high 
yields (13–88 %) using diphenylmalonamides 129 through an intra-
molecular oxidative domino C–N/C–C bond formation process 
(Scheme 50). This construction was catalyzed by hypervalent phenyl-
iodine(III) diacetate [PIDA, PhI(OAc)2] as an oxidant at ambient tem-
perature and utilizing TFE as a solvent. Mechanistically, as a 
nucleophile, the carbonyl oxygen of the N-alkyl tertiary amide attacks 
the iodine atom of the oxidant PIDA to kick out one of the acetate ions, 
and resulting in an intermediate A. Next, the prior intermediate lost the 

acidic α-proton to form enamine B, which went through an intra-
molecular cyclization process to afford the intermediate imine salt C. An 
oxindole D was installed after the aromatization of C. After that, the 
second round of nucleophilic attack on PIDA by the nitrogen atom of the 
N-methoxy secondary amide exhibited intermediate E that converted to 
intermediate F/G after losing the acetate anion and phenyl iodide. 
Finally, intramolecular cyclization of G and aromatization of H yielded 
the desired C3-spirooxindoles (130) (Fig. 16). The authors did not 
report the stereochemistry and bioactivity of 130 [63]. 

After that, in 2019, Zhen and his co-authors reported a modified 
protocol to prepare C3-spirooxindoles-containing cyclopentanonyl or 
lactone moiety 132 using N-arylamides 131 through intramolecular 
oxidative cyclization (Scheme 51). Oxidative C(sp2)─C(sp3) bond crea-
tion was mediated by hypervalent iodine regent phenyliodine (III) 
dimethoxide [PhI(OMe)2] as an oxidant, which was installed in situ by 
the solvolysis of iodosobenzene (PhIO) with methanol. Fig. 17 shows the 
proposed mechanism for the formation of 132. Initially, N-arylamide 
131 is tautomerized into its enol form, which is stabilized by the 
intramolecular H-bond. The oxygen atom attacks as a nucleophile on the 
iodine center of the oxidant phenyliodine(III) dimethoxide to form in-
termediate I that was transformed to the counterpart J by 1,3-sigma-
tropic rearrangement. Intramolecular cyclization of J afforded the 
corresponding imine intermediate K, which aromatized to the final 
product 132. The authors did not report the stereochemistry and 
bioactivity of 132 [64]. 

In 2020, Wang and his colleagues used a dinuclear zinc catalyst to 
create C3-spirooxindoles-incorporated chiral tetrahydrofuran 134 via an 
asymmetric synthesis pathway. Michael-hemiketalization is followed by 
the Friedel-Crafts process in this case. In the first stage, α-hydrox-
yacetophenone is treated with β,γ-unsaturated-α-ketoamide 133 in DCM 
solvent at 20 ◦C, promoted by a zinc-based catalyst. In the second stage, 
trifluoroacetic acid was introduced (Scheme 52). The authors did not 
report the bioactivity of 134 [65]. 

Luo et al. reported a novel method to synthesize the C3-spiroox-
indoles-linked phenanthrene moiety 136 via the domino C–H activa-
tion process of acrylamides 135 with two moles of iodobenzenes 
(Scheme 53). As shown in Fig. 18, palladium-catalyzed successive triple 
C–H activation and four C–C bond creation is based on the double 
trapping of palladacycle intermediates that are generated by remote 
C–H activation. The authors did not report the bioactivity of 136 [66]. 

4. Outlook and conclusion 

In the chemical biology community, the development of innovative 
synthetic techniques and possible therapeutics has acquired consider-
able momentum and a continuing topic in organic and medicinal 
chemistry research. C3-Spirooxindoles are a prominent heterocyclic 

Scheme 51. Chemical construction of C3-spirooxindoles-containing cyclo-
pentanonyl or lactone moiety 132. 

Fig. 17. The proposed mechanism for the construction of 132.  

Scheme 52. Chemical construction of C3-spirooxindoles-linked chiral tetrahydrofuran 134.  
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chemical family that has emerged as intriguing scaffolds with various 
structural designs and a diverse spectrum of pharmacological properties. 
Many natural and synthetic compounds have been identified as potential 
pharmacophores. As previously noted, despite several important 
breakthroughs and excellent results on C3-spirooxindoles as potential 
therapeutic agents, challenges and chances for organic and medicinal 
chemists remain. Several investigations on C3-spirooxindole scaffolds 
have been described and studied in recent years. From our perspectives, 
we think that the existing synthetic protocols and the enhanced ap-
proaches for C3-spirooxindole scaffolds will provide an effective 
framework for generating a new generation of potential C3-spiroox-
indole analogues that will be employed for a wide range of applications, 
especially as bioactive lead candidates for drug discovery and devel-
opment in the future. 
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