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Spirooxadiazoline oxindoles with promising in vitro antitumor 

activities  

C. J. A. Ribeiro, J. D. Amaral, C. M. P. Rodrigues, R. Moreira and M. M. M. Santos*
 

This paper reports the synthesis and biological evaluation of thirty one spirooxadiazoline oxindoles as potential anticancer 

agents. Nine compounds showed an antiproliferative activity below 10 µM, with four compounds more active than the 

positive control nutlin-3a in HCT 116 p53
(+/+)

 cell line. Moreover, compound 1aa was shown to induce p53 stabilization and 

transactivation, to induce apoptosis, and to inhibit the interaction between p53 and MDM2 in a live-cell bimolecular 

fluorescence complementation assay. 

1. Introduction 

Tumor suppressor p53 is a transcription factor widely regarded 

as the “guardian of the genome” that plays an important role in 

the regulation of several biological processes, including cell 

cycle arrest, apoptosis, DNA repair, senescence and 

metabolism.1 Due to its unquestionable contribution to the 

preservation of genomic integrity, it is not surprising that tumor 

pathogenesis and development always seems to involve some 

sort of p53 impairment. Therefore, restoring p53 function in 

cancer cells represents a valuable anticancer approach.2  

 Pharmacological p53 reactivation strategies for cancer 

therapy can be clustered in two major approaches based on the 

cancer p53 status. When p53 is mutated (50% of all tumors), 

the most common strategy consists in refolding the protein into 

a wild-type conformation to restore its function. In tumors that 

retain wild-type p53 but have defects in p53 regulatory 

pathways, the main goal is to inhibit the function of its negative 

regulators, primarily MDM2 and MDM4.3, 4 

 Unlike common protein-protein interactions, in which the 

interface is large, and shallow,5, 6 the MDM2-p53 interface 

consists of a deep hydrophobic cleft that can be targeted by 

small-molecule inhibitors.7, 8 In fact, there are now seven 

MDM2 inhibitors (Fig. 1) in early phase clinical trials9-12 for 

the treatment of human cancers, but the clinical proof concept 

has yet to be demonstrated. Generally, p53-MDM2 interaction 

inhibitors contain three lipophilic groups attached to a rigid 

heterocyclic scaffold to mimic the three most important p53 

amino acids (Phe19, Trp23 and Leu26) that interact with 

MDM2. Furthermore, all the interactions are primarily 

hydrophobic, with potency increasing essentially by 

introduction of halide-substituted aromatic groups.13 

Heterocycles incorporating a spirooxindole framework are 

found in many natural products and medicinal agents with 

diverse biological activities.14, 15 We recently reported several 

novel scaffolds, some containing a spirooxindole skeleton, with 

potential anticancer activity.16-20 In particular, we have shown 

that spiroisoxazoline oxindoles are able to disrupt the 

interaction between p53-MDM2 in cell base assays.17 Based on 

these positive results, we decided to investigate other 

potentially more active spirooxindoles containing different five-

membered fused rings.  

 

Fig. 1 Examples of p53-MDM2 interaction inhibitors currently in clinical trials.  
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Scheme 1 Optimization Strategy. 

 Herein, we present the results obtained when the 

spiroisoxazoline carbon C-4’, with tetrahedral molecular 

geometry, is substituted by a nitrogen atom (Scheme 1). This 

simple alteration abolishes a chiral center and reorients spatially 

the R2 substituent. We also addressed two previous underexplored 

substitutions in the spiroisoxazoline oxindole scaffold: (a) probing 

the phenyl ring A that previously was limited to H and p-OMe, and 

(b) expand halogen substitutions outside the oxindole ring, since two 

vicinal halophenyl groups attached to a rigid heterocyclic core are a 

common feature among the published p53-MDM2 interaction 

disruptors.21 Furthermore, we have developed derivatives with three 

aromatic side chains attached to the oxadiazoline moiety, in an 

attempt to mimic the three pivotal p53 amino acids that interact with 

MDM2. 

2. Results and discussion 

Chemistry  

In our previous study the most active spiroisoxazoline 

derivative detained a halogen at position 6 of the oxindole,17 

which is in agreement with potent spiropyrrolidine oxindoles 

described in literature.22 In addition, in other publications 

describing different spirooxindoles reported that a 5-halogen 

can sometimes be beneficial to increase anticancer activity.23, 24 

Therefore the first derivatizations were focused at these two 

positions. By probing R2 and R3, different spirooxadiazolines 

with 5-chlorooxindole (1h-n, Table 1) and 6-chlorooxindole 

(1o-v) moieties were initially synthesized. To validate the 

importance of having a halogen in the oxindole moiety, 

derivatives lacking this substituent were also tested (1a-g). In 

addition, and guided by these results, spirooxadiazolines 

detaining bromooxindole moiety (1w-1ae) were also 

synthesized and evaluated. 

 The spirooxadiazoline oxindoles (1, Scheme 2) were 

obtained in yields of 54–87%, by 1,3-dipolar cycloaddition 

between 3-imino-indolin-2-ones (2) and nitrile oxides generated 

in situ by dehydrohalogenation of hydroximoyl chlorides (3).25, 

26 The reaction proceeded in dichloromethane at room 

temperature. 3-Imino-indolin-2-ones (2) were synthesized by 

reacting indolin-2,3-diones (4) with different anilines (5) in 

ethanol at reflux, in the presence of acetic acid (61-93% 

yield).27 Hydroximoyl chlorides (3) were synthesized starting 

from aromatic aldehydes (6). By reacting with hydroxylamine 

hydrochloride, in the presence of sodium carbonate, and in 

water at reflux, it formed first the corresponding aldoxime (7) 

in situ. Then, the reaction was followed by halogenation with 

N-chlorosuccinimide (NCS), using catalytic pyridine in 

chloroform at room temperature (71-91% yield).28 

 

 

 
Scheme 2 Synthesis of spirooxadiazoline oxindole derivatives 1a–ae. Reagents and conditions: (a) CH3COOH, EtOH, reflux, 3-72h; (b) NH2OH·HCl, Na2CO3, H2O, reflux, 

2-5 h; (c) NCS, pyridine, CH2Cl2, r.t., 24h; (d) Et3N, CH2Cl2, 5-12 h, r.t. 

 

 

 

Page 2 of 7MedChemComm

M
ed

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



MedChemComm  

CONCISE ARTICLE 

This journal is © The Royal Society of Chemistry 2015 Med. Chem. Comm., 2015, 00, 1-6 | 3  

Please do not adjust margins 

Please do not adjust margins 

Table 1. In vitro antiproliferative activities in HCT116 p53
(+/+)

 cell line. 

 

Compd R
1
 R

2
 R

3
 

Yield 

(%) 

HCT 116 

p53
(+/+)

 

GI50, µM
[a]

 

 

Compd R
1
 R

2
 R

3
 

Yield 

(%) 

HCT 116 

p53
(+/+)

 

GI50, µM
[a]

 

1a H 4-F H 80 99.6±0.8  1q 6-Cl H 4-Cl 82 26.5±0.1 

1b H 3-Cl H 82 70.1±3.2  1r 6-Cl 3-Cl 3-Cl 75 6.6±0.0 

1c H 4-Cl H 87 54.5±0.1  1s 6-Cl 3-Cl 4-Cl 78 20.2±1.0 

1d H 3-Cl 3-Cl 85 32.6±0.4  1t 6-Cl 4-Cl H 80 31.8±1.9 

1e H 3-Cl 4-Cl 80 33.7±0.1  1u 6-Cl 4-Cl 3-Cl 80 28.7±2.1 

1f H 4-Cl 3-Cl 84 38.4±2.4  1v 6-Cl 4-Cl 4-Cl 79 13.2±0.4 

1g H 4-Cl 4-Cl 85 31.2±2.5  1w 5-Br H H 73 13.5±4.5 

1h 5-Cl H H 76 39.1±2.0  1x 5-Br 4-Cl H 68 21.9±2.4 

1i 5-Cl 3-Cl H 56 26.4±0.3  1y 5-Br 3-Cl H 62 4.7±0.2 

1j 5-Cl 3-Cl 3-Cl 54 4.6±0.2  1z 5-Br 3-Cl 4-Cl 60 7.7±0.1 

1k 5-Cl 3-Cl 4-Cl 58 25.6±1.0  1aa 5-Br 3-Cl 3-Cl 61 2.0±0.0 

1l 5-Cl 4-Cl H 69 27.1±2.5  1ab 5-Br 3-Br 3-Br 67 3.2±0.1 

1m 5-Cl 4-Cl 3-Cl 66 21.3±1.0  1ac 5-Br 3-Cl,4-F 3-Cl 55 6.6±0.2 

1n 5-Cl 4-Cl 4-Cl 64 17.6±0.5  1ad 5-Br 2-F,3-Cl 3-Cl 57 1.7±0.1 

1o 6-Cl H H 81 28.4±4.0  1ae 5-Br 3-Cl 2-F,3-Cl 61 3.2±0.3 

1p 6-Cl H 4-Me 70 50.6±4.4  Nutlin-3a     4.0±1.2 

[a]
 GI50 determined by the MTS method after 72h. Each value is the mean (GI50 ± SD) of three independent experiments performed in duplicate. 

Cellular activity and structure–activity relationships (SAR) 

The tumor cell growth inhibitory potential of the 

spirooxadiazoline oxindoles and the contribution of the p53-

pathway to their activities were thereafter ascertained using 

human colon adenocarcinoma HCT116 cell lines expressing 

wild-type p53 (HCT116 p53(+/+)). The data obtained is 

presented on table 1. 

 All derivatives with 5-chloro and 6-chlorooxindole moieties 

were more potent than their unsubstituted oxindole equivalent 

(1a-g). Introduction of a second chloro at R2 maintained or 

slightly increased the potency (1i and 1l versus 1h; 1t versus 

1o). Moreover, the presence of an additional chloro, at R3, led 

to an increase in potency when both halogens (ring A and B) 

were in meta or para positions, with the former representing an 

impressive 8.6-fold and 4.3-fold increase in potency when 

compared to the non-halogenated counterparts (1j, GI50= 4.6  

µM versus 1h, GI50= 39.1 µM and 1r, GI50= 6.6 µM versus 1o, 

GI50= 28.4 µM). Then we decided to test the effect of changing 

5-chloro in the oxindole moiety to 5-bromo. As the best 

compound so far contained a 5-chlorooxindole (1j), the next set 

of compounds was focused in this position (1w-aa). 

Interestingly all compounds revealed to be more active than the 

5-chlorooxindole equivalents, with three compounds reaching 

activities below 10 µM in HCT116 p53(+/+). As expected the 

most active compound in this series, 1aa (GI50= 2.0 µM), has 

two chlorine atoms in the meta positions of rings A and B, 

representing a 2-fold increase in comparison to 1j. Changing 

both chlorine atoms for bromine slightly decreased the activity 

(1ab).  

 The next step was to introduce fluor atoms into phenyl rings 

A and B (1aa-ab), revealing that only 2-F,3-Cl in ring A 

promoted a slight increase in potency (1ad, GI50= 1.7 µM), as 

expected by comparison to previously reported spiropyrrolidine 

oxindoles.29  
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Table 2. In vitro antiproliferative activities in HCT116 p53
(–/–)

, HepG2 and SW620 cell lines 

Compound 
HCT116 p53

(–/–)
 

GI50, µM
[a]

 

HepG2 

GI50, µM
[a]

 

SW620 

GI50, µM
[a]

 

 
Compound 

HCT116 p53
(–/–)

 

GI50, µM
[a]

 

HepG2 

GI50, µM
[a]

 

SW620 

GI50, µM
[a]

 

1i 41.6±2.0 - -  1x 25.8±0.6 - - 

1j 6.8±0.7 3.3±0.3 3.9±0.4  1y 7.5±1.3 3.5±0.4 4.2±0.3 

1k 29.0±0.6 - -  1z 12.3±1.4 4.1±0.4 8.0±0.4 

1l 27.0±2.7 - -  1aa 2.9±0.2 2.1±0.0 2.1±0.3 

1m 21.8±1.4 - -  1ab 6.0±0.6 2.2±0.2 3.7±0.4 

1n 18.0±0.8 - -  1ac 7.2±0.5 4.0±0.4 6.7±0.2 

1o 35.5±6.7 - -  1ad 2.0±0.4 1.2±0.2 2.0±0.2 

1q 30.6±1.3 - -  1ae 4.4±0.8 2.5±0.06 3.5±0.04 

1r 7.8±0.8 4.4±0.4 6.7±0.8  Nutlin-3a 47.8±1.9 - - 

 
[a]

 GI50 determined by the MTS method after 72h. Each value is the mean (GI50 ± SD) of three independent experiments performed in duplicate. 

 From the thirty one derivatives synthesized, four revealed to 

be more potent than the positive control nutlin-3a (1aa-ab, 1ad-

ae). 

 All compounds with GI50 lower than 30 µM were tested in 

HCT116 p53(–/–) cell line, in which p53 has been knocked out, 

and the derivatives with GI50 lower than 10 µM were 

additionally tested in two other cell lines: human hepatocellular 

carcinoma cell line (HepG2) that expresses wild-type p53 and a 

p53 mutant human colorectal adenocarcinoma cell line 

(SW620) (Table 2). Most compounds showed reduction of GI50 

value in cell lines harbouring wild-type p53.  

 To investigate if spirooxadiazoline oxindole derivatives 

were capable of disrupting p53-MDM2 interaction, we applied  

Figure 2. Compound 1aa decreases p53-MDM2 interaction by BiFC. HCT116 

p53(–/–) cells were co-transfected with V1-p53/MDM2-V2 BiFC combination 

plasmids for 24 h. Vehicle, nutlin-3a (5, 10, and 20 µM) and compound 1aa (5, 

10, and 20 µM) were included in the culture medium 4 h after transfection. 

Representative flow cytometry profiles of the disruption of V1-p53/MDM2-V2 

complementation (n=3). 

 

a Venus-based bimolecular fluorescence complementation 

system methodology (BiFC) developed by our group.30 We 

demonstrated that compound 1aa can inhibit p53–MDM2 

interaction in the same extent as nutlin-3a at concentrations of 

10 and 20 µM (Fig. 2). 

 Direct protein-protein interaction between MDM2 and p53 

regulates the basal levels and activity of p53 in cells through an 

autoregulatory feedback loop. Upon activation, p53 binds to 

MDM2 gene promoter and transcriptionally induces MDM2 

protein expression. In turn, MDM2 protein binds to p53 protein 

and inhibits it through multiple mechanisms: MDM2 blocks 

p53 transcription activity, exports p53 out of the nucleus, and 

promotes its proteosome-mediated degradation.31  

 

Figure 3. Compound 1aa induces p53 stabilization and transcriptional 

activation in HCT116 p53
(+/+)

 cells. A, Cells were incubated with vehicle, 

Nutlin-3a or compound 1aa at 5 µM, for 24 h and total proteins processed 

for immunoblot analysis. Representative immunoblots of p53 and MDM2 

protein levels. B, Cells were co-transfected with PUMA or p21 promoter-

driven luciferase reporter constructs containing p53 binding sites, in 

combination with pRL-SV40 renilla control vector, and treated 24 h after 

transfection with 10 µM Nutlin-3a and compound 1aa for additional 24 h. 

The empty pBV-Luc vector was used as negative control. Reporter assays 

were performed 24 h post-treatment. Luciferase activity was normalized for 

transfection efficiency with control renilla expression. Blots were normalized 
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to endogenous β-actin. Data represent mean ± SEM of three independent 

experiments. *p < 0.05 and *p < 0.001 from control with DMSO. 

 

Figure 4. Compound 1aa induces apoptosis. HCT116 p53
(+/+)

 cells were 

incubated with vehicle, Nutlin-3a or compound 1aa at 5 µM or 10 µM for 24 

h. Total proteins were processed for immunoblot analysis and caspase-3/7 

activity as described in ESI. Caspase-3 and -7 activities (left) and 

representative immunoblots of PARP cleavage (right). Blots were normalized 

to endogenous β-actin. Data represent mean ± SEM of three independent 

experiments. *p < 0.01 and ** p < 0.001 from control with DMSO. 

 

Treatment of cells with compound 1aa resulted in p53 

stabilization and accumulation, and in a concomitant increase 

of MDM2 expression, as detected by Western blot analysis 

(Figure 3, A) (p < 0.05). The activation of p53 by compound 

1aa was further supported by transactivation of PUMA, a pro-

apoptotic p53 transcriptional target gene, and p21, a p53-

dependent mediator of cell cycle G1 phase arrest (Figure 3, B).  

Caspase activation and cleavage of caspase-3 substrate PARP 

are also considered reliable markers of the apoptotic process.32 

Therefore, to confirm if our compounds induced cell death by 

apoptosis, we selected compound 1aa to further study the 

molecular mechanism of action in HCT116 p53(+/+) tumor cell 

line. As depicted in Figure 4 compound 1aa induced an 

activation of caspases-3 and -7 in a luminescent caspase-3/7 

assay (p < 0.05). Moreover, this effect was accompanied by an 

increase of PARP cleavage as detected by Western blot (Figure 

4) (p < 0.05). Finally, incubation with compound 1aa did not 

induce p53 Ser15 phosphorylation (see ESI), suggesting a 

nongenotoxic mechanism of p53 activation, as reported for 

Nutlins.33 

 

Stability 

Chemical stability in pH 7.4 phosphate buffer and metabolic 

stability in human plasma and rat liver microsomes at 37 ºC 

were evaluated for compound 1ad. The compound was stable in 

phosphate buffer for the duration of the assays (3 days), and 

showed good stability in plasma with only 38% degradation 

after 72 h of incubation. Compound 1ad was moderately 

metabolized when incubated in rat microsomes with NADPH 

regenerating system, with half-lives of 33.5±2.6 min, indicating 

great susceptibility towards co-factor dependent microsomal 

enzymes. 

Conclusions 

Thirty one compounds were synthesized with different 

substituents attached to the spirooxadiazoline oxindole scaffold. 

Screening the compounds in HCT116 p53(+/+) cell line revealed 

that nine derivatives displayed potency below 10 µM, and four 

derivatives were more potent than the positive control nutlin-3a 

(GI50 bellow 4.0 µM). The best compounds possessed halogen 

in positions 5 or 6 of the oxindole and meta-halogens in rings A 

and B. The most active compound (1ad) showed a GI50 of 1.7 

µM in HCT116 p53(+/+) cell line, representing an 15.4-fold 

increase in potency when compared to the most active 

spiroisoxazoline oxindole obtained previously (HCT116 

p53(+/+) GI50= 26.6 µM).17 Together, the results obtained in 

HCT116 tumor cells indicated that spirooxadiazoline oxindoles 

reduce the p53 inhibition by MDM2, subsequently increasing 

the expression levels of p53 target genes. 
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Spirooxadiazoline oxindoles were synthesized and evaluated for antitumor activity.  
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