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ABSTRACT 
 

Among the tumor suppressor genes, p53 is one of the most studied. It is widely 

regarded as the “guardian of the genome”, playing a pivotal part in the preservation of 

genomic integrity by regulating cell cycle, apoptosis, DNA repair, senescence and 

angiogenesis, and consequently has a major role in carcinogenesis. The function played 

by p53 in tumor suppression is further highlighted by the fact that direct inactivation of 

this gene occurs in more than 50% of malignancies. In addition, in tumors that retain 

wild type p53 status, its function is usually inactivated by overexpression of negative 

regulators, primarily murine double minute-2 (MDM2), mainly through MDM2 gene 

amplification or by activity loss of MDM2 inhibitor ARF. Hence, restoring p53 function 

in cancer cells represents a valuable anticancer approach. Several strategies are being 

developed, and in particular targeting p53-MDM2 interaction has emerged as a 

promising viable approach when dealing with cancers that retain wild type p53 function. 

These two proteins regulate each other through an autoregulatory feedback loop: 

activation of p53 stimulates the transcription of MDM2, which in turn binds to the N-

terminal transactivation domain of p53, disabling its transcriptional function. p53-

MDM2 interaction inhibitors share common structural features: a rigid heterocyclic 

scaffold with three lipophilic groups that mimic the three pivotal p53 Phe19, Trp23 and 

Leu26 that interact with MDM2. Seven compounds have already entered clinical trials. 

The main goal of this PhD thesis was to develop new anticancer agents 

containing a spirooxindole scaffold with different spiro five-membered rings: 

isoxazoline, oxadiazoline, and triazolines. The spirocycle can potentially function as the 

rigid heterocyclic scaffold, from which three lipophilic groups are projected to mimic 

the three pivotal p53 amino acids. 

This work followed three major strategies: synthesis of spirooxindole derivatives 

by 1,3 dipolar cycloaddition; biological evaluation of the compounds synthesized; and 

stability assessment. 

Overall this PhD thesis contributed with three new families of spirooxindoles 

with in vitro anti-cancer activity. The most active derivative possessed a GI50 of 1.72 

µM in HCT116 p53(+/+) cell line. Furthermore their ability to disrupt the interaction 

between p53 and MDM2 was confirmed by implementing a cell-base in vitro 

bimolecular fluorescence complementation assay (BiFC) and the apoptotic outcome 

verified by immunoblotting analysis and luminescent caspase 3/7 activity assay.  
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RESUMO 
 

A proteína p53 foi descoberta há mais de 35 anos e é actualmente um dos mais 

estudados supressores tumorais, sendo designada até por “guardião do genoma”. A p53 

desempenha um papel crucial na célula: regulação do ciclo celular, apoptose, reparação 

do DNA, senescência e angiogénese e, consequentemente, tem um papel decisivo na 

carcinogénese. Este papel central da p53 como supressor tumoral é incontestável, como 

observado no aumento da predisposição para o desenvolvimento de tumores em 

indivíduos com a síndrome Li-Fraumeni, caracterizados por serem detentores de uma 

mutação no gene da p53 (TP53) e em ratos sem o gene que codifica esta proteína (Trp-

null). Actualmente acredita-se que em virtualmente todos os cancros se verifica algum 

tipo de perda da função supressora tumoral da p53. Em cerca de 50 % dos tumores, esta 

perda é directa, isto é, é devido à presença de uma mutação no gene Tp53 ou ocorre 

indirectamente, por inactivação das vias de sinalização celular da p53. Em tumores que 

retêm o fenótipo selvagem da p53, normalmente ocorre aumento da expressão de 

reguladores negativos da p53, como por exemplo a MDM2 e MDM4.  

Em condições normais, os níveis de expressão da p53 são mantidos em valores 

baixos. Contudo em resposta a sinais de stress, como por exemplo a danos genotóxicos, 

a p53 é estabilizada e activada por meio de modificações pós-tradução. Como esta 

proteína é um factor de transcrição, a sua activação levará a um aumento da expressão 

de determinados genes-alvo que culminará numa resposta apropriada, incluindo 

prevenção da tumorigénese. Em contraste a inactivação da função celular da p53 pode 

levar à proliferação de células danificadas, podendo resultar no aparecimento e 

desenvolvimento de tumores. 

Devido à importância da inactivação da via da p53 para o desenvolvimento 

tumoral, conceber estratégias que visam a reactivação desta proteína é de grande 

interesse, especialmente se permitirem um efeito apoptótico selectivo em células 

cancerígenas. Estas estratégias podem ser agrupadas em duas categorias: direccionadas 

para cancros detentores de uma versão mutada da p53 ou para cancros que conservam a 

sua forma nativa. No primeiro grupo, o objectivo será focado em estratégias que 

permitam o correcto enrolamento da p53 mutada com o intuito de restaurar a sua 

função. No segundo grupo, o objectivo é inibir a função de reguladores negativos da 

p53. A segunda categoria compreende diversas estratégias, incluindo: inibidores das 

sirtuínas, inibidores da S100B, inibidores da actividade E2 ligase da MDM2, inibidores 

da proteína MDM4, compostos que promovem a disrupção do nucléolo, agentes 

intercalantes e inibidores da exportação nuclear de proteínas. Contudo, a estratégia que 

tem suscitado mais interesse nos últimos 10 anos corresponde à inibição da interacção 
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entre a p53 e a MDM2. Estas duas proteínas auto-regulam-se: a activação da p53 

estimula a transcrição da MDM2 e esta proteína, por sua vez, liga-se ao terminal N da 

p53 desactivando a sua função transcricional. A proteína MDM2 também promove a 

exportação da p53 do núcleo e favorece a sua degradação mediada pelo proteasoma, 

através da função de E3 ubiquitina ligase. Estes eventos conduzem a uma diminuição 

dos níveis de p53 que, por sua vez, promovem uma diminuição da expressão da MDM2, 

permitindo assim que a proteína p53 possa ser novamente activada. A estrutura 

cristalográfica da p53 ligada à MDM2 revelou que esta interacção ocorre numa pequena 

fenda hidrofóbica superficial na proteína MDM2. Os resíduos mais importantes da p53 

que contribuem para esta interacção são a Phe19, o Trp23 e a Leu26. Portanto, quando 

se desenham inibidores da interacção p53-MDM2 é necessário que estes sejam capazes 

de mimetizar os três aminoácidos da p53 supracitados. Diversas famílias de compostos 

já foram descritas na literatura capazes de inibir esta interacção, sendo as mais 

importantes: cis-imidazolinas, spiropirrolidina oxindoles, pirrolina-2-carboxamidas, 

piperidinonas, benzodiazepinedionas e isoindolinonas. Sete compostos inibidores da 

interacção p53-MDM2 encontram-se em ensaios clínicos. 

Compostos com um núcleo spirooxindole são encontrados em produtos naturais 

e apresentam diversas actividades biológicas. Em particular, já se encontram descritos 

na literatura compostos spiropirrolidina oxindoles com diversas actividades 

cancerígenas, como por exemplo inibidores da polimerização dos microtúbulos e, 

consequente, paragem da mitose e inibidores da interacção p53-MDM2. Deste segundo 

grupo, o composto MI-77301 encontra-se em ensaios clínicos. 

O objectivo principal desta tese de doutoramento consistiu em desenvolver 

novos agentes anticancerígenos detentores de um esqueleto spirooxindole fundido com 

diferentes anéis de cinco membros: isoxazoline, oxadiazolina e triazolina. Diferentes 

grupos essencialmente hidrofóbicos foram introduzidos no esqueleto central, numa 

tentativa de encontrar aqueles que melhor mimetizam os três aminoácidos da p53. Para 

cada uma destas famílias foram descritos os métodos sintéticos envolvidos e a 

respectiva avaliação biológica in vitro dos derivados sintetizados. Os compostos foram 

sintetizados por cicloadição 1,3-dipolar entre 3-imino ou 3-metileno indolina-2-onas e 

dipolos 1,3 gerados in situ por desidrohalogenação de cloretos de hidroximoílo e 

cloretos de hidrazonoílo. Para o primeiro núcleo sintetizado – spiroisoxazoline 

oxindoles – são ainda descritas tentativas de síntese enanteosselectiva do composto mais 

activo. Esta parte do trabalho foi realizada num período de três meses no grupo da Dr. 

Annaliese K. Franz na Universidade da Califórnia – Davis (EUA). Em paralelo, neste 

período na Califórnia, foi também desenvolvida uma metodologia de síntese 

enanteosselectiva de um derivado spiropirrolina oxindole. 
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Os estudos in vitro permitiram avaliar e demonstrar a potencialidade dos 

compostos como agentes anticancerígenos, através da realização de ensaios anti-

proliferativos em diversas linhas celulares cancerígenas: par isogénico HCT116 p53(+/+) 

e p53(-/-) de cancro colorrectal humano, carcinoma hepatocelular humano HepG2, 

adenocarcinoma colorrectal humano SW620, cancros da mama MCF-7 e MDA-MB-

231 e uma linha celular epitelial embrionária humana de rim. A capacidade dos 

compostos interferirem com a interacção entre a p53 e a MDM2 foi também avaliada e 

confirmada in vitro através da implementação de um método de fluorescência de 

complementação biomolecular (BiFC) realizado em células. A capacidade dos 

compostos induzirem a apoptose foi avaliada por ensaios de Western blotting e 

luminescência, onde se verificou um aumento da actividade das caspases e um aumento 

da clivagem do seu substrato PARP. 

Por último, foram efectuados ensaios de estabilidade química em tampão fosfato 

pH 7.4, em plasma e em microssomas de rato, para dois compostos de cada família. 

Estes ensaios servirão para ajudar na escolha dos compostos a seguir para ensaios in 

vivo numa futura continuação do trabalho.  

Foram sintetizados trinta e três compostos da primeira família (spiroisoxazoline 

oxindoles). O derivado mais activo possui um GI50 de 26.50 µM em HCT116 p53(+/+). 

Com a segunda família de compostos (spirooxadiazoline oxindoles) conseguiu-se 

aumentar a actividade para 1.72 µM, na mesma linha celular. Nesta série de compostos 

foram sintetizados trinta e dois derivados, dos quais nove revelaram possuir um GI50 

inferior a 10 µM. Na terceira família sintetizada (spirotriazolina oxindoles) foi possível 

encontrar cinco derivados com GI50 abaixo dos 10 µM na linha celular MCF-7 (p53 

fenótipo selvagem). Curiosamente outros cinco derivados revelaram ser selectivos para 

a linha celular tumoral MDA-MD-231 (p53 mutada). Desta série foram sintetizados 

vinte e sete derivados. Estudos preliminares de docking molecular corroboraram a 

possibilidade destes compostos conseguirem mimetizar os três resíduos da p53. 

 

PALAVRAS-CHAVE: spirooxindoles, compostos anticancerígenos, interacção 

proteína-proteína, p53, MDM2 
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Tumor suppressor p53 was discovered over 35 years ago and since then it emerged 

as a key protein of scientific interest, and became widely regarded as the “guardian of the 

genome” [1]. p53 plays a pivotal role in the regulation of cell cycle, apoptosis, DNA 

repair, senescence and angiogenesis, and consequently has a major function in 

carcinogenesis. The central role of p53 as tumor suppressor is undeniable, as observed by 

the increased predisposition to cancer in individuals with Li-Fraumeni syndrome, who 

inherit a mutant p53 gene TP53, and in Trp-null mice [2]. Additionally, it is now believed 

that in virtually all cancers, loss of p53 function occurs, either directly due to the presence 

of a mutated form of TP53, or by inactivation of the p53 signal transduction pathways. In 

tumors that retain wild type p53 status, corresponding to 50% of all cancers, its function is 

usually inactivated by overexpression of negative regulators, primarily murine double 

minute-2 (MDM2) and MDM4 (also known as MDMX) [3].  

  

1.1. P53 ACTIVATION IN HEALTH AND DISEASE 

The cellular levels of the p53 protein are tightly regulated. In normal cells, and 

under physiological conditions, steady-state values of p53 are maintained at very low 

levels by its negative regulators, mainly MDM2 and MDM4. However, under cellular 

stress, such as DNA damage, hypoxia or oncogene activation, a range of differential 

posttranslational modifications of p53 are triggered that lead to p53 stabilization and 

activation, by promoting its release from repression and by inhibiting its degradation. For 

instance, upon acute DNA damage, p53 stabilization is mostly achieved by 

phosphorylation mediated by upstream kinases such as ATM/ATR and/or CHK1/CHK2 

(Figure 1.1). Activated p53 binds to DNA and promotes the transcription of several target 

genes, culminating in a proper cellular response that is dictated by the nature of the stress, 

cell type and environment milieu. Under low levels of stress, p53 induces a transient G1 

cell cycle arrest, while cells attempt to repair their genome. However, if the damage is too 

severe, activation of the p53 pathway results in cell death by apoptosis or senescence. By 

contrast, loss of p53 tumor suppressor activity allows the proliferation of cells that are 

damaged under stress conditions, potentially leading to uncontrolled proliferation that can 

result in tumor development [4-6].  

 Canonical p53 responses that lead to cellular functions of cell cycle arrest, 

senescence and apoptosis are extensively studied specially when triggered upon acute 

DNA damage. However, recently more attention is given to understanding p53 signaling in 

a tumor context, since distinct stresses and different responses that can facilitate/trigger 

tumor suppression have been described. These interesting p53 responses include: inhibition 

of oncogenic metabolic reprogramming, activation of autophagy, communication 

endorsement within the tumor microenvironment, inhibition of stem cell self-renewal and 



Chapter 1. State of the Art 

4 

differentiated cells reprogramming into stem cells, and limiting invasion and metastasis [2, 

7]. 

 

Figure 1.1. Simplified p53 activation and response upon acute DNA damage (adapted from [2]). 

 

1.2. REACTIVATION OF P53 AS A THERAPEUTIC STRATEGY 

It is well documented that the loss of p53 can induce tumor formation in mice, 

whereas its restoration leads universally to a rapid regression of established in situ tumors, 

showcasing the anticancer therapeutic potential of p53 reactivation. Furthermore, the key 

question for p53 reactivation strategy is whether or not this event will result in a selective 

effect on tumor cells as opposed to healthy tissues. It seems that a simple overexpression of 

p53 in cells is not sufficient to activate the p53 pathway. The restored p53 protein needs to 

be properly activated and for that the transformed environment of tumor cells appears to be 

required [8, 9]. For instance, studies using p53-MDM2 interaction inhibitors showed that 

in fact, in normal cells, the activation of p53 induces preferentially cell cycle arrest and not 

cell death, revealing therefore a more selective apoptotic effect on tumor cells. The effect 

of p53 activation by this type of inhibitor in normal tissues has immense interest from a 

therapeutic perspective due to the possibility of using it in monotherapy, as well as a 

normal cells protector in combination with more aggressive agents [10, 11]. 

Throughout the last ten years, great advance was made in devising strategies to 

modulate p53, giving rise to several review papers on the subject [3, 11-24]. 

Pharmacological p53 reactivation strategies for cancer therapy can be clustered in two 

major approaches based on p53 status. In tumors that retain wild-type p53 but have defects 

in p53 regulatory pathways, the main goal is to inhibit the function of negative regulators 

of p53 activation outcome. When p53 is mutated in tumors, the most common strategy 

consists in refolding the protein into a wild-type conformation to restore its function. In 
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this chapter, it will be given emphasis to small-molecules that use the former strategy and 

in particular to the interaction between p53 and its inhibitor MDM2. However other 

strategies are also being pursued to restore p53 function in cancer cells such as using 

peptides, stapled peptides and other oligomers as inhibitors on p53-MDM2/X interaction 

[20] and adenovirus-mediated p53 cancer gene therapy [25].  

 

1.2.1. TARGETING P53-MDM2 INTERACTION 

Increased levels of p53 repressor MDM2 are present in many cancers, mainly 

through MDM2 gene amplification or by activity loss of MDM2 inhibitor ARF. Therefore, 

targeting the p53-MDM2 interaction to reactivate p53 has emerged as a promising new 

cancer therapeutic strategy, in the last fifteen years or so, with already in vitro an in vivo 

established proof-of-concept [10, 26-45]. These two proteins regulate each other through 

an autoregulatory feedback loop [46]. Activation of p53 stimulates the transcription of 

MDM2, which in turn binds to the N-terminal transactivation domain of p53, disabling its 

transcriptional function. MDM2 also promotes the nuclear export of p53 and p53 

proteasome-mediated degradation through its E3 ubiquitin ligase activity by promoting 

mono and polyubiquitination, respectively, at several lysine residues (Figure 1.2). These 

events result in decreased levels of p53 that will therefore reduce MDM2 expression, 

allowing p53 protein to potentially be activated again [44, 47]. 

 

Figure 1.2. Cellular regulation of p53 by MDM2 (adapted from  [39]). 

 

The crystal structure of the p53 binding domain of MDM2 (109-residue amino-

terminal) with a short peptide of the p53 transactivaction domain (15-residues) has been 

solved and published, providing detailed information about the interaction between these 

two proteins [48]. The co-crystal revealed that MDM2 has a deep hydrophobic cleft on 

which the p53 peptide binds as an amphipathic alpha helix. In the bound conformation, the 

p53 amphipathic α-residues 19-26 of the transactivation domain projects residues Phe19, 
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Trp23 and Leu26 into the deep hydrophobic cleft of the MDM2 protein, representing the 

critical residues for binding between this two proteins to occur (Figure 1.3). In the crystal 

structure, Phe19 and Trp23 align in the deeper portion of the cleft. Phe19, through its 

backbone amine, forms one hydrogen bond with the backbone carbonyl Gln72 at the 

entrance of the cleft, while establishing hydrophobic interactions with Gly58 and Ile61 of 

MDM2. Trp23 occupies the deepest part of the binging pocket, forming a solvent protected 

hydrogen bond between the NH from its indole side chain and Leu54 of MDM2, and 

makes hydrophobic interactions with Gly58 and Ile61 of MDM2. Leu26 is the final residue 

of the alpha helix to be projected into the hydrophobic pocket. Furthermore, the interaction 

is strengthened by additional van der Waals contacts provided by p53 Leu22 [39, 48]. 

 

Figure 1.3. The p53-MDM2 interaction representation (PDB 1YCR). Phe19, Trp23 and Leu26 from a small 

amphipathic p53 derived α-helix (blue) are projected into the MDM2 pocket (grey surface). 

 

 After publication of the crystal structure of p53 bound to MDM2, several efforts 

were made to design more potent peptide derivatives. The search for small molecules that 

could interfere with the protein-protein interaction only flourished after the publication of a 

co-crystal structure of a small-molecule in MDM2 pocket. To date more than 20 different 

chemical classes have been described as inhibitors of p53-MDM2 interaction. Recently, 

several molecules entered, and are still in, clinical trials, revealing the continuous 

relevance and efforts in finding new and improved derivatives/ scaffolds. 

In this chapter, a detailed understanding of the medicinal chemistry and 

optimization approach is going to be given especially to scaffolds that provided molecules 

that entered clinical trials [45, 49]: cis-imidazolines, spiropyrrolidine oxindoles, 

pyrrolidine-2-carboxamides and piperidinones, as well as other relevant families, such as 

morpholinones, benzodiazepinediones, isoindolinones, chromenotriazolopyridines and 

imidazole-indoles. 
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To facilitate the comprehension of this section, it is depicted in table 1.1 all in vitro 

cell-free and cell-based methods used to determine the IC50s presented, as well as the cell 

lines employed and their p53 status. In general, the description will be given as follows for 

cell-based assays: “assay” “cell line” IC50= “value” (e.g. compound 3, MTT SJSA-1 IC50= 

0.3 µM, Figure 1.4). 

 

Table 1.1. Cell-free and cell-based in vitro assays. 

CELL-FREE BINDING ASSAYS: 

SPR Surface plasmon resonance 

HTRF Homogeneous time resolved fluorescence 

FP Fluorescence polarization 

NMR-AIDA  NMR-based antagonist induced dissociation assay 

ThermoFluor Thermal denaturation screening assay 

TR-FRET Time-resolved fluorescence energy transfer 

ELISA Enzyme-linked immunosorbent assay 

CELL-BASED ASSAYS: 

BrdU Bromo-2’-deoxyuridine 

EdU 5-Ethynyl-2’-deoxyuridine 

LCVA Luminescent cell viability assay 

MTT Tetrazolium salt 

SRB Sulforhodamine B 

WST-8 Water soluble tetrazolium salt 

CELL LINES:  

A549 Human lung carcinoma – wild-type p53 

Fro Human anaplastic thyroid carcinoma – null p53 

HCT116 p53(+/+) Human colorectal cancer – wild-type p53 

JAR Human choriocarcinoma – wild-type p53 

Kat-4 Human thyroid tumor – mutant p53 

LNCaP Human prostatic adenocarcinoma – wild-type p53 

MCF-7 Human breast adenocarcinoma – wild-type p53 

MDA-MB-231 Human breast adenocarcinoma – mutant p53 

MHM Human osteosarcoma – wild-type p53 

SJSA-1 Human osteosarcoma – wild-type p53 

U-2OS Human osteosarcoma – wild-type p53 

U937 Human lung lymphoblast – wild-type p53 

 

  



Chapter 1. State of the Art 

8 

1.2.1.1. CIS-IMIDAZOLINES (NUTLINS). ROAD TO RG7112 

The Nutlin scaffold, consisting of a tetrasubstituted imidazoline unit, was first 

discovered by high-throughput screening (HTS) of a diverse library of synthetic 

compounds, using a surface plasmon resonance (SPR) assay, followed by structure-based 

optimization (Hoffman-La Roche). Three compounds arose from this study in 2004. It also 

provided the first crystallographic structure published of a small-molecule (Nutlin-2: 1, 

Figure 1.4) in complex with MDM2 [50]. The para-bromophenyl ring at position 4 

occupies Leu26(p53) pocket while the other para-bromophenyl substituent at position 5 

inserts deeply into the Trp23(p53) pocket with the bromo atom enhancing the binding by 

filling a small cavity not normally occupied by the indole ring of p53 Trp23. The Phe19(p53) 

pocket is occupied by the ethyl ether side chain of the third aromatic ring while its para-

methoxy group mimics the p53 Leu22. The N1 chain functions mainly as a “solubility-tag” 

but also contributes to activity by possibly establishing polar interactions between the 

hydroxyl group and Gln72 side chain [50, 51]. The most potent of these three compounds 

is the enantiopure Nutlin-3a (2, SPR IC50 of 0.09 µM, MTT IC50= 1 - 2 µM in wild-type 

p53 cancer cell lines). Nutlin-3a usage in monotherapy and in combination with other anti-

cancer drugs and radiation has already been extensively published, serving as proof-of-

concept for Nutlins and establishing p53-MDM2 interaction as a promising and valuable 

target [52-57]. 

Since biological and pharmacokinetic (PK) properties achieved by Nutlin-3a were 

still suboptimal for clinical development, further research was performed. The strategy 

mainly focused on probing different N1 side chains in an attempt to enhance PK properties 

and MDM2 binding and on removing stability liabilities found in the previous compounds: 

oxidation of the main core to imidazole, and metabolization of the para-methoxyphenyl 

group to phenol. They were amended by adding methyl groups to position 4 and 5 of the 

imidazoline ring, and by replacing the methoxy with tert-butyl group, respectively [58]. 

One of the best compounds, RG7112 (3, HTRF IC50= 18 nM, MTT IC50= 0.18 - 2.2 µM in 

wild-type p53 cancer cell lines) entered clinical trials [59]. RG7112 shows good selectivity 

over mutated p53 cancer cells (MTT IC50= 5.7 - 20.3 µM), and it is able to activate the p53 

signaling pathway in wild-type p53 cells, leading to cell cycle arrest and apoptosis. 

Furthermore a daily dose of 100 mg/kg is capable of promoting partly regression of SJSA-

1 and MHM tumor xenograft mice models [45, 60]. 

 

Hu et al published in 2011 [61] and 2012 [62] novel derivatives based on the 

imidazoline scaffold, mainly by varying the N1 side chain of Nutlin-3. Compound 4 (FP 

IC50= 0.59 µM, MTT HCT116 p53+/+ IC50= 3.73 µM, Figure 1.5) was one of the most 

potent compounds obtained, however not representing an improvement of potency when 
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compared with Nutlin-3a. Nevertheless, these publications helped once again to establish 

that changing N1 side chain interferes mainly with PK properties but also with potency.  

Several analogs are disclosed in patents from Hoffman-La Roche, possessing the 

same imidazoline core and others structure variations such as imidazopyridinones (5) [29, 

38, 63, 64]. Miyazaki et al also published a new series of dihydroimidazothiazole 

derivatives based on Nutlin-3a structure, such as DS-5272 (6, HTRF IC50= 2.4 µM, LCVA 

SJSA-1 IC50= 0.2 µM) [65, 66].  

 

 

Figure 1.4. Nutlins optimization to RG7112. Right upper quadrant: crystal structure of compound 3 bound to 

MDM2 (PDB 4IPF). MDM2 surface is colored in blue for hydrophilic areas and grey for hydrophobic areas. 

Compound 3 is depicted in stick model and is colored according to element type: white for carbon atoms, 

blue for nitrogen atoms, red for oxygen atoms, yellow for the sulfur atom, and green for chlorine atoms.  

 

 

Figure 1.5. Nutlin and derivatives. 
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1.2.1.2. SPIROOXINDOLES 

 

 1.2.1.2a. Spiropyrrolidine oxindoles. Road to MI-77301 

Taking in consideration that p53 Trp23 side chain (indole group) seems to be 

critical for p53-MDM2 interaction, by burring deeply inside p53 hydrophobic pocket and 

by establishing a hydrogen bond (NH) to MDM2 backbone (carbonyl), the oxindole 

moiety was believed to perfectly mimic this residue. Moreover since many natural 

anticancer products, such spirotryprostatin A and alstonisine, have a spirooxindole main 

core, it was rationalized and later corroborated by in silico studies that the spiropyrrolidine 

ring could provide the necessary rigidity to the spirooxindole scaffold, from which two 

extra hydrophobic groups could be projected in the required orientation to mimic the other 

two residues of p53. From this structure-based design an initial lead compound arose in 

2005 (7, Figure 1.6) with a FP Ki of 8.46 µM (Wang group, University of Michigan). 

Computational modeling suggested that interaction optimization could be achieved by 

varying the isobutyl substituent and by introducing small substituents in the meta-position 

of the phenyl ring (room in Leu26(p53) and Phe19(p53) pocket respectively still available). 

Therefore, structure-activity relationship (SAR) studies led to MI-43 (8, FP Ki= 86 nM, 

WST-8 LNCaP IC50= 0.83 µM). This compound also showed good selectivity over normal 

cells and cancer cells with deleted p53 [67]. 

Further virtual investigation into the interaction of compound 8 and p53 with 

MDM2, suggested that a possible fourth residue (Leu22) could be mimicked. Leu22(p53) 

pocket is partially exposed to solvent and therefore mimicking this residue could result not 

only in an increase of potency but also in PK improvement, since it could allow the 

presence of polar groups. A second round of SAR studies was devised, having mainly this 

observation in consideration, leading to MI-63 (9) with a 2-morpholin-4-yl-ethylamine 

group. Docking studies revealed that not only this side chain could mimic Leu22 but the 

morpholine oxygen could possibly interact by H bond with Lys90 in MDM2 (mimicking 

p53 Glu17). Furthermore the introduction of a fluor atom in the phenyl group, a frequently 

effective strategy to increase metabolic stability, augmented the potency (FP Ki of 3 nM, 

WST-8 LNCaP IC50= 0.28 µM) [68, 69]. However, due to the fact that compound 9 had 

only a modest oral bioavailability, additional investigations, especially on the polar 

morpholinyl substituent were performed. It was found that changing to a butyl-1,2-diol 

significantly improved PK (MI-219: 10, FP Ki of 13.1 nM, WST-8 SJSA-1 IC50= 0.7 µM 

and MI-147: 11, FP Ki of 0.6 nM, WST-8 SJSA-1 IC50= 0.2 µM) [70]. Nevertheless these 

new derivatives still required high oral doses (200-300 mg/kg) to achieve tumor growth 

inhibition in mice xenograft models, and most important a complete tumor regression was 

still elusive [71]. More recently this last goal was attained with MI-888 (12, FP Ki of 0.44 

nM, WST-8 SJSA-1 IC50= 0.08 µM) [72] and MI-77301/SAR405838 (13, FP Ki of 0.88 
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nM, WST-8 SJSA-1 IC50= 0.092 µM) [73]. These compounds were synthesized in a new 

series of optimizations that continued to focus on the 5’ pyrrolidine tail chain, especially 

by introducing conformational constrain, while  attempting to increase metabolic stability 

[72].  

Recently it was discovered that some of these spiropyrrolidine oxindoles can suffer 

reversible ring-opening and cyclization of the pyrrolidine ring in protic solution, giving 

rise to different stereoisomers with different binding affinities to MDM2 [74]. Therefore a 

second generation of spirooxindoles emerged in 2015 that possess symmetrical substituents 

at C2’ position of the pyrrolidine ring that allow a rapid and irreversible conversion to the 

most active diastereoisomer (MI-1061: 14, FP Ki of 0.16 nM, WST-8 SJSA-1 IC50= 0.10 

µM) [75]. Compounds 12 and 13 from the first generation were already synthesized having 

in consideration the desired stereochemistry. Interestingly the best diastereomer revealed a 

different and better binding to MDM2 with the neopentyl and phenyl ring occupying now 

Phe19(p53) and Leu26(p53) pockets respectively (Figure 1.6, represented for compound 11). 

Furthermore their side chain carbonyl is capable of stablish an H bond with the imidazole 

side chain of His96 and terminal hydroxyl group with Lys94 side chain [73].  

Compound 13 advanced into clinical trials in 2012 sponsored by Sanofi. It displays 

more than 100-fold selectivity over cell lines with mutated or deleted p53, activating a 

p53-dependent pathway leading to cell-cycle arrest and/or apoptosis in cancer cells in vitro 

and in vivo xenograft tumor models. A complete tumor regression was achieved at 100 

mg/kg with a daily dose for 9 days and at 200 mg/kg with a single oral dose in SJSA-1 

mice xenograft [73]. 

In 2014, Hoffmann-La Roche published two other papers describing further 

optimizations of spiro[oxindole-3,3’-pyrrolidines], having in consideration the beneficial 

PK and potency improvement obtained when a phenyl derivative group is attached to the 

amide side chain as in their p53-MDM2 inhibitor RG7388 (see section 1.2.1.3). RO8994 

(15, HTRF IC50 of 5 nM, SJSA-1 IC50= 13 nM, Figure 1.7) emerged in a SAR study 

focused especially in additional modifications to this side chain [76, 77]. Compounds 

RO2468 (16, HTRF IC50 of 6 nM, MTT SJSA-1 IC50= 3 nM), and RO5353 (17, HTRF 

IC50 of 7 nM, MTT SJSA-1 IC50= 2 nM) were based on RO8994, and represent a 

bioisosteric substitution study of the 6-chlorooxindole moiety. Although with in vitro and 

in vivo activity comparable with RO8994, these compounds showed improve selectivity 

between wt p53 cell lines and  mut p53 cell lines [78].  

Several patents emerged from Hoffmann-La Roche throughout the last 10 years 

covering spiro[oxindole-3,3’-pyrrolidines] and others spiro-heterocyclic-oxindole based 

compounds (e.g. 18, 19 and 20) [38, 41, 64].  
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Figure 1.6. Spiropyrrolidines optimization to MI-106. Docking pose of compound 13 in MDM2 (PDB 

3LBL). MDM2 surface is colored in blue for hydrophilic areas and grey for hydrophobic areas. Compound 

13 is depicted in stick model and is colored according to element type: white for carbon atoms, blue for 

nitrogen atoms, red for oxygen atoms, bright green for fluorine, and dark green for chlorine atoms.   
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Figure 1.7. Spiropyrrolidines and others spiro-heterocyclic-oxindole derivatives. 

 

Kumar et al published this year a new family of spiro[oxindole-3,2’-pyrrolidines] 

[79]. They focused in breast cancer, providing good evidence that the best compound 

modulates p53 in vitro and in vivo. However, the compounds did not show selectivity 

between breast cancer cell lines with wt p53 (MCF-7) and mut p53 (MDA-MB-231), and 

although it was observed an increase in MDM2 levels, no studies were focused in the p53-

MDM2 interaction (21, MTT MCF-7 IC50= 6.5 µM, Figure 1.8). Also this year, Ivanenkov 

et al reported dispiros with spiropyrrolidine oxindole moiety that can potentially interfere 

with p53-MDM2 interaction by in silico comparison with known MDM2 antagonists (22, 

MTT MCF-7 IC50= 4.88 µM) [80].  

 

1.2.1.2b. Spirothiazolidine oxindoles 

In 2010, Gomez-Monterrey et al synthesized a series of spiro[oxindole-3,3’-

thiazolidines], with ISA27 emerging as the most potent derivative in cell lines (23, MTT 

U937 IC50= 0.87 µM, Figure 1.8). Destabilization of p53-MDM2 interaction by compound 

23 was established first by NMR analysis (AIDA method) [81], and later complemented by 

an in depth in vitro validation in human glioblastoma multiforme [82]. A second round of 

SAR studies was focused on opening ISA27 imidazole ring in an attempt to increase 

structural diversity and introduce extra potential binding points. Therefore, it could allow a 

better fitting to p53 pocket, since ISA27 most likely only mimic two of the three pivotal 

p53 amino acids [83]. SM13 (24, MTT MCF-7 IC50= 0.04 µM) emerged from this study. 
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Docking studies suggested that 3-cyclohexylcarboxy moiety occupies the Trp23(p53) 

pocket, and ethyl ester side chain the Phe19(p53) pocket. Leu26(p53) pocket is only slightly 

occupied by the oxindole ring, but the authors suggested that this drawback seems to be 

somewhat compensated by extra hydrophobic interactions gained through the N1-methyl 

group. In vitro inhibition of p53-MDM2 interaction was evaluated for both compounds 

using an ELISA binding assay. At 5 µM ISA27 (23) and SM13 (24) inhibited 25% and 

30% of the interaction respectively (nutlin-3 inhibited 19%). However, both compounds 

were also effective in cancer cell lines with mutated p53. A detailed study to clarify the 

mechanism of action of SM13 suggested that besides inhibiting p53-MDM2 interaction, 

this compound acts in a manner strictly dependent on p53. No apoptosis induction was 

observed in FRO cells (null p53) and only activation of p53-dependent mitochondrial 

apoptotic pathway was observed in Kat-4 (mut p53) due to its lack of p53 transcriptional 

activity [84]. 

 

 

Figure 1.8. Spiropyrrolidines and spirothiazolidines derivatives. 
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1.2.1.3. PYRROLIDINE-2-CARBOXAMIDES. ROAD TO RG7388.  

RG7388 from Hoffman-La Roche (25, Figure 1.9) was design based on the 

spiropyrrolidine oxindole MI-219 structure (10) and on the notion that an aromatic moiety 

would be better to mimic Leu26 of p53. They reported that the presence of a nitrile group 

favored the necessary “trans-trans” configuration (between rings A and B, and ring A and 

neopentyl group, Figure 1.9) to obtain the proper configuration and the better interaction 

with MDM2. As referred previously, Wang group later also described that a different 

configuration for MI-219 was preferred to obtain more potent spiropyrrolidine oxindoles. 

Optimization to RG7388 was mainly focused on the amide side chain of compound 26 

(HTRF IC50= 74 nM, MTT SJSA-1 IC50= 2.1 µM), with best PK properties and potency 

obtained with a methoxy para-benzoic acid moiety (25, HTRF IC50= 6 nM, MTT SJSA-1 

IC50= 10 nM). Furthermore, the addition of fluor to both phenyl rings also contributed to 

increase binding to MDM2. RG7388 exhibits more than 100-fold selectivity over cell lines 

with mutated p53, and activates the p53 pathway. It promoted tumor regression at 25 

mg/kg with daily doses in SJSA-1 mice xenograft [85, 86] and is currently in clinical trials. 

 

 

 

Figure 1.9. Pyrrolidine-2-carboxamide optimization to RG7388. Right upper quadrant: crystal structure of 

compound 26 bound to MDM2 (PDB 4JRG). MDM2 surface is colored in blue for hydrophilic areas and 

grey for hydrophobic areas. Compound 26 is depicted in stick model and is colored according to element 

type: white for carbon atoms, blue for nitrogen atoms, red for oxygen atoms, and green for chlorine atoms. 
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1.2.1.4. PIPERIDINONES AND MORPHOLINONES. ROAD TO AMG232. 

Applying a structure-based design, focusing particularly in the knowledge that most 

inhibitors have the common feature of possessing two vicinal aromatic groups attached to a 

rigid heterocyclic core, Amgen design several new scaffolds. The most potent compounds 

synthesized possessed a morpholinone core (27, HTRF IC50= 2.0 µM, Figure 1.10) [87] 

and were first published in 2012 [88]. Co-crystal structure of 27 with MDM2 showed that 

6- and 5-p-bromophenyl rings occupy Phe19(p53) and Trp23(p53) pockets, respectively. 

Unfortunately the benzyl group was not projected into Leu26(p53) pocket, remaining 

unoccupied. Instead it interacted with Phe55 residue in a shallow hydrophobic shelf region. 

Having in consideration that mimicking Leu26 is also vital to develop potent MDM2 

inhibitors, they redesign the two haloaryl rings in an attempt to mimic instead the residues 

Leu26 and Trp23, as observed for previously described cis-imidazolines and 

spiropyrrolidine oxindoles [58, 73]. That was accomplished by shifting the p-halogen to m-

halogen at C6 phenyl ring to mimic Leu26, leading to a 180º rotation of morpholinone in 

the p53 pocket. Phe19 could be filled by introducing a proper N-alkyl substituent to the 

scaffold (28, HTRF IC50= 1.8 µM). Additionally SAR study at C2 position revealed that 

acetic acid moiety increased potency by establishing an electrostatic interaction with His96 

residue of MDM2 (29, HTRF IC50= 0.3 µM, EdU SJSA-1 IC50= 15.7 µM). However due to 

the fact that the proximity of this carboxylic acid to morpholinone oxygen could possibly 

generate electrostatic repulsion and consequently destabilize the right binding 

conformation, the latter was substituted with a methylene group. This alteration created 

more potent derivatives, detaining now a piperidinone core. Studies of stereochemistry 

configuration revealed that stereoisomer 30 was the most potent one (HTRF IC50= 34 nM, 

EdU SJSA-1 IC50= 3.35 µM) [87, 89]. 

The next SAR studies focused primarily in conformational controls to make sure 

that the best conformation was favored. In the best binding pose, the N-substituent needs to 

adopt a syn (“downward”) orientation in regards to p-chlorophenyl group to properly 

occupy the Phe19(p53) pocket. However, since the alternative anti conformation is more 

stable, it was envisaged that introducing a “directing” group at the alpha-carbon to the 

piperidinone nitrogen could proper direct the desire group into the pocket. Another 

important orientation aspect observed in the binding conformation is the necessity of C5 

and C6 aryl groups to adopt a gauche-like orientation instead of the more stable anti-like 

orientation. For that, introducing another substituent at C3 position could create a 1,3-steric 

repulsion to the anti-like orientation, favoring the desired one (31, HTRF IC50= 2.2 nM, 

EdU SJSA-1 IC50= 190 nM) [88, 90].  

In an attempt to increase PK properties further SAR studies were performed in the 

N-alkyl chain, especially by introducing polar functional groups, leading to AM-8553 (32, 

HTRF IC50= 1.1 nM, EdU SJSA-1 IC50= 68 nM) [88, 91]. This compound was able to 

inhibit tumor growth and even promoting partial tumor regression, but still was unable to 
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produce the desired complete tumor regression in SJSA-1 xenograft tumor model [92]. 

Therefore, further optimization was pursuit. Analyzing the co-crystal structure of 32 with 

MDM2 it was identified a shallow hydrophobic cleft near Phe19(p53) pocket, designated 

“glycine shelf” by the authors (MDM2 Gly58 lies in the center), that could be filled in an 

attempt to enhance binding. Therefore more SAR studies were performed in the N-side 

chain to promote the new interaction envisioned, while still allowing a proper binding to 

Phe19(p53) pocket and maintaining good PK properties [93]. Several derivatives were 

synthesized including sulfonamides, that led to the most potent piperidone published so far 

(33, HTRF IC50= 0.091 nM, EdU SJSA-1 IC50= 0.48 nM, Figure 1.11) [94]. However due 

to the fact that most of these new derivatives with sulfonamides were less metabolically 

stable than 32, other derivatizations were tested, leading to compound 34 (HTRF IC50= 0.1 

nM, EdU SJSA-1 IC50= 3 nM, Figure 1.10) and AMG232 (35, HTRF IC50= 0.6 nM, EdU 

SJSA-1 IC50= 9.1 nM) [93]. Nevertheless it is noteworthy to point out that even a simple 

N-group can give rise to potent derivatives (36, HTRF IC50= 9 nM, EdU SJSA-1 IC50= 

0.38 µM, Figure 1.11) [95]. Compound 35 entered clinical trials in 2012. Although 

compound 34 was more active than 35 it offered poorer PK properties in in vivo studies. 

Binding of 35 with MDM2 was extrapolated from the cocrystal structure of 34 with 

MDM2 (Figure 1.11). As expected the three pivotal p53 amino acids Phe19, Trp23 and 

Leu26 are being mirrored by isopropyl, C6 aryl group and C5 aryl group, respectively. 

Two substituents interact with His96: C5 aryl engages in a π-π stacking, while carboxylate 

function forms a hydrogen bond with its imidazole side chain. In addition, sulfone group 

projects the terminal isopropyl to the glycine shelf region. Compound 35 was able to 

induce complete tumor regression in 10 out of 12 SJSA-1 xenograft mice (60 mg/Kg 

administered orally once daily) [93, 96]. Additional SAR studies were performed mainly 

by searching for new replacements for the carboxylate moiety that still allowed the 

interaction with His96 and possibly enhance potency. It led to AM-6761 (37, HTRF IC50= 

0.1 nM, EdU SJSA-1 IC50= 16 nM) with potency similar to 35. Interestingly these two 

derivatives have different metabolic profile that can be of interest to explore. Compound 

37 is primarily metabolized by oxidative pathways, while compound 35 is metabolized 

mainly by glucuronidation of the carboxylate moiety [97]. Further optimization led to AM-

7209 (38, HTRF IC50< 0.1 nM, EdU SJSA-1 IC50= 1.6 nM) [98]. 

Alongside with the synthesis of piperidones, Amgen continued to optimize 

morpholinone derivatives, leading to AM-8735 (39, HTRF IC50= 0.4 nM, EdU SJSA-1 

IC50= 25 nM) [99]. 
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Figure 1.10. Piperidinone optimization to AMG232. 
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Figure 1.11. Piperidinone and morpholinone derivatives. Right lower quadrant: crystal structure of 

compound 34 bound to MDM2 (PDB 4OAS). MDM2 surface is colored in blue for hydrophilic areas and 

grey for hydrophobic areas. Compound 34 is depicted in stick model and is colored according to element 

type: white for carbon atoms, blue for the nitrogen atom, red for oxygen atoms, yellow for the sulfur atom, 

and green for chlorine atoms.  

 

1.2.1.5. OTHER MDM2 INHIBITORS IN CLINICAL TRIALS 

Other three compounds advanced into clinical trials, but no structural information is 

available: MK-8242, CGM097 and DS-3032b developed by Merck, Novartis International 

and Daiichi Sankyo, respectively. 

 

1.2.1.6. BENZODIAZEPINEDIONES 

p53-MDM2 interaction inhibitors bearing a 1,4-benzodiazepine-2,5-dione scaffold 

(BDP) were first reported as a result of a miniaturized affinity-based screening assay, 

termed ThermoFluor, of a library of 338 000 compounds [100]. Selected compounds from 

this first screen were further tested employing a fluorescence polarization (FP) assay to 

detect specific p53-MDM2 interaction inhibitors. The confirmation of this class of 

compounds as feasible MDM2 inhibitors evoked a more detailed study in which a library 

of 22 000 BDP compounds was synthetized and screened using the two method described 

above [101]. A first SAR study gave rise to the lead compound 40 (FP IC50 of 0.42 µM, 

BrdU JAR IC50= 30 µM, Figure 1.12) in 2005 (Johnsons & Johnsons). 

BDP:MDM2 co-crystal structure elucidated the interaction: 1,4-diazepine core 

gives the necessary rigidity from which the two chlorophenyl groups mimic perfectly 

Leu26 and Trp23 of p53, while the 7-iodophenyl group inserts in the Phe19(p53) pocket 

[100, 102]. Although this last group does not inserts as deeply as p53 Phe19 in the pocket, 
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it was later rationalized that this interaction is enhanced because iodine atom makes 

contacts to the carbonyl group of backbone Gln72 with a strength comparable to a weak 

hydrogen bond [103]. The initial observation that BDP iodophenyl and p53 Phe19 were not 

superimposable, gave rise to a rational design of a novel 1,4-diazepine scaffold. In this new 

scaffold an increased flexibility was introduced to the fused phenyl-diazepine rings in an 

attempt to ameliorate the Phe19 mimetic effect, while maintaining the orientation of the 

two chlorophenyl groups. Unfortunately, although this approach produced new active 

compounds, the FP IC50 values attained were higher in comparison to the original series 

(best compound: 41, FP IC50 of 3.6 µM) [104] 

Due to poor PK properties of compound 40, modifications were made to try to 

improve solubility and permeability. It was rationalized that the inclusion of substituents in 

N1 might be tolerated since it is primarily solvent-exposed in the co-crystal structure, and 

also changing the carboxylic acid could convey better PK properties to the scaffold. 

Several solubilizing groups were inserted to N1 and ultimately pentanoic acid group was 

selected for further PK optimization. In this study it was found that the acid group was 

important to activity, possibly by establishing a hydrogen bond to MDM2 Ser17, and most 

importantly by placing the chlorophenyl group in the correct orientation through steric 

repulsion. This repulsion orientation was maintained when carboxylate was substituted 

with methyl group, while increasing cell permeability (42, FP IC50= 0.70 µM, BrdU MCF-

7 IC50= 7 µM) [105].  

Searching for more potent BDP led to compound 43 bearing an ortho amino group 

in the N-benzylic ring (FP IC50 of 0.55 µM, BrdU MCF7 IC50= 0.8 µM) responsible for an 

additional hydrogen bond established with the carbonyl of MDM2 Val93 [106, 107]. 

Compound 43 was found later to have a synergistic outcome in association with 

doxorubicin, allowing the visualization of doxorubicin-mediated in vivo activity in a 

xenograft model at doses that are inactive in a monotherapy treatment [108].  

More recently, two new scaffolds based on the principle of bioisosterism of BDP 

have been reported: 1,4 thienodiazepine-2,5-diones (TDZ) [109] and thio-benzodiazepines 

(Figure 1.13) [110, 111]. For TDZ it has only been reported a cell-free binding screening, 

emerging compound 44 as lead compound with a FP Ki of 40 µM [109]. The synthesis and 

biological evaluation of thio-benzodiazepines showed that the simple replacement of the 

oxygen by a sulfur atom increased potency in a FP binding assay, but not in cell-based 

evaluation. In this SAR study compound 45 emerged as a potential lead compound for 

future optimization with a FP Ki of 5.34 µM and MTT U-2OS IC50 of 1.06 µM [110]. 

Continuation of this work showed compounds with better affinity to MDM2, but without 

cell-based assay improvement [111]. Last year new benzodiazepine analogues were 

reported, but without showing potency improvement (best derivative, 46, FP Ki= 0.2 µM, 

MTT U-2OS IC50= 3.12 µM) [112]. Furthermore, these new scaffolds derivatives did not 

show selectivity towards cells with wild-type p53 as observed for 1,4-benzodiazepine-2,5-
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dione derivatives (e. g. compound 43 is 10 times more selective, MCF-7 vs MDA-MB-231 

[107]). 

 

 

Figure 1.12. Benzodiazepinediones scaffold optimization. Right upper quadrant: crystal structure of 

compound 40 bound to MDM2 (PDB 1T4E). MDM2 surface is colored in blue for hydrophilic areas and 

grey for hydrophobic areas. Compound 40 is depicted in stick model and is colored according to element 

type: white for carbon atoms, blue for nitrogen atoms, red for oxygen atoms, dark red for the iodine atom, 

and green for chlorine atoms. 

 

 

Figure 1.13. Examples of benzodiazepinediones derivatizations. 
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1.2.1.7. ISOINDOLINONES 

Hardcastle et al described inhibitors of the p53-MDM2 interaction based on an 

isoindolinone scaffold. Compounds bearing this template were first identified (47a,b, 

Figure 1.14) as modest inhibitors of the p53–MDM2 interaction (IC50 ̴ 200 µM) in an in 

vitro p53-MDM2 binding assay screening study. In a first optimization approach, a small 

compound library focused on the isoindolinone core was synthesized guided by in silico 

ligand-design, using published MDM2 crystal structure. Compound 48 emerged as a lead 

compound with an IC50 of 5.3 µM in a cell-free ELISA binding assay. It was also shown 

that compound 48 induced a dose-dependent increase of p53 transcriptional activity in 

SJSA-1 cancer cell line [113, 114]. In this first study, it was suggested that the introduction 

of different substituents into the isoindolinone template allowed different orientations of 

the inhibitors in the hydrophobic MDM2 pocket making consequently SAR studies more 

difficult to interpret. This statement was later corroborated by NMR experiments in which 

it was identified four different binding modes in twelve isoindolinone compounds analyzed 

differing only in one group attached to the isoindolinone scaffold [115].  

Having in consideration the different binding modes and structure information 

gained by the NMR experiments, compound 49 (ELISA IC50= 15.9 µM) was selected as 

lead compound for further optimization. The binding mode model of this compound 

suggested that introducing rigidity to the alkoxy side chain and adding substituents to the 

N-benzyl moiety could favor interaction with MDM2, giving rise to compound 50 (ELISA 

IC50= 0.17 µM, SRB SJSA-1 IC50= 5.2 µM) [116, 117]. In the last study published by this 

group attempts of increasing potency were made through modifications in the aromatic 

ring of the isoindolinone core, revealing that the introduction of a 4-chloro in isoindolinone 

ring improved binding [51(-), IC50= 0.044 µM, SRB SJSA-1 IC50= 3.7 µM] [118]. 

Furthermore opposing to compound 50, compound 51 showed selectivity (3- to 4-fold) 

towards cells with wild-type p53.  

Recently, Santos group (iMed.ULisboa) reported that oxazoloisoindolinones, a 

more rigid isoindolinone derivatives, are potential inhibitors of p53-MDM2 interaction in a 

yeast-based assay (52, SRB HCT116 p53+/+ IC50= 9.7 µM, Figure 1.15). Compound 52 is 

capable of inducing a p53-dependent activation in vitro leading to apoptosis [119].  
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Figure 1.14. Isoindolinone scaffold optimization. Representations of binding modes were determined from 

chemical shift data and molecular docking [115, 116]. 

 

 
Figure 1.15. Oxazoloisoindolinone derivative 52. 

 

1.2.1.8. CHROMENOTRIAZOLOPYRIMIDINES 

Chromenotriazolopyrimidines were found by Amgen to be inhibitors of p53-

MDM2 in a HTRF-based high throughput screen of about 1.4 million compounds, and 

their binding to MDM2 confirmed by SPR. From this screening emerged hit compound 53 

(Figure 1.16) [120]. Only syn-(6R,7S) isomer was found to be active (HTRF IC50= 1.23 

μM). Cocrystallization of 53 with MDM2 showed that the chromenotriazolopyrimidine is a 

fairly rigid scaffold from which two para-bromophenyl groups at C-6 and C-7 in a syn 

relationship interact with MDM2 in Trp23(p53) and Leu26(p53) pockets, respectively. 

Furthermore the C-7 aromatic group also establishes a weak π-stacking interaction with 
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His96 side chain of MDM2. The third key p53 amino acid Phe19 is mimicked by 

chromene D ring.  

It was observed that these compounds were chemically unstable and individual 

diastereoisomers tended to equilibrate, forming mixtures consisting mostly of the more 

stable anti diastereoisomers. This problem was surpassed by N11-methylation, which 

prevented racemization without affecting the potency. Optimization of the lead compound 

was attempted by introducing variability to the three phenyl rings involved in the binding. 

Introduction of a methoxy group in position 1 gave the best cell-free activity (54, HTRF 

IC50= 0.20 μM). However, it is believed that this improved activity is product of the 

molecule core torsion due to N-methyl and C1-methoxy proximity that allows a better 

pocket fitting rather than a improve interaction to the protein by the methoxy group [120].  

To enhance PK properties, especially problems observed with metabolic stability 

hypothesized due to rapid N-demethylation and consequent tautomeric isomerization, SAR 

studies were performed at the N-substituent. It lead to compound 55 (HTRF IC50= 0.35 

μM, SJSA-1 p21 IC50= 12 μM), with increase metabolic stability [121] . 

 

Figure 1.16. Chromenotriazolopyrimidines scaffold optimization. Right upper quadrant: crystal structure of 

compound 53 bound to MDM2 (PDB 3JZK). MDM2 surface is colored in blue for hydrophilic areas and 

grey for hydrophobic areas. Compound 53 is depicted in stick model and is colored according to element 

type: white for carbon atoms, blue for the nitrogen atom, red for the oxygen atom, and dark red for bromine 

atoms. 
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1.2.1.9. 3-IMIDAZOYL INDOLES AND OTHER  INDOLYL DERIVATIVES 

Compounds detaining an imidazole-indole scaffold were simultaneously and 

independently developed by Novartis and University of Pittsburgh, with the latter 

publishing in 2010 [122, 123]. In this family two compounds have emerged, WK23 (56, FP 

IC50= 1.71 μM, Figure 1.17) and WK298 (57, FP IC50= 0.19 μM). The two molecules only 

differ by the substituent attached to position 2 of the 6-chloroindole moiety and 

consequently the central core that mimics p53 is the same. As already observed for other 

MDM2 inhibitors, co-crystal structure reveal that 6-chloroindole ring mimics the p53 

Trp23 with the 6-chloro substituent enhancing the interaction by penetrating deeply in the 

pocket. Moreover, the indole nitrogen atom forms hydrogen bond with Leu54. Para-

chlorobenzyl group fills Leu26 pocket and phenyl group interacts with Phe19(p53) pocket. 

The additional tail in 57 enhances not only PK properties but also protects Phe19(p53) 

pocket from solvent [123].  

The recognizing that an indole/oxindole moiety function as an excellent Trp23 

mimetic moiety gave rise to several other potential good compounds (e.g. 58, FP KI= 400 

nM and 59, HTRF IC50= 1.16 nM) [64, 124]. 

 

 

 

Figure 1.17. Indolyl derivatives. Right upper quadrant: structure of compound 56 bound to MDM2 (PDB 

1YCR). MDM2 surface is colored in blue for hydrophilic areas and grey for hydrophobic areas. Compound 

56 is depicted in stick model and is colored according to element type: white for carbon atoms, blue for 

nitrogen atoms, red for oxygen atoms, and green for chlorine atoms. 
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1.2.1.10. OTHER COMPOUNDS 

 Several other inhibitors or potential inhibitors of p53-MDM2 interaction have been 

reported throughout the years (Table 1.2, Figure 1.18).  

 

Table 1.2. Other inhibitors or potential inhibitors of p53-MDM2 interaction  

COMPOUNDS CELL-FREE ASSAY (IC50) CELL-BASED ASSAY (IC50) REF. 

- Chalcones ELISA IC50= 49 μM - [125-127] 

- Dihydroisoquinolinones 

(60) 

TR-FRET IC50= 2.3 nM 

 

SJSA-1 IC50= 1.2 μM [128] 

- Terphenyl derivatives 

(61) 

ELISA Ki= 0.18 μM - [129, 130] 

- Benzothiazole-hydrazone 

(62, NSC333003) 

ELISA IC50= 13 µM  - [131] 

- Pyrrolidones (63)  FP IC50= 0.09 µM - [132, 133] 

- Pyrrolo[3,4-c]pyrazoles 

(64) 

FP IC50= 83 nM MTT A549 IC50= 5.82 µM [134, 135] 

- Piperidines (65)  FP IC50= 41 nM MTT SJSA-1 IC50= 1 µM [136-138] 

- 3-benzylideneindolin-2-

ones (66)  

FP Ki= 93 nM MTT HCT116 p53(+/+) IC50= 

13.42 µM 

[139] 

- Bisarylsulfonamides (67)  ELISA IC50= 3.5 μM - [34, 140] 

- Norcamphanes (68) - - [141] 

- 8-hidroxiquinoline 

NSC66811(69) 

FP Ki= 0.12 µM - [142] 

- Pyridine derivative (70) FP Ki= 0.11 µM  [143] 

- Diphenylthiophenes (71)  FP IC50= 2.08 µM SRB HCT116 p53(+/+)  

 IC50= 0.24 µM 

[144] 

- Pyrazoles (72)  FP IC50= 6.56 µM - [145, 146] 

- Pyrrolidine-pyrimidines 

(73) 

FP IC50= 5.2 µM - [147] 

- Imidazoles (74) TR-FRET IC50= 2 nM SJSA-1 IC50= 0.5 µM [148] 

- Natural products: 

    - Chlorofusin  

    - (-)-hexylitaconic acid 

    - Hoiamide D  

    - Siladenoserinol A 

    - Xanthones 

    - Ganoderic acids  

 

ELISA IC50= 4.6 µM  

ELISA IC50= 233.4 µM 

HTR-FRET IC50= 4.5 µM 

ELISA IC50= 2.0 µM 

- 

Only virtual screening 

results reported 

 

- 

- 

- 

- 

- 

 

[149] 

[150-152] 

[153] 

[154] 

[155] 

[156, 157] 

[158] 
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Figure 1.18. p53-MDM2 interaction inhibitors. 
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1.2.2. INHIBITION OF E3 LIGASE ACTIVITY OF MDM2  

Proteasome-mediated degradation is an important mechanism that allows cells to 

renew their intracellular proteins and preserve protein homeostasis. Consequently a 

deregulation in this process can favor the stabilization of oncoproteins or favor the 

degradation of tumor suppressors, leading to cancer development [159, 160]. Targeting 

specific proteins for ubiquitin-mediated proteasome degradation is carried out by E3 

ubiquitin ligases and, as already described previously for p53, that labeling is mainly 

credited to MDM2. Therefore targeting directly the E3 ligase activity of MDM2 can be of 

interest [161]. 

Lai et al published in 2002 the first compounds inhibitors of MDM2 E3 ligase 

activity, discovered in an in vitro biochemical enzyme assay (e.g. 75, IC50= 3.2 µM, figure 

1.19) [162]. Later a new family of compounds was described by Weissman group [163-

165]. Their first compounds (5-deazaflavins, HLI98C-E) were obtained in a high-

throughput screening for E3 ligase inhibitors and later optimized mainly due to PK 

shortages giving rise to HLI373 (76). They also described sempervirine (77) a natural 

product as a MDM2 E3 ligase inhibitor [166]. Furthermore natural products extracts 

screenings gave rise to several other hits (e.g. 78) [167, 168]. In a cell-based ubiquitination 

assay, compounds MEL23 and MEL24 (79) were found to inhibit MDM2 and p53 

ubiquitination in cells, through inhibition of E3 ligase activity of MDM2-MDMX complex. 

It is believed that this complex has a better ligase activity for p53 than MDM2 alone [169]. 

Unlike p53-MDM2 interaction inhibitors, this mechanism of action leads initially to 

increase levels of both p53 and MDM2 without promoting their interaction disruption. 

Therefore one problem that can be envisioned by this mechanism of action is that p53 

transcriptional activity can be somewhat impaired or at least not complete. Nevertheless 

endogenous MDM2 inhibitor p14ARF also prevents ubiquitination without disrupting the 

interaction, and it is still capable of promoting p53 stabilization and activation, validating 

the potential of this target. From all compounds mentioned, only 75 was found to inhibit 

MDM2-mediated p53 ubiquitination without interfering with MDM2 autoubiquitination. 

This can represent an advantage and potentially attenuates the previous concern of an 

inadequate p53 activation that can be attributed to this approach. 

Serdemetan (JNJ-26854165, 80) is a tryptamine derivative developed by 

Johnson&Johnson and it was initially suggested that it blocked p53-MDM2 complex 

binding to the proteasome, preventing p53 degradation. However, more recent additional 

evidences suggest that others mechanisms of action are also taking place [170, 171]. 

Serdemetan is capable of inducing p53-mediated apoptosis, but activates p53-independent 

pathways, such as E2F1-mediated apoptosis as well. Interestingly, this compound induces 

p21 proteasome degradation, enhancing therefore its apoptotic effect [172]. In several 
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cancer cell lines (wt and mut p53), this compound showed a range of IC50 from 0.25 to 3 

µM [173]. This compound is in clinical trials. 

 

 
Figure 1.19. MDM2 E3 Ligase activity inhibitors. 

 

1.2.3. MDMX AND DUAL MDM2/MDMX INHIBITORS 

 Although MDM2 is the foremost negative regulator of p53, MDMX has been 

recognized more recently as a critical discrete p53 modulator, and in fact its 

overexpression is observed in several cancers [174, 175]. MDMX is structurally related to 

MDM2, but lacks its p53 ubiquitin-mediated degradation signal. However it is able to 

control p53 activity mostly by inhibiting p53 transcription function. In addition, MDMX 

protein levels are regulated by MDM2 ubiquitin-mediated degradation [176]. Since 

inhibiting p53-MDM2 interaction increase MDM2 levels by autoregulatory feedback loop, 

and therefore can facilitate MDMX degradation, the problem of MDMX presence could be 

lessened when targeting this interaction. However, although reduced MDMX levels are 

observed in many cancers after treatment with nutlin-3a, the effectiveness of the inhibitor 

can still be compromised, especially in tumors overexpressing MDMX [177].  

 The first small molecule inhibitor of MDMX (SJ-172550, 81, Figure 1.20) was only 

published in 2010 by Reed et al. This compound was found to bind reversibly to MDMX 

in the p53 binding pocket, and showed cytotoxicity in MDMX-amplified retinoblastoma 

cell line Weri1 [178]. Further investigation revealed that compound 81, through reversible 

covalent binding, seemingly locks MDMX into a conformation that is unable to bind p53. 

This complex mechanism of action was revealed to be dependent on several factors, 

limiting this compound as a feasible lead compound [179].  

 Compounds XI-006 (NSC207895) and XI-011 (NSC146109, 82) were identified in 

a HTS assay as activators of p53-dependent transcription [180]. Their mechanism of action 
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was later unveiled to involve inhibition of MDMX expression, by repressing MDMX 

promoter and subsequent down-regulation of its mRNA [27, 181]. Recently it was also 

suggested that XI-011 was capable of disrupting the p53-MDMX interaction [182].  

 Although initially some reports demonstrated the beneficial aspect of inhibiting 

MDMX alone, specially due to its lower toxicity to normal tissues [177], it is now 

recognized that a full p53 activation outcome is favored and more likely to be achieved 

with dual inhibition of MDM2 and MDMX. Compounds possessing an imidazo-indole 

scaffold revealed to be dual inhibitors (e.g. WK298, 57, MDM2 FP IC50= 0.19 µM; 

MDMX FP IC50= 19.7 µM, Figure 1.17), and represents the first co-crystal structure of 

MDMX with an inhibitor published [123]. As expected, the main aspects that need to be 

addressed for an adequate inhibition of both proteins lies in the three subpockets Phe19(p53), 

Trp23(p53) and Leu26(p53). The difficulty of dual inhibition seems to be attributed mainly to 

Leu26(p53) pocket, which is quite different in the two proteins, and may be the reason for a 

much weaker binding observed for most of the known MDM2 inhibitors. From this 

observation it can be assumed that the common feature of possessing a chorophenyl group, 

although ideal for MDM2, is not optimal for mimicking p53 Leu26 interaction with 

MDMX.  

 

Figure 1.20. MDMX and dual MDM2/MDMX inhibitors. 

 

Other compounds have since emerged, such as endogenous steroidal bile acid 

lithocolic acid (83, MDM2 FP IC50= 66.0 µM; MDMX FP IC50= 15.4 µM, Figure 1.20) 

[183], pyrrolidones (84, MDM2 FP IC50= 0.26 µM; MDMX FP IC50= 2.68 µM) [132], 

triaryl-pyrroles (85, MDM2 FP IC50= 0.11 µM; MDMX FP IC50= 4.2 µM) [184], 
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imidazolines (HI109: 86, MDM2 FP IC50= 6 nM; MDMX FP IC50= 27 nM) [185], and 

indolyl hydantoins (RO-5963: 87, MDM2 TR-FRET IC50= 17 nM; MDMX TR-FRET 

IC50= 25 nM). RO-5963 disrupts both p53-MDM2 and p53-MDMX and promotes the 

formation of homo and/or heterodimeric protein complexes that are held together by two 

molecules of the inhibitor. This compound was able to restore p53-transcription activity in 

several p53 wild type cell lines, including MDMX-overexpressing cell lines resistant to 

nutlin-3a [186].  

 

1.2.4. TARGETING UPSTREAM REGULATORS 

Instead of inhibiting MDM2 and/or MDMX directly, other strategies can be 

focused on upstream factors that regulate their stability, expression and activity. One of the 

early events that lead to p53 signaling pathway activation is nucleolar disruption triggered 

in response to cellular stress [187]. This nucleolar disturbance promotes the release of free 

ribosomal proteins such as L5 and L11, that can sequester MDM2, leading consequently to 

p53 activation [188]. Moreover, nucleolus is responsible for ribosome biogenesis, and 

since this process is upregulated in cancer cells due to their increase of protein demand, 

targeting nucleolar activity can be useful [189]. Indeed, low nongenotoxic doses of 

actinomicyn D  [190],  and compound BMH-21 (88, Figure 1.21)  promote activation of 

p53-dependent apoptotic signaling. They bind to GC-rich regions of DNA, in particular 

rDNA, impairing RNA polymerase I (Pol I) function. Consequently it will lead to 

perturbations of ribosomal RNA biosynthesis, while triggering nucleolar segregation and 

the chain of events previously described. Moreover, unlike actinomicyn D, BMH-21 

showed selectivity by inducing a cancer-specific activation of p53 [191, 192]. This 

selectivity is also achieved by compound CX-5461 (89) that inhibits Pol I transcription 

initiation step [193, 194]. The cyclin-dependent kinase (CDK) inhibitor roscovitine (90) 

also inhibits rRNA processing, disrupts the nucleolus and can promote down-regulation of 

MDM2 at protein and mRNA level [195, 196]. Several others DNA-targeting compounds 

can also activate p53. For example, by intercalating with DNA, curaxins (e.g. CBLC-137: 

91 [197]), increase the affinity of chromatin towards FACT (Facilitates Chromatin 

Transcription), trapping it. The depletion of FACT causes transcription suppression leading 

to inhibition of NF-κB pathway that normally is up-regulated in cancer environment. It 

also leads to p53 activation by promoting phosphorylation at Ser392 by FACT-associated 

casein kinase 2 (CK2) that prevents its MDM2-mediated degradation [198]. 

p53 activation can also be achieved by targeting nucleus export processes. 

Exportin-1 protein (XPO1, also known as CRM1) is responsible for exporting from the 

nucleus several vital cell signaling modulators, including p53. An increase of nuclear 

export versus import will render these modulators in the cytoplasmatic compartment, 

preventing their transcription activities, and potentially leading, for instance, to 
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inactivation of apoptosis. Therefore inhibiting XPO1 can potentially restore tumor 

suppressor functions. The first inhibitor of XPO1, leptomycin B (92), was capable of 

inducing apoptosis, but revealed to be toxic in in vivo studies. Since then semi-synthetic 

derivatives, more potent and less toxic were synthesized [199], as well as other 

compounds, such as CBS9106 (93) that decreases XPO1 protein through proteasomal 

degradation [200]. The small molecule XPO1 inhibitor selinexor (KPT-330: 94), among 

others selective inhibitors of nuclear export (SINEs) are currently in clinical trials [201]. 

MLN4924 (95) is a small molecule inhibitor of the NEDD8-activating enzyme 

(NAE) that entered phase I clinical trials. By inhibiting NAE, it prevents ubiquitination and 

proteasomal degradation mediated by cullin-RING ubiquitin E3 ligases (CRLs) on several 

substrates. The overall network of effects is still not clear, but CRLs are implicated in p53 

ubiquitination [202] and indeed p53 up-regulation is observed [203, 204]. Recently it was 

found that the previous described XPO1 inhibitor CBS9106 induced XPO1 degradation 

through CRL and neddylation pathway, opening new insights about the potentialities of 

interfering with this pathway [205]. 

 

 

 Figure 1.21. Compounds that target upstream regulators of p53 activating pathway. 
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It is necessary to have in consideration that all of these compounds described in this 

section act on targets that will not only affect the p53 signaling pathway, but also several 

others. Consequently some of them are also active in cancers with impaired p53 function.  

 

1.2.5. SIRTUINS INHIBITORS 

As already discussed, wild-type p53 in a cancer environment is often deactivated by 

overexpression of its suppressors, namely MDM2 and MDMX. Other relevant suppressors 

are histone deacetylases (HDACs), and in particular SIRT1 that can be highly expressed in 

cancer cells due to loss of its repressor HIC-1, keeping p53 in a deacetylated status. This 

status can be prooncogenic because acetylation of p53 leads to its activation by: (i) 

promoting p53 stabilization via preventing ubiquitination at the same sites; (ii) inhibiting 

MDM2/MDMX repressive complex formation on target gene promoters; and assembling 

cofactors that endorse p53 transcriptional activation. Therefore, deacetylated p53 in cancer 

cells will primarily favor MDM2-mediated degradation by ubiquitination, impairing p53 

activity [206, 207]. 

Throughout the years several sirtuin deacetylase inhibitors were described in the 

literature, most of them inhibitors of both SIRT1 and SIRT2 isoforms: sirtinol (96, Figure 

1.22), salermide (97) and their derivatives [208-211]; cambinol (98) and analogues [212-

215]. Splitomicin (99) and analogues [216-219], and EX527 (100) and derivatives [220, 

221] are more selective towards SIRT2 and SIRT1, respectively. Tenovins were the first 

compounds inhibitors of SIRT1 and SIRT2, with a well-documented proof-of-concept 

anticancer activity, including in vivo efficacy (tenovin-6: 101), fully validating these 

targets as promising anticancer strategy [222]. Later, inauhzin was reported to be a better 

inhibitor than tenovins and specific towards SIRT1 (102, WST-8 HCT116 p53(+/+) IC50= 

2.0 µM), and also more selective between cancer and normal cells [223].  

Although as mentioned targeting SIRT1 already proved to be valuable in some 

cancers, its role is still quite questioned, since depending on the malignancy it can be found 

overexpressed or reduced. For instance SIRT1 deacetylation of p53 and of oncogene β-

catenin can represent tumor promoter and tumor suppressor effects, respectively. 

Furthermore SIRT2, initially found to be less important, is also being implicated in cancer 

development. Therefore the benefit of using a sirtuin inhibitor (specific isoform or dual 

inhibitor) will be dependent on the type of targeted tissue and cancer [224, 225]. 
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Figure 1.22. SIRT1and/or SIRT2 inhibitors.  

 

1.2.6. S100B INHIBITORS 

The calcium-binding protein S100B is overexpressed in malignant melanoma, 

representing a reliable cancer biomarker. S100B binds directly to p53 in a calcium-

dependent manner, leading to reduction of p53 levels by blocking activating 

phosphorylation sites in the C-terminal, disrupting its oligomerization, and promoting its 

degradation. Since p53 remains wild-type in melanoma, targeting this interaction can be 

useful to restore p53 function [226, 227]. Several inhibitors that targets S100B have 

already emerged such as: pentamidine (SBi1: 103, Figure 1.23) [228], SBi523 (104) [229], 

105 [230] and SC1982 (106) [231]. 

 

 

Figure 1.23. p53-S100B interaction inhibitors. 
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1.2.7. P53-TARGETING COMPOUNDS 

In 2004, as a result of a chemical library screening, a compound named RITA 

(Reactivation of p53 and Induction of Tumor Cell Apoptosis, 107, Figure 1.24) was 

identified to suppress selectively HCT116 cell line expressing wild-type p53 over the p53 

null counterpart cell line. Opposing to p53-MDM2 interaction, it was proposed that RITA 

binds to the p53 N-terminal domain, inducing a conformational change that prevents its 

binding to MDM2, thus restoring p53-transcriptional activity [232, 233]. Interestingly, 

more recently RITA’s mechanism of action was extended to cell lines presenting mutated 

p53. Presumably the binding to mutated p53 might affect the core domain folding in a way 

that potentially restore its DNA binding ability [234]. This dual targeting increases the 

application scope of RITA turning it into a very promising lead compound to rescue p53 

regardless of the nature of its inactivation [235]. In addition, RITA can promote down-

regulation of MDMX selectively in wild-type cancer cells through a pathway independent 

of MDM2 [236]. Novel analogues slightly more active and selective have been already 

synthesized [237, 238].  

 

 

Figure 1.24. RITA. 

 

1.2.8. MUTANT P53 REACTIVATION 

 All strategies described so far are focused on restoring p53 function in a cancer cell 

environment that retains wild-type p53, but somehow impaired. However, p53 function 

perturbations are also observed in cancers as a result of point mutations to the TP53 gene, 

representing the most frequent mutated gene observed in human cancers. Although in some 

cases such event can lead to loss of p53 protein expression, as a result of frameshift or 

nonsense mutations, more frequently it leads to a single amino acid substitution in the 

protein (missense mutations). These replacements take place more frequently within the 

DNA binding domain leading to loss or attenuation of wild-type p53 function. p53 mutants 

can generically be categorized into two groups: contact mutants, in which the amino acid 

replacement affects p53 ability to bind to DNA without significantly affecting its 

conformation; and conformational mutants, in which the substitution promotes a disruption 

of the normal p53 tertiary structure. However, the signaling outcome cannot be 

oversimplified in two possible outcomes, since different mutations can lead to different 

degrees of inhibition/ loss of p53 function, as well as to the acquisition of gain of function. 

This gain of function can further promote tumorigenesis, potentially leading to a more 

aggressive cancer profile. Gain of function by mutant p53 can be a consequence of the 
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activation of others signaling pathways, through interaction with other proteins, such as 

p53 family members p63 and p73, and indirectly affecting gene expression. The intricacy 

of this mutant p53 signaling disturbance effect is further amplified by the fact that different 

expression of its targets can be met in different tissues, potentially generating the variety of 

cancer phenotypes observed, even for the same point mutation [239, 240]. 

  

TABLE 1.3. Therapy strategies when p53 is mutated in cancers.  

- RESTORING WILD-TYPE P53 FUNCTION REF. 

·PhiKan083  

·PhiKan5196  

·PK7088 (108) 

- Target Y220C p53 mutation.  This mutation creates a druggable 

surface crevice that destabilizes the protein.  

[241] 

[242] 

[243] 

·PRIMA-1 

·PRIMA MET 

(APR-246, 109) 

- They are converted into compounds capable of forming adducts 

with mutant p53 cysteine residues. APR-246 is also able to 

restore mutant p63 function among others p53 homologues. 

[244, 

245] 

 

·MIRA-1 (110) 

·STIMA-1 

(111) 

- Probably act by reacting with thiols and amino groups in p53 [246] 

[247] 

·Stictic acid 

(112)  

- Predicted to bind to p53 L1/S3 pocket in the core domain. This 

pocket might also be targeted by PRIMA active products, MIRA 

and STIMA. 
[248] 

·CP-31398 

(113) 

- Reactivate mutant p53 and inhibits p53 ubiquitination and 

degradation. 
[249, 

250] 

·SCH529074 

(114)  

- Binds to p53 core domain and it is believed to acts as 

chaperone, not binding covalently to p53. It also inhibits MDM2-

mediated ubiquitination. 
[251] 

·NSC319726  

(ZMC1, 115) 

- Functions as zinc metallochaperones, providing an optimal 

concentration of zinc to p53, promoting proper folding of p53-

R175H. 

[252, 

253] 

- PROMOTION OF MUTANT P53 DEGRADATION  

·Vorinostat 

(SAHA, 116) 

- SAHA is a histone deacetylase inhibitor and can destabilize the 

complex formed between HSP90 and mut p53. This complex 

inhibits E3 ubiquitin ligases MDM2 and CHIP, causing mut p53 

stabilization. 

[254] 

- INTERFERENCE WITH THE INTERACTION BETWEEN MUTANT P53 AND 

OTHER PROTEINS 
 

·RETRA (117) 

·NSC176327 

(118) 

- Promote the release of p73 protein from the blocking complex 

with mutant p53. NSC176327 is a derivative of ellipticine. 
[255] 

[256] 

 

 A variety of small-molecule therapy strategies can be devised when dealing with 

mutant p53, such as: (i) reactivation of wild-type p53 function; (ii) interference with the 

interaction between mutant p53 and other proteins; (iii) promotion of mutant p53 

degradation; and (iv) downstream interference in the mutant p53 signaling pathways (Table 

1.3, Figure 1.25). The mechanism of action for most of the compounds cited is still not 
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fully understood. Most of them also show p53-independent activity and cytotoxicity in 

cancers with wild-type p53 [20, 239, 240]. Compound APR-246 is in clinical trials and 

vorinostat is already being used in the clinic for treatment of cutaneous T cell lymphoma 

[257]. 

One of the main problems when dealing with chemotherapy is its toxicity to normal 

cells. Therefore finding drugs that can distinguish cancer cells from normal cells is very 

appealing. It was already mentioned in the beginning of this chapter that non-genotoxic 

strategies that focus on reactivating p53 can represent a step further in this direction, due to 

the fact that the outcome of p53 activation relies, among other factors, in the intracellular 

environment that per se is different in cancer and normal cells. In the case of tumors with 

mutated p53, p53 status represents an inherent difference between these two types of cells 

and therefore p53-based cyclotherapy can be a very useful strategy. In this approach, first it 

is given a pretreatment with a low dose of wild-type p53 activating molecule that can 

trigger a transient cell cycle arrest in normal cells, without affecting cancer cells. Then, by 

adding a conventional anticancer agent that targets S and M phase, cancer cells will 

selectively be triggered into an apoptotic outcome [258]. 

 

 

Figure 1.25. Compounds targeting mutant p53. 
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1.3. CONCLUDING REMARKS 

 Due to the unquestionable contribution of p53 to the preservation of genomic 

integrity, it is not surprising that tumor pathogenesis and development involves some sort 

of p53 impairment. Hence, restoring p53 function in cancer cells represents a valuable 

anticancer approach. Several strategies are being developed (Figure 1.26) and in particular 

targeting p53-MDM2 interaction has emerged as a promising approach, when dealing with 

cancers that retain wild type p53 function. Seven compounds have already entered clinical 

trials. 

 p53-MDM2 interaction inhibitors share common structural features: a rigid 

heterocyclic scaffold, from which three lipophilic groups are projected into p53 pocket in 

MDM2, mimicking the three pivotal Phe19, Trp23 and Leu26. Furthermore, all the 

interactions are primarily hydrophobic, with potency increasing essentially by introduction 

of halide-substituted aromatic groups, and PK requirements achieved by inclusion of 

solvent exposure polar groups that can also contribute to potency. 

 

 

Figure 1.26. Different strategies for targeting wild-type and mutant p53 by small molecules.  

Red and green events can be seen as procarcinogenic and anticarcinogenic, respectively. 
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A spirooxindole framework is present in many natural products and in medicinal 

agents with diverse biological activities [259]. In particular, spiropyrrolidine oxindoles 

already revealed to possess anticancer activity by different mechanisms of action, with the 

most studied being the inhibition of p53-MDM2 interaction [73]. As discussed in the 

introduction, a rigid heterocyclic scaffold, from which three lipophilic groups are projected 

are the main features of this type of inhibitors. The main goal of this PhD thesis was to 

develop new anticancer agents containing a spirooxindole scaffold with different spiro 

five-membered rings: isoxazoline, oxadiazoline, and triazolines. 

The PhD thesis carried out the following three major strategies: 

2.1. Synthesis of spirooxindole derivatives; 

2.2. Biological evaluation of the compounds synthesized; 

2.3. Stability assessment. 

 

2.1. SYNTHESIS OF SPIROOXINDOLE DERIVATIVES 

The spirooxindoles were obtained by 1,3-dipolar cycloaddition between alkene and 

imine oxindoles and 1,3-dipoles generated in situ. To introduce variability to the five-

membered ring, different 1,3-dipoles were also probed (Scheme 2.1): 

- Spiroisoxazolines: 1,3-dipolar cycloaddition between 3-methylene indolin-2-ones 

and nitrile oxides; 

- Spirooxadiazolines: 1,3-dipolar cycloaddition between 3-imino indolin-2-ones 

and nitrile oxides; 

- Spirotriazolines: 1,3 dipolar cycloaddition between 3-imino indolin-2-ones and 

nitrile imines. 

In order to obtain compounds with better anticancer activity, molecular diversity 

was introduced by attaching different groups to the spirooxindole moiety. These 

modifications were mainly focused in hydrophobic moieties, since the p53-MDM2 

interaction is primarily hydrophobic. 
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 Spiro[indoline-3,5’-isoxazoline]-2-one 

 
 Spiro[indoline-3,5’-[1,2,4]oxadiazoline]-2-one 

 
 Spiro[indoline-3,3’-[1,2,4]triazoline]-2-one 

Scheme 2.1. Different spirooxindole scaffolds synthesized during the PhD. 

 

2.2. BIOLOGICAL STUDIES 

In vitro studies are required for proof-of-concept. The biological evaluation had two 

main goals: to prove that spiro compounds are cytotoxic and that their cytotoxicity occurs 

through an apoptotic outcome, mediated by activation of the p53 signaling pathway in 

cancer cell lines. Furthermore, it was also assessed if this activation involves disruption of 

the interaction between p53 and MDM2. 

 

- Assessment of cell viability in cancer cell lines. The antiproliferative activity of 

the compounds was evaluated by MTS or MTT assays in several cell lines with different 

p53 status. These assays will indicate if spiro compounds have anticancer activity. 

Furthermore, SAR study led to new sets of synthesis and biological assessment in an 

attempt to obtain compounds with improved activity. Only the most active compounds 

continued for further biological evaluation. 

 

- Evaluation of compounds ability to block the intracellular p53-MDM2 

interaction. This assessment was achieved by implementing a bimolecular fluorescence 

complementation assay (BiFC) developed in the group of Professor Cecília Rodrigues 

[260]. This assay uses expression plasmids encoding p53 and MDM2 fused to the two 
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halves of the fluorescent protein Venus in HCT116 p53(-/-) cell line. This assay allows the 

direct visualization of the p53-MDM2 interaction in living cells.  

 

- Evaluation of compounds ability to induce apoptosis in cancer cell lines. To 

evaluate apoptosis, immunoblotting analysis and caspase 3/7 activity assays were 

performed in whole-cell lysates obtained after 24 h of incubation with the compounds. 

With these experiments, it is expected to observe in wild-type p53 cells a dose-dependent 

increase of cleaved PARP and a dose-dependent induction of caspase activity 

 

2.3. STABILITY ASSESSMENT  

Stability of the most promissing compounds was assessed. These determinations 

are important to give a preliminary idea of the compounds PK properties and consequently 

to guide the selection of the best candidate to advance into in vivo studies. Chemical 

stability and blood compartment enzimatic stability were evaluated by incubating the 

compounds in pH 7.4 phosphate buffer and human plasma at 37ºC, respectively. Metabolic 

stability was assessed by determination of the compounds half-lives in rat pooled liver 

microsomes at 37ºC with NADPH regenerating system. All these measurements were 

analyzed by HPLC.  

 

2.4. THESIS LAYOUT 

Chapters three to five are dedicated to the synthesis and biological evaluation of 

spiroisoxazoline oxindoles. Chapter three presents the first studies performed to optimize 

the methodology to obtain the spiroisoxazoline oxindole scaffold. These studies were 

developed for spiroisoxazoline oxindole derivatives containing ester groups in position R3 

(Scheme 2.1). In chapter four, the synthetic scope was increased, in order to obtain 

spiroisoxazoline oxindole derivatives with alquilic and aromatic groups in this position. 

Furthermore, it is also presented the biological and stability assessment. Chapter five 

presents the attempts to synthesize enantioselectively the most active derivative. These 

experiments were carried out in Franz group at University of California – Davis during a 

PhD short scientific mission (3 months) financed by FCT. This chapter also describes 

experiments developed for the enantioselective synthesis of a spiropyrroline oxindole 

derivative performed in parallel to the main objectives of the PhD. Chapter six and seven 

are dedicated to the synthesis, biological evaluation and stability assessment of the 

spirooxadiazoline and spirotriazoline oxindole libraries, respectively. General conclusions 

and future perspectives are described in chapter eight. 
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Chapter  

3 
SPIROISOXAZOLINE OXINDOLES: 

SYNTHETIC METHODOLOGY OPTIMIZATION  

 

 

 

 

 

This chapter describes the synthesis of spiroisoxazoline oxindoles containing ester groups 

at position 4’ and aromatic or ester groups at position 3’ of the isoxazoline ring. The 

compounds were synthesized in yields up to 94% by 1,3-dipolar cycloaddition of 3-

methylene indolin-2-ones and chlorooximes in the presence of triethylamine or zinc. 

 

- Carlos J. A. Ribeiro, S. Praveen Kumar, Rui Moreira, Maria M. M. Santos, Efficient synthesis of 

spiroisoxazoline oxindoles. Tetrahedron Lett., 2012. 53(3): p. 281-284 

- Carlos J. A. Ribeiro, Rui Moreira, Maria M. M. Santos. Synthesis of a spiroisoxazoline oxindole by 1,3-

dipolar cycloaddition. In: Comprehensive Organic Chemistry Experiments for the Laboratory Classroom 

Book, Royal Society of Chemistry (accepted). 
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3.1. INTRODUCTION 

The most common approach to prepare isoxazoline derivatives is by 1,3-dipolar 

cycloaddition between nitrile oxides and alkene dipolarophiles. Nitrile oxides are generally 

generated in situ in the presence of the dipolarophile in order to avoid dimerization. That 

can be achieved by dehydration of primary nitroalkanes or by dehydrohalogenation of 

hydroximoyl halides [261, 262]. Translating to the intended scaffold, spiroisoxazoline 

oxindoles (119, Scheme 3.1) can be synthesized by 1,3-dipolar cycloaddition between 

nitrile oxides (120) and 3-methylene indolin-2-ones (121).  

 

 

Scheme 3.1- Retrosynthesis of spiroisoxazoline oxindoles derivatives, highlighting the final step  

between 3-methylene indolin-2-ones (121) and chlorooximes (123). 

 

During the master thesis work [263], attempts were made to obtain the desired spiro 

compounds by dehydration of primary nitro compounds (122). However, after employing 

unproductively several well-known dehydration methods described in literature (Table 3.1) 

[264-269], the focus was redirected to chlorooximes (123). 

This chapter describes the methodology developed to obtain spiroisoxazoline 

oxindoles with ester groups in R3 position. This endeavor started with compound 119a 

(R1= CH3, R
2= H, R3= CO2Et), which was synthesized in a very low yield in the previous 

work [263].  
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Table 3.1. Cycloadditions attempts, using primary nitro compound 122a as precursors of nitrile oxides. 

 

Entry[a] dehydration agent solvent time (h) T (ºC) 

1 DABCO CHCl3 9 60 

2 DABCO CHCl3 0.5 120 

3 DABCO Toluene 0.5 160 

4 DABCO Toluene 0.5 160 

5 1-NMI CHCl3 21.5 60 

6 1-NMI CHCl3 0.5 120 

7 1-NMI Toluene 0,5 160 

8 PhNCO/ TEA Toluene 49 90 

9 Boc2O/ DMAP Toluene 19 90 

10 POCl3/ TEA Toluene 22 rt 

[a] Entries 1, 5: the reaction was proceeded in a sealed vessel. Conditions: 121a (1.0 equiv),  122a 

(2.0 equiv), base (0.5 equiv) [265]. Entries 2-3, 6-7: Conditions: 121a (1.0 equiv),  122a (2.0-2.5 

equiv), base (2.0 equiv), M.W. (300 W, sealed vessel). Entry 4: Conditions: 121a (1.0 equiv), 122a 

(2.0 equiv), DABCO (0.5 equiv), ZnCl2 (1.0 equiv), M.W. (300 W, sealed vessel). Entry 8: 

Conditions: 121a  and  122a  (1.0 equiv), PhNCO (2.6 equiv) and TEA (0.3 equiv) [267, 268]. 

Entry 9: Conditions: 121a  and  122a  (1.0 equiv), DMAP (0.2 equiv) and Boc2O (2.5 equiv) [267]. 

Entry 10: Conditions: 121a  and  122a  (1.0 equiv),  POCl3 (2.0 equiv) and TEA (6.0 equiv) [269]. 

 

3.2. SYNTHESIS OF INTERMEDIATES 

3-methylene indolin-2-ones containing an ester group (121, R3= ester group) were 

prepared by Wittig reaction between indolin-2,3-diones (125) and phosphonium ylides 

(126), and were obtained in very good yields (92-98 %) [270]. In addition, N-methyl 

indolin-2,3-dione was synthesized by methylation of indoline-2,3-dione with iodomethane 

in the presence of K2CO3 (96 % yield) [271] (Scheme 3.2, Table 3.2). All four starting 3-

methylene indolin-2-one derivatives were synthetized as E-isomers as described in 

literature [270, 272-274], and that was confirmed by 1H NMR, by tracking the chemical 

shift of H-4, which is highly sensitive to the substitution at C-8 and to the E–Z 

configuration [272]. Using 121a as example, H-4 signal appeared deshielded when 

compared to the starting indolin-2,3-dione (8.56 versus 7.61 ppm respectively), 

corroborating the E configuration. 

Chlorooximidoacetates (123, R4= ester groups) were prepared by addition of 

NaNO3 and HCl to a aqueous solution of the corresponding glycine ester hydrochloride 

(127) and were obtained in moderate yields (51-58 % yield) [275]. The aromatic 

derivatives (123, R4= aromatic group) were synthesized starting from the corresponding 
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aromatic aldehyde 128. By reacting with hydroxylamine it was formed first the aldoxime 

(129) in situ and then the halogenation reaction was achieved by employing NCS in the 

presence of catalytic pyridine (71-85 % yield) [276] (Scheme 3.3, Table 3.2).  

The 1H NMR spectra of the intermediates are in accordance with literature [274-

283]. 

 

  

Scheme 3.2- Synthesis of ester 3-methylene indolin-2-ones. 

 (a) toluene, 80 ºC, 5-6 h 

 

Ester chlorooximes: 

  

  

Aromatic chlorooximes: 

 

Scheme 3.3. Synthesis of chlorooximes. (a) HCl, NaNO2, H2O, -5 ºC, 1 h; (b) NH3OH·HCl, Na2CO3 

H2O, reflux, 2-5 h; (c) NCS, pyridine, CHCl3, r.t., 24h. 

 

 

Table 3.2. Intermediates synthesized. 

Compound R1 R3 
Yield 

(%) 

 
Compound R4 

Yield 

(%) 

121a Me Et 92  123a CO2Et 58 

121b H Et 97  123b Ph 85 

121c Me Me 93  123c CO2Me 51 

121d H Me 98  123d p-OMePh 71 

 

 

3.3. SYNTHESIS OF SPIROISOXAZOLINE OXINDOLES AND OPTIMIZATION 

Classically the dehydrohalogenation and cycloaddition are achieved by slow 

addition of one equivalent of a tertiary amine base, normally triethylamine (Et3N), to a 

solution or suspension of the chlorooxime and dipolarophile in an inert organic solvent 

such as diethyl ether at low temperature [284]. 

Applying the protocol described in the literature by El-Ahl [285], spiroisoxazoline 

oxindole 119a was isolated after recrystallization in a very low yield (Table 3.3, entry 1). 
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In order to improve the yield, several reaction conditions were tested. It was found that 

changing the reagents addition sequence order (entry 1 and 3 versus 2 and 4) and 

increasing the number of equivalents of the chlorooxime (entries 3, 4 and 5) led only to a 

slight increase in the yield of 119a. The use of sodium hydride or zinc to form the nitrile 

oxide (entries 6 and 7) also only improved very slightly the yield of product. In addition, 

changing the solvent (CHCl3, toluene, THF) and the base (DIEA, DABCO) did not 

increase the reaction yield either [263]. 

 

Table 3.3. Optimization attempts of the 1,3-dipolar cycloaddition reaction using clorooxime 121a. 

 

 

 

 

 

 

 

 

 

entry dipole 

equiv 

dehydrochlorinating 

agent (D. A.) [d] 

solvent Time 

(h)[e] 

Yield  

(%)[f] 

1[a] 1 Et3N Et2O 5 16 

2[b] 1 Et3N Et2O 5 16 

3[a] 2 Et3N Et2O 5 20 

4[b] 2 Et3N Et2O 5 22 

5[b] 3 Et3N Et2O 5 25 

6[b] 1 NaH THF 5 18 

7[c] 1 Zn Et2O 48 20 

[a] Slow addition of Et3N solution (1.0-2.0 equiv) for 30 min (for each equiv) to a solution of 121a 

(1.0 equiv) and 123a (1.0-2.0 equiv) at 0ºC [285]; [b] Slow addition of 123a solution (1.0-3.0 

equiv) for 30 min (for each equiv) to a solution of 121a (1.0 equiv) and base (1.0-3.0 equiv) at 

0ºC; [c] A mixture of the three components, 121a (1.0 equiv), 123a (1.0 equiv), and Zn (1.0 equiv) 

was stirred at r.t.; [d] All dehydrochlorinating agents (D. A.) were used in the same number of 

equiv as chlorooxime 123a; [e] Reaction time after addition of all reagents and D. A. at r.t.; [f] 

After column chromatography. 

 

It can be rationalized that the low yields obtained for all conditions are presumably 

a consequence of the rapid dimerization of the 1,3-dipole generated in situ. The 

dimerization reaction is extremely fast at room temperature for low aliphatic nitrile oxides, 

while for most aromatic derivatives the half-life are of several hours [284]. Therefore, it 

was decided to study the reaction with aromatic chlorooximes to evaluate if the observed 

low yields could be averted. Interestingly, cycloaddition between 121a and chlorooxime 

123b occurred even without the presence of a dehydrochlorinating agent (D. A.) (Table 

3.4, entry 1), although in low yield (11 %). The use of Et3N, NaH or Zn improved almost 3 

times the yield of 123b (entries 2-4). In this case, increasing the number of equivalents of 

chlorooxime 123b to 3 equivalents was sufficient to increase significantly the yield of 

119b, from 33 % to 80 % (entry 6 versus 2). 
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Table 3.4. Optimization of the 1,3-dipolar cycloaddition reaction using chlorooxime 123b. 

 

 

 

 

entry dipole 

equiv 

dehydrochlorinating 

agent (D. A.)[c] 

time (h)[d] S. M. recovery 

(%)[e] 

yield 

(%)[e] 

1[a] 1 - 15 88 11 

2[a] 1 Et3N 15 67 33 

3[a] 1 NaH 15 65 32 

4[b] 1 Zn 15 61 35 

5[a] 2 Et3N 15 31 68 

6[a] 3 Et3N 15 16 80 

[a] Slow addition of 123b solution (1.0-3.0 equiv) for 30 min (for each equiv) to a solution 

of 121a (1.0 equiv) and base (1.0-3.0 equiv) at 0 ºC; [b] A mixture of the three components, 

121a (1.0 equiv), 123b (1.0 equiv), and Zn (1.0 equiv) was stirred at r.t.; [c] All 

dehydrochlorinating agents (D. A.) were used in the same number of equiv as chlorooxime 

123a; [d] Reaction time after addition of the chlorooxime at r.t.; [e] After column 

chromatography. S. M.: starting material. 

 

This methodology was then applied to 3-methylene indolin-2-ones 121b-d (Table 

3.5). Using three equivalents of N-hydroxybenzimidoyl chloride (123b) in the presence of 

three equivalents of Et3N, compounds 119c-e were obtained in 89-94 % yields. For the N-

deprotected 3-methylene indolinones, a mixture of Et2O:THF (1:1) was used as the solvent 

to improve the solubility of the starting material.  

 

Table 3.5. Cycloaddition reaction scope: Using different dipolarophiles with chlorooxime 123b. 

  
 

entry R1 R3 product solvent yield (%)[a] 

1 Me CO2Et 119b Et2O 80 

2 Me CO2Me 119c Et2O 94 

3 H CO2Et 119d Et2O/THF 89 

4 H CO2Me 119e Et2O/THF 92 

[a] After column chromatography. 

The absence of a base reduces significantly the rate of dehydrochlorination, and 

that was clearly evident when zinc was used as dehydrochlorinating agent for 

chlorooximidoacetate 123a (Table 3.3, entry 7 versus 1, 2 and 6). As a consequence, nitrile 

oxide dimerization is also likely to occur more slowly in the presence of zinc. In fact, 
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increasing the equivalents of chlorooxime in the presence of zinc, the yield of 119a 

increased from 20 to 79 % (Table 3.3 - entry 7 versus Table 3.6 - entry 1). 

Applying this method, several spiroisoxazoline oxindoles derivatives were 

synthesize in 71-92 % yields from different chlorooximes 123a-d and 3-methylene indolin-

2-ones 121a-d (Table 3.6).  

 

Table 3.6. Cycloaddition reaction scope: Using three equivalents of chlorooxime and zinc. 

 

Entry R1 R3 R4 product solvent t (h) yield (%)[a] 

1 Me CO2Et CO2Et 119a Et2O 36 79 

2 Me CO2Et Ph 119b Et2O 15 92 

3 Me CO2Me CO2Et 119f Et2O 48 72 

4 Me CO2Et CO2Me 119g Et2O 36 74 

5 H CO2Et CO2Et 119h Et2O/THF 36 77 

6 H CO2Me CO2Et 119i Et2O/THF 48 76 

7 H CO2Et CO2Me 119j Et2O/THF 36 71 

8 H CO2Et pOMePh 119k Et2O/THF 15 87 

9 Me CO2Et pOMePh 119l Et2O 15 89 

[a] After column chromatography. 

 

3.4. REGIO AND STEREOSELECTIVITY CONSIDERATIONS 

1,3-dipolar cycloaddition reactions between a nitrile oxide and a alkene can 

generate two regioisomeric isoxazolines, with regioselectivity dependent upon electronic 

and steric effects. The electronic nature of the dipolarophile substituents to the 

regioselectivity outcome is particularly important for 1,2-dissubtituted dipolarophiles. 

However, as a generalization, the oxygen of the nitrile oxide tends to bond to the most 

highly substituted end of the alkene [284, 286]. Applying this consideration to 

spiroisoxazoline oxindole cycloaddition reaction it was expected and later observed that 

the regioisomer obtained would be the spiro[indoline-3,5’-isoxazoline]-2-one (Scheme 3.4, 

exemplified for compound 119a). Furthermore searching through literature for similar 

spiroisoxazoline oxindole structures obtained by 1,3-dipolar cycloaddition between 3-

methylene indolin-2-ones (mostly 3-substituted alkenes derivatives [285, 287-289]) and 

nitrile oxides also corroborate the exclusive (130 [287], 131 [288], Figure 3.1) or almost 

exclusive (> 20:1 132 [290]) formation of this regioisomer. The only exception was 

described by El-Ahl in which the 1,3 dipolar cycloaddition was reported to give 

regioselectively (> 95 %) the spiro[indoline-3,4’-isoxazoline]-2-one (133, [285]). 
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 Spiro[indoline-3,5’-isoxazoline]-2-one 

 

 
 Spiro[indoline-3,4’-isoxazoline]-2-one 

  

Scheme 3.4- Possible regioisomers formed as a result of 1,3-dipolar cycloaddition between 121a and 120a. 

 

By NMR studies and X-ray crystallography (Figure 3.2) it was confirmed that the 

regioisomer obtained was the expected spiro[indoline-3,5’-isoxazoline]-2-one. In the NMR 

the most enlightening signals correspond to the proton of the isoxazoline ring (H-4’) and 

its carbon (C-4’) and to the spiro carbon. For all cases the presence of vicinal oxygen 

instead of a carbon makes these signals appear downfield. For example the spiro carbon 

chemical shift obtained for compound 119a was 88.47 ppm. This value is in the normal 

range obtained for spiro[indoline-3,5’-isoxazoline]-2-ones (87.61 – 89.81 ppm [287], 

Table 3.7; 86.68 – 89.0 ppm [290]). The same rationalization can also be made for C-4’ 

(59.46 ppm) and H-4’ (4.76 ppm). As mentioned, this reaction is regiospecific and 

therefore the NMR signals for the spiro[indoline-3,4’-isoxazoline]-2-one are not reported 

in literature (El-Ahl did not report 13C NMR values). Just to have an idea of the expected 

difference observed for both regioisomers it is reported in Table 3.7 the values for the 

structurally similar spiroisoxazolidine oxindoles (134) [270]. As expected the spiro carbon 

signal appears much more shielded for the 5-regioisomer 134a (83.0 – 83.7 as opposed to 

66.3 – 68.9 ppm).  

Furthermore the additional isoxazoline carbon (C=N) appeared at 149.48 ppm in 

the 13C NMR spectrum (147.8 – 149.1 ppm [287]).  
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Figure 3.1- Spiroisoxazoline oxindoles obtained by 1,3-dipolar cycloaddition described in literature. 

 

 

Figure 3.2- X-ray crystallography structure of spiroisoxazoline oxindole 119a [263]. 

 

Table 3.7. NMR chemical shifts (ppm) for representative spirooxindoles derivatives. 

  

   

 119a 130 134a 134b 

Cspiro 88.47 87.61 – 89.81 83.0 – 83.7 66.3 – 68.9 

H-4’ 4.76 4.96 – 5.40 4.16 – 4.24 - 

C-4’ 59.46 55.62 – 64.91 64.3 – 64.8 - 

H-5’ - - - 5.30 – 5.45 

C-5’ - - - 81.9 – 84.7 

 

As observed for compound 119a, in all the other reactions described the 

regioisomer purified was the spiro[indoline-3,5’-isoxazoline]-2-one, as confirmed by 1H 

NMR (δ H-4’ 4.76 – 4.93 ppm) and 13C NMR (δ Cspiro 86.7 – 88.9 ppm). Furthermore, 

the isoxazoline C=N chemical shift appeared at 149.26 – 154.65 ppm. 
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In addition, since pericyclic reactions occur through a concerted mechanism, the 

relationship between substituents in the starting materials needs to be preserved in the final 

product. Therefore in 119a the oxindole phenyl group will be in the same direction as 

CO2Et and consequently H-4’ and oxindole carbonyl will be projected to the other side, as 

observed by X-ray crystallography (Figure 3.2). 

All compounds were further characterized by melting point, IR and mass 

spectrometry (chapter 9). 

 

3.5. CONCLUDING REMARKS 

In conclusion, twelve spiro[indoline-3,5’-isoxazoline]-2-ones were synthesized, 

containing ester groups at position 4’ and aromatic or ester groups at position 3’, in yields 

up to 94%. In addition, this work represents the first time that zinc is being used as the 

dehydrochlorinating agent in 1,3-dipolar cycloaddition reactions. This methodology can be 

applied to chlorooximes with an aryl or ester side chains and does not require the slow 

addition of base to avoid nitrile oxide dimerization. 
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Chapter  

4 
 

SPIROISOXAZOLINE OXINDOLES: 

INCREASING SYNTHETIC SCOPE AND BIOLOGICAL EVALUATION  

 

               

This chapter reports the synthesis of additional twenty one spiroisoxazoline oxindoles, this 

time with aromatic side chain at C-4’ position. It also reports the evaluation of all thirty 

three derivatives synthesized as anticancer agents, and in particular as potential p53-

MDM2 interaction inhibitors. Seven compounds showed an antiproliferative profile 

superior to the p53-MDM2 interaction inhibitor nutlin-3, and induced cell death by 

apoptosis (shown for compounds 119aa and 119ac). Moreover, proof-of-concept was 

demonstrated by inhibition of the interaction between p53 and MDM2 in a live-cell 

bimolecular fluorescence complementation assay for compound 119z.  

- Carlos J. A. Ribeiro, Joana D. Amaral, Cecília M. P. Rodrigues, Rui Moreira, Maria M. M. Santos, 

Synthesis and evaluation of spiroisoxazoline oxindoles as anticancer agents. Bioorg. Med. Chem., 2014. 22: 

p. 577-584 
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4.1. INTRODUCTION 

Heterocycles possessing a spirooxindole framework are found in many natural 

products and medicinal agents with diverse biological activities (Figure 4.1) [259, 291, 

292]. The attractiveness of this type of scaffold in organic and medicinal chemistry is 

evident by the increasing number of publications in the subject throughout the years 

(Figure 4.2, A). One reason behind its popularity can be attributed to the fact that a 

centrally situated spiro carbon imposes conformational restriction to the structure. As a 

result it creates a specific three-dimensionality that can be beneficial to maintain the 

molecule in the desired conformation for ligand-target binding, and therefore potentially 

promoting an increase in potency and/ or specificity [291]. Furthermore, reducing 

molecular flexibility also potentially contributes to better PK properties [293]. 

 

 

Figure 4.1. Examples of spirooxindoles with biological activity. 

 

Among their biological effects, the most frequently reported in literature is their 

antiproliferative activity against cancer cell lines (Figure 4.3) [294]. For some of these 

compounds additional information about their mechanism of action is given. For instance, 

CFI-400945 (145) is a PLK4 inhibitor. PLK4 represents a new potential anticancer 

strategy, since it is found up-regulated in about 80% of cancers and is involved in centriole 

duplication during the cell cycle, cytokinesis and maintenance of chromosomal stability 

and can promote cancer cell invasion [295]. Compound (-)-146 interferes with microtubule 

polymerization and arrests mitosis [296] and compounds 13 and 24 modulate p53. As 

discussed in chapter 1, spiro[indoline-3,3’-pyrrolidine]-2-one oxindole derivatives are 

potent inhibitors of the interaction between  p53-MDM2,  with  compound  MI-77301  (13)  
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A B 

  

Figure 4.2. Number of publications per year in the last 15 years for the topic:  

(A) spirooxindole(s) and (B) p53-MDM2 interaction inhibitor(s). 

 

 

 

Figure 4.3. Examples of spirooxindoles with anticancer activity. 
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already in clinical trials. In this last decade, after publication of the first co-crystal structure 

of an inhibitor bound to MDM2 in 2004, it is observed an increase interest in this target as 

p53 reactivating anti-cancer strategy (Figure 4.2, B). 

This chapter describes the anti-cancer activity for spirooxindoles with an 

isoxazoline fused ring. Due to structural similarities to spiropyrrolidines their potentiality 

as p53-MDM2 interaction inhibition will also be analyzed. The oxindole moiety could 

potentially mimic the indole side chain of Trp23 of p53 and the spiroisoxazoline ring 

would act as the rigid heterocyclic scaffold. In addition, due to the fact that mimicking p53 

entails three hydrophobic moieties, it was synthesized primarily derivatives with three 

aromatic side chains attached to the isoxazoline moiety.  

 

4.2. SYNTHESIS OF INTERMEDIATES 

3-methylene indolin-2-ones (121) possessing aromatic and alquilic substituents at 

R3 were synthesized by aldolic condensation of substituted indolin-2-ones (147) with 

different aldehydes (128) in the presence of catalytic piperidine (76-99 % yield) [297] 

(Scheme 4.1, Table 4.1). 

 

Scheme 4.1. Synthesis of 3-methylene indolin-2-one. 

(a) piperidine, EtOH, reflux, 3-5h. 

 

Table 4.1. Synthesis of 3-methylene indolin-2-ones. 

Compd R1 R2 R3 
Yield 

(%) 

 
Compd R1 R2 R3 

Yield 

(%) 

121e H H Ph 99  121j H 7-Cl Ph 99 

121f H H p-OMePh 76  121k H 6-Cl Ph 95 

121g Me H p-OMePh 89  121l H 6-Cl p-OMePh 99 

121h H H Propyl 96  121m H 6-Br Ph 93 

121i H 5-NO2 Ph 93       

  

The benzylidene indolin-2-ones may exist as either Z or E isomer depending on the 

substituents at C-8 and C-4. Furthermore, isomer E tends to be favored in great extent in 

benzylidene indolin-2-ones without substituents at C-4 [297-299], as observed for all 

derivatives synthesized. Exemplifying with compound 121g, ortho-arylidine signal of the 

minor Z isomer appears deshielded (8.40 ppm) in comparison to the major E isomer (7.65 

ppm), due to the presence of the oxindole carbonyl. The same rationalizations can be made 
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to H-8 chemical shift. However, it is noteworthy mentioning that E–Z isomerization is 

observed over time in the solvent employed [296, 300, 301]. 

 Aldoximes (129) were synthesized from the corresponding aldehyde (128) by 

reaction with hydroxylamine hydrochloride in the presence of Na2CO3 (87-98% yield) 

[276] (Table 4.2, Scheme 4.2). 

The 1H NMR spectra of the intermediates are in accordance with literature [301-

312]. 

 

         Table 4.2. Synthesis of aldoximes 

Compound R4 
Yield 

(%) 

129a Ph 97 

129b p-OMePh 89 

129c o-OMePh 97 

129d p-MePh 87 

129e p-NO2Ph 98 
 

 
Scheme 4.2. Synthesis of aldoximes 

(a) NH3OH·HCl, Na2CO3, H2O, reflux, 24h. 

 

 

 

4.3. SYNTHESIS OF SPIROISOXAZOLINE OXINDOLE DERIVATIVES 

In the last chapter it was described the optimization of the 1,3-dipolar cycloaddition 

reaction, revealing that when ester chlorooximes were used, the best protocol involved 3 

equivalents of chlorooxime and Zn (Scheme 4.3, step a). Therefore, derivatives 119m and 

119n were additionally prepared using this procedure (Table 4.3). When aromatic 

chlorooximes were employed, spirooxindoles were obtained in high yields in the presence 

of Zn or Et3N (e.g. 119b, 80 and 92 %, respectively, Table 3.4, entry 6; Table 3.6, entry 2). 

However, this was observed when R3 was an ester group. Reaction yields for compounds 

119o and 119p revealed that electron-donating group at R3 of the dipolarophile decreased 

considerably its reactivity to the 1,3-dipole (34 % and 22 % yield, respectively).  

Due to the fact that hydroximoyl chlorides are unstable, it was decided to try to 

consecutively generate in situ both chlorooxime and nitrile oxide. Applying the protocol 

developed by Risitano et al [287], in which the hydroximoyl chloride is first generated in 

situ and then cycloaddition occurs after addition of compound 121 and Et3N, compound 

119q was synthesized in 22 % yield (Table 4.4, entry 1). Increasing the number of 

chlorooxime equivalents improved the yield to 53 % (entry 2). Repeating the same 

protocol, but using metallic zinc as dehydrohalogenating agent instead, reduced the yield to 

42 % (entry 3). Therefore, the following spiroisoxazoline oxindoles (119r-ag) were 

prepared using the best condition in yields of 43-76 % (Scheme 4.3, step b and c, Table 

4.3). 
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Scheme 4.3- Synthesis of spiroisoxazoline oxindoles. (a) Zn, ether or ether:THF (1:1), r.t., 36 h; (b) NCS, 

pyridine, CHCl3, r.t., 24 h (c) Et3N, CHCl3, reflux, 26 h. 

 

Table 4.3. New spiroisoxazoline oxindole synthesized. 
 

 

Compd R1 R2 R3 R4 yield (%)[a] 

119m H H Ph CO2Et 42 

119n H H p-OCH3Ph CO2Et 38 

119o H H Propyl Ph 34 

119p CH3 H p-OCH3Ph Ph 22 

119q H H Ph Ph 53 

119r H H Ph p-NO2Ph 57 

119s H H Ph p-OCH3Ph 70 

119t H H p-OCH3Ph Ph 57 

119u H H p-OCH3Ph p-OCH3Ph 72 

119v H 5-NO2 Ph Ph 52 

119w H 5-NO2 Ph p-OCH3Ph 72 

119x H 7-Cl Ph p-NO2Ph 46 

119y H 7-Cl Ph p-OCH3Ph 66 

119z H 6-Cl Ph Ph 55 

119aa H 6-Cl Ph p-OCH3Ph 49 

119ab H 6-Cl Ph p-NO2Ph 43 

119ac H 6-Cl Ph p-CH3Ph 71 

119ad H 6-Cl Ph o-OCH3Ph 76 

119ae H 6-Cl p-OCH3Ph p-OCH3Ph 70 

119af H 6-Br Ph Ph 44 

119ag H 6-Br Ph p-OCH3Ph 73 

[a] For compounds 119m-p the yields correspond to step a (Scheme 4.3). For compounds 119o-ag  

the yields correspond to step b and c (Scheme 4.3). 
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Table 4.4. Synthesis of compound 119q. 

 
Entry dipole 

equiv 

dehydrochlorinating 

agent (D.A.)[a] 

time (h)[b] yield (%) 

1 1 Et3N 15 22 

2 3 Et3N 15 53 

3 3 Zn 15 42 

[a] Dehydrochlorinating agents (D.A.) were used in the same number of 

equiv as aldoxime 129a. [b] Reaction time after addition of the D.A. 

 

4.4. REGIO AND STEREOSELECTIVITY CONSIDERATIONS 

As discussed in chapter 3, the final compounds correspond to the spiro[indoline-

3,5’-isoxazoline]-2-one regioisomer. The chemical shift of the spiro carbon and the 

isoxazoline C=N appeared at 88.41 – 91.14 ppm and 154.90 – 160.54 ppm, respectively. 

The relative configuration was established by NMR comparisons with others 

spiroisoxazoline oxindoles [287], and with the X-ray crystallography structure of 

compound 119a (Figure 3.2). Furthermore, NOE effect was observed in compound 119ad 

between the H-4 of the oxindole and the ortho protons of the phenyl at C-4’ of the 

isoxazoline ring, revealing spatially proximity and corroborating the established 

configuration. The compounds were further characterized by melting point, IR and their 

purity assessed by elemental analysis (chapter 9). 

 

4.5. BIOLOGICAL STUDIES 

  

4.5.1. Assessment of cell viability 

The antiproliferative activity of the 33 spiroisoxazoline oxindoles was evaluated in 

a human hepatocellular carcinoma cell line (HepG2) with wild type p53 (Table 4.5). As 

expected all compounds with ester groups in position R3 and/or R4 (119a-n) were inactive 

(GI50> 100 µM, Table 4.5). In addition, compound 119q with no substituents in the three 

phenyl rings was also not active. However, any substituent introduced at position R2 and/or 

to the phenyl ring at R4 gave rise to active compounds (119r-s, 119v-ad, and 119af-ag). 

Introducing a p-methoxyphenyl group at position R3 abrogates antiproliferative activity, 

despite the pattern of substituents in other positions (119p, 119t-u and 119ae). 
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Table 4.5. In vitro antiproliferative activities in HepG2 cell line. 

 

Compd R1 R2 R3 R4 
HepG2 

GI50, M[a] 

 
Compd R1 R2 R3 R4 

HepG2 

GI50, M[a] 

119a CH3 H CO2Et CO2Et >100  119r H H Ph p-NO2Ph 52.14±1.09 

119b CH3 H CO2Et Ph >100  119s H H Ph p-OCH3Ph 77.77±1.05 

119c CH3 H CO2Me Ph >100  119t H H p-OCH3Ph Ph >100 

119d H H CO2Et Ph >100  119u H H p-OCH3Ph p-OCH3Ph >100 

119e H H CO2Me Ph >100  119v H 5-NO2 Ph Ph 83.59±1.04 

119f H H CO2Me CO2Et >100  119w H 5-NO2 Ph p-OCH3Ph 53.10±1.14 

119g CH3 H CO2Et CO2Me >100  119x H 7-Cl Ph p-NO2Ph 55.48±1.11 

119h CH3 H CO2Et CO2Et >100  119y H 7-Cl Ph p-OCH3Ph 55.79±1.11 

119i H H CO2Me CO2Et >100  119z H 6-Cl Ph Ph 37.07±1.08 

119j H H CO2Et CO2Me >100  119aa H 6-Cl Ph p-OCH3Ph 38.14±1.08 

119k H H CO2Et p-OCH3Ph >100  119ab H 6-Cl Ph p-NO2Ph 33.84±1.11 

119l CH3 H CO2Et p-OCH3Ph >100  119ac H 6-Cl Ph p-CH3Ph 29.11±1.09 

119m H H Ph CO2Et >100  119ad H 6-Cl Ph o-OCH3Ph 35.70±1.07 

119n H H p-OCH3Ph CO2Et >100  119ae H 6-Cl p-OCH3Ph p-OCH3Ph >100 

119o H H Propyl Ph >100  119af H 6-Br Ph Ph 32.84±1.07 

119p CH3 H p-OCH3Ph Ph >100  119ag H 6-Br Ph p-OCH3Ph 31.69±1.10 

119q H H Ph Ph >100  Nutlin-3     51.31±1.04 

[a] GI50 determined by the MTS method. Each value is the mean (GI50 ± SEM) of three independent experiments. 
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The most active compounds were obtained when a halogen was introduced at 

position 6 (Cl or Br) of the oxindole moiety (119z-ad, and 119af-ag). In fact, 

spiropyrrolidine oxindole derivatives already published with co-crystal structure bound to 

MDM2 (e.g. [123]) revealed that the oxindole moiety can perfectly mimic the indole side 

chain of Trp23 of p53. Furthermore, the strength of this interaction is increased by 

introducing a halogen at position 6 that can fill a small pocket not occupied by indole, 

corroborating these findings. Different substituents at the phenyl ring at R4 in para position 

(methoxy, nitro and methyl) and ortho-methoxy are well tolerated, not affecting 

substantially their potency. The best activity was found for compound 119ac (GI50= 29.1 

µM). 

To investigate if cytotoxicity is mediated by p53, all compounds more active than 

the positive control nutlin-3 (GI50< 50 µM) were tested in three other cell lines with 

different p53 status: an isogenic pair of wild type p53 and null human colorectal cancer 

cell lines [HCT116 p53(+/+) and p53(–/–)]; and a p53 mutant human colorectal 

adenocarcinoma cell line (SW620) (Table 4.6). All compounds showed only a marginal 

increase in potency in cell lines harboring wild type p53, revealing that p53 non-related 

effects are also contributing to cytotoxicity.  

 

Table 4.6. In vitro antiproliferative activities. 

Compd 
HepG2 

GI50, M[a] 

HCTp53(+/+) 

GI50, M[a] 

HCTp53(–/–) 

GI50, M[a] 

SW620 

GI50, M[a] 

119z 37.07±1.08 39.80±1.10 48.22±1.13 48.86±1.08 

119aa 38.14±1.08 34.72±1.14 40.14±1.17 53.20±1.10 

119ab 33.84±1.11 32.37±1.12 38.97±1.14 33.52±1.07 

119ac 29.11±1.09 26.56±1.07 30.64±1.12 31.56±1.05 

119ad 35.70±1.07 30.51±1.08 35.56±1.10 36.74±1.04 

119af 32.84±1.07 35.01±1.07 40,55±1.11 39.65±1.07 

119ag 31.69±1.10 33.38±1.13 39.03±1.18 40.36±1.09 

Nutlin-3 51.31±1.04 39.65±1.12 52.34±1.15 57.04±1.04 

[a] GI50 determined by MTS method. Each value is the mean (GI50 ± SEM) of three independent 

experiments. 

 

4.5.2. Evaluation of compounds ability to block the intracellular p53-MDM2 

interaction 

Due to similar response profile obtained for nutlin-3 in results assessed after 24 

hours (Table 4.6), further investigation was performed to evaluate if the compounds can in 

fact inhibit p53-MDM2 interaction. 

By applying a Venus-based bimolecular fluorescence complementation system 

methodology (BiFC [260], Figure 4.4), it was demonstrated that compound 119z can 

inhibit p53-MDM2 interaction in the same extent as nutlin-3 (Figure 4.5). With this assay, 

it is possible to directly visualize and quantify the p53-MDM2 interaction in live cells by 
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flow cytometry, since the fluorescence observed is proportional to the protein dimers 

present. 

 

 

Figure 4.4. p53 and MDM2 are linked to different non-fluorescent fragments of a fluorescent reporter 

protein. Upon interaction between p53 and MDM2, the functional fluorophore is reconstituted. Therefore, the 

presence of an inhibitor of the p53-MDM2 interaction will lead to a decrease of dimers present inside the cell 

and consequently to a decrease in the fluorescence observed. 

 

 

 

Figure 4.5. Compound 119z 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-3 (50 µM) and 

compound 119z (10 and 50 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). 
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4.5.3. Evaluation of apoptosis 

Inhibition of p53-MDM2 interaction will restore p53 in cancer cell lines leading to 

its activation, and consequently induce a p53-mediated signaling pathway that will 

culminate in cell death by apoptosis. The activation of caspase-3 upon cleavage by 

upstream proteases and subsequent cleavage of caspase-3 substrate PARP are considered 

reliable markers of the apoptotic process [313]. In accordance, compounds 119aa and 

119ac induced a dose-dependent increase of cleaved PARP and active caspase-3 as 

detected by Western blotting (Figure 4.6). 

 

 

Figure 4.6. Compounds 119aa and 119ac induce caspase-3 activation and PARP cleavage. HCT116 p53(+/+) 

cells were incubated with vehicle or 25 and 50 µM of compounds 119aa and 119ac, for 24 h. Representative 

immunoblots of caspase-3 processing (left) and PARP cleavage (right) analyzed in whole cell extracts. Blots 

were normalized to endogenous β-actin. Data represent mean ± SEM of three independent experiments. *p < 

0.01 and §p < 0.05 from control. 

 

4.6. 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 compounds 119aa and 119ag. 

Both compounds were stable in phosphate buffer and plasma for the duration of the assays 

(three days). Compounds 119aa and 119ag exhibited degradation when incubated in rat 

microsomes with NADPH regenerating system, with half-lives of 3.15±0.07 h and 

3.62±0.06 h, respectively, indicating moderate susceptibility towards co-factor dependent 

microsomal enzymes. 
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4.7. CONCLUDING REMARKS 

Thirty three compounds were synthesized with different substituents attached to the 

spiroisoxazoline oxindole scaffold to assess their anticancer effect. Screening the 

compounds in a HepG2 cell line revealed that compounds with chloro or bromo at position 

6 of the  oxindole aromatic ring were more active than nutlin-3. In addition, compound 

119z showed inhibition of p53-MDM2 interaction in a cell-based bimolecular fluorescence 

complementation assay, and compounds 119aa and 119ac were able to induce apoptosis, 

as detected by Western blotting. Moreover, compounds 119aa and 119ag showed good 

stability in pH 7.4 phosphate buffer and plasma, and moderate susceptibility towards 

NADPH-dependent rat microsomal enzymes. The profile of inhibitory activity in cell lines 

with different p53 status was comparable to that of nutlin-3, revealing also p53-

independent effects.  
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Chapter  

5 
SPIROISOXAZOLINE OXINDOLES: 

ENANTIOSELECTIVE APPROACH 

 

 

This chapter describes the attempts to enantioselectively synthesize spiroisoxazoline 

oxindole 119ac (Section 5.1). The maximum selectivity of 50 % enantiomeric excess was 

obtained with Sc(OTf)3 (20 mol %), indapybox and NaBArF (1:1.1:1 equiv) in DCE, r.t., 4 

days. In parallel with this work, spiropyrroline oxindole epi-163 was also synthesized by 

cyclization between alkylidene oxindole 121p and 5-methoxyoxazole 161 (Section 5.2). 

By employing a chiral scandium(III)-indapybox/BArF complex an enantioenriched epi-163 

was obtained. 

Joseph J. Badillo, Carlos J. A. Ribeiro, Marilyn M. Olmstead, Annaliese K. Franz, Titanium(IV)-Catalyzed 

Stereoselective Synthesis of Spirooxindole-1-Pyrrolines. Org. Lett., 2014, 16: p. 6270−6273.  
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5.1. ENATIOSELECTIVE APPROACHES TOWARDS SPIROISOXAZOLINE OXINDOLES 

  

5.1.1. Introduction 

1,3-dipolar cycloaddition between nitrile oxides and alkenes represent a versatile 

synthetic strategy for the construction of isoxazolines. These heterocyclic moieties not only 

are present in several biologically active substances, but are also useful precursor to a 

variety of chiral chain compounds, such as β-hydroxy ketones and γ-aminoalcohols, due to 

the easy cleavage of the oxygen-nitrogen bond in the ring [261]. Therefore it is of great 

importance to synthesize these compounds with a specific chirality. However asymmetric 

1,3-dipolar cycloaddition with nitrile oxides are underdeveloped when compared to other 

dipoles, in particular to its allyl anion type 1,3-dipole counterpart nitrones. Several factors 

can contribute to this observation [284, 314-316]:  

(a) Steric interaction between the incoming nitrile oxide and dipolarophile is 

relatively small. The forming ring in the transition state is roughly planar, with the two 

nearest atoms (O and N) bearing no substituents while the most distant atom (C) bears only 

a single substituent that is projected away from the dipolarophile. For instance, in the bent 

structure of nitrones the N atom is substituted and it can be attached two substituents to the 

C atom;  

(b) Instability of the 1,3-dipole and its propensity to dimerize especially in great 

extent in the absence of reactive dipolarophiles;  

(c) When hydroximoyl chlorides are involved, it normally requires the use of 

tertiary amines to generate the 1,3-dipole in situ and that can interfere with Lewis acids; 

(d) Due to the high donor ability of the oxygen atom, nitrile oxides are strong 

Lewis bases and therefore can form highly stable and/or deactivated dipole-Lewis acid 

complexes. 

 All these factors hampered the development of asymmetric 1,3-dipolar 

cycloadditions with nitrile oxides, especially involving chiral Lewis acids. The most 

developed approach employs chiral reagents, mostly chiral dipolarophiles, and normally 

requires the incorporation of chiral auxiliary moieties. As expected, chiral nitrile oxides are 

less used, due to the linearity of the dipole and the distance between the inducing group 

and the created stereocenters.  

The first successful metal coordinated 1,3-dipolar cycloaddition involving nitrile 

oxides was published by Kanemasa et al in 1994 [316]. They reported the use of EtMgBr 

(1.0 equiv) to obtain regio and esterocontrol in the nitrile oxide cycloadditions to allylic 

alcohols. After this publication, several reports were published with moderate success 

[317-321] and normally requiring high catalyst loading (stoichiometric quantities). It was 
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only in 2004 that catalyzed chiral metal quantities were employed with high success 

(Scheme 5.1) [322]. 

 

 

Scheme 5.1. Example of chiral Lewis acid-catalyzed cycloaddition reaction with nitrile oxides (Sibi et al). 

 

At the time that the work presented in this chapter took place only few additional 

examples were described [323-328]. Furthermore in most cases it was used electron-

deficient dipolarophiles that detained an α-chiral center, such as allylic alcohols or bared 

chiral auxiliary moieties such as oxazolidinone or pyrazolidinone, that facilitated the 

asymmetric cycloaddition. 

 

5.1.2. Synthesis of intermediate 121n.  

Alkylidene oxindole 121k was synthesized by aldolic condensation between 6-

chlorooxindole and benzaldehyde in the presence of piperidine, as described in chapter 4 

[297]. Acylation of 121k was achieved by using acetic anhydride in the presence of 

pyridine and N,N-dimethyl-aminopyridine (Scheme 5.2). The overall yield was of 88 %. 

 

 

Scheme 5.2. Synthesis of alkylidene oxindole 121n. (a) piperidine, EtOH, reflux, 8h.  

(b) Ac2O, DMAP, pyridine, THF, 2h. 
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5.1.3. Attempts to enantioselectively synthesize compound 119ac 

The goal was to enantioselectively synthesize both enantiomers of the best 

spiroisoxazoline oxindole (119ac) obtained in the previous chapter to assess their 

cytotoxicity. These experiments were performed in the Franz group at University of 

California – Davis. 

The conditions utilized in chapter 4 for the synthesis of compound 119ac were not 

ideal for asymmetric catalysis: Et3N as dehydrohalogenating agent and high temperature 

(70 ºC). Therefore the initial changes were to perform the reaction at room temperature and 

to use molecular sieves instead of base as dehydrohalogenating agent [327]. These changes 

were made to diminish possible interference with catalyst/ligand and to slow down the 

generation of nitrile oxide in situ, in order to decrease the uncatalysed background 

reaction. Since the goal was to perform the reaction at room temperature the solvent was 

also changed to the less toxic dichloromethane. In addition, to potentially increase the 

interaction between dipolarophile and the metal an additional binding point was introduced 

in the molecule (N-acyl group) [329]. As revealed in the previous chapter, arylidine-

oxindole dipolarophiles are less reactive than the ester counterparts, constituting an 

additional concern. And in fact in these conditions the yield was only of 16 % (Table 5.1, 

entry 1).  

Franz group already had a substantial know-how in asymmetric synthesis of 

spirooxindoles and other oxindole derivatives [330-338] that helped guiding the choices 

tested. The study started by testing different metals (entry 2-7) as catalyst (20 mol %), with 

(R,S)-Indapybox (151, Figure 5.1) and sodium tetrakis[3,5-bis(trifluoromethyl)-

phenyl]borate (NaBArF, 152) as ligand and counterion respectively. In all cases, racemic 

mixtures or less than 10% enantiomeric excess (ee) were obtained. It was also tested a 

bivalent metal (CuCl2), in this case with the bidentate ligand 153, without obtaining better 

enantiomeric ratio (er), although promoting a yield increase to 35% (entry 8). Due to the 

constantly low yields achieved, different approaches were also tested, such as using 

Bronsted acid phenylphosphinic acid (154) and thioureas. With the non-chiral thiourea 155 

(entry 9) the yield did not increase, but with (R,R)-TUC (156) the yield increased to 34% 

(entry 10), however without showing significant ee improvement. As expected with the use 

of an acid (entry 11) the yield decreased due probably to the fact that its presence can 

hinder the dehydrohalogenation step. 

In the conditions used for entries 2, 3, 5 and 6 it was observed deacylation of the 

starting material 121n and/or the spirooxindole 119ah. Interestingly it was found that the 

ee for the deacylated product 119ac was higher than 119ah, revealing most likely that the 

deacylation occurred prior to 1,3-dipolar cycloaddition. Therefore the next conditions 

tested were focused on alkylidene 121k (Table 5.2, entry 2-10). The best result was 

obtained with Sc(OTf)3 (entry 2), in which the diastereomeric ratio (dr) improved to 90:10  
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Table 5.1. Cycloaddition reaction between 121n and 123e. 

  
 

Ent. Catalyst[a] Ligand[a] Counterion[a] Time Yield (%) Product er[e] 

1 - - - 3 days 16[b] 1ah 50:50 

2 Sc(OTf)3 (R,S)-Indapybox NaBArF 3 days <16[c] 1ah 52:48 

1ac 70:30 

3 ScCl3THF3 (R,S)-Indapybox NaBArF 3 days <16[c] 1ah 51:49 

1ac 69:31 

4 In(OTf)3 (R,S)-Indapybox NaBArF 4 days 22[d]  55:45 

5 Y(OTf)3 (R,S)-Indapybox NaBArF 4 days <10[d] 1ah - 

1ac 54:45 

6 La(OTf)3 (R,S)-Indapybox NaBArF 4 days 28[d] 1ah 50:50 

1ac 66:34 

7 BiCl3 (R,S)-Indapybox NaBArF 4 days 27[d] 1ah 53:47 

8 CuCl2 (S)-Phenylbox - 4 days 35[d] 1ah 52:48 

9 
Thiourea 

155 
- - 4 days 14[d] 1ah 50:50 

10 (R,R)-TUC 

156 

- - 4 days 34[d] 1ah 54:46 

11 PPA (154) - - 4 days 15[d] 1ah 50:50 

[a] All reactions performed under argon with 3.0 equiv of 123e and, when applicable, in a 1:1.1:1 ratio of 

catalyst, ligand, and counterion for 1h at a 20 mol % catalyst loading; [b] Isolated yields; [c] Yields by TLC 

comparison to entry 1; [d] Yields determined by 1H NMR analysis of unpurified reaction mixture; [e] 

Determined using chiral-phase HPLC. M. S.: molecular sieves. PPA: Phenyl phosphinic acid. 

 

and the er to 70:30 when compared to the uncatalysed reaction (entry 1). Intriguingly, 

when thiourea 156 was tested (entry 11) complete loss of stereoselectivity occurred. The 

alkaloid (-)-cinchonine ((-)-157) was also tested (entry 12) but did not affect the er 

outcome. Divalent catalysts with bidentate ligands were also unsuccessfully used, albeit a 

slight increase in dr was detected (entry 17-19). Maintaining the best catalyst employed 

(Sc(OTf)3) it was then decided to test different ligands (entry 16-17, 158-159) and 

counterions (entry 18-19). In all conditions loss of ee was observed.  

Efforts were also made towards increasing the reaction yield. The most apparent 

problem seemed to be the lack of base to generate properly the 1,3-dipole. Since tertiary 

amines such as Et3N was discourage, it was decided to experiment a bulky base that can 

act as a proton scavenger but lacks capacity to interfere with the Lewis acid, such as 2,6-

ditertbutyl 4-methylpyridine (160). Increasing the equivalents of this base augmented the 

yield  (Table 5.3 entry 2-3 versus entry 1),  improving also the dr when 3 equivalents were  
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Table 5.2. Cycloaddition reaction between 121k and 123e. 

  
 

Ent. Catalyst[a] Ligand[a] Counterion[a] Yield (%)[b] dr[b] er[c] 

1 -
 - - 20 78:22 50:50 

2 Sc(OTf)3 (R,S)-Indapybox NaBArF 25 90:10 70:30 

3 ScCl3THF3 (R,S)-Indapybox NaBArF 25 78:22 64:36 

4 ScCl3·6H3O (R,S)-Indapybox NaBArF 19 78:22 63:37 

5 ScCl3 (R,S)-Indapybox NaBArF 34 86:14 70:30 

6 La(OTf) 3 (R,S)-Indapybox NaBArF 39 84:26 52:48 

7 Y(OTf)3 (R,S)-Indapybox NaBArF 30 90:10 51:49 

8 BiCl3 (R,S)-Indapybox NaBArF 20 65:35  52:48  

9 RuCl3 (R,S)-Indapybox NaBArF 27 78:22 52:48 

10 NiNO3·6H3O (R,S)-Indapybox NaBArF 16 67:33 52:48 

11 (R,R)-TUC - - 28 50:50 50:50 

12 (+)-cinchonine - - 22 80:20 50:50 

13 CuCl2 (S)-Ph-box - 31 95:5 50:50 

14 MgBr2 (S)-Ph-box - 32 95:5 50:50 

15 Zn(OTf)2 (S)-Ph-box - 34 91:9 50:50 

16 Sc(OTf)3 (4R,5S)-Methyl 

Phepybox 

NaBArF 27 86:14 47:53 

17 Sc(OTf)3 (S)-iPr-pybox NaBArF 27 90:10 48:52 

18 Sc(OTf)3 (R,S)-Indapybox LiClO4 37 90:10 57:43 

19 Sc(OTf)3 (R,S)-Indapybox NaSbF6 35 90:10 58:42 

[a] All reactions performed under argon with 3.0 equiv of 123e and, when applicable, in a 1:1.1:1 

ratio of catalyst, ligand, and counterion for 1h at a 20 mol % catalyst loading; [b] Determined by 
1H NMR analysis of partially purified reaction mixture; [c] Determined using chiral-phase HPLC. 

M. S.: molecular sieves. 

 

employed. However, when the same conditions were applied with Sc(OTf)3 (entry 5-6), it 

was observed that only catalytic quantities of the base were tolerated without reducing the 

ee. This observation was probably due to an increase in the background reaction. At the 

same time different solvent were tested (entry 7-12). The only solvent that promoted a 

slight increase in er was ether (67:33, entry 9 versus 62:38, entry 6), although it also 

promoted a slight decrease in dr.  

In an attempt to reduce the extent of the background reaction two approaches were 

devised: (a) slow addition of the chlorooxime/nitrile oxide over time, and (b) increasing 

catalyst loading. First the 3 equivalents of chlorooxime were added in three consecutive 

days (entry 13) without improving the er, but increasing the yield to 62%. Adding slowly 

the nitrile oxide freshly prepared by stirring the chlorooxime with amberlyst 15 over time 

(Table 5.4, entry 2-3 versus entry 1) increased the er to a maximum of 70:30 for an addition 
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Figure 5.1. Examples of catalysts, ligands and counterions employed. 

 

Table 5.3. Cycloaddition reaction between 121k and 123e. 

  
 

Ent. Catalyst[a] Solvent 
Base[b] 

(equiv) 
Yield (%)[d] dr[d] er[e] 

1 -
 DCM - 20 78:22 50:50 

2 - DCM 0.2 29 78:22 50:50 

3 -
 DCM 3.0 65 90:10 50:50 

4 Sc(OTf)3 DCM - 25 90:10 70:30 

5 Sc(OTf)3 DCM 0.3 45 90:10 70:30 

6 Sc(OTf)3 DCM 3.0 50 90:10 62:38 

7 Sc(OTf)3 Toluene 3.0 28 87:13 61:39 

8 Sc(OTf)3 MeCN 3.0 33 86:14 62:38 

9 Sc(OTf)3 Et2O 3.0 24 86:14 67:33 

10 Sc(OTf)3 Hexanes 3.0 15 81:29 62:38 

11 Sc(OTf)3 MeOH 3.0 21 78:22 51:49 

12 Sc(OTf)3 THF 3.0 30 83:17 60:40 

13 Sc(OTf)3 DCM 1+1+1[c] 62 94:6 64:36 

14 Yb(OTf)3·H2O DCM 3.0 62 93:7 51:49 

15 In(OTf)3 DCM 3.0 85 93:7 51:49 

[a] All reactions performed under argon with 3.0 equiv of 123e and, when applicable, in a 1:1.1:1 ratio 

of catalyst, (R,S)-Indapybox, and NaBArF for 1h at a 20 mol % catalyst loading; [b] 2,6-ditertbutyl 4-

methylpyridine; [c] 1 equiv of 123e and base added in three consecutive days; [d] Determined by 1H 

NMR analysis of partially purified reaction mixture; [e] Determined using chiral-phase HPLC. M.S.: 

molecular sieves. 
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Table 5.4. Cycloaddition reaction between 121k and 123e. 

  
 

Ent. 
% Catalyst 

loading[a] 
Solvent 

Addition 

time[b] 

Time 

(days) 
Temp. 

Yield 

(%)[d] 
dr[d] er[f] 

1 20 DCM 0 1 r.t. 25 90:10 51:49 

2 20 DCM 0.5 h 1 r.t. 25 90:10 65:35 

3 20 DCM 6 h 1 r.t. 20 90:10 70:30 

4 20 DCM 11 h[c] 1 r.t. 15 90:10 70:30 

5 20 Et2O 6 h 1 r.t. 19 90:10 70:30 

6 20 DCM - 4 r.t. 25 90:10 70:30 

7 20 DCM - 4 r.t. 45[e] 90:10 70:30 

8 40 DCM - 4 r.t. 44[e] 96:4 72:28 

9 100 DCM - 4 r.t. 35[e] 96:4 75:25 

10 20 DCE - 4 r.t. 34 96:4 75:25 

11 20 DCE - 4 50 ºC 39 95:5 67:33 

12 20 CHCl3 - 4 r.t. 35 96:4 67:33 

13 20 bromobenzene - 4 r.t. 31 91:9 62:38 

14 20 chlorobenzene - 4 r.t. 29 97:3 61:39 

15 20 2-bromo 

benzotrifluoride 

- 4 r.t. 36 95:5 58:42 

16 20 2,6-bis(trifluoromethyl) 

bromobenzene 

- 4 r.t. 13 95:5 65:35 

17 20 o-bromobenzene - 4 r.t. 30 96:4 61:39 

18 20 2-bromo-m-xylene  4 r.t. 23 96:4 68:32 

19 20 Ethylene glycol 

monoethyl ether 

- 4 r.t. 28 96:4 56:44 

[a] All reactions performed under argon with 3.0 equiv of 123e and in a 1:1.1:1 ratio of Sc(OTf)3, (R,S)-

Indapybox, and NaBArF for 1h; [b] Chorooxime and amberlyst 15 (2x m/m) were stirred for 1h prior to 

addition; [c] Ambertyst 15 (4x m/m); [d] Determined by 1H NMR analysis of partially purified reaction 

mixture; [e] 2,6-ditertbutyl 4-methylpyridine (0.3 equiv) was also employed; [f] Determined using chiral-

phase HPLC. M.S.: molecular sieves. 

 

time of 6 h. Further increment in the addition time did not improve the er (entry 4). As 

expected adding the 3 equivalents of nitrile oxide altogether abolished the metal-catalyzed 

cycloaddition reaction (entry 1). Although these experiments corroborate once again the 

necessity to deliver slowly the 1,3-dipole to the dipolarophile, it did not improve the 

previous best result of 70:30 er. Increasing the catalyst loading (entry 8-9) improved both 

dr and er, but even when the quantities were stoichiometric the er was only of 75:25. 

One strategy to increase the efficacy of asymmetric catalysis is to reduce the 

temperature. However in this case, since the yields were already very low and the reaction 

time long, it was decided to test the less common, but sometimes effective increase of 

temperature. To allow increasing the temperature to 50ºC the solvent was changed to 
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dichloroethane, and interestingly, although the yield did not improve in higher temperature 

(entry 5), at room temperature the yield, dr and er (75:25) increased (entry 10 versus entry 

6). Since DCM and DCE gave the best er results, a series of halogenated solvents were 

tested (entries 12-18). Unfortunately none revealed to be a better choice. 

The best condition that gave 75:25 er was employed to synthesize both 

enantiomeric enriched mixtures by using (R,S)-indapybox and (S,R)-indapybox ligands. 

The enantioenriched mixtures were tested in HCT116 p53(+/+) (Table 5.5), revealing that 

one enantiomer is more potent than the other. However since enantioselective synthesis 

was not achieved, no further evaluation was performed. 

 

Table 5.5. In vitro antiproliferative activities 

Compound HCT116 p53(+/+)  GI50, µM[a] 

1ac (50:50 er) 32.49±1.47 

1ac (25:75 er) 41.71±0.89 

1ac (75:25 er) 27.97±1.50 

[a]  IC50 determined by the MTS method after 72h. Each value is the mean 

(IC50 ± SD) of three independent experiments performed in duplicate.  

 

  Interestingly last year Liang et al were able to synthesize spiroisoxazoline 

oxindoles enantioselectively using 10 mol % of L1−Ni(ClO4)2·6H2O (1:1) with 4 Å 

molecular sieves and a small amount of H2O in DCE at 35 °C for 24 h (Scheme 5.3). 

 

 

Scheme 5.3. Asymmetric Synthesis of Spiroisoxazoline oxindoles by Liang et al. 
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5.2. ENATIOSELECTIVE APPROACHES TOWARDS SPIROPYRROLINE OXINDOLES  

 

5.2.1. Introduction 

It was previously shown in the Franz group that 5-methoxy-2-aryloxazoles cyclize 

onto indolin-2,3-diones to form spirooxazoline oxindoles  in excellent yields and with high 

diastereoselectivity [335] (Scheme 5.4). Interestingly when these conditions were applied 

to the addition of 5-methoxy-2-aryloxazole 161 to alkylidene oxindole 121p, 

spiropyrroline oxindole 163 was obtained in 90 % yield and with 91:9 dr in just 10 minutes 

(Scheme 5.5). Obviously since a catalyst was tested without a chiral ligand, the compound 

was obtained in a racemic mixture. The goal of the work presented in this section was to 

synthesize enantioenriched compound 163 by employing scandium catalysts. 

 

 

Scheme 5.4. Titanium-catalyzed stereoselective synthesis of spirooxazoline oxindole 162. 

 

 

Scheme 5.5. Titanium-catalyzed stereoselective synthesis of spiropyrazole oxindole 163. 

 

5.2.2. Synthesis of intermediate 121p.  

Alkylidene-oxindole 121q was synthesized by Wittig reaction between 5-

fluoroindolin-2,3-dione (125a) and phosphonium ylide 128a. Acylation of 121q was 

achieved by using acetic anhydride in the presence of pyridine and N,N-dimethyl-

aminopyridine (Scheme 5.6). The overall yield was of 50 %. 

 

 

Scheme 5.6. Synthesis of 3-methylene indolin-2-one 121p. (a) THF, reflux, 10 h.  

(b) Ac2O, DMAP, pyridine, THF, 2h. 
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5.2.3. Attempts to enantioselectively synthesize compound 163 

Changing the catalyst from TiCl4 to Sc(OTf)3 maintained the same 

stereoselectivity, while decreasing the reaction rate (Table 5.6, entry 1). Several conditions 

were then tested with ScCl3THF3 or Sc(OTf)3 with (R,S)-indapybox and NaBArF. With 

ScCl3THF3 the reaction rate was higher than with Sc(OTf)3, however lower dr was 

obtained (entry 2-6 versus entry 9-13), even when solvent and temperature were changed. 

The use of NaBArF to promote formation of a cationic scandium complex proved to be 

essential for enhancing the reaction rate in the presence of ligand (entry 7 versus entry 2), 

although as expected it was unable to promote the reaction by itself (entry 8). Using 

Sc(OTf)3, (R,S)-indapybox, and NaBArF the best result was obtained in toluene at room 

temperature (entry 11). Changing the counterion (entry 14-15) and the ligand (entry 16-17) 

reduced the stereoselectivity.  

 

Table 5.6. Synthesis of enantioenriched spiropyrroline epi-163. 

  
 

Ent. Catalyst[a] Ligand[a] 
Counter 

ion[a] 
Solvent Time 

Temp. 

(ºC) 

Yield 

(%)[c] 

dr 163: 

epi-163[c] 
er[d] 

1 Sc(OTf)3
[b] - - DCM 5h r.t. complete 90:10 50:50 

2 ScCl3THF3 Indapybox NaBArF DCM 15min r.t. complete 30:70 28:72 

3 ScCl3THF3 Indapybox NaBArF DCM 1h 0ºC complete 30:70 18:82 

4 ScCl3THF3 Indapybox NaBArF DCM 12h -20ºC complete 30:70 17:83 

5 ScCl3THF3 Indapybox NaBArF Toluene 12h 0ºC complete 30:70 16:84 

6 ScCl3THF3 Indapybox NaBArF MeCN 12h 0ºC complete 30:70 22:78 

7 ScCl3THF3 Indapybox - DCM 4 days r.t. 87 30:70 22:78 

8 -
 - NaBArF DCM 4 days r.t. - - - 

9 Sc(OTf)3 Indapybox NaBArF DCM 3 days r.t. complete 9:91 22:78 

10 Sc(OTf)3 Indapybox NaBArF Pentane 4 days r.t. complete 13:87 23:77 

11 Sc(OTf)3 Indapybox NaBArF Toluene 12h r.t. complete 9:91 14:86 

12 Sc(OTf)3 Indapybox NaBArF Toluene 24h 0ºC complete 9:91 14:86 

13 Sc(OTf)3 Indapybox NaBArF Toluene 24h -20ºC complete 5:95 17:83 

14 Sc(OTf)3 Indapybox NaSbF6 Toluene 4 days r.t. 14 15:85 12:88 

15 Sc(OTf)3 Indapybox LiClO4 Toluene 4 days r.t. 4 19:81 17:83 

16 Sc(OTf)3 (S)-iPrpybox NaBArF Toluene 4 days r.t. 45 22:78 62:38 

17 Sc(OTf)3 (4R,5S)-Me 

Phepybox 

NaBArF Toluene 4 days r.t. 36 30:70 56:46 

18 CuCl2 (S)-Phbox - Toluene 4 days r.t. - - - 

19 In(OTf)3 Indapybox NaBArF Toluene 4 days r.t. 7 30:70 23:77 

[a] All reactions performed under argon with 2.0 equiv of 161 and, when applicable, in a 1:1.1:1 ratio of 

catalyst, ligand, and counterion for 1h at a 20 mol % catalyst loading; indapybox: (R,S); [b] Run with 5 

mol % of catalyst; [c] Determined by 1H NMR analysis of unpurified reaction mixture; [d] Determined 

using chiral-phase HPLC for the major isomer. M.S.: molecular sieves. 
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Applying the best condition the spirooxindole was then isolated with 99% yield. It 

was notable that these conditions afforded a reversal in the diastereoinduction to afford 

pyrroline epi-163 (dr = 91:9) with the 4’,5’-syn isomer as the major product. The relative 

stereochemistry was determined by X-ray crystallographic analysis to be 3,4’-trans/4’,5’-

trans isomer (a racemic mixture of 3S,4’R,5’R and 3R,4’S,5’S notated 3S*,4’R*,5’R* for 

compound 163, and 3S,4’R,5’S to epi-163 (Figure 5.2). The reversal in diastereoselectivity 

is directly attributed to the addition of the ligand because the Sc-catalyzed reaction in the 

absence of ligand still affords 163 with high 4’,5’-anti diastereoselectivity.  

A proposed mechanism for the formation of 163 (in the absence of a chiral ligand) 

is shown in Scheme 5.7. Lewis acid activation of alkylidene 121p followed by oxazole 

conjugate addition would give rise to enolate-bound oxocarbenium intermediate 164. 

Subsequent cyclization and oxazole ring opening affords spirocycle 163. 

 

 

 
 

 

 
 

Figure 5.2. X-ray crystallography of 163 and epi-163 [339]. 

 

 

 

Scheme 5.7. Proposed mechanism for Lewis acid catalyzed formation of 163. 
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5.3. CONCLUDING REMARKS 

Attempts to synthesize enantioenriched spiroisoxazoline oxindole 119ac were 

described. The best result was obtained when Sc(OTf)3 (20 mol %), indapybox and 

NaBArF (1:1.1:1 equiv) were used in DCE (r.t., 4 days), affording an ee of 50 %. The 

enantioenriched mixtures were tested in vitro, revealing that one enantiomer is more potent 

in HCT116 p53(+/+)cell line. 

It was also presented a methodology for the synthesis of spirocyclic pyrroline 

oxindole epi-163 upon cyclization of 5-alkoxy-2-aryloxazoles to alkylidene oxindoles. 

This strategy forges a quaternary spirocenter with excellent levels of stereocontrol. Using a 

chiral scandium(III) − indapybox/BArF complex provides efficient access to the enantio- 

enriched spiropyrroline. The addition of the ligand reverses the diastereoselection relative 

to conditions performed without the ligand for either the Sc(OTf)3 or TiCl4 catalyst. 

 

 



 

 

Chapter  

6 
SPIROOXADIAZOLINE OXINDOLES: 

SYNTHESIS AND BIOLOGICAL EVALUATION  

 

 

….    

 

This chapter reports the synthesis and biological evaluation of thirty two spirooxadiazoline 

oxindoles as anticancer agents. Nine compounds showed an antiproliferative activity below 

10 µM, with four compounds more active than the positive control nutlin-3a in HCT116 

p53(+/+) cell line. Moreover, proof-of-concept was demonstrated by inhibition of the 

interaction between p53 and MDM2 in a live-cell bimolecular fluorescence 

complementation assay for compound 165ab. Furthermore, the induction of apoptosis was 

confirmed for compound 165ab and 165ad in HCT116 p53(+/+) cell line. 

 

- Carlos J. A. Ribeiro, Joana D. Amaral, Cecília M. P. Rodrigues, Rui Moreira, Maria M. M. Santos, 

Spirooxadiazoline oxindoles with promising in vitro antitumor activities, in preparation 
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6.1. INTRODUCTION 

The moderate anticancer activity of spiroisoxazoline derivatives (discussed in 

chapter four), and the apparent lack of selectivity for the p53 pathway, prompt the search 

for potentially more active spirooxindoles with five-membered fused ring. It was decided 

to explore the substitution effect of the chiral C-4’, with tetrahedral molecular geometry, to 

the non-chiral with trigonal planar geometry N-4’ (Scheme 6.1). This simple alteration 

abolishes a chiral center and reorients spatially the R2 substituent.  

Therefore, this chapter will be dedicated to the synthesis (Scheme 6.2) and 

biological evaluation of spirooxadiazoline oxindoles 165. As for spiroisoxazoline 

oxindoles, it was synthesized primarily 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. 

 

 

Scheme 6.1. Optimization Strategy  

 

 

 

Scheme 6.2. Retrosynthesis of spirooxadiazoline oxindoles derivatives, highlighting the final step between 3-

imino indolin-2-ones (165) and chlorooximes (123). 
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6.2. SYNTHESIS OF INTERMEDIATES 

 3-Imino-indolin-2-ones (166) were synthesized by reacting indolin-2,3-diones (125) 

with different primary amines, mainly anilines (167) in the presence of acetic acid in yields 

of 54-93 % (Scheme 6.3, Table 6.1) [340]. Furthermore 6-chloroindolin-2,3-dione was 

synthesized from the corresponding oxindole. First, 3,3-dibromo-6-chloroindolin-2-one 

was obtained by heating the starting 6-chloroindolin-2-one with copper(II) bromide, and 

then by refluxing in aqueous methanol the intended compound was isolated (55 % yield) 

[341, 342]. 

 

 
Scheme 6.3. Synthesis of 3-imino-indolin-2-ones (a) CH3COOH, EtOH, reflux, 3-72h 

 

Table 6.1. Synthesis of 3-imino-indolin-2-ones. 

Compd R1 R2 
Yield 

(%) 

 
Compd R1 R2 

Yield 

(%) 

166a H Ph 69  166k 5-Br 4-ClPh 86 

166b H 3-ClPh 87  166l 5-Br 3-Cl,4-FPh 82 

166c H 4-ClPh 81  166m 5-Br 2-F,3-ClPh 85 

166d H 3-Cl,4-FPh 90  166n 5-Br 3-Br 86 

166e H 4-F 61  166o 5-Cl tert-butyl 54 

166f 5-Cl Ph 84  166p 6-Cl Ph 75 

166g 5-Cl 3-ClPh 68  166q 6-Cl 3-ClPh 82 

166h 5-Cl 4-ClPh 83  166r 6-Cl 4-ClPh 80 

166i 5-Br Ph 80  166s 7-Cl Ph 87 

166j 5-Br 3-ClPh 93  166t 7-Br Ph 80 

 

As observed for 3-methylene indolin-2-ones, 3-imino-indole-2-ones derivatives 

were also synthesized predominantly as E isomers, as confirmed by 1H-NMR and in 

accordance to literature [340, 343, 344]. For example, the signal for H-4 of the E-isomer of 

derivative 166b appears considerably shifted upfield (6.67 ppm) in comparison to both H-4 

signals of the parent indolin-2,3-dione (7.63 ppm) and the minor Z-isomer (7.61 ppm). 

As described in chapter three, additional aromatic chlorooxime 123 were 

synthesized starting from the aromatic aldehyde 128 with in situ formation of the 

corresponding aldoxime 129 [276] (Scheme 6.4, Table 6.2). 

The 1H NMR spectra of the intermediates are in accordance with literature [345-

349]. 
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Scheme 6.4. Synthesis of hydroximoyl chlorides. (a) NH3OH·HCl, H2O, Na2CO3, reflux;  

(b) NCS, pyridine, CHCl3, r.t. 

 

Table 6.2. Synthesis of hydroximoyl chlorides. 

Compound R3 
Yield 

(%) 

 
Compound R3 

Yield 

(%) 

123e 4-MePh 83  123h 3-BrPh 88 

123f 3-ClPh 90  123i 2-F,3-ClPh 91 

123g 4-ClPh 82     

 

 

6.3. SYNTHESIS OF SPIRO[INDOLINE-3,5’-[1,2,4]OXADIAZOLINE]-2-ONES 

 Spirooxadiazoline oxindoles (165) were obtained by 1,3-dipolar cycloaddition 

between 3-imino-indolin-2-ones (166) and nitrile oxides generated in situ by 

dehydrohalogenation of hydroximoyl chlorides (123) (Scheme 6.5, Table 6.3).  

 

 

Scheme 6.5. Synthesis of spirooxadiazoline oxindoles. (a) Et3N, CH2Cl2, 5-12 h, r.t. 

 

As expected, based on the previous results with spiroisoxazoline oxindoles, the 

regioisomer isolated was the spiro[indoline-3,5’-[1,2,4]oxadiazoline]-2-one (Scheme 6.6). 

The 13C NMR spectrum showed that spiro carbon signal appeared at 98.34 – 99.15 ppm, as 

described for other spirooxadiazoline oxindoles found in literature (98.4 – 98.9 ppm) 

[350]. For the alternative regioisomer, it would be expected a much more shielded value 

for the spiro carbon, as observed for spiropyrazoline oxindoles, in which the spiro carbon 

is linked to three carbons and one nitrogen (75.44 - 78.17 ppm [351]). In addition, the 

chemical shift of oxadiazoline C=N appeared at 154.44 – 156.34 ppm (155.4 – 157.0 ppm 

[350]). The compounds were further characterized by melting point, IR and their purity 

assessed by elemental analysis (chapter 9). 
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 Spiro[indoline-3,5’-[1,2,4]oxadiazoline]-2-one 

 

 
 Spiro[indoline-3,3’-[1,2,5]oxadiazoline]-2-one 

  

Scheme 6.6. Possible regioisomers formed as a result of 1,3-dipolar cycloaddition between 166 and 120. 

 

 

6.4. BIOLOGICAL STUDIES 

 

6.4.1. Assessment of cell viability 

It was decided to primarily address two previous underexplored substitutions: (a) 

probing the phenyl ring A (Table 6.3) that previously was limited to p-OMe group, 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. Therefore, the SAR study started by probing the phenyl 

ring A with halogens in meta and para position without any substituents in the other 

phenyl rings. The three compounds synthesized (165a-c) exhibited GI50 higher than 50 µM, 

but informed that p-chloro substitution doubled the potency when compared to p-fluor 

(165a). Then compounds with two chloro atoms (one in ring A and the other in ring B) 

were tested. All 4 derivatives synthesized (165d-g) were found to be equipotent and more 

active than the previous monohalogenated derivatives.  

In the spiroisoxazoline study (chapter 4) the most active compounds detained a 

halogen at position 6 of the oxindole, which is in agreement with potent spiropyrrolidine 

oxindoles described in literature [72]. In addition, other publications describing different 

spirooxindoles reported that a 5-halogen can sometimes be beneficial to increase 

anticancer activity [79, 83]. Therefore the next derivatizations were focused at these two 

positions. By probing R2’ and R3, different spirooxadiazolines with 5-chlorooxindole 

(165h-n)  and  6-chlorooxindole  (165p-w)  moieties  were  synthesized.  In  both  cases,  a 
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Table 6.3. In vitro antiproliferative activities in HCT116 p53(+/+) cell line. 
 

                                           

Compd R1 R2’ R3 
Yield 

(%) 

HCT116 

p53(+/+) 

GI50, M[a] 

 

Compd R1 R2’ R3 
Yield 

(%) 

HCT116 

p53(+/+) 

GI50, M[a] 

165a H 4-F H 80 99.55±0.80  165r 6-Cl H 4-Cl 82 26.51±0.13 

165b H 3-Cl H 82 70.07±3.23  165s 6-Cl 3-Cl 3-Cl 75 6.59±0.03 

165c H 4-Cl H 87 54.54±0.10  165t 6-Cl 3-Cl 4-Cl 78 20.15±1.02 

165d H 3-Cl 3-Cl 85 32.63±0.40  165u 6-Cl 4-Cl H 80 31.76±1.92 

165e H 3-Cl 4-Cl 80 33.73±0.14  165v 6-Cl 4-Cl 3-Cl 80 28.66±2.13 

165f H 4-Cl 3-Cl 84 38.38±2.37  165w 6-Cl 4-Cl 4-Cl 79 13.18±0.37 

165g H 4-Cl 4-Cl 85 31.19±2.46  165x 5-Br H H 73 13.53±4.54 

165h 5-Cl H H 76 39.10±2.01  165y 5-Br 4-Cl H 68 21.94±2.41 

165i 5-Cl 3-Cl H 56 26.42±0.27  165z 5-Br 3-Cl H 62 4.72±0.16 

165j 5-Cl 3-Cl 3-Cl 54 4.56±0.16  165aa 5-Br 3-Cl 4-Cl 60 7.74±0.12 

165k 5-Cl 3-Cl 4-Cl 58 25.63±1.05  165ab 5-Br 3-Cl 3-Cl 61 2.04±0.03 

165l 5-Cl 4-Cl H 69 27.09±2.49  165ac 5-Br 3-Br 3-Br 67 3.20±0.11 

165m 5-Cl 4-Cl 3-Cl 66 21.34±1.02  165ad 5-Br 3-Cl,4-F 3-Cl 55 6.61±0.18 

165n 5-Cl 4-Cl 4-Cl 64 17.63±0.46  165ae 5-Br 2-F,3-Cl 3-Cl 57 1.72±0.08 

165o    55 48.22±0.01  165af 5-Br 3-Cl 2-F,3-Cl 61 3.22±0.28 

165p 6-Cl H H 81 28.35±3.95  119ad     34.60±2.44 

165q 6-Cl H 4-Me 70 50.56±4.41  Nutlin-3a     3.99±1.21 

                      [a] GI50 determined by the MTS method after 72h. Each value is the mean (GI50 ± SD) of three independent experiments performed in duplicate.  
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Table 6.4. In vitro antiproliferative activities in HCT116 p53(–/–), HepG2 and SW620 cell lines 
 

                                           

Compd 

HCT116 

p53(–/–) 

GI50, M[a] 

HepG2 

GI50, M[a] 

SW620 

GI50, M[a] 

 

Compd 

HCT116 

p53(–/–) 

GI50, M[a] 

HepG2 

GI50, M[a] 

SW620 

GI50, M[a] 

165d 34.55±3.69 - -  165t 22.49±1.34 - - 

165e 37.11±2.40 - -  165u 31.96±2.07 - - 

165f 39.81±2.84 - -  165v 30.25±2.35 - - 

165g 33.96±2.99 - -  165w 13.96±1.15 - - 

165h 44.74±1.85 - -  165x 14.43±4.49 - - 

165i 41.57±2.04 - -  165y 25.77±0.58 - - 

165j 6.85±0.75 3.29±0.26 3.89±0.38  165z 7.50±1.26 3.51±0.37 4.21±0.26 

165k 28.95±0.56 - -  165aa 12.26±1.39 4.09±0.37 7.99±0.37 

165l 27.00±2.66 - -  165ab 2.90±0.23 2.08±0.00 2.05±0.305 

165m 21.79±1.41 - -  165ac 5.98±0.57 2.20±0.23 3.74±0.37 

165n 18.05±0.85 - -  165ad 7.22±0.49 4.03±0.45 6.96±0.19 

165o 52.45±1.59 - -  165ae 2.03±0.40 1.15±0.18 2.00±0.18 

165p 35.52±6.67 - -  165af 4.44±0.81 2.46±0.06 3.47±0.04 

165r 30.65±1.32 - -  119ad 37.99±2.70 - - 

165s 7.77±0.76 4.40±0.36 6.69±0.76  Nutlin-3a 47.81±1.88 - - 

                         [a]  GI50 determined by the MTS method after 72h. Each value is the mean (GI50 ± SD) of three independent experiments performed in duplicate.  
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second chloro (at phenyl ring A) maintained or slightly increased the potency (165i and 

165l versus 165h; 165u versus 165p). Adding an additional chloro, at R3, an increase in 

potency was observed when both halogens (ring A and B) were in meta or in para position, 

with the former representing an impressive 8.6-fold and 4.3-fold increase in potency when 

compared to the non-halogenated counterparts (165j, GI50= 4.56 µM versus 165h, GI50= 

39.10 µM and 165s, GI50= 6.59 µM versus 165p, GI50= 28.35 µM). Compound 165o is the 

only derivative with a non-aromatic side chain at N-4’, and was found to decrease activity, 

representing the least active compound of the 5-chlorooxindole derivatives series. 

It was then decided to test the effect of changing the chloro substituent in the 

oxindole moiety to bromo. As the best compound so far contained a 5-chlorooxindole 

(165j), the next set of compounds was focused in this position (165x-ab). 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 best 

compound (165ab, GI50= 2.04 µM) possesses two chloros (rings A and B) in meta 

position, representing a 2.2-fold increase in comparison to 165j. Changing all the chloro 

atoms to bromo, slightly decreased the activity (165ac). The next step was to introduce 

fluor atoms into phenyl rings A and B (165ad-af), revealing that only 2-F,3-Cl in ring A 

promoted a slight increase in potency (165ae, GI50= 1.72 µM), as expected by comparison 

to spiropyrrolidine oxindoles.  

In addition, four derivatives revealed more potent than the positive control nutlin 3a 

(165ab-ac, 165ae-af). All compounds with GI50 lower than 50 µM were tested in HCT116 

p53(–/–) (Table 6.4) and the derivatives with GI50 lower than 10 µM were additionally tested 

in two other cell lines (HepG2 and SW620). As observed for the previous spiroisoxazoline 

oxindoles studied, the compounds showed only a marginal increase in potency in cell lines 

harboring wild type p53, revealing that p53 non-related effects are also relevant to the 

observed cytotoxic outcome.  

 

6.4.2. Evaluation of compounds ability to block the intracellular p53-MDM2 

interaction 

By applying a Venus-based bimolecular fluorescence complementation system 

methodology (BiFC [260], Figure 4.4, pg 67) it was demonstrated that compound 165ab 

can inhibit p53-MDM2 interaction in the same extent as the positive control Nutlin-3a at 

concentrations of 10 and 20 µM (Figure 6.1).  
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Figure 6.1. Compound 165ab 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 165ab (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). 

 

6.4.3. Evaluation of apoptosis 

Inhibition of p53-MDM2 interaction will restore p53 in cancer cell lines leading to 

its activation, and consequently induce a p53-mediated signaling pathway that will 

culminate in cell death by apoptosis. Caspase activation and cleavage of caspase-3 

substrate PARP are considered reliable markers of the apoptotic process [313]. Compounds 

165ab and 165ad induced a dose-dependent increase of cleaved PARP as detected by 

Western blotting (Figure 6.2, left) and compound 165ad induced a dose-dependent 

activation of caspases 3 and 7 in a luminescent caspase 3/7 assay (Figure 6.2, right). 
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Figure 6.2. Compounds 165ab and 165ad induce PARP cleavage and compound 165ad induce caspase 3/7 

activity. HCT116 p53(+/+) cells were incubated with vehicle or 5 and 10 µM of compounds 165ab, 165ad, 

and nutlin-3a for 24 h. Representative immunoblots of PARP cleavage analyzed in whole cell extracts (left). 

Blots were normalized to endogenous β-actin. Data represent mean ± SEM of three independent experiments. 

Caspase-3 and -7 activities were measured using the Caspase-Glo 3/7 assay (Promega) in cell lysates (right). 

 

6.5. 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 compounds 165x and 165ae. 

Both compounds were stable in phosphate buffer for the duration of the assays (3 days). 

They showed good stability in plasma, as shown by the detection of 75.3±7.0 % (165x) and 

62.5±3.8 % (165ae) after 72 h incubation. Compounds 165x and 165ae exhibited 

degradation when incubated in rat microsomes with NADPH regenerating system, with 

half-lives of 14.8±0.3 min and 33.5±2.6 min, respectively, indicating great susceptibility 

towards co-factor dependent microsomal enzymes. 

 

6.6. CONCLUDING REMARKS 

Thirty two 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 3.99 µM). The best 

compounds possessed halogen in positions 5 or 6 of the oxindole and meta-halogens in 

rings A and B. The best compound (165ae) showed a GI50 of 1.72 µM, representing an 

15.4-fold increase in potency when compared to the most active spiroisoxazoline oxindole 

(119ac, HCT116 p53(+/+) GI50= 26.56 µM). 
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In addition, compound 165ab showed inhibition of p53-MDM2 interaction in a 

cell-based bimolecular fluorescence complementation assay. Compound 165ab and 165ad 

also induced apoptosis, as verified by the dose dependent increase of PARP cleavage by 

immunoblotting analysis. A dose-dependent activation of caspases 3 and 7 in a 

luminescent caspase 3/7 assay was also observed for compound 165ad. Moreover, 

compounds 165x and 165ae showed good stability in pH 7.4 phosphate buffer and plasma, 

and great susceptibility towards NADPH-dependent rat microsomal enzymes. The 

inhibitory activity profile in cell lines with different p53 status revealed also p53-

independent effects. 

 

 

 

 



 

 

Chapter 

7 
SPIROTRIAZOLINE OXINDOLES: 

SYNTHESIS AND BIOLOGICAL EVALUATION  

 

              

This chapter reports the synthesis and biological evaluation of twenty seven spirotriazoline 

oxindoles and one spiropyrazoline oxindole as anticancer agents. Five compounds showed 

an antiproliferative activity below 10 µM in MCF-7 cell line. Interestingly, other five 

derivatives were at least 2-fold more active in MDA-MB-231 than MCF-7, with compound 

168k showing a selectivity index of 6.1. In addition three compounds showed selectivity 

toward cancer cell lines over Hek293T. Docking studies suggested that spirotriazolines 

oxindoles can disrupt the p53-MDM2 interaction. This was demonstrated for compound 

168h in the live-cell bimolecular fluorescence complementation assay. Compound 168h 

was also able to induce apoptosis in HCT116 p53(+/+) cell line. 

- Carlos J. A. Ribeiro, Joana D. Amaral, Lídia M. Gonçalves, Cecília M. P. Rodrigues, Rui Moreira, Maria 

M. M. Santos, Synthesis and evaluation of spirotriazolines oxindoles as anticancer agents, in preparation. 
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7.1. INTRODUCTION 

Santos group (iMed.ULisboa) published in 2014 a study about the in vitro 

anticancer properties of spiropyrazoline oxindoles (167, Scheme 7.1) against two breast 

cancer cell lines, one non-invasive estrogen receptor (ER) positive (MCF-7, wt p53), and 

one invasive ER-negative (MDA-MB-231, mut p53), both derived from a metastatic 

adenocarcinoma [351]. This work was envisioned after the study presented in chapter 4, in 

an attempt to increase anticancer potency by introducing a fourth substituent to the main 

scaffold (Scheme 7.1A). To achieve that, the isoxazoline oxygen was substituted by N-

phenyl group.  

Since spiroisoxazoline oxindoles (119) disrupt p53-MDM2 interaction, as observed 

in the BiFC assay, preliminary in silico studies were performed to assess their interaction 

with MDM2. It was suggested that, although they still could potentially mimic the three 

pivotal p53 residues, the optimal Trp23 mimicry by the 6-oxindole is lost due to the spatial 

orientation of the three groups (Figure 7.1). Instead, oxindole is projected into Phe19(p53) 

pocket, while phenyl A and B are projected into Trp23(p53) and Leu26(p53) pockets, 

respectively. However, an additional N-phenyl could potentially reorient the ligand in the 

p53 pocket. In fact, two spiropyrazoline oxindole derivatives were found to be selective 

toward MCF-7 (GI50 < 12 µM) over MDA-MB-231 and also over the non-tumor derived 

cell line Hek 293T (167c and 167e, Table 7.3, page 105). Therefore it was decided to apply 

the same strategy as in chapter six: assess the biological effect of changing CH-4’ 

(pyrazoline) to N-4’ (triazoline) (Scheme 7.1B). 

 

 

Scheme 7.1. Optimization strategy: first from spiroisoxazoline to spiropyrazoline (A)  

and then to spirotriazoline (B) oxindoles. 

 

The synthetic strategy employed to synthesize spirotriazolines oxindoles (168) is 

depicted in the scheme 7.2. The final spirocyclization step was achieved by 1,3-dipolar 

cycloaddition between 3-imino methylene indolin-2-one (166) and nitrile imines (169) 

generated in situ from hydrazonyl chlorides (170). 
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A  

B  

Figure 7.1. A. Best docking pose for 119ac (depicted in stick model and colored in green) and MI-77301 

(13, depicted in stick model and colored in white) in the p53 binding pocket (grey surface) of MDM2 

(4WT2). B. Schematic representation of the moieties that mimic (13) or potentially mimic (119ac) p53 

Phe19, Trp23, Leu26. 

 

Scheme 7.2. Retrosynthesis of spirotriazoline oxindole derivatives, highlighting the final step between imino 

indolin-2-ones (166) and hydrazonyl chlorides (170). 
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7.2. SYNTHESIS OF INTERMEDIATES 

 3-imino-indolin-2-ones (166, Scheme 7.3) were synthesized using the previously 

described methodology (Section 6.2).  

 

Scheme 7.3. Synthesis of 3-imino-indoline-2-one. (a) CH3COOH, EtOH, reflux, 3-72h 

 

Hydrazones (171) were prepared by reacting phenylhydrazines (172) with 

benzaldehyde derivatives (128) in aqueous ethanol 20% [352], and were obtained in very 

good yields (81-99 %) (Scheme 7.4, Table 7.1). 

 

 

Scheme 7.4. Synthesis of hydrazones. (a) aqueous ethanol 20%, r.t., 2-3h. 

 

Table 7.1. Synthesis of hydrazones. 

Compd R3 R4 
Yield 

(%) 

 
Compd R3 R4 

Yield 

(%) 

171a Ph Ph 81  171f Ph 3-ClPh 84 

171b 3-ClPh Ph 99  171g Ph 4-ClPh 92 

171c 4-ClPh Ph 95  171h 3-ClPh 2-ClPh 90 

171d 4-OMePh Ph 86  171i 3-ClPh 3-ClPh 88 

171e Ph 2-ClPh 92      

 

Hydrazonyl chlorides (170) were synthesized by reacting N-chlorosuccinimide-

dimethyl sulphide complex (173) prepared in situ with the appropriate N-arylhydrazones 

(171) at -78 ºC (Scheme 7.5, Table 7.2), and were obtained in good yields (62-88 %) [353, 

354]. 

The 1H NMR spectra of the intermediates are in accordance with literature [354-

358]. 
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Scheme 7.5. Synthesis of hydrazonyl chlorides, (a) 0 ºC, 15 min; 

(b) -78ºC, 1 h, then allowed to warm up to r.t. 

 

Table 7.2. Synthesis of hydrazonyl chlorides. 

Compd R3 R4 
Yield 

(%) 

 
Compd R3 R4 

Yield 

(%) 

170a Ph Ph 81  170f Ph 3-ClPh 80 

170b 3-ClPh Ph 71  170g Ph 4-ClPh 88 

170c 4-ClPh Ph 67  170h 3-ClPh 2-ClPh 73 

170d 4-OMePh Ph 62  170i 3-ClPh 3-ClPh 73 

170e Ph 2-ClPh 84      

 

7.3. SYNTHESIS OF 2’,4’-DIHYDROSPIRO[INDOLINE-3,3’-[1,2,4]TRIAZOL]-2-ONES 

 Spirotriazoline oxindoles were obtained by 1,3-dipolar cycloaddition between 3-

imino-indolin-2-ones (166) and nitrile imines (169) generated in situ by 

dehydrohalogenation of hydrazonyl chlorides (170) (Scheme 7.6, Table 7.4 and 7.5). They 

were synthesized in good yields (60-95 %). 

 

 

 

Scheme 7.6. Synthesis of spirotriazoline oxindoles. (a) Et3N, CH2Cl2, 24 h, r.t. 

  

The regioisomer obtained was the spiro[indoline-3,3’-[1,2,4]triazoline]-2-one 

(Scheme 7.7). The 13C NMR spectrum showed that spiro carbon signal appeared at 87.88 – 

89.83 ppm, as described in the literature for spirotriazoline oxindoles (88.42 – 88.59 ppm) 

[359]. In the alternative regioisomer the signal would appear shifted upfield, as observed 

for the spiro carbon of spiropyrazoline oxindoles, in which it is linked to three carbons and 

one nitrogen (75.44 - 78.17 ppm [351]). Additionally the triazoline C=N chemical shift 

appeared at 146.77 – 152.73 ppm (147.45 – 148.60 ppm [359]). The compounds were 

further characterized by melting point, IR and their purity assessed by elemental analysis 

(Chapter 9). 
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 Spiro[indoline-3,3’-[1,2,4]triazoline]-2-one 

 

 
 Spiro[indoline-3,4’-[1,2,3]triazoline]-2-one 

  

Scheme 7.7. Possible regioisomers formed as a result of 1,3-dipolar cycloaddition between 166 and 169. 

 

7.3. SYNTHESIS OF SPIROPYRAZOLINE OXINDOLE 167F 

 

 

Scheme 7.8. Synthesis of spiropyrazoline oxindole 167f. (a) TiCl4, Zn, THF, 2h, reflux, then at r.t. 125b, 10 

min (b) 3-chlorobenzaldehyde, piperidine, EtOH, reflux, 5h; (c) 170a, Et3N, CH2Cl2, 24 h, r.t. 
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Spiropyrazoline oxindole 167f was prepared by reacting 3-methylene indolin-2-one 

121r with hydrazonyl chloride 170a, and was obtained in 65 % yield (Scheme 7.8). 

Compound 121r was synthesized by aldolic condensation between 5-bromoindolin-2-one 

(147a) and 3-chlorobenzaldehyde and the former by reduction of 5-bromoindolin-2,3-

dione with TiCl4/Zn. The regioisomer formed was established to be the spiro[indoline-3,3'-

pyrazoline]-2-one by NMR comparisons to spiropyrrolidine derivatives described in 

literature [351, 354]. In particular, the chemical shift of the spiro carbon appeared at 77.22 

ppm (75.44 – 78.17 ppm [351]) and the H-4’ and C-4’ at 5.45 ppm (4.43 – 5.47 ppm [351]) 

and 62.34 ppm (60.73 – 63.22 ppm [351]), respectively. Additionally the pyrazoline C=N 

chemical shift appeared at 149.40 ppm (148.93 – 149.63 ppm [351]). The relative 

stereochemistry was established by comparison with published X-ray crystallography 

structure [360]. The compound was further characterized by melting point and IR and its 

purity assessed by elemental analysis (Chapter 9). 

 

 

7.4. BIOLOGICAL STUDIES 

 

7.4.1. Assessment of cell viability and SAR study 

In the spiropyrazoline oxindole series published by Santos group [351], the two 

most promising compounds (167c and 167e, Table 7.3) displayed more than 8-fold 

selectivity towards MCF-7 cell line, over MDA-MB-231 and Hek 293T cell lines. 

Therefore, it was decided to start the spirotriazoline oxindole study by synthesizing and 

evaluating derivatives with the same halogen pattern in the oxindole moiety (Cl and Br in 

position 5 or 7 in the oxindole) and without substituents in phenyl rings A, B and C (Table 

7.4). This first study revealed that three out of the four evaluated spirotriazolines with 

published spiropyrazoline equivalents showed significant increase in potency in MCF-7 

cell line. The non-halogenated derivative (168a) was at least 2.8-fold more potent than its 

spiropyrazoline equivalent (167a, Table 7.3), and the 5-chloro and 7-chloroxindole 

derivatives were 2-fold more potent (168e, 168l, Table 7.4 versus 57b, 57d, Table 7.3). 

Compound 168h (R1= 5-Br) represents the only exception, by promoting a 3.2-fold 

decrease in potency in MCF-7 cell line when compared to its spiropyrazoline counterpart 

(167c). However, surprisingly it was at least 14.9-fold more potent in MDA-MB-231 cell 

line, revealing that by simply changing CH (167c) for N (168h) it was possible to go from 

a compound at least 13.7-fold more selective towards MCF-7 cell line to a derivative 3.4 

more selective toward MDA-MB-231 cell line. In addition, in the spirotriazoline series, a 

2.0-fold decrease in potency in both cells lines was observed when 7-chloro was changed 

to 7-bromo (168m versus 168l, Table 7.4). 
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Table 7.3. Spiropyrazoline oxindoles reported in literature 

 

Compd R1 R3’ 
MCF-7 

GI50, M 

MDA-MB-231 

GI50, M 

Hek 293T 

GI50, M 

167a H H >100 - - 

167b 5-Cl H 37.7±14.1 - - 

167c 5-Br H 7.3±3.3 >100 >100 

167d 7-Cl H 22.4±3.5 16.9.±1.2 >100 

167e 7-Cl 4-OMe 11.5±1.6 >100 >100 

 

Although a certain degree of selectivity was lost with compound 168h, its 

remarkable MDA-MB-231 GI50 of 6.7 µM spurred the synthesis of new derivatives with 5-

bromoxindole moiety, starting by probing meta and para position of ring A (168i-k). It 

was also synthesized compounds with the same substituents in ring A, but without halogen 

in the oxindole (168b-d) to assess their independently contribution to activity. In general 

any additional halogen to one or both positions tested led to an activity improvement. 

Interestingly, comparing 5-Br to 5-H derivatives revealed that their activity was quite 

similar (<1.8-fold difference) in MCF-7 cell line. In MDA-MD-231 cell line, 5-bromo 

derivatives were substantially more active, with derivative 168j (R2’= 3-Cl, 4-F) showing a 

7.0-fold increase in potency (168j versus 168d). The most active compound in MDA-MD-

231 cell line was 168k (R1= 5-Br and R2’= 3-Cl) with a GI50 of 3.5 µM, representing a 1.9-

fold activity improvement and better selectivity between cancer cell lines in comparison to 

168h. Maintaining the same substituent in ring A (3-Cl) and changing the halogen in R1 

from bromo to chloro, decreased the activity in MDA-MD-231, while increasing activity in 

MCF-7, both by at least a factor of two (168f versus 168k). Furthermore tert-butyl group 

instead of phenyl ring A decreased activity in all cell lines tested (168g versus 168e). 

Then it was decided to investigate different substitutions at ring B and C (Table 

7.5). Two compounds were selected as starting point for this endeavor: the most active 

compound in MDA-MB-231 cell line (168k) and the non-toxic derivative (Hek293T GI50 > 

100 M) with selectivity between breast cancer cell lines (168b). With the exception of 

compound 168p, introducing chloro atoms in different positions in one or both rings 

doubled the potency in MCF-7 cell line (168n-o, 168q-u, and 50w-aa). The most active  
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       Table 7.4. In vitro antiproliferative activities. 

 

                               

Compd R1 R2’ R3’ R4’ 
Yield 

(%) 

MCF-7 

GI50, M[b] 

MDA-MB-

231 

GI50, M[b] 

Hek 293T 

GI50, M[b] 

HCT116 

p53(+/+) 

GI50, M[a] 

HCT116 

p53(–/–) 

GI50, M[a] 

SI[c] SI[d] 

168a H H H H 81 36.2±3.3 23.4±4.3 - 32.6±1.5 30.4±0.4   

168b H 4-Cl H H 84 24.1±4.8 10.7±1.0 >100 15.0±1.5 18.5±1.2 2.3 >9.3 

168c H 3-Cl H H 90 13.7±0.4 12.5±1.1 25.7±5.6 19.9±1.4 22.1±2.0  >2.1 

168d H 3-Cl,4-F H H 70 19.5±0.7 32.3±4.0 - 17.5±0.3 18.8±0.3   

168e 5-Cl H H H 87 19.1±0.8 11.7±0.6 32.6±9.3 21.6±0.6 22.1±3.2  2.8 

168f 5-Cl 3-Cl H H 89 9.8±1.5 8.9±1.9 >100 16.3±0.2 17.9±0.6  >11.2 

168g     79 30.8±1.2 32.3±4.0 - 39.2±1.5 41.9±2.9   

168h 5-Br H H H 95 23.0±1.7 6.7±0.4 56.3±11.3 22.2±0.5 22.5±4.4 3.4 8.4 

168i 5-Br 4-Cl H H 93 16.8±1.0 5.2±1.0 21.6±6.8 16.3±1.2 18.2±0.9 3.2 4.2 

168j 5-Br 3-Cl, 4-F H H 90 11.0±2.4 4.6±0.3 16.6±3.7 13.5±1.0 15.9±1.3 2.4 3.6 

168k 5-Br 3-Cl H H 92 21.4±2.2 3.5±1.0 21.6±6.8 15.7±1.4 17.8±2.0 6.1 6.2 

168l 7-Cl H H H 91 10.8±0.9 8.9±0.6 >100 23.7±0.6 20.1±1.7  >11.2 

168m 7-Br H H H 94 21.8±1.6 23.7±4.5 - 20.7±1.9 17.3±0.1   

Nutlin-3a         4.0±1.2 47.8±1.9   

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

72h. Each value is the mean (GI50 ± SD) of three independent experiments performed in duplicate. [c] Selectivity index towards MDA-MB-231 between cancer cell lines, 

expressed by the ratio MDA-MB-231 GI50/ MCF-7 GI50; [d] Selectivity index towards MDA-MB-231 over Hek 293T, expressed by the ratio MDA-MB-231 GI50/ Hek 

293T GI50. 
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Table 7.5. In vitro antiproliferative activities. 

                               

Compd R1 R2’ R3’ R4’ 
Yield 

(%) 

MCF7 

GI50, M[a] 

MDA-MB-

231 

GI50, M[a] 

Hek293T 

GI50, M[a] 

HCT116 

p53(+/+) 

GI50, M[b] 

HCT116 

p53(–/–) 

GI50, M[b] 

SI[c] SI[d] 

168b H 4-Cl H H  24.1±4.8 10.7±1.0 >100 15.0±1.5 18.5±1.2 2.3 >9.3 

168n H 4-Cl 3-Cl H 89 13.1±2.4 11.6±1.3 20.5±5.3 17.4±2.4 16.1±1.6   

168o H 4-Cl 4-Cl H 86 10.9±2.0 8.2±0.8 22.7±5.3 16.8±2.2 18.5±1.6  >2.8 

168p H 4-Cl H 2-Cl 76 28.4±5.0 24.8±0.8 69.8±12.8 32.9±3.6 37.9±3.0  >2.8 

168q H 4-Cl H 3-Cl 91 14.2±2.4 15.7±2.4 15.4±2.6 19.8±1.4 18.5±0.9   

168r H 4-Cl H 4-Cl 84 10.1±0.5 9.0±1.2 15.8±4.4 18.5±0.9 18.7±0.5   

168s H 4-Cl 3-Cl 2-Cl 86 13.1±0.5 14.5±0.5 35.0±12.2 25.3±1.3 34.6±2.9  >2.8 

168k 5-Br 3-Cl H H  21.4±2.2 3.5±1.0 22±7 15.7±1.4 17.8±2.0 6.1 6.2 

168t 5-Br 3-Cl 3-Cl H 85 8.0±1.4 10.2±1.3 12.5±1.1 12.6±1.2 13.0±1.4   

168u 5-Br 3-Cl 4-Cl H 82 10.1±0.9 14.6±2.1 20.3±6.5 10.8±1.2 10.8±0.9   

168v 5-Br 3-Cl 4-OMe H 60 12.3±1.5 14.1±1.1 25.9±5.8 22.2±1.4 25.8±1.2   

168w 5-Br 3-Cl H 2-Cl 63 10.2±0.8 11.7±1.7 20.9±3.0 21.5±2.1 31.6±1.5   

168x 5-Br 3-Cl H 3-Cl 88 9.8±0.9 10.7±3.1 16.9±3.4 12.0±1.1 13.1±1.4   

168y 5-Br 3-Cl H 4-Cl 89 11.4±0.9 15.0±4.4 16.2±2.4 15.0±1.3 17.2±1.8   

168z 5-Br 3-Cl 3-Cl 2-Cl 80 9.5±3.1 7.6±2.4 21.4±7.4 13.9±1.1 17.7±1.3  >2.8 

168aa 5-Br 3-Cl 3-Cl 3-Cl 88 6.9±0.7 7.0±1.9 9.0±1.7 10.2±1.7 9.0±0.8   

167f      10.0±0.7 12.6±0.3 17.5±3.3 11.4±1.1 12.4±1.3   

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

Each value is the mean (GI50 ± SD) of three independent experiments performed in duplicate. [c] Selectivity index towards MDA-MB-231 between cancer cell lines, expressed 

by the ratio MDA-MB-231 GI50/ MCF-7 GI50; [d] Selectivity index towards MDA-MB-231 over Hek 293T, expressed by the ratio MDA-MB-231 GI50/ Hek 293T GI50.
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compound obtained for this cell line was 50aa (GI50= 6.9 M). Unfortunately these new 

substitutions did not improve activity in MDA-MB-231, and in fact for all 5-

bromooxindole derivatives at least a 2-fold decrease in activity was observed. The same 

pattern of response was also achieved for compound 168v (R3’= OMe). Finally the 

spiropyrazoline equivalent of compound 168k was also synthesized and evaluated (167f). 

It was found to be 3.6-fold less active in MDA-MD-231 cell line, but 2.2-fold more potent 

in MCF-7 cell line.  

All derivatives were also tested in the isogenic pair HCT116, with compound 

168aa revealing to be the most active (HCT116 p53(+/+) GI50= 10.2 M; HCT116 p53(-/-) 

GI50= 9.0 M). Unfortunately, for all compounds, lack of selectivity between both 

HCT116 cell lines was observed. 

 

7.4.2. Evaluation of compounds ability to block the intracellular p53-MDM2 

interaction  

 

A  

B  

Figure 7.2. A. Best docking pose for 168h (depicted in stick model and colored in green) and MI-77301 (13, 

depicted in stick model and colored in white) in the p53 binding pocket (grey surface) of MDM2 (4WT2). B. 

Schematic representation of the moieties that mimic (13) or potentially mimic (168h) p53 Phe19, Trp23, 

Leu26. 
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As hypothesized in the beginning of this chapter, adding an extra phenyl ring could 

potentially reorient the spirooxindole in the MDM2 p53 binding pocket (Figure 7.2). In the 

best docking pose, the oxindole moiety of 168h occupies the Trp23(p53) pocket, with the 

NH establishing an H-bond with MDM2 Leu54, as in spiropyrrolidine oxindole 13. 

Furthermore, phenyl A and C are projected into Phe19(p53) and Leu26(p53) pockets, 

respectively. Therefore, although this series of compounds did not show selectivity 

between HCT116 p53 cell lines, and in fact five derivatives showed selectivity towards 

MDA-MB-231, the docking suggestions fomented further biological investigation. By 

applying the Venus-based bimolecular fluorescence complementation system methodology 

(BiFC [260], Figure 4.4, pg 67), it was demonstrated that compound 168h can inhibit p53-

MDM2 interaction in the same extent as the positive control Nutlin-3a (Figure 7.3).  

 

 

Figure 7.3. Compound 168h 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 168h (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). 
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7.4.2. Evaluation of apoptosis 

Inhibition of p53-MDM2 interaction will restore p53 in cancer cell lines leading to 

its activation, and consequently induce a p53-mediated signaling pathway that will 

culminate in cell death by apoptosis. Caspase activation and cleavage of caspase-3 

substrate PARP are considered reliable markers of the apoptotic process [313]. Compound 

168h induced a dose-dependent increase of cleaved PARP as detected by Western blotting 

(Figure 7.4, left) and induce a dose-dependent activation of caspases 3 and 7 in a 

luminescent Caspase 3/7 assay (Figure 7.4, right). 

 

 

Figure 7.4. Compound 168h induce PARP cleavage and caspase 3/7 activity. HCT116 p53(+/+) cells were 

incubated with vehicle or 10 and 20 µM of compounds 168h and 5 and 10 µM of nutlin-3a for 24 h. 

Immunoblots of PARP cleavage analyzed in whole cell extracts (left). Blots were normalized to endogenous 

β-actin. Caspase-3 and -7 activities were measured using the Caspase-Glo 3/7 assay (Promega) in cell lysates 

(right). 

 

7.5. 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 compounds 168h and 168z. 

Both compounds were stable in plasma for the duration of the assays (three days). 

Compounds 168h and 168z exhibited degradation when incubated in rat microsomes with 

NADPH regenerating system, with half-lives of 18.9±1.8 min and 6.12±0.5 min, 

respectively, indicating great susceptibility towards co-factor dependent microsomal 

enzymes. 
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7.6. CONCLUDING REMARKS 

Twenty seven compounds were synthesized with different substituents attached to 

the spirotriazoline oxindole scaffold. Screening the compounds in MCF-7 cell line revealed 

that five derivatives displayed potency below 10 µM (168aa, GI50= 6.9 µM). Interestingly, 

other five derivatives showed selectivity (more than 2-fold) towards MDA-MB-231, with 

compound 168k showing a selectivity index of 6.1 (GI50= 3.5 µM). In addition three 

compounds were selective toward cancer cell lines over Hek293T. Unfortunately lack of 

selectivity between the isogenic pair of cell lines HCT116 p53(+/+) and p53(-/-) was 

observed for all compounds. However, docking studies suggested that spirotriazolines 

oxindoles were still capable of disrupting the p53-MDM2 interaction, and that was 

obtained for compound 168h in the live-cell bimolecular fluorescence complementation 

assay. Compound 168h also promoted apoptosis as observed by the dose-dependent 

increase of PARP cleavage and dose-dependent activation of caspases 3 and 7, detected by 

Western blotting and by a luminescent caspase 3/7 activity assay, respectively. Moreover, 

compounds 168h and 168z showed good stability in plasma, and great susceptibility 

towards NADPH-dependent rat microsomal enzymes. 

 

 

 

 



Chapter 7. Spirotriazoline Oxindoles 

112 
 

 



 

 

Chapter  

8 
GENERAL CONCLUSIONS AND  

FUTURE PERSPECTIVES 

 

 

 

 



 

 

 

 



Chapter 8. General Conclusions and Future Perspectives 

115 
 

Restoring p53 function in cancer cells represents a valuable anticancer approach. 

Several strategies are being developed, and in particular targeting p53-MDM2 interaction 

has emerged as a promising viable approach when dealing with cancers that retain wild 

type p53 function. p53-MDM2 interaction inhibitors share common structural features: a 

rigid heterocyclic scaffold with three lipophilic groups that mimic the three pivotal p53 

amino acids (Phe19, Trp23 and Leu26) that interact with MDM2. Furthermore, seven 

compounds have already entered clinical trials. 

The main goal of this PhD thesis was to develop new anticancer agents containing a 

spirooxindole scaffold with different spiro five-membered rings: isoxazoline, oxadiazoline, 

and triazolines. The spirocycle can potentially function as the rigid heterocyclic scaffold, 

from which the three lipophilic groups can be projected to mimic the p53 amino acids. 

The PhD thesis included three major strategies: synthesis of spirooxindole 

derivatives by 1,3 dipolar cycloaddition; biological evaluation of the compounds 

synthesized and stability assessment. 

Chapters three to five were dedicated to the synthesis and biological evaluation of 

spiroisoxazoline oxindoles. In chapter three, the synthesis of spiroisoxazoline oxindoles 

containing ester groups at position 4’ and aromatic or ester groups at position 3’ of the 

isoxazoline ring was reported. The synthetic methodology developed represents the first 

time that zinc is used as the dehydrochlorinating agent in 1,3-dipolar cycloadditions. In 

chapter four the synthetic scope was increased, in order to obtain also spiroisoxazoline 

oxindole derivatives with alquilic and aromatic groups in position 4’ of the isoxazoline 

ring. Furthermore, it also reports the evaluation of all thirty three derivatives synthesized as 

anticancer agents. Seven compounds showed an antiproliferative profile superior to the 

p53-MDM2 interaction inhibitor nutlin-3. The most active derivative showed a GI50 of 

29.11 µM in HepG2 cell line. Chapter five reports the attempts to synthesize 

enantioselectively the most active derivative, achieving an ee of 50%. It also describes 

experiments developed for the enantioselective synthesis of a spiropyrroline oxindole 

derivative (ee of 72%) performed in parallel to the main objectives of the PhD.  

 Chapters six and seven describe the synthesis, biological evaluation and stability 

assessment of the spirooxadiazoline and spirotriazoline oxindole libraries, respectively. It 

was synthesized and evaluated thirty two spirooxadiazoline oxindoles as anticancer agents. 

Nine compounds showed an antiproliferative activity below 10 µM, with four compounds 

more active than the positive control nutlin-3a in HCT116 p53(+/+). It was also synthesized 

and evaluated twenty seven spirotriazoline oxindoles as anticancer agents. Five compounds 

showed an antiproliferative activity below 10 µM in MCF-7 cell line. Interestingly, other 

five derivatives were at least 2-fold more active in MDA-MB-231 than MCF-7. In addition 

three compounds showed selectivity toward cancer cell lines over Hek293T.  
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 Moreover, proof-of-concept for the three series of compounds was demonstrated by 

inhibition of the interaction between p53 and MDM2 in a live-cell bimolecular 

fluorescence complementation assay and by the induction of apoptosis in HCT116 p53(+/+) 

cell line. 

 Docking studies suggested that the spirooxindoles tested are capable of mimicking 

the three pivotal p53 amino acids. For spirotriazoline oxindoles in silico studies also 

revealed that an increase in potency can potentially be achieved by modifications in R3 

(ring B), as observed for published spiropyrrolidine oxindoles. Therefore future SAR 

studies should encompass modifications at this position in an attempt to find derivatives 

capable of stablishing hydrogen bonds with MDM2 Lys94 and specially His96, as 

observed for several reported p53-MDM2 interaction inhibitors. Moreover, since p53 

independent effects are also observed, a more in depth cellular understanding should be 

pursued, to assess which signaling pathways and proteins are being affected. This study 

will be of particular interest for the five spirotriazolines oxindoles that showed at least a 2-

fold selectivity toward mutated p53 MDA-MB-231 cell line. Furthermore, in vivo efficacy 

should also be evaluated for the best derivatives. 

Overall this PhD thesis contributed with three new families of spirooxindoles with 

in vitro anti-cancer activities that are capable of disrupting the p53-MDM2 interaction in 

cells. The most active derivative possessed a GI50 of 1.72 µM in HCT116 p53(+/+) cell line.  
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9.1. EXPERIMENTAL SECTION: CHEMISTRY 

All chemical and solvents were obtained from commercial suppliers and were 

normally used without further purification. When used as reaction solvents, CH2Cl2 and 

CHCl3 were dried over CaCl2 and distilled; THF and ether were distilled from sodium-

benzophenone system. Et3N was dried over KOH, distilled and stored with molecular 

sieves. In chapter 5, dry CH2Cl2, toluene, THF, and Et2O solvents were dispensed from a 

solvent purification system that passes them through two columns of dry neutral alumina.  

Thin layer chromatography was performed using Merck Silica Gel 60 F254 

aluminium plates and visualized by UV light. Flash column chromatography was 

performed on Merck Silica Gel (200-400 mesh ASTM) and CombiFlash Rf from Teledyne 

ISCO (columns RediSep Rf, silica). Preparative TLC was performed on Merck Silica Gel 

60 GF254 over glass plates with 0.5 and 1 mm thickness.  

In chapter 5, all reactions were performed in oven-dried and argon-purged 

glassware (including 8- and 4-mL Fisher Scientific vials fitted with PTFE closure). 

Molecular sieves (4Å) < 50 μm were activated in a vacuum chamber by heating them with 

a heat gun for 15 min. 

1H and 13C NMR spectra were recorded on a Bruker 400 Ultra-Shield at 400 MHz 

(1H NMR) and 100 MHz (13C NMR) or on a Bruker 300 Avance at 300 MHz (1H NMR) 

and 75 MHz (13C NMR).  In chapter 5, NMR spectra were recorded at 600, 400 or 300 

MHz and 150, 100, or 75 MHz, respectively, using a Bruker Avance 600 MHz NMR 

spectrometer, Varian VNMRS 600 (600 MHz), Varian Mercury 300 (300 MHz), 

MercuryPlus 300 (300 MHz), or Varian Inova 400 (400 MHz) spectrometers. 1H and 13C 

chemical shifts (δ) are expressed in parts per million (ppm) using the solvent as internal 

reference, and proton coupling constants (J) in hertz (Hz). 1H spectral data are reported as 

follows: chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, 

multiplet; dd, doublet of doublets; dt, doublet of triplets, and br, broadened), coupling 

constant, and integration. 

The infrared spectra were collected on a Shimadzu FTIR Affinity-1 

spectrophotometer. The spectra were determined using KBr disks or thin films between 

NaCl plates. Only the most significant absorption bands are reported. 

Elemental analysis (C, H, and N) were performed in a Flash 2000 CHNS-O 

analyzer (ThermoScientific, UK) at Liquid Chromatography and Mass Spectrometry 

Laboratory, Faculty of Pharmacy of Lisbon University; or in a LECO model CHNS-932 

elemental analyzer at the Unit Elemental Analysis, University of Santiago de Compostela, 

Spain. The results were within ± 0.4% of the theoretical values.  

Melting points were determined using a Kofler camera Bock monoscope M and are 

uncorrected.  
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All chiral HPLC analyses were performed on a Shimadzu LC-20AB system with a 

Daicel CHIRALPAK® AD-H column (4.6 x 250 mm, 5 μm), Daicel CHIRALPAK® AS-H 

column (4.6 x 250 mm, 5 μm), or Daicel CHIRALCEL® OD-H column (4.6 x 250 mm, 5 

μm), each attached to a guard column, at a constant flow rate (isopropanol/hexanes 

isocratic system) using Shimadzu SPD-M20A photodiode array detector and 40 °C column 

oven temperature. 

Compound epi-163 was analyzed for LRMS in the positive ion mode by an Applied 

Biosystems Qtrap (Foster City, CA). Source parameters were 5 kV spray voltage, with a 

curtain plate temperature of 275 °C and sheath gas setting of 15. Samples were analyzed 

via flow injection analysis, by injecting 20 μL samples into a stream of 80 % MeOH/20 % 

aqueous solution of 0.1% formic acid, flowing at 200 μL per minute.  

High resolution mass spectra (HMRS-ESI+) were obtained in a FTICR Bruker 

Apex Ultra from Faculty of Sciences of Lisbon University, Portugal.  
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9.1.2. GENERAL PROCEDURE FOR THE SYNTHESIS OF 3-METHYLENE INDOLINE-2-

ONES. 

 

9.1.2.1. Method A- Wittig reaction. 

A mixture of the indoline-2-one (1.0 equiv) and phosphonium ylide derivative (1.0 

equiv) in toluene was heated to 80 ºC for 5-6 h, under nitrogen atmosphere. After the 

reaction was complete, the solvent was removed under reduced pressure and the residue 

was dissolved in EtOAc. The organic phase was washed with brine (2x), dried over 

anhydrous Na2SO4 and concentrated by rotary evaporation. The residue was purified by 

flash chromatography on silica gel using n-hexane/EtOAc (4:1) as the eluent to afford the 

final product (adapted from [270]). 

 

(E)-ethyl 2-(N-methyl-2-oxoindolin-3-ylidene)acetate (121a).  

Synthesized according to the general procedure (method A), this compound was 

obtained as an orange solid (467.9 mg, 94 % yield). 

Mp: 90-91 ºC (mp lit. 74-76 ºC [361], 83-85 ºC [274]); IR (KBr, selected 

peaks): 1714.89 (C=O), 1612.77 (C=O) cm-1; 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.56 (d, J = 7.7 Hz, 1H, H-4), 7.37 (td, J = 7.8, 1.0 Hz, 

1H, H-6), 7.07 (td, J = 7.7, 0.8 Hz, 1H, H-5), 6.91 (s, 1H, C=CH), 6.80 (d, 

J = 7.8 Hz, 1H, H-7), 4.33 (q, J = 7.1 Hz, 2H, CH2), 3.23 (s, 3H, NCH3), 1.37 (t, J = 7.1 

Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 167.64 (NC=O), 165.78 (CO2), 

146.06 (Cq-7a), 137.97 (Cq-3), 132.52 (CH-6), 128.85 (CH-4), 122.92 (CH-5), 122.56 

(C=CH), 119.95 (Cq-3a), 108.22 (CH-7), 61.29 (CH2), 26.34 (NCH3), 14.30 (CH3) [277]. 

 

 (E)-ethyl 2-(2-oxoindolin-3-ylidene)acetate (121b).  

Synthesized according to the general procedure (method A), this compound was 

obtained as an orange solid (286.6 mg, 97 % yield). 

Mp: 170-172 ºC (mp lit. 169-170 ºC [278, 362]; 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.56 (d, J = 7.7 Hz, 1H, H-4), 7.85 (br s, 1H, NH), 7.32 

(td, J = 7.7, 1.1 Hz, 1H, H-6), 7.06 (td, J = 7.7, 0.9 Hz, 1H, H-5), 6.88 (s, 

1H, C=CH), 6.85 (d, J = 7.7 Hz, 1H, H-7), 4.33 (q, J = 7.1 Hz, 2H, CH2), 

1.37 (t, J = 7.1 Hz, 3H, CH3) [278]. 
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(E)-methyl 2-(N-methyl-2-oxoindolin-3-ylidene)acetate (CR121c).  

Synthesized according to the general procedure (method A), this compound was 

obtained as a dark orange solid (309.2 mg, 93 % yield).  

Mp: 136-138 ºC (mp. lit.[274] 137-138ºC); 1H NMR (400 MHz, CDCl3) 

δ (ppm): 8.56 (d, J = 7.7 Hz, 1H, H-4), 7.38 (td, J = 7.7, 1.0 Hz, 1H, H-6), 

7.08 (td, J = 7.7, 0.8 Hz, 1H, H-5), 6.92 (s, 1H, C=CH), 6.80 (d, J = 7.8 

Hz, 1H, H-7), 3.87 (s, 3H, OCH3), 3.24 (s, 3H, NCH3) [274]. 

 

 (E)-methyl 2-(2-oxoindolin-3-ylidene)acetate (121d).  

Synthesized according to the general procedure (method A), this compound was 

obtained as an orange solid (272.2 mg, 98 % yield). 

Mp: 180-182 ºC (mp. lit. 181-182ºC [363], 178-180ºC [279]); 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.55 (d, J = 7.8 Hz, 1H, H-4), 7.92 (br s, 1H, 

NH), 7.33 (t, J = 7.8 Hz, 1H, H-6), 7.06 (t, J = 7.8 Hz, 1H, H-5), 6.88 (s, 

1H, C=CH), 6.85 (d, J = 7.8 Hz, 1H, H-7), 3.88 (s, 3H, OCH3) [279]. 

 

 

9.1.2.2. Method B- Aldolic Condensation. 

A mixture of the indoline-2-one derivative (1.0 equiv), aldehyde (1.2 equiv) and 

piperidine (0.1 equiv) in ethanol was refluxed for a period of 3-8 hours, under nitrogen 

atmosphere. After the reaction was complete, the solvent was removed under reduced 

pressure and the residue was purified by flash chromatography on silica gel using as eluent 

a gradient from n-hexane/EtOAc (4:1) to n-hexane/EtOAc (2:1) to afford the final product, 

as a mixture of E/Z isomers (adapted from [297]).  

For most cases only traces of minor Z isomer was detected, and therefore for those 

derivatives only 1H NMR description for the major E isomer will be given. 

 

 (E)-3-benzylideneindolin-2-one (121e). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a yellow solid (1232.6 mg, 99 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.81 (br s, 1H 

NH), 7.86 (s, 1H, C=CH), 7.70 – 7.66 (m, 2H, H-2’,6’), 7.65 (d, J = 7.7 

Hz, 1H, H-4), 7.51 – 7.43 (m, 3H, H-3’,4’,5’), 7.22 (td, J = 7.7, 1.0 Hz, 

1H, H-6), 6.93 (d, J = 7.8 Hz, 1H, H-7), 6.88 (td, J = 7.7, 0.9 Hz, 1H, H-



Chapter 9. Experimental Section 

123 
 

5) [302, 303]. 

 

(E)-3-(4-methoxybenzylidene)indolin-2-one (121f). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a yellow solid (1068.8 mg, 76 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.48 (br s, 1H, 

NH), 7.80 (s, 1H, C=CH), 7.76 (d, J = 7.7 Hz, 1H, H-4), 7.68 (d, J = 8.8 

Hz, 2H, H-2’,6’), 7.21 (td, J = 7.7, 1.0 Hz, 1H, H-6), 7.00 (d, J = 8.8 Hz, 

2H, H-3’,5’), 6.93 – 6.88 (m, H-5, H-7), 3.89 (s, 3H, OCH3); minor (Z) 

isomer: 8.37 (d, J = 8.8 Hz, 2H, H-2’,6’), 8.18 (br s, 1H, NH), 7.53 – 

7.48 (m, 2H, H-4, C=CH), 7.20 (td, J = 7.6, 1.0 Hz, 1H, H-6), 7.04 (td, J = 7.6, 0.8 Hz, 1H, 

H-5), 6.98 (d, J = 8.8 Hz, 2H, H-3’,5’), 6.87 (d, J = 7.7 Hz, 1H, H-7), 3.89 (s, 3H, OCH3) 

[303, 304]. 

 

(E)-3-(4-methoxybenzylidene)indolin-2-one (121g). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a pale yellow solid (161.1 mg, 89 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 7.81 (s, 1H, 

C=CH), 7.76 (d, J = 7.6 Hz, 1H, H-4), 7.65 (d, J = 8.7 Hz, 2H, H-2’,6’), 

7.29 – 7.23 (m, 1H, H-6), 6.99 (d, J = 8.8 Hz, H-3’,5’), 6.92 (t, J = 7.6 

Hz, 1H, H-5), 6.82 (d, J = 7.8 Hz, 1H, H-7), 3.88 (s, 3H, OCH3), 3.27 (s, 

3H, NCH3); minor (Z) isomer: 8.40 (d, J = 8.8 Hz, 2H, H-2’,6’), 7.48 (d, 

J = 7.6 Hz, 1H, H-4), 7.46 (s, 1H, C=CH), 7.29 – 7.23 (m, 1H, H-6), 7.04 (t, J = 7.6, 1H, 

H-5), 6.96 (d, J = 8.8 Hz, 2H, H-3’,5’), 6.79 (d, J = 7.9 Hz, 1H, H-7), 3.87 (s, 3H, OCH3), 

3.27 (s, 3H, NCH3) [305]. 

 

(E)-3-butylideneindolin-2-one (121h). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a pale yellow solid (223.1 mg, 96 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.53 (s, 1H, NH), 

7.55 (d, J = 7.6 Hz, 1H, H-4), 7.22 (t, J = 7.6 Hz, 1H, H-6), 7.08 – 7.00 

(m, 2H, H-5, C=CH), 6.90 (d, J = 7.8 Hz, 1H, H-7), 2.67 (q, J = 7.5 Hz, 

2H, CHCH2), 1.74 – 1.64 (m, 2H, CH2CH3), 1.05 (t, J = 7.4 Hz, 3H, CH3); 

minor (Z) isomer: 8.27 (br s, 1H, NH), 7.38 (d, J = 7.6 Hz, 1H, H-4), 7.19 (t, J = 7.7 Hz, 

1H, H-6), 6.99 (t, J = 7.6 Hz, 1H, H-5), 6.93 – 6.87 (m, 1H, C=CH, overlap with major 
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isomer) 6.84 (d, J = 7.8 Hz, 1H, H-7), 2.98 (q, J = 7.6 Hz, 2H, CHCH2), 1.65 – 1.55 (m, 

2H, CH2CH3), 1.03 (t, J = 7.4 Hz, 3H, CH3) [306]. 

 

(E)-3-benzylidene-5-nitroindolin-2-one (121i). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a yellow solid (348.7 mg, 93 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.81 (s, 1H 

NH), 7.86 (s, 1H, C=CH), 7.70 – 7.66 (m, 2H, H-2’,6’), 7.65 (d, J = 

7.7 Hz, 1H, H-4), 7.51 – 7.43 (m, 3H, H-3’,4’,5’), 7.22 (td, J = 7.7, 1.0 

Hz, 1H, H-6), 6.93 (d, J = 7.8 Hz, 1H, H-7), 6.88 (td, J = 7.7, 0.9 Hz, 

1H, H-5) [301]. 

 

(E)-3-benzylidene-7-chloroindolin-2-one (121j). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a yellow solid (377.0 mg, 99 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 7.89 (br s, 1H, 

NH), 7.79 (s, 1H, C=CH), 7.67 – 7.61 (m, 2H, H-2’,6’), 7.54 (d, J = 7.8 

Hz, 1H, H-4), 7.50 – 7.45 (m, 3H, H-3’,4’,5’), 7.22 (d, J = 7.8 Hz, 1H, H-

6), 6.83 (t, J = 7.8 Hz, 1H, H-5). 

 

(E)-3-benzylidene-6-chloroindolin-2-one (121k). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a yellow solid (363.7 mg, 95 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.43 (br s, 1H, 

NH), 7.85 (s, 1H, C=CH), 7.66 – 7.62 (m, 2H, H-2’,6’), 7.56 (d, J = 8.3 

Hz, 1H, H-4), 7.51 – 7.44 (m, 3H, H-3’,4’,5’), 6.93 (d, J = 1.9 Hz, 1H, 

H-7), 6.85 (dd, J = 8.3, 1.9 Hz, 1H, H-5) [307]. 

 

(E)-6-chloro-3-(4-methoxybenzylidene)indolin-2-one (121l). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a yellow solid (422.3 mg, 99 %). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.13 (br s, 1H NH), 7.79 (s, 1H, 

C=CH), 7.67 (d, J = 8.2 Hz, 1H, H-4), 7.64 (d, J = 8.6 Hz, 2H, H-2’,6’), 7.00 (d, J = 8.7 

Hz, 2H, H-3’,5’), 6.90 (s, 1H, H-7), 6.87 (dd, J = 8.2, 1.8 Hz, 1H, H-5), 3.89 (s, 3H, 
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OCH3); minor (Z) isomer: 8.35 (d, J = 8.8 Hz, 2H, H-2’,6’), 7.98 (br s, 

1H, NH), 7.48 (s, 1H, C=CH), 7.41 (d, J = 8.2 Hz, 1H, H-4), 7.05 – 

6.96 (m, 3H, H-5, H-3’,5’, obscured by major isomer), 6.91 – 6.85 (m, 

1H, H-7, obscured by major isomer), 3.89 (s, 3H, OCH3) [307]. 

 

(E)-3-benzylidene-6-bromoindolin-2-one (121m). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a yellow solid (324.9 mg, 93 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.42 (br s, 1H 

NH), 7.87 (s, 1H, C=CH), 7.66 – 7.61 (m, 2H, H-2’,6’), 7.51 – 7.44 (m, 

4H, H-4, H-3’,4’,5’), 7.08 (d, J = 1.8 Hz, 1H, H-7), 7.01 (dd, J = 8.3, 

1.8 Hz, 1H). 

 

(E)-bromo-3-(3-chlorobenzylidene)indolin-2-one (121r). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a yellow solid (369.2 mg, 94 % yield). 

1H NMR (300 MHz, CDCl3) major (E) isomer δ (ppm): 7.84 (br s, 1H, 

NH), 7.79 (s, 1H, C=CH), 7.69 (d, J = 1.8 Hz, 1H, H-4), 7.61 (d, J = 

0.9 Hz, 1H, H-2’), 7.56 – 7.51 (m, 1H, HAr), 7.48 – 7.44 (m, 2H, HAr), 

7.38 (dd, J = 8.3, 1.8 Hz, 1H, H-6), 6.79 (d, J = 8.3 Hz, 1H, H-7). 

 

(E)-ethyl 2-(N-acetyl-5-fluoro-2-oxoindolin-3-ylidene)acetate (121p). 

To a round bottom flask with a stir bar charged with phosphonium ylide derivative 

(1.0 equiv, 18.17 mmol, 6.33 g) in 36 mL THF was added 5-fluoroindoline-2,3-dione (1.0 

equiv, 18.17 mmol, 3.00 g). After 10 h at reflux the reaction was concentrated in vacuo, 

and product was purified by flash chromatography on silica gel using as eluent a gradient 

from hexanes/EtOAc (9:1) to hexanes/EtOAc (4:1) to afford the N-H alkylidene product 

(121q).  

To a round bottom flask equipped with a stir bar under inert atmosphere and 

charged with the alkylidene purified in the prior step was added CH2Cl2 (91 mL). 

Subsequently acetic anhydride (7.0 equiv, 127.19 mmol, 12 mL) and pyridine (1.0 equiv, 

18.17 mmol, 1.5 mL) were added, followed immediately by N,N-dimethyl-aminopyridine 

(0.1 equiv, 1.82 mmol, 222 mg). After the reaction was complete as judged by thin layer 

chromatography, sat. aq. NaHCO3 (91 mL) was added. The reaction was stirred for 2 h 

until the evolution of gas ceased, and the organic layer was collected. The organic layer 
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was washed with sat. aq. CuSO4 (3x), recollected and dried over Na2SO4, and concentrated 

in vacuo. The sample was filtered through a pad of silica in 20% EtOAc/hexanes, and the 

product recrystallized in EtOH (adapted from [330]), affording 121p as an orange solid 

(2,52 g, 50% yield). 

1H-NMR (300 MHz, CDCl3) δ (ppm): 8.49 (dd, J = 9.1, 2.8 Hz, 1H), 

8.30 (dd, J = 9.0, 4.8 Hz, 1H), 7.16 (td, J = 8.7, 2.8 Hz, 1H), 6.97 (s, 1H, 

C=CH), 4.36 (q, J = 7.1 Hz, 2H, CH2), 2.71 (s, 3H, NCOCH3), 1.39 (t, J 

= 7.1 Hz, 3H, CH2CH3).  

 

(E)-N-acetyl-3-benzylidene-6-chloroindolin-2-one (121n). 

To a round bottom flask equipped with a stir bar under inert atmosphere and 

charged with the alkylidene 121k (1.0 equiv, 1 mmol, 255.7 mg) was added CH2Cl2 (10 

mL). Subsequently acetic anhydride (7.0 equiv, 7 mmol, 660 µL) and pyridine (1.0 equiv, 

1 mmol, 81 µL) were added, followed immediately by N,N-dimethyl-aminopyridine (0.1 

equiv, 0.1 mmol, 12.2 mg). After the reaction was complete as judged by thin layer 

chromatography (2 h), sat. aq. NaHCO3 (10 mL) was added. The reaction was stirred for 2 

h until the evolution of gas ceased, and the organic layer was collected. The organic layer 

was washed with sat. aq. CuSO4 (3x), recollected, dried over Na2SO4, and concentrated in 

vacuo. The product was purified by flash chromatography on silica gel using as eluent 

hexanes/EtOAc (9:1) (adapted from [330]), affording 121n as a yellow solid (275.7 g, 93% 

yield). 

1H NMR (300 MHz, CDCl3) major (E) isomer δ (ppm): 7.90 (s, 1H, 

C=CH), 7.64 – 7.59 (m, 2H, H-2’,6’), 7.55 (d, J = 8.4 Hz, 1H, H-4), 

7.51 – 7.44 (m, 3H, H-3’,4’,5’), 7.29 (d, J = 2.0 Hz, 1H, H-7), 7.02 (dd, 

J = 8.4, 2.0 Hz, 1H, H-5), 2.77 (s, 3H, CH3).  

 

 

9.1.3. SYNTHESIS OF INDOLIN-2,3-DIONES AND 5-BROMOINDOLIN-2-ONE. 

 

6-chloroindolin-2,3-dione.  

A mixture of indolin-2-one (1.0 equiv, 8.35 mmol, 1.40 g) and CuBr2
 (4.0 equiv, 

33.40 mmol, 7.46 g) in EtOAc (66 mL) was heated at reflux. After 6 h the solvent was 

removed under reduce pressure and a mixture of MeOH:H2O (4:1 v/v, 23 mL) was added. 

The mixture was heated at reflux for 3 h and, after removal of the solvent, the residue was 

purified by flash chromatography on silica gel using as eluent a gradient from n-hexane to 
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n-hexane:EtOAc (1:1) (adapted from [341, 342]). This compound was obtained as a yellow 

solid (835.1 mg, 55 % yield). 

1H NMR (400 MHz, DMSO-d6) δ (ppm): 11.18 (br s, 1H, NH), 7.52 

(d, J = 8.0 Hz, 1H, H-4), 7.11 (d, J = 8.0 Hz, 1H, H-5), 6.94 (s, 1H, H-

7) [364]. 

 

N-methyl indolin-2,3-dione.  

CH3I (1.1 equiv, 7.48 mmol, 465 µL) was added to a stirred suspension of indolin-

2-one (1.0 equiv, 6.80 mmol, 1.00 g) and K2CO3 (1.3 equiv, 8.84 mmol, 1.22 g) in DMF 

(15 mL). The mixture was heated at 70 ºC for 2 h, under nitrogen atmosphere. The reaction 

mixture was quenched with water and extracted with EtOAc (3x). The combined extracts 

were dried over anhydrous Na2SO4. After evaporation of the solvent under reduced 

pressure, the crude product was purified by flash chromatography on silica gel using as 

eluent DCM:EtOAc (12:1) (adapted from [271]). This compound was obtained as a white 

solid (1061.9 mg, 96 % yield). 

Mp: 130-131 ºC (mp lit. 131ºC [271]; 129-130ºC [365]; 1H NMR 

(400MHz, CDCl3) δ (ppm): 7.61 (t, J = 7.6 Hz, 1H, H-6), 7.60 (d, J = 7.6 

Hz, 1H, H-4), 7.13 (t, J = 7.6 Hz, 1H, H-5), 6.89 (d, J = 7.8 Hz, 1H, H-7), 

3.25 (s, 3H, NCH3) [365].  

 

5-bromoindolin-2-one (147a). 

TiCl4 (3.0 equiv, 6.63 mmol, 729 µL) was added to a stirred suspension of Zn 

powder (6 equiv, 13.26 mmol, 867.0 mg) in freshly distilled anhydrous THF (15 mL) at r.t. 

under nitrogen atmosphere. The mixture was refluxed for 2 h, and then allowed to cool to 

rt. A solution of 5-bromoindolin-2-one (1 equiv, 2.21 mmol, 500.0 mg) in anhydrous THF 

(10 mL) was added dropwise, and the mixture was stirred for 10 min under nitrogen 

atmosphere. The reaction mixture was quenched with 3% HCl solution and extracted with 

DCM (3x). The combined extracts were washed with water and dried over anhydrous 

Na2SO4. After evaporation of the solvent under reduced pressure, the crude product was 

purified by flash chromatography on silica gel using as eluent a gradient from 100% n-

hexane to n-hexane:EtOAc (1:1) (adapted from [366]). This compound was obtained as a 

white solid (304.4 mg, 65 % yield). 

1H NMR (300 MHz, CDCl3) δ (ppm): 8.23 (br s, 1H, NH), 7.38 – 7.30 

(m, 2H, H-4, H-6), 6.76 (d, J = 8.9 Hz, 1H, H-7), 3.54 (s, 2H, CH2) 

[364]. 
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9.1.4. GENERAL PROCEDURE FOR THE SYNTHESIS OF 3-IMINO-INDOLINE-2-ONES. 

 

A mixture of indoline-2,3-dione derivative (1.0 equiv), aniline derivative (1.0 

equiv), and acetic acid (0.1 equiv) in ethanol (4.0 mL/mmol of indoline-2,3-dione 

derivative) was heated at reflux for 3-5h, under nitrogen atmosphere. If after 5 hours the 

reaction was not completed an additional 0.5 equiv of aniline derivative was added and 

refluxed to maximum reaction duration of 24h. The reaction mixture was allowed to cool 

to room temperature, and the residue was filtrated. The solid obtained was washed with 

cold ethanol. The final product was obtained as a mixture of E/Z isomers (adapted from 

[340]).  

In some cases only traces of minor Z isomer was detected, and therefore for those 

derivatives only 1H NMR description for the major E isomer will be given. 

 

3-(phenylimino)indolin-2-one (166a). 

 Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (1038.5 mg, 69 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 9.16 (br s, 1H, 

NH), 7.44 (t, J = 7.8 Hz, 2H, HAr), 7.31 (t, J = 7.8 Hz, 1H, H-6), 7.28 – 

7.22 (m, 1H, HAr), 7.03 (d, J = 7.8 Hz, 2H, HAr), 6.93 (d, J = 7.8 Hz, 1H, 

H-7), 6.75 (t, J = 7.8 Hz, 1H, H-5), 6.66 (d, J = 7.8 Hz, 1H, H-4) [343, 

367]. 

 

3-((3-chlorophenyl)imino)indolin-2-one (166b). 

 Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (1517.9 mg, 87 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 9.17 (br s, 1H, 

NH), 7.40 – 7.31 (m, 2H, H-6, HAr), 7.24 (d, J = 8.1 Hz, 1H, HAr), 7.04 (s, 

1H, HAr), 6.97 – 6.89 (m, 2H, H-7, HAr), 6.80 (t, J = 7.7 Hz, 1H, H-5), 

6.67 (d, J = 7.8 Hz, 1H, H-4); minor (Z) isomer δ (ppm): 8.86 (br s, 1H, 

NH), 7.61 (d, J = 7.5 Hz, 1H, H-4), 7.56 (t, J = 7.7 Hz, 1H, H-6), 7.12 (t, J 

= 7.5 Hz, 1H, H-5), 7.06 (t, J = 8.0 Hz, 1H, HAr), 6.97 – 6.89 (m, 1H, H-7, obscured by 

major isomer), 6.73 (d, J = 8.0 Hz, 1H, HAr), 6.69 (s, 1H, HAr), 6.57 (d, J = 8.0 Hz, 1H, 

HAr) [345]; 13C NMR (75 MHz, CDCl3) major (E) isomer δ (ppm): 165.13 (C=O), 155.37 

(C=N), 151.34 (CqAr), 145.91 (Cq-7a), 135.35 (CqAr), 135.01 (CH-6), 130.84 (CHAr), 

126.65 (CH-4), 125.53 (CHAr), 123.18 (CH-5), 118.13 (CHAr), 116.21 (CHAr), 116.04 (Cq-

3a), 112.07 (CH-7). 
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3-((4-chlorophenyl)imino)indolin-2-one (166c). 

 Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (1408.9 mg, 81 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.89 (br s, 1H, 

NH), 7.42 (d, J = 8.4 Hz, 2H, HAr), 7.34 (t, J = 7.6 Hz, 1H, H-6), 6.99 (d, 

J = 8.5 Hz, 2H, HAr), 6.92 (d, J = 7.8 Hz, 1H, H-7), 6.80 (t, J = 7.6 Hz, 

1H, H-5), 6.75 (d, J = 7.6 Hz, 1H, H-4); minor (Z) isomer δ  (ppm): 8.58 

(br s, 1H, NH), 7.62 (d, J = 7.6 Hz, 1H, H-4), 7.56 (t, J = 7.7 Hz, 1H, H-

6), 7.15 – 7.08 (m, 3H, H-5, 2HAr), 6.92 (d, J = 7.8 Hz, 1H, H-7), 6.66 (d, J = 8.5 Hz, 2H, 

HAr); 13C NMR (75 MHz, CDCl3) major (E) isomer δ (ppm): 164.93 (C=O), 154.99 

(C=N), 148.53 (CqAr), 145.78 (Cq-7a), 134.88 (CH-6), 131.11 (CqAr), 129.81 (2CHAr), 

126.51 (CH-4), 123.10 (CH-5), 119.66 (2CHAr), 116.16 (Cq-3a), 111.95 (CH-7) [346]. 

 

3-((3-chloro-4-fluorophenyl)imino)indolin-2-one (166d). 

 Synthesized according to the general procedure, this compound was obtained as an 

orange solid (1671.4 mg, 90 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.34 (br s, 1H, 

NH), 7.37 (t, J = 7.6 Hz, 1H, H-6), 7.26 – 7.20 (m, 1H, HAr), 7.12 (d, J = 

6.9 Hz, 1H, HAr), 6.95 – 6.88 (m, 2H, H-7, HAr), 6.83 (t, J = 7.6 Hz, 1H, 

H-5), 6.76 (d, J = 7.7 Hz, 1H, H-4) [347]. 

 

3-((4-fluorophenyl)imino)indolin-2-one (166e). 

 Synthesized according to the general procedure, this compound was obtained as a 

brown solid (498.0 mg, 61 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 9.43 (br s, 1H, 

NH), 7.32 (t, J = 7.6 Hz, 1H, H-6), 7.18 – 7.11 (m, 2H, HAr), 7.06 – 7.01 

(m, 2H, HAr), 6.94 (d, J = 7.8 Hz, 1H, H-7), 6.82 – 6.74 (m, 2H, H-4, H-5) 

[345]. 

 

5-chloro-3-(phenylimino)indolin-2-one (166f). 

Synthesized according to the general procedure, this compound 

was obtained as a dark yellow solid (1187.6 mg, 84 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 9.18 (br s, 1H, 

NH), 7.47 (t, J = 7.8 Hz, 2H, HAr), 7.33 – 7.27 (m, 2H, H-6, HAr), 7.02 
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(d, J = 7.8 Hz, 2H, HAr), 6.88 (d, J = 8.3 Hz, 1H, H-7), 6.64 (d, J = 1.4 Hz, 1H, H-4). 

 

5-chloro-3-((3-chlorophenyl)imino)indolin-2-one (166g). 

 Synthesized according to the general procedure, this compound was obtained as a 

dark orange solid (1096.8 mg, 68 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.43 (br s, 1H, 

NH), 7.40 (t, J = 7.9 Hz, 1H, HAr), 7.33 (dd, J = 8.4, 1.6 Hz, 1H, H-6), 

7.28 (d, J = 7.8 Hz, 1H, HAr), 7.04 (s, 1H, HAr), 6.91 – 6.86 (m, 2H, H-

7, HAr), 6.67 (s, 1H, H-4); minor (Z) isomer δ (ppm): 8.19 (br s, 1H, 

NH), 7.59 (d, J = 1.8 Hz, 1H, H-4), 7.54 (dd, J = 8.4, 2.0 Hz, 1H, H-6), 

7.07 (t, J = 8.0 Hz, 1H, HAr), 6.91 – 6.86 (m, 1H, H-7, partially obscured by major isomer), 

6.75 (d, J = 8.0 Hz, 1H, HAr), 6.72 (s, 1H, HAr), 6.59 (d, J = 8.0 Hz, 1H, HAr). 

 

5-chloro-3-((4-chlorophenyl)imino)indolin-2-one (166h). 

 Synthesized according to the general procedure, this compound was obtained as an 

orange solid (1330.8 mg, 83 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.58 (br s, 1H, 

NH), 7.44 (d, J = 8.4 Hz, 2H, HAr), 7.33 (d, J = 8.2 Hz, 1H, H-6), 6.99 

(d, J = 8.4 Hz, 2H, HAr), 6.88 (d, J = 8.2 Hz, 1H, H-7), 6.78 (s, 1H, H-

4); minor (Z) isomer δ (ppm): 8.34 (br s, 1H, NH), 7.59 (s, 1H, H-4), 

7.53 (dd, J = 8.2, 1.9 Hz, 1H, H-6), 7.11 (d, J = 8.4 Hz, 2H, HAr), 6.89 

(d, J = 8.2 Hz, 1H, H-7), 6.65 (d, J = 8.4 Hz, 2H, HAr) [348]. 

 

5-bromo-3-(phenylimino)indolin-2-one (166i). 

 Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (1071.4 mg, 80 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.44 (br s, 1H, 

NH), 7.50 -7.42 (m, 3H, H-6, 2HAr), 7.30 (t, J = 7.6 Hz, 1H, HAr), 7.02 

(d, J = 7.5 Hz, 2H, HAr), 6.81 (d, J = 8.4 Hz, 1H, H-7), 6.78 (s, 1H, H-

4); minor (Z) isomer δ (ppm): 8.21 (br s, 1H, NH), 7.73 (s, 1H, H-4), 

7.68 (d, J = 8.2 Hz, 1H, H-6), 7.21 (t, J = 7.0 Hz, 2H, HAr), 6.93 – 6.86 

(m, 3H, HAr), 6.84 (d, J = 8.2 Hz, 1H, H-7). 
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5-bromo-3-((3-chlorophenyl)imino)indolin-2-one (166j). 

 Synthesized according to the general procedure, this compound was obtained as a 

dark orange solid (698.3 mg, 93 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.19 (br s, 1H, 

NH), 7.48 (d, J = 8.1 Hz, 1H, H-6), 7.40 (t, J = 7.9 Hz, 1H, HAr), 7.30 – 

7.25 (m, 1H, HAr), 7.04 (s, 1H, HAr), 6.89 (d, J = 7.6 Hz, 1H, HAr), 6.86 

– 6.79 (m, 2H, H-4, H-7); minor (Z) isomer δ (ppm): 8.01 (br s, 1H, 

NH), 7.74 (s, 1H, H-4), 7.69 (d, J = 8.4 Hz, 1H, H-6), 7.07 (t, J = 7.8 

Hz, 1H, HAr), 6.86 – 6.79 (m, 1H, H-7, partially obscured by major isomer), 6.78 – 6.72 

(m, 1H, HAr), 6.71 (s, 1H, HAr), 6.58 (d, J = 8.0 Hz, 1H, HAr). 

 

5-bromo-3-((4-chlorophenyl)imino)indolin-2-one (166k). 

 Synthesized according to the general procedure, this compound was obtained as an 

orange solid (637.2 mg, 86 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.07 (br s, 1H, 

NH), 7.50 – 7.40 (m, 3H, H-6, 2HAr), 7.05 – 6.96 (m, 2H, HAr), 6.93 (s, 

1H, H-4), 6.86 – 6.78 (m, 1H, H-7); minor (Z) isomer δ (ppm): 7.94 (br 

s, 1H, NH), 7.74 (s, 1H, H-4), 7.68 (d, J = 7.6 Hz, 1H, H-6), 7.18 – 7.11 

(m, 2H, HAr), 6.86 – 6.78 (m, 1H, H-7, partially obscured by major 

isomer), 6.75 (d, J = 8.1 Hz, 2H, HAr). 

 

5-bromo-3-((3-chloro-4-fluorophenyl)imino)indolin-2-one (166l). 

 Synthesized according to the general procedure, this compound was obtained as an 

orange solid (641.3 mg, 82 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.34 (br s, 1H, 

NH), 7.50 (d, J = 8.4 Hz, 1H, H-6), 7.29 – 7.23 (m, 1H, HAr), 7.16 – 

7.10 (m, 1H, HAr), 6.96 – 6.88 (m, 2H, H-4, HAr), 6.84 (d, J = 8.2 Hz, 

1H, H-7); minor (Z) isomer δ (ppm): 8.16 (br s, 1H, NH), 7.74 (d, J = 

1.5 Hz, 1H, H-4), 7.69 (d, J = 8.2, 1.5 Hz, 1H, H-6), 6.96 – 6.88 (m, 

1H, HAr), 6.84 (d, J = 8.2 Hz, 1H, H-7), 6.73 – 6.69 (m, 1H, HAr), 6.55 

– 6.49 (s, 1H, HAr). 

 

5-bromo-3-((3-chloro-2-fluorophenyl)imino)indolin-2-one (166m). 

 Synthesized according to the general procedure, this compound was obtained as an 

orange solid (664.5 mg, 85 % yield).  
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1H NMR (400 MHz, DMSO-d6) E isomer δ (ppm):11.24 (br s, 1H, 

NH), 7.61 (d, J = 8.4 Hz, 1H, H-6), 7.54 (t, J = 7.7 Hz, 1H, HAr), 7.39 – 

7.27 (m, 1H, HAr, partially obscured by Z isomer), 7.22 – 7.15 (m, 1H, 

HAr, partially obscured by Z isomer), 6.91 (d, J = 8.4 Hz, 1H, H-7), 6.52 

(s, 1H, H-4); Z isomer δ (ppm): 11.16 (br s, 1H, NH), 7.79 (s, 1H, H-4), 

7.68 (d, J = 8.4 Hz, 1H, H-6), 7.39 – 7.27 (m, 1H, HAr, partially 

obscured by E isomer), 7.22 – 7.15 (m, 1H, HAr, partially obscured by E isomer), 7.10 (t, J 

= 7.6 Hz, 1H, HAr), 6.88 (d, J = 8.4 Hz, 1H, H-7). 

 

5-bromo-3-((3-bromophenyl)imino)indolin-2-one (166n). 

 Synthesized according to the general procedure, this compound was obtained as a 

dark orange solid (723.5 mg, 86 % yield). 

1H NMR (400 MHz, DMSO-d6) major (E) isomer δ (ppm): 11.13 (br s, 

1H, NH), 7.56 (d, J = 8.0 Hz, 1H, H-6), 7.53 – 7.41 (m, 2H, HAr), 7.32 

– 7.22 (m, 1H, HAr), 7.04 (d, J = 7.0 Hz, 1H, HAr), 6.88 (d, J = 8.2 Hz, 

1H, H-7), 6.37 (s, 1H, H-4); minor (Z) isomer δ (ppm): 11.13 (br s, 1H, 

NH), 7.70 (s, 1H, H-4), 7.64 (d, J = 8.0 Hz, 1H, H-6), 7.53 – 7.41 (m, 

1H, HAr, partially obscured by major), 7.32 – 7.22 (m, 2H, HAr, 

partially obscured by major), 7.00 (d, J = 6.8 Hz, 1H, HAr), 6.85 (d, J = 8.2 Hz, 1H, H-7). 

 

6-chloro-3-(phenylimino)indolin-2-one (166p). 

 Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (159.0 mg, 75 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 9.11 (br s, 1H, 

NH), 7.44 (t, J = 7.7 Hz, 2H, HAr), 7.30 – 7.24 (m, 1H, HAr), 7.02 (d, J 

= 7.6 Hz, 2H, HAr), 6.95 (s, 1H, H-7), 6.73 (d, J = 8.3 Hz, 1H, H-5), 

6.59 (d, J = 8.3 Hz, 1H, H-4). 

 

6-chloro-3-((4-chlorophenyl)imino)indolin-2-one (166q). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (262.5 mg, 82% yield). 

1H NMR (300 MHz, CDCl3) major (E) isomer δ (ppm): 8.02 (br s, 1H, 

NH), 7.38 (t, J = 8.0 Hz, 1H, HAr), 7.28 – 7.21 (m, 1H, HAr), 7.03 – 

7.00 (m, 1H, HAr), 6.92 (d, J = 1.7 Hz, 1H, H-7), 6.91 – 6.86 (m, 1H, 

HAr), 6.78 (dd, J = 8.3, 1.8 Hz, 1H, H-5), 6.61 (d, J = 8.3 Hz, 1H, H-4). 
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6-chloro-3-((4-chlorophenyl)imino)indolin-2-one (166r). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid in (449.2 mg, 80% yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.77 (br s, 1H, 

NH), 7.42 (d, J = 8.3 Hz, 2H, HAr), 7.00 – 6.93 (m, 3H, H-7, 2HAr), 

6.78 (d, J = 8.3 Hz, 1H, H-5), 6.70 (d, J = 8.3 Hz, 1H, H-4). 

 

7-chloro-3-(phenylimino)indolin-2-one (166s). 

Synthesized according to the general procedure. However, the compound did not 

precipitate after cooling to room temperature, and even overnight at 5ºC. Therefore, the 

solvent was removed under reduced pressure and the residue was purified by flash 

chromatography on silica gel using as eluent a gradient from DCM to DCM:EtOAc 

(90:10). This compound was obtained as a yellow solid (308.0 mg, 87 % 

yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.25 (br s, 1H, 

NH), 7.44 (t, J = 7.8 Hz, 2H, HAr), 7.32 (d, J = 8.1 Hz, 1H, H-6), 7.30 – 

7.24 (m, 1H, HAr), 7.00 (d, J = 7.8 Hz, 2H, HAr), 6.72 (t, J = 8.0 Hz, 1H, 

H-5), 6.57 (d, J = 7.8 Hz, 1H, H-4). 

 

7-bromo-3-(phenylimino)indolin-2-one (166t). 

Synthesized according to the general procedure. However, the compound did not 

precipitate after cooling to room temperature, and even overnight at 5ºC. Therefore, the 

solvent was removed under reduced pressure and the residue was purified by flash 

chromatography on silica gel using as eluent a gradient from 100% DCM to DCM:EtOAc 

(90:10). This compound was obtained as a yellow solid (245.0 mg, 80 % 

yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 8.04 (br s, 1H, 

NH), 7.48 – 7.41 (m, 3H, H-6, 2HAr), 7.30 – 7.24 (m, 1H, HAr), 7.00 (d, J 

= 8.0 Hz, 2H, HAr), 6.67 (t, J = 7.7 Hz, 1H, H-5), 6.61 (d, J = 7.6 Hz, 1H, 

H-4). 

 

3-(tert-butylimino)-5-chloroindolin-2-one (166o). 

A mixture of 5-indoline-2,3-dione (1.0 equiv, 5.51 mmol, 1.00 g), tert-butylamine 

(2.0 equiv, 11.02 mmol, 1.16 mL), and acetic acid (0.1 equiv, 0.55 mmol, 31 µL) in 22 mL 

ethanol was stirred at room temperature for 24 h and at reflux for 24 h, under nitrogen 
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atmosphere. tert-Butylamine (2.0 equiv, 11.02 mmol, 1.16 mL) was added and refluxed for 

another 24h. The reaction mixture was allowed to cool to room temperature, and the 

residue was filtrated. The yellow solid obtained was washed with cold ethanol (706.0 mg, 

54 % yield). 

1H NMR (400 MHz, CDCl3) major (E) isomer δ (ppm): 7.93 (br s, 1H, 

NH), 7.54 (d, J = 1.9 Hz, 1H, H-4), 7.28 (dd, J = 8.2, 2.0 Hz, 1H, H-6), 

6.72 (d, J = 8.2 Hz, 1H, H-7), 1.53 (s, 9H, C(CH3)3); minor (Z) isomer 

δ (ppm): 7.93 (br s, 1H, NH), 7.69 (d, J = 1.6 Hz, 1H, H-4), 7.36 (dd, J 

= 8.4, 1.7 Hz, 1H, H-6), 6.89 (d, J = 8.3 Hz, 1H, H-7), 1.59 (s, 9H, C(CH3)3). 

 

 

9.1.5. GENERAL PROCEDURE FOR THE SYNTHESIS OF ALDOXIMES. 

A mixture of benzaldehyde derivative (1.0 equiv), hydroxylamine hydrochloride 

(1.3 equiv) and Na2CO3 (0.7 equiv) in water (2.9 mL/mmol of aldehyde) was refluxed for 

2-5 h. After cooling to room temperature the reaction mixture was extracted with 

dichloromethane (3x), and the organic fractions were combined, dried over anhydrous 

Na2SO4 and concentrated by rotary evaporation (adapted from [276]). 

 

Benzaldehyde oxime (129a).  

Synthesized according to the general procedure, this compound was obtained as 

brown oil (1106.3 mg, 97 %). 

1H NMR (400 MHz, CDCl3) δ (ppm): 10.06 (br s, 1H, OH), 8.26 (s, 1H, 

CH=N), 7.71 – 7.58 (m, 2H, HAr), 7.47 – 7.35 (m, 3H, HAr) [281, 308]. 

 

4-Methoxybenzaldehyde oxime (129b).  

Synthesized according to the general procedure, this compound was obtained as an 

off white solid (994.3 mg, 89 %). 

Mp: 58-60 ºC (mp lit. 134 ºC [368], 128-130 ºC [369]); 1H NMR (400 

MHz, CDCl3) δ (ppm): 9.37 (br s, 1H, OH), 8.14 (s, 1H, N=CH), 7.53 

(d, J = 8.8 Hz, 2H, HAr), 6.91 (d, J = 8.8 Hz, 2H, HAr), 3.82 (s, 3H, 

OCH3) [281, 309]. 
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2-Methoxybenzaldehyde oxime (129c).  

Synthesized according to the general procedure, this compound was obtained as a 

white solid (2159.9 mg, 97 %). 

Mp: 80-83 ºC (mp lit. 88 ºC [368], 95 ºC [310]); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 9.25 (br s, 1H, OH), 8.48 (s, 1H, N=CH), 7.65 (dd, J = 7.6, 

1.6 Hz, 1H, HAr), 7.39 – 7.32 (m, 1H, HAr), 6.97 (t, J = 7.6 Hz, 1H, HAr), 

6.93 (d, J = 8.3 Hz, 1H, HAr), 3.87 (s, 3H, OCH3) [310, 311]. 

 

4-Methylbenzaldehyde oxime (129d).  

Synthesized according to the general procedure, this compound was obtained as a 

white solid (975.0 mg, 87 %). 

Mp: 72-74 ºC (mp lit. 70 ºC [368], 74-76 ºC [369]); 1H NMR (400 MHz, 

CDCl3) δ (ppm): 8.21 (br s, 1H, OH), 8.12 (s, 1H, N=CH), 7.47 (d, J = 8.0 

Hz, 2H, HAr), 7.20 (d, J = 8.0 Hz, 2H, HAr), 2.37 (s, 3H, CH3) [308, 309]. 

 

4-Nitrobenzaldehyde oxime (129e).  

Synthesized according to the general procedure, this compound was obtained as an 

off-white solid (1080.9 mg, 98 %). 

Mp: 132-134 ºC (mp lit. 132-134 ºC [369], 131.3-132 ºC [370]); 1H 

NMR (400 MHz, CDCl3) δ (ppm): 8.25 (d, J = 8.8 Hz, 2H, HAr), 8.20 

(s, 1H, OH), 7.91 (s, 1H, N=CH), 7.75 (d, J = 8.8 Hz, 2H, HAr) [281, 

312]. 

 

9.1.6. GENERAL PROCEDURE FOR THE SYNTHESIS OF CHLOROOXIMES. 

 

9.1.6.1. Aromatic derivatives 

A mixture of the aldehyde (1.0 equiv), hydroxylamine hydrochloride (1.3 equiv) 

and Na2CO3 (0.7 equiv) in water (2.9 mL/mmol of aldehyde) was refluxed for 3-5 h. After 

cooling to room temperature the reaction mixture was extracted with dichloromethane (3x), 

and the organic fractions were combined, dried over anhydrous Na2SO4 and concentrated 

by rotary evaporation. The residue was dissolved in DCM (2.9 mL/mmol of aldehyde) and 

pyridine (0,1 equiv) was added. After 5 min, N-chlorosuccinimide (1.0 equiv) was added 

portionwise to the stirring reaction mixture. After 24 h, the solvent was removed under 

reduced pressure and the residue was purified by flash chromatography on silica gel using 
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as eluent a gradient from 100% n-hexane to n-hexane/EtOAc (85:15) to afford the final 

product (adapted from [276]). 

 

N-Hydroxybenzimidoyl chloride (123b).  

 Synthesized according to the general procedure, this compound was obtained as 

yellow semi-solid (2592.0 mg, 85 %). 

1H NMR (400 MHz, CDCl3) δ (ppm): 9.38 (s, 1H, OH), 7.84 (d, J = 8.0 Hz, 

2H, HAr), 7.46 – 7.38 (m, 3H, HAr) [276, 280]. 

 

N-Hydroxy-4-methoxybenzimidoyl chloride (123d).  

 Synthesized according to the general procedure, this compound was obtained as a 

light brown semi-solid (963.8 mg, 71 %). 

1H NMR (400 MHz, CDCl3) δ (ppm): 7.47 (dd, J = 8.8, 7.9 Hz, 2H, 

HAr), 6.95 (dd, J = 9.0, 2.6 Hz, 2H, HAr), 3.85 (d, J = 4.0 Hz, 3H, 

OCH3) [281, 282]. 

 

N-Hydroxy-4-methylbenzimidoyl chloride (123e).  

 Synthesized according to the general procedure, this compound was obtained as an 

off-white semi-solid (782.0 mg, 83 %). 

1H NMR (400 MHz, CDCl3) δ (ppm): 7.98 (br s, 1H, OH), 7.73 (d, J = 

8.2 Hz, 2H, HAr), 7.21 (d, J = 8.2 Hz, 2H, HAr), 2.39 (s, 3H, CH3) [371, 

372]. 

 

3-chloro-N-hydroxybenzimidoyl chloride (123f).  

 Synthesized according to the general procedure, this compound was obtained as a 

white solid (2999.0 mg, 90 %). 

Mp: 63-65 ºC (mp lit. 65-67 ºC [373]); 1H NMR (400 MHz, CDCl3) δ 

(ppm): 9.48 (br s, 1H, OH), 7.83 (s, 1H, HAr), 7.73 (d, J = 7.9 Hz, 1H, 

HAr), 7.39 (d, J = 7.9 Hz, 1H, HAr), 7.32 (t, J = 7.9 Hz, 1H, HAr); 13C 

NMR (75 MHz, CDCl3) δ (ppm): 138.99 (C=N), 134.77 (CqAr), 134.21 (CqAr), 130.89 

(CHAr), 129.89 (CHAr), 127.36 (CHAr), 125.43 (CHAr). 

 

 



Chapter 9. Experimental Section 

137 
 

4-chloro-N-hydroxybenzimidoyl chloride (123g).  

 Synthesized according to the general procedure, this compound was obtained as a 

white solid (2221.3 mg, 82 %). 

Mp: 70-73 ºC (mp lit. 76-77 ºC [349], 87.5-89 ºC [373]); 1H NMR (400 

MHz, CDCl3) δ (ppm): 8.90 (br s, 1H, OH), 7.77 (d, J = 8.4 Hz, 2H, 

HAr), 7.37 (d, J = 8.4 Hz, 2H, HAr) [281, 349]. 

 

3-bromo-N-hydroxybenzimidoyl chloride (123h).  

Synthesized according to the general procedure, this compound was obtained as a 

white solid (1112.7 mg, 88 %) 

Mp: 62-64ºC; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.87 (br s, 1H, 

OH), 7.23 (d, J = 1.6 Hz, 1H, HAr), 7.01 (d, J = 7.9 Hz, 1H, HAr), 6.80 (d, 

J = 7.9 Hz, 1H, HAr), 6.51 (t, J = 7.9 Hz, 1H, HAr). 

 

3-chloro-2-fluoro-N-hydroxybenzimidoyl chloride (123i).  

Synthesized according to the general procedure, this compound was obtained as a 

white solid (359.3 mg, 91 %) 

Mp: 92-94 ºC; 1H NMR (400 MHz, CDCl3) δ (ppm): 8.70 (br s, 1H, 

OH), 7.58 – 7.46 (m, 2H, HAr), 7.16 (t, J = 8.0 Hz, 1H, HAr). 

 

9.1.6.2. Ester derivatives 

Glycine ester hydrochloride (2000 mg, 1.0 equiv) was dissolved in 2.5 mL of water, 

and the solution was cooled to -5 ºC. Hydrochloric acid 37% (d = 1.19, 1.0 equiv) was 

added, and then a solution of sodium nitrite (1 equiv) in 1.5 mL of water was added 

dropwise. After 5 minutes, a second equivalent of hydrochloric acid and a second 

equivalent of sodium nitrite were added in the same manner. The mixture was left 1 h at -5 

ºC. The reaction mixture was extracted with ethyl ether (3x), and the extracts were dried 

over anhydrous Na2SO4 and concentrated by rotary evaporation. The crude product was 

recrystallized from n-hexane to afford the final product (adapted from [275]). 

 

Ethyl chlorooximidoacetate (123a).  

Synthesized according to the general procedure, this compound was obtained as a 

white solid (1604.0 mg, 74 %).  
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Mp: 77-78 ºC (mp lit. 80ºC [275]); 1H NMR (400 MHz, CDCl3) δ 

(ppm): 9.15 (br s, 1H, OH), 4.40 (q, J = 7.2 Hz, 2H, CH2), 1.39 (t, J = 

7.2 Hz, 3H, CH3) [275]. 

 

Methyl chlorooximidoacetate (123c).  

Synthesized according to the general procedure, this compound was obtained as a 

white solid (1117.0 mg, 51 %). 

Mp: 51-52 ºC (mp lit. 61-63 ºC) [283]; 1H NMR (400 MHz, CDCl3) δ 

(ppm): 10.06 (br s, 1H, OH), 3.95 (s, 3H, CH3); 13C NMR (100 MHz, 

CDCl3) δ (ppm): 159.46 (C=O), 132.69 (N=C-Cl), 54.40 (OCH3) [283]. 

 

 

9.1.7. GENERAL PROCEDURE FOR THE SYNTHESIS OF HYDRAZONES 

A mixture of phenylhydrazine derivative (1.0 equiv), and benzaldehyde derivative 

(1.2 equiv) in aqueous ethanol 20% (2mL/mmol of phenylhydrazine) was stirred at room 

temperature in the dark for 2-3 hours. The precipitate formed was filtered and washed with 

aqueous ethanol 20%. Due to the fact that for compounds 171f, 171g, and 171i, the starting 

phenylhydrazine is in chloridrate form, triethylamine (1.0 equiv) was added 15 minutes 

before adding the corresponding benzaldehyde (adapted from [352]).  

 

1-benzylidene-2-phenylhydrazine (171a). 

Synthesized according to the general procedure, this compound was obtained as a 

brown solid (1612.2 g, 81 % yield). 

Mp: 157-159 ºC (mp lit. 154 ºC [355], 158-160 ºC [374]), 1H 

NMR (400 MHz, CDCl3) δ (ppm): 7.71 – 7.63 (m, 3H, CH=N, H-

B2,6), 7.60 (br s, 1H, NH), 7.44 – 7.35 (m, 2H, H-B3,5), 7.35 – 7.23 (m, 3H, H-B4, H-C3,5), 

7.13 (dd, J = 8.6, 1.0 Hz, 2H, H-C2,6), 6.95 – 6.85 (m, 1H, H-C4).; 13C NMR (75 MHz, 

CDCl3) δ (ppm): 144.76 (Cq-C1), 137.41 (CH=N), 135.41 (Cq-B1), 129.44 (CH-C3,5), 

128.74 (CH-B3,5), 128.55 (CH-B4), 126.31 (CH-B2,6), 120.22 (CH-C4), 112.86 (CH-C2,6) 

[355, 356]. 

 

1-(3-chlorobenzylidene)-2-phenylhydrazine (171b). 

Synthesized according to the general procedure, this compound was obtained as an 

off-white solid (4227.2 mg, 99 % yield). 
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Mp: 134-136 ºC (mp lit. 134ºC [375], 136ºC [376]; 1H NMR 

(300 MHz, CDCl3) δ (ppm): 7.70 – 7.61 (m, 2H, NH, H-B2), 7.55 

(s, 1H, CH=N), 7.51 – 7.44 (m, 1H, H-B6), 7.35 – 7.23 (m, 4H, 

2H-B4,5, H-C3,5), 7.16 – 7.08 (m, 2H, H-C2,6), 6.95 – 6.87 (m, 1H, 

H-C4); 13C NMR (75 MHz, CDCl3) δ (ppm): 144.36 (Cq-C1), 137.32 (Cq-B1), 135.50 

(CH=N), 134.77 (Cq-B3), 129.95 (CH-B5), 129.49 (CH-C3,5), 128.33 (CH-B4), 125.85 

(CH-B2), 124.49 (CH-B6), 120.60 (CH-C4), 112.96 (CH-C2,6) [357]. 

 

1-(4-chlorobenzylidene)-2-phenylhydrazine (171c). 

Synthesized according to the general procedure, this compound was obtained as an 

off-white solid (4058.7 mg, 95 % yield). 

Mp: 127-128 ºC (mp lit. 126 ºC [355], 129 ºC [376]); 1H NMR 

(300 MHz, CDCl3) δ (ppm): 7.63 (br s, 1H, NH), 7.62 – 7.55 

(m, 3H, N=CH, H-B2,6), 7.37 – 7.24 (m, 4H, H-B3,5, H-C3,5), 7.15 – 7.06 (m, 2H, H-C2,6), 

6.94 – 6.86 (m, 2H, H-C4); 13C NMR (75 MHz, CDCl3) δ (ppm): 144.50 (Cq-C1), 135.93 

(CH=N), 134.07 and 133.97 (Cq-B1 and Cq-B4), 129.48 (CH-C3,5), 128.95 (CH-B3,5), 

127.39 (CH-B2,6), 120.47 (CH-C4), 112.90 (CH-C2,6) [355, 357]. 

 

1-(4-methoxybenzylidene)-2-phenylhydrazine (171d). 

Synthesized according to the general procedure, this compound was obtained as a 

light pink solid (3592.3 mg, 86 % yield). 

Mp: 117-119 ºC (mp lit. 115 ºC [377], 120 ºC [374]; 1H 

NMR (300 MHz, CDCl3) δ (ppm): 7.66 – 7.56 (m, 3H, 

CH=N, H-B2,6), 7.48 (br s, 1H, NH), 7.32 – 7.24 (m, 2H H-C3,5), 7.14 – 7.07 (m, 2H, H-

C2,6), 6.95 – 6.90 (m, 2 H-B3,5), 6.89 – 6.81 (m, 1H, H-C4), 3.84 (s, 3H, OCH3); 13C NMR 

(75 MHz, CDCl3) δ (ppm): 160.10 (Cq-B4), 145.07 (Cq-C1), 137.52 (CH=N), 129.40 (CH-

C3,5), 128.24 (Cq-B1), 127.69 (CH-C2,6), 119.90 (CH-C4), 114.22 (CH-B3,5), 112.75 (CH-

C2,6), 55.45 (OCH3) [355, 358]. 

 

1-benzylidene-2-(2-chlorophenyl)hydrazine (171e). 

Synthesized according to the general procedure, this compound was obtained as a 

light pink solid (2380.1g, 92 %). 

Mp: 70-72 ºC (mp lit. 155 ºC [378]); 1H NMR (300 MHz, 

CDCl3) δ (ppm): 8.08 (br s, 1H, NH), 7.84 (s, 1H, CH=N), 7.73 – 

7.66 (m, 2H, H-B2,6), 7.64 (dd, J = 8.2, 1.4 Hz, 1H, H-C6), 7.44 – 
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7.31 (m, 3H, H-B3,4,5), 7.31 – 7.21 (m, 2H, H-C3,5), 6.87 – 6.75 (m, 1H, H-C4); 13C NMR 

(75 MHz, CDCl3) δ (ppm): 140.68 (Cq-C1), 139.64 (CH=N), 135.05 (Cq-B1), 129.23 (CH-

C3), 129.00 (CH-B4), 128.80 (CH-B3,5), 128.09 (CH-C5), 126.55 (CH-B2,6), 120.14 (CH-

C4), 117.01 (Cq-C2), 114.33 (CH-C6). 

 

1-benzylidene-2-(3-chlorophenyl)hydrazine (171f). 

Synthesized according to the general procedure, this compound was obtained as an 

off-white solid (2487.4 mg, 84 % yield). 

Mp: 132-133 ºC (mp lit. 133 ºC [376]); 1H NMR (300 MHz, 

CDCl3) δ (ppm): 7.70 – 7.62 (m, 3H, CH=N, H-B2,6), 7.59 (br s, 

1H, NH), 7.45 – 7.28 (m, 3H, H-B3,4,5), 7.23 – 7.11 (m, 2H, H-C2,5), 6.91 (dd, J = 8.2, 1.2 

Hz, 1H, H-C6), 6.84 (dd, J = 7.9, 1.0 Hz, 1H, H-C4); 13C NMR (75 MHz, CDCl3) δ (ppm): 

145.86 (Cq-C1), 138.48 (CH=N), 135.28 (Cq-C3), 134.98 (Cq-B1), 130.39 (CH-C5), 128.93 

(CH-B4), 128.79 (CH-B3,5), 126.48 (CH-B2,6), 120.03 (CH-C4), 112.85 (CH-C2), 111.00 

(CH-C6). 

 

1-benzylidene-2-(4-chlorophenyl)hydrazine (171g). 

Synthesized according to the general procedure, this compound was obtained as an 

off-white solid (2375.7 mg, 92 % yield). 

Mp: 128-130 ºC (mp lit. 129 ºC [376], 129-130 ºC [379]); 1H 

NMR (300 MHz, CDCl3) δ (ppm): 7.70 – 7.62 (m, 3H, CH=N, 

CH-B2,6), 7.59 (br s, 1H, NH), 7.43 – 7.28 (m, 3H, H-B3,4,5), 7.26 – 7.19 (m, 2H, H-C3,5), 

7.09 – 7.01 (m, 2H, H-C2,6); 13C NMR (75 MHz, CDCl3) δ (ppm): 143.38 (Cq-C1), 138.07 

(CH=N), 135.12 (Cq-B1), 129.32 (CH-C3,5), 128.81 (CH-B4), 128.79 (CH-B3,5), 126.39 

(CH-B2,6), 124.72 (Cq-C4), 113.98 (CH-C2,6) [358]. 

 

1-(3-chlorobenzylidene)-2-(2-chlorophenyl)hydrazine (171h). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (2657.2 mg, 90 % yield). 

Mp: 119-121 ºC; 1H NMR (300 MHz, CDCl3) δ (ppm): 8.15 (br 

s, 1H, NH), 7.76 (s, 1H, C=CH), 7.71 (s, 1H, H-B2), 7.63 (dd, J = 

8.2, 1.4 Hz, 1H, H-C6), 7.53 – 7.47 (m, 1H, H-B6), 7.35 – 7.22 (m, 

4H, H-B4,5, H-C3,5), 6.87 – 6.77 (m, 1H, H-C4); 13C NMR (75 MHz, CDCl3) δ (ppm): 

140.30 (Cq-C1), 137.74 (CH=N), 136.91 (Cq-B1), 134.83 (Cq-B3), 129.99 (CH-B5), 129.26 
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(CH-C3), 128.77 (CH-B4), 128.12 (CH-C5), 126.01 (CH-B2), 124.80 (CH-B6), 120.51 (CH-

C4), 117.12 (Cq-C2), 114.40 (CH-C6). 

 

1-(3-chlorobenzylidene)-2-(3-chlorophenyl)hydrazine (171i). 

Synthesized according to the general procedure, this compound was obtained as a 

light pink solid (2612.9 mg, 88 % yield). 

Mp: 99-101 ºC; 1H NMR (300 MHz, CDCl3) δ (ppm):7.74 (br s, 

1H, NH), 7.66 (s, 1H, H-B2), 7.63 (s, 1H, CH=N), 7.53 – 7.47 (m, 

1H, H-B6), 7.32 – 7.23 (m, 2H, H-B4,5), 7.22 – 7.14 (m, 2H, H-

C2,5), 6.93 (ddd, J = 8.3, 2.1, 0.9 Hz, 1H, H-C6), 6.85 (ddd, J = 

7.9, 2.0, 0.9 Hz, 1H, H-C4); 13C NMR (75 MHz, CDCl3) δ (ppm): 145.48 (Cq-C1), 136.87 

(Cq-B1), 136.62 (CH=N), 135.34 (Cq-C3), 134.85 (Cq-B3), 130.45 (CH-C5), 130.02 (CH-

B5), 128.74 (CH-B4), 126.06 (CH-B2), 124.66 (CH-B6), 120.44 (CH-C4), 112.97 (CH-C2), 

111.11 (CH-C6). 

 

 

9.1.8. GENERAL PROCEDURE FOR THE SYNTHESIS OF HYDRAZONOYL CHLORIDES. 

To NCS (3.0 equiv) in CH2Cl2 (3.5 mL/mmol of hydrazone) at 0 °C was added 

methyl sulfide (6.0 equiv) over 5 minutes. After stirring for 15 minutes, the reaction was 

further cooled to –78 °C. Then the corresponding hydrazone (1.0 equiv) dissolved in 

CH2Cl2 (1 mL/mmol of hydrazone) was added. The reaction was stirred at –78°C for 1h, 

and then slowly allowed to warm to room temperature over 3 h. The reaction was 

quenched by addition of cold water. The organic layer was then washed with brine (1x), 

saturated sodium sulfite aqueous solution (2x), and water. The organic layer was dried over 

anhydrous Na2SO4, filtered, and concentrated to afford the corresponding hydrazonoyl 

halide (adapted from [353, 354].  

 

N'-phenylbenzohydrazonoyl chloride (170a). 

Synthesized according to the general procedure, this compound was obtained as a 

brown solid (1612.2 mg, 81 % yield). 

Mp: 127-130 ºC (mp. lit 129-130 ºC [380] 129-131 ºC [381]; 1H 

NMR (400 MHz, CDCl3) δ (ppm): 8.05 (br s, 1H, NH), 7.93 (d, J 

= 7.9 Hz, 2H, H-B2,6), 7.45 – 7.37 (m, 3H, H-B3,4,5), 7.32 (t, J = 

7.6 Hz, 2H, H-C3,5), 7.19 (d, J = 8.4 Hz, 2H, H-C2,6), 6.95 (t, J = 7.3 Hz, 1H, H-C4). 
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3-chloro-N'-phenylbenzohydrazonoyl chloride (170b). 

Synthesized according to the general procedure, this compound was obtained as a 

pink-red semi-solid (1635.6 mg, 71 %). 

1H NMR (400 MHz, CDCl3) δ (ppm): 8.84 (br s, 1H, NH), 7.90 

(dd, J = 2.4, 1.2 Hz, 1H, H-B2), 7.83 – 7.77 (m, 1H, H-B6), 7.35 – 

7.27 (m, 4H, 2H-B4,5, H-C3,5), 7.23 – 7.15 (m, 2H, H-C2,6), 6.97 – 

6.90 (m, 1H, H-C4); 13C NMR (75 MHz, CDCl3) δ (ppm): 143.76 (Cq-C1), 138.61 (Cq-B1), 

134.70 (Cq-B3), 129.80 (CH-B5), 129.51 (CH-C3,5), 128.31(CH-B4), 127.12 (CH-B2), 

125.39 (CH-B6), 123.11 (CCl=N), 121.19 (CH-C4), 113.61 (CH-C2,6) [354]. 

 

4-chloro-N'-phenylbenzohydrazonoyl chloride (170c). 

Synthesized according to the general procedure, this compound was obtained as a 

light pink solid (1551.2 mg, 67 % yield). 

Mp: 145-147 ºC (mp lit. 142-144 ºC [354], 148-149.5 ºC 

[382]); 1H NMR (400 MHz, CDCl3) δ (ppm): 8.04 (s, 1H, 

NH), 7.89 – 7.82 (m, 2H, H-B2,6), 7.41 – 7.35 (m, 2H, H-B3,5), 

7.34 – 7.27 (m, 2H, H-C3,5), 7.22 – 7.15 (m, 2H, H-C2,6), 7.00 – 6.89 (m, 1H, H-C4); 13C 

NMR (75 MHz, CDCl3) δ (ppm): 143.90 (Cq-C1), 135.20 and 134.23 (Cq-B1 and Cq-B4), 

129.50 (CH-C3,5), 128.81 (CH-B3,5), 128.51 (CH-B2,6), 123.61 (CCl=N), 121.04 (CH-C4), 

113.52 (CH-C2,6) [354]. 

 

4-methoxy-N'-phenylbenzohydrazonoyl chloride (170d). 

Synthesized according to the general procedure, this compound was obtained as a 

dark brown semi-solid (1431.2 mg, 62 % yield). 

1H NMR (300 MHz, CDCl3) δ (ppm): 8.66 (br s, 1H, NH), 

7.90 – 7.78 (m, 2H, H-B2,6), 7.35 – 7.25 (m, 2H, H-C3,5), 7.22 

– 7.12 (m, 2H, H-C2,6), 6.99 – 6.85 (m, 3H, H-B3,5, H-C4), 

3.85 (s, 3H, OCH3) [354]. 

 

N'-(2-chlorophenyl)benzohydrazonoyl chloride (170e). 

Synthesized according to the general procedure, this compound was obtained was 

obtained as a pink solid (1920.5 mg, 84% yield). 

Mp: 82-84 ºC (mp lit. 84-85 ºC [382], 80-81 ºC [378]); 1H NMR 

(300 MHz, CDCl3) δ (ppm): 8.57 (br s, 1H, NH), 7.98 -7.91 (m, 
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H-B2,6), 7.60 (dd, J = 8.2, 1.5 Hz, 1H, H-C6), 7.47 – 7.37 (m, 3H, H-B3,4,5), 7.33 (dd, J = 

8.0, 1.4 Hz, 1H, H-C3), 7.30 – 7.22 (m, 1H, H-C5), 6.87 (ddd, J = 7.9, 7.5, 1.5 Hz, H, H-

C4); 13C NMR (75 MHz, CDCl3) δ (ppm): 139.52 (Cq-C1), 134.31 (Cq-B1), 129.71 (CH-

B4), 129.42 (CH-C3), 128.59 (CH-B3,5), 128.12 (CH-C5), 127.37 (CCl=N), 126.74 (CH-

B2,6), 121.23 (CH-C4), 118.14 (Cq-C2), 114.75 (CH-C6). 

 

N'-(3-chlorophenyl)benzohydrazonoyl chloride (170f). 

Synthesized according to the general procedure, this compound was obtained as a 

brown solid (1839.7 mg, 80 % yield). 

Mp: 83-85 ºC (mp lit. 96-98 ºC [354], 84-85 ºC [382]); 1H NMR 

(400 MHz, CDCl3) δ (ppm): 8.03 (br s, 1H, NH), 7.98 – 7.90 (m, 

2H, H-B2,6), 7.48 – 7.38 (m, 3H, H-B3,4,5), 7.26 – 7.18 (m, 2H, H-

C2,5), 7.00 (ddd, J = 8.2, 2.1, 0.9 Hz, 1H, H-C6), 6.91 (ddd, J = 7.9, 2.0, 0.9 Hz, 1H, H-C4); 

13C NMR (75 MHz, CDCl3) δ (ppm): 144.56 (Cq-C1), 135.39 (Cq-C3), 134.21 (Cq-B1), 

130.49 (CH-C5), 129.68 (CH-B4), 128.60 (CH-B3,5), 126.67 (CH-B2,6), 126.06 (CCl=N), 

121.16 (CH-C4), 113.63 (CH-C2), 111.73 (CH-C6) [354]. 

 

N'-(4-chlorophenyl)benzohydrazonoyl chloride (170g). 

Synthesized according to the general procedure, this compound was obtained as a 

pink-brown solid (2025.0 mg, 88%). 

Mp: 105-107 ºC (Lit 107-108.5 ºC [382], 105- 107°C [381]); 

1H NMR (400 MHz, CDCl3) δ (ppm): 8.03 (br s, 1H, NH), 7.95 

– 7.88 (m, 2H, H-B2,6), 7.47 – 7.35 (m, 3H, H-B3,4,5), 7.30 – 

7.23 (m, 2H, H-C3,5), 7.14 – 7.08 (m, 2H, H-C2,6); 13C NMR (75 MHz, CDCl3) δ (ppm): 

142.07 (Cq-C1), 134.30 (Cq-B1), 129.56 (CH-B4), 129.43 (CH-C3,5), 128.58 (CH-B3,5), 

126.57 (CH-B2,6), 125.92 (Cq-C4), 125.59 (CCl=N), 114.69 (CH-C2,6). 

 

3-chloro-N'-(2-chlorophenyl)benzohydrazonoyl chloride (170h). 

Synthesized according to the general procedure, this compound was obtained as a 

dark pink-reddish solid (1646.9 mg, 73 % yield). 

Mp: 92-94 ºC; 1H NMR (300 MHz, CDCl3) δ (ppm): 8.59 (br s, 

1H, NH), 7.94 – 7.92 (m, 1H, H-B2), 7.85 – 7.79 (m, 1H, H-B6), 

7.59 (dd, J = 8.2, 1.5 Hz, 1H, H-C6), 7.37 – 7.24 (m, 4H, H-B4,5, 

2H-C3,5), 6.93 – 6.85 (m, 1H, H-C4); 1H NMR (300 MHz, CDCl3) δ (ppm): 139.17 (Cq-

C1), 136.00 (Cq-B1), 134.71 (Cq-B3), 129.79 (CH-B5), 129.59 (CH-B4), 129.47 (CH-C3), 
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128.17 (CH-C5), 126.55 (CH-B2), 125.70 (CCl=N), 124.78 (CH-B6), 121.61 (CH-C4), 

118.29 (Cq-C2), 114.83 (CH-C6). 

 

3-chloro-N'-(3-chlorophenyl)benzohydrazonoyl chloride (170i). 

Synthesized according to the general procedure, this compound was obtained as a 

dark brown-reddish solid (1648.7 mg, 73 % yield). 

Mp: 53-55 ºC; 1H NMR (300 MHz, CDCl3) δ (ppm): 8.08 (br s, 

1H, NH), 7.91 – 7.88 (m, 1H, H-B2), 7.83 – 7.77 (m, 1H, H-B6), 

7.38 – 7.34 (m, 2H, H-B4,5), 7.24 – 7.19 (m, 2H, H-C2,5), 7.01 

(ddd, J = 8.3, 2.2, 0.9 Hz, 1H, H-C6), 6.93 (ddd, J = 8.0, 1.9, 0.9 

Hz, 1H, H-C4); 13C NMR (75 MHz, CDCl3) δ (ppm): 144.20 (Cq-C1), 135.92 (Cq-B1), 

135.44 (Cq-C3), 134.72 (Cq-B3), 130.56 (CH-B5), 129.80 (CH-C5), 129.57 (CH-B4), 

126.52 (CH-B2), 124.71 (CH-B6), 124.41 (CCl=N), 121.54 (CH-C4), 113.74 (CH-C2), 

111.85 (CH-C6). 

 

 

9.1.9. GENERAL PROCEDURE FOR THE SYNTHESIS OF 4'H-SPIRO[INDOLINE-3,5'-

ISOXAZOL]-2-ONES. 

 

9.1.9.1. Method A (Et3N). 

A solution of the appropriate chlorooxime (3.0 equiv) was added, dropwise at 0 ºC, 

to a solution of the appropriate indolin-2-one (1.0 equiv) and Et3N (3.0 equiv). The 

resulting solution was stirred at room temperature under nitrogen atmosphere. The solvent 

was removed under reduced pressure, and the residue was dissolved in EtOAc. The organic 

solution was washed with brine, dried over anhydrous Na2SO4, and concentrated. The 

residue was purified by flash chromatography on silica gel using as eluent mixtures of n-

hexane/EtOAc and recrystallized from ether to afford the final product. 

 

Ethyl N-methyl-2-oxo-3'-phenyl-4'H-spiro[indoline-3,5'-isoxazole]-4'-

carboxylate (119b). 

Synthesized according to the general procedure (method A), this compound was 

obtained as a white solid (24.6 mg, 80 % yield). 

Mp: 137-138ºC; IR (NaCl, selected peaks): 1727 (C=O) cm-1; 1H NMR (400 MHz, 

CDCl3) δ (ppm): 7.69 – 7.64 (m, 2H, H-B2,6), 7.45 – 7.34 (m, 5H, H-4, H-6, H-B3,4,5), 7.06 

(t, J = 7.6 Hz, 1H, H-5), 6.86 (d, J = 7.6 Hz, 1H, H-7), 4.90 (s, 1H, H-4’), 3.99 – 3,87 (m, 



Chapter 9. Experimental Section 

145 
 

2H, CH2), 3.24 (s, 3H, NCH3), 0.89 (t, J = 7.2 Hz, 3H, CH3); 13C NMR 

(100 MHz, CDCl3) δ (ppm): 173.95 (NC=O), 166.57 (CO2), 154.76 

(C=N), 144.57 (Cq-7a), 131.57 (CH-6), 130.66 (CH-B4), 128.95 (CH-

B3,5), 128.42 (Cq-B1), 127.16 (CH-B2,6), 126.16 (CH-4), 123.54 (Cq-3a), 

123.45 (CH-5), 108.85 (CH-7), 86.97 (Cspiro), 62.07 (CH2), 60.93 (CH-

4’), 26.77 (NCH3), 13.76 (CH3); HRMS: Exact mass calculated for 

C20H18N2O4Na [M+Na]+ 373.1159, found 373.1165. 

 

Methyl N-methyl-2-oxo-3'-phenyl-4'H-spiro[indoline-3,5'-isoxazole]-4'-

carboxylate (119c). 

Synthesized according to the general procedure (method A), this compound was 

obtained as a white solid (24.0 mg, 94 % yield). 

Mp: 200-201ºC; IR (KBr, selected peaks): 1740 (C=O), 1726 (C=O) cm-

1; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.69 – 7.64 (m, 2H, H-B2,6), 

7.45 – 7.41 (m, 3H, H-B3,4,5), 7.40 – 7.37 (m, 1H, H-6), 7.33 (d, J = 7.6 

Hz, 1H, H-4), 7.07 (td, J = 7.6, 0.8 Hz, 1H, H-5), 6.87 (d, J = 8.0 Hz, 1H, 

H-7), 4.89 (s, 1H, H-4’), 3.48 (s, 3H, OCH3), 3.23 (s, 3H, NCH3); 13C 

NMR (100 MHz, CDCl3) δ (ppm): 173.82 (NC=O), 167.12 (CO2), 154.65 (C=N), 144.59 

(Cq-7a), 131.65 (CH-6), 130.72 (CH-B4), 129.00 (CH-B3,5), 128.29 (Cq-B1), 127.07 (CH-

B2,6), 125.85 (CH-4), 123.47 (CH-5), 123.22 (Cq-3a), 109.01 (CH-7), 86.96 (Cspiro), 

60.71 (CH-4’), 52.88 (OCH3), 26.71 (NCH3); HRMS: Exact mass calculated for 

C19H16N2O4Na [M+Na]+ 359.1002, found 359.1006. 

 

Ethyl 2-oxo-3'-phenyl-4'H-spiro[indoline-3,5'-isoxazole]-4'-carboxylate (119d). 

Synthesized according to the general procedure (method A), this compound was 

obtained as a white solid (64.9 mg, 89 % yield). 

Mp: 198-199ºC; IR (KBr, selected peaks): 3158 (N-H), 1749 (C=O), 

1730 (C=O) cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 8.18 (br s, 1H, 

NH), 7.70 – 7.65 (m, 2H, H-B2,6), 7.40 – 7.47 (m, 3H, H-B3,4,5), 7.36 – 

7.29 (m, 2H, H-4, H-6), 7.04 (t, J = 7.6 Hz, 1H, H-5), 6.90 (d, J = 7.6 

Hz, 1H, H-7), 4.93 (s, 1H, H-4’), 3.99 – 3.90 (m, 2H, CH2), 0.90 (t, J = 

7.0 Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 175.84 (NHC=O), 166.46 (CO2), 

154.80 (C=N), 141.52 (Cq-7a), 131.59 (CH-6), 130.76 (CH-B4), 128.99 (CH-B3,5), 128.30 

(Cq-B1), 127.19 (CH-B2,6), 126.58 (CH-4), 123.86 (Cq-3a), 123.52 (CH-5), 110.74 (CH-7), 

87.18 (Cspiro), 62.20 (CH2), 61.00 (CH-4’), 13.77 (CH3); HRMS: Exact mass calculated 

for C19H16N2O4Na [M+Na]+ 359.1002, found 359.1009. 
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Methyl 2-oxo-3'-phenyl-4'H-spiro[indoline-3,5'-isoxazole]-4'-carboxylate 

(119e). 

Synthesized according to the general procedure (method A), this compound was 

obtained as a white solid (73.0 mg, 92 % yield). 

Mp: 200-201ºC; IR (KBr, selected peaks): 3098 (NH), 1742 (C=O), 

1733 (C=O) cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 8.01 (br s, 1H, 

NH), 7.70 – 7.65 (m, 2H, H-B2,6), 7.47 – 7.40 (m, 3H, H-B3,4,5), 7.31 – 

7,35 (m, 2H, H-4, H-6), 7.06 (t, J = 7.6 Hz, 1H, H-5), 6.91 (d, J = 8.0 Hz, 

1H, H-7), 4.92 (s, 1H, H-4’), 3.50 (s, 3H, OCH3); 13C NMR (100 MHz, 

CDCl3) δ (ppm): 175.59 (NHC=O), 167.02 (CO2), 154.72 (C=N), 141.54 (Cq-7a), 131.68 

(CH-6), 130.84 (CH-B4), 129.07 (CH-B3,5), 128.21 (Cq-B1), 127.15 (CH-B2,6), 126.34 

(CH-4), 123.61 (Cq-3a), 123.58 (CH-5), 110.84 (CH-7), 87.17 (Cspiro), 60.85 (CH-4’), 

52.96 (OCH3); HRMS: Exact mass calculated for C18H14N2O4Na [M+Na]+ 345.0846, 

found 345.0854. 

 

9.1.9.2. Method B (Zn). 

A mixture of the appropriate indolin-2-one (1.0 equiv), the appropriate chlorooxime 

(3.0 equiv) and zinc (3.0 equiv) in the proper solvent (27 µL/µmol indolin-2-one) was 

stirred at room temperature under nitrogen atmosphere. The solvent was removed under 

reduced pressure, and the residue was dissolved in EtOAc. After filtered through Celite, 

the organic solution was washed with brine, dried over anhydrous Na2SO4, and 

concentrated. The residue was purified by flash chromatography on silica gel using as 

eluent mixtures of n-hexane/EtOAc, and recrystallized from ether to afford the final 

product. 

 

Diethyl N-methyl-2-oxo-4'H-spiro[indoline-3,5'-isoxazole]-3',4'-dicarboxylate 

(119a). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (23.7 mg, 79 % yield). 

Mp: 117-118ºC; IR (KBr, selected peaks): 1751 (C=O), 1721 (C=O) 

cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.39 (td, J = 8.0, 1.2 Hz, H-

6), 7.27 (d, J = 7.8 Hz, H-4), 7.06 (td, J = 7.8, 0.8 Hz, H-5), 6.85 (d, J = 

8.0 Hz, H-7), 4.76 (s, 1H, H-4’), 4.39 (qd, J = 7.2, 1.2 Hz, 2H, CH2), 

3.98 – 3,89 (m, 2H, CH2), 3.23 (s, 3H, NCH3), 1.38 (t, J = 7.2 Hz, 3H, 

CH3), 0.90 (t, J = 7.2 Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 172.60 
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(NC=O), 165.70 (CO2), 159.26 (CO2), 149.48 (C=N), 144.43 (Cq-7a), 131.98 (CH-6), 

125.95 (CH-4), 123.61 (CH-5), 122.80 (Cq-3a), 109.01 (CH-7), 88.47 (Cspiro), 62.75 

(CH2), 62.20 (CH2), 59.46 (CH-4’), 26.87 (NCH3), 14.19 (CH3), 13.74 (CH3); HRMS: 

Exact mass calculated for C17H18N2O6Na [M+Na]+ 369.1057, found 369.1067. 

 

3'-ethyl 4'-methyl N-methyl-2-oxo-4'H-spiro[indoline-3,5'-isoxazole]-3',4'-

dicarboxylate (119f). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (114.8 mg, 75 % yield). 

Mp: 124-125 ºC; IR (KBr, selected peaks): 1751 (C=O), 1744 (C=O), 

1721 (C=O) cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 7.40 (td, J = 

7.8, 1.2 Hz, 1H, H-6), 7.26 (d, J = 7.6 Hz, 1H, H-4), 7.07 (td, J = 7.8, 0.4 

Hz, 1H, H-5), 6.86 (d, J = 8.0 Hz, 1H, H-7), 4.77 (s, 1H, H-4’), 4.45 – 

4.36 (m, 2H, CH2), 3.49 (s, 3H, OCH3), 3.23 (s, 3H, NCH3), 1.39 (t, J = 

7.2 Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 172.51 (NC=O), 166.24 (CO2), 

159.21 (CO2), 149.36 (C=N), 144.45 (Cq-7a), 132.05 (CH-6), 125.72 (CH-4), 123.64 (CH-

5), 122.58 (Cq-3a), 109.15 (CH-7), 88.49 (Cspiro), 62.77 (CH2), 59.21 (CH-4’), 52.93 

(OCH3), 26.83 (NCH3), 14.18 (CH3); HRMS: Exact mass calculated for C16H16N2O6Na 

[M+Na]+ 355.0901, found 355.0904. 

 

4'-ethyl 3'-methyl N-methyl-2-oxo-4'H-spiro[indoline-3,5'-isoxazole]-3',4'-

dicarboxylate (119g). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (21.3 mg, 74 % yield). 

Mp: 106-107ºC; 1H NMR δ (ppm): (400 MHz, CDCl3): 7.40 (t, J =8.0 

Hz, 1H, H-6), 7.27 (d, J = 7.6 Hz, 1H, H-4), 7.06 (t, J = 7.6 Hz, 1H, H-

5), 6.86 (d, J = 7.6 Hz, 1H, H-7), 4.76 (s, 1H, H-4’), 3.97 – 3.92 (m, 5H, 

CH2, OCH3), 3.24 (s, 3H, NCH3), 0.90 (t, J=7.2 Hz, 3H, CH3); 13C NMR 

(100 MHz, CDCl3) δ (ppm): 172.56 (NC=O), 165.68 (CO2), 159.75 

(CO2), 149.26 (C=N), 144.47 (Cq-7a), 132.03 (CH-6), 125.97 (CH-4), 123.64 (CH-5), 

122.75 (Cq-3a), 109.03 (CH-7), 88.56 (Cspiro), 62.25 (CH2), 59.36 (CH-4’), 53.34 

(OCH3), 26.89 (NCH3), 13.75 (CH3). 
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Diethyl 2-oxo-4'H-spiro[indoline-3,5'-isoxazole]-3',4'-dicarboxylate (119h). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (58.9 mg, 77 % yield). 

Mp: 129-130 ºC; IR (KBr, selected peaks): 3215 (N-H), 1751 (C=O), 

1736 (C=O), 1719 (C=O) cm-1. 1H NMR (400 MHz, CDCl3) δ (ppm): 

8.66 (br s, 1H, NH), 7.33 (t, J = 7.6 Hz, 1H, H-6), 7.26 (d, J = 7.6 Hz, 

1H, H-4), 7.04 (t, J = 7.6 Hz, 1H, H-5), 6.92 (d, J = 7.6 Hz, 1H, H-7), 

4.80 (s, 1H, H-4’), 4.40 (q, J = 7.2 Hz, 2H, CH2), 3.99 – 3.90 (m, 2H, 

CH2), 1.39 (t, J = 7.2 Hz, 3H, CH3), 0.90 (t, J = 7.2 Hz, 3H, CH3); 13C NMR (100 MHz, 

CDCl3) δ (ppm): 174.78 (NHC=O), 165.63 (CO2Et), 159.25 (CO2Et), 149.53 (C=N), 

141.49 (Cq-7a), 132.04 (CH-6), 126.31 (CH-4), 123.69 (CH-5), 123.16 (Cq-3a), 111.04 

(CH-7), 88.79 (Cspiro), 62.86 (CH2), 62.34 (CH2), 59.58 (CH-4’), 14.20 (CH3), 13.73 

(CH3); HRMS: Exact mass calculated for C16H16N2O6Na [M+Na]+ 355.0901, found 

355.0903. 

 

3'-ethyl 4'-methyl 2-oxo-4'H-spiro[indoline-3,5'-isoxazole]-3',4'-dicarboxylate 

(119i) 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (58.9 mg, 76 % yield). 

Mp: 167-168 ºC; IR (NaCl, selected peaks): 1751 (C=O), 1736 (C=O), 

1724 (C=O) cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 8.58 (br s, 1H, 

NH), 7.34 (td, J = 7.6, 0.9 Hz, 1H, H-6), 7.24 (d, J = 7.6 Hz, 1H, H-4), 

7.05 (t, J = 7.6 Hz, 1H, H-5), 6.92 (d, J = 7.6 Hz, 1H, H-7), 4.80 (s, 1H, 

H-4’), 4.45 – 4.35 (m, 2H, CH2), 3.49 (s, 3H, OCH3), 1.39 (t, J = 7.0 Hz, 

3H, CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 174.61 (NHC=O), 166.16 (CO2), 159.22 

(CO2), 149.44 (C=N), 141.50 (Cq-7a), 132.12 (CH-6), 126.11 (CH-4), 123.74 (CH-5), 

122.96 (Cq-3a), 111.16 (CH-7), 88.81 (Cspiro), 62.89 (CH2), 59.38 (CH-4’), 53.02 

(OCH3), 14.20 (CH3); HMRS: Exact mass calculated for C15H14N2O6Na [M+Na]+ 

341.0744, found 341.0753. 

 

4'-ethyl 3'-methyl 2-oxo-4'H-spiro[indoline-3,5'-isoxazole]-3',4'-dicarboxylate 

(119j). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (52.3 mg, 71 % yield). 

Mp: 147-148ºC; IR (KBr, selected peaks): 3213 (N-H), 1751 (C=O), 1736 (C=O), 1724 

(C=O) cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 8.79 (br s, 1H, NH), 7.33 (t, J = 8.0 Hz, 
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1H, H-6), 7.25 (d, J = 7.6 Hz, 1H, H-4), 7.04 (t, J = 7.6 Hz, 1H, H-5), 

6.93 (d, J = 8.0 Hz, 1H, H-7), 4.80 (s, 1H, H-4’), 3.98 – 3.91 (m, 5H, 

CH2, OCH3), 0.90 (t, J = 7.0 Hz, 3H, CH3); 13C NMR (100 MHz, CDCl3) 

δ (ppm): 174.81 (NHC=O), 165.59 (CO2), 159.72 (CO2), 149.31 (C=N), 

141.54 (Cq-7a), 132.09 (CH-6), 126.27 (CH-4), 123.70 (CH-5), 123.04 

(Cq-3a), 111.12 (CH-7), 88.89 (Cspiro), 62.39 (CH2), 59.43 (CH-4’), 

53.42 (OCH3), 13.71 (CH3); HRMS: Exact mass calculated for C15H14N2O6Na [M+Na]+ 

341.0744, found 341.0750. 

 

Ethyl 3'-(4-methoxyphenyl)-2-oxo-4'H-spiro[indoline-3,5'-isoxazole]-4'-

carboxylate (119k). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (29.4 mg, 87 % yield). 

Mp: 210-211ºC; IR (KBr, selected peaks): 3446.79 (N-H), 1749 (C=O), 

1732 (C=O) cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 8.49 (br s, 1H, 

NH), 7.61 (d, J = 8.8 Hz, 2H, H-B2,6), 7.34 (d, J = 7.6 Hz, 1H, H-4), 7.30 

(td, J = 8.0, 1.2 Hz, 1H, H-6), 7.03 (t, J = 7.6 Hz, 1H, H-5), 6.93 (d, J = 

8.8 Hz, 2H, H-B3,5), 6.90 (d, J = 8.0 Hz, 1H, H-7), 4.89 (s, 1H, H-4’), 

3.98 – 3.91 (m, 2H, CH2), 3.84 (s, 3H, OCH3), 0.91 (t, J = 7.2 Hz, 3H, 

CH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 176.32 (NHC=O), 166.61 (CO2), 161.55 

(Cq-B4), 154.39 (C=N), 141.62 (Cq-7a), 131.52 (CH-6), 128.79 (CH-B2,6), 126.52 (CH-4), 

123.92 (Cq-3a), 123.46 (CH-5), 120.80 (Cq-B1), 114.44 (CH-B3,5), 110.84 (CH-7), 87.04 

(Cspiro), 62.15 (CH2), 61.17 (CH-4’), 55.52 (OCH3), 13.79 (CH3); HRMS: Exact mass 

calculated for C20H18N2O5Na [M+Na]+ 389.1108, found 389.1102. 

 

Ethyl 3'-(4-methoxyphenyl)-N-methyl-2-oxo-4'H-spiro[indoline-3,5'-isoxazole]-

4'-carboxylate (119l). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (29.4 mg, 89 % yield). 

Mp: 136-137ºC; IR (KBr, selected peaks): 1725 (C=O) cm-1; 1H NMR 

(400 MHz, CDCl3) δ (ppm): 7.59 (d, J = 9.2 Hz, 2H, H-B2,6), 7.40 – 7.34 

(m, 2H, H-4, H-6), 7.05 (t, J = 7.6 Hz, 1H, H-5), 6.92 (d, J = 8.8 Hz, 2H, 

H-B3,5), 6.85 (d, J = 8.0 Hz, 1H, H-7), 4.85 (s, 1H, H-4’), 3.98 – 3.89 (m, 

2H, CH2), 3.83 (s, 3H, OCH3), 3.23 (s, 3H, NCH3), 0.90 (t, J = 7.0 Hz, 

3H, CH3); 13C NMR 100 MHz, CDCl3) δ (ppm): 174.09 (NC=O), 

166.68 (CO2), 161.45 (Cq-B4), 154.29 (C=N), 144.55 (Cq-7a), 131.48 

(CH-6), 128.72 (CH-B2,6), 126.14 (CH-4), 123.60 (Cq-3a), 123.39 (CH-5), 120.90 (Cq-B1), 
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114.37 (CH-B3,5), 108.81 (CH-7), 86.73 (Cspiro), 62.01 (CH2), 61.12 (CH-4’), 55.48 

(OCH3), 26.72 (NCH3), 13.78 (CH3); HRMS: Exact mass calculated for C21H20N2O5Na 

[M+Na]+ 403.1264, found 403.1263. 

 

Ethyl 2-oxo-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-3'-carboxylate (119m). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (63.8 mg, 42 % yield). 

1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.61 (br s, 1H, NH), 7.39 – 

7.30 (m, 3H, H-A3,4,5), 7.21 – 7.12 (m, 3H, H-6, H-A2,6), 6.89 (d, J = 7.6 

Hz, 1H, H-7), 6.63 (t, J = 7.6 Hz, 1H, H-5), 6.32 (d, J = 7.6 Hz, 1H, H-

4), 5.11 (s, 1H, H-4’), 4.31 – 4.19 (m, 2H, CH2), 1.22 (t, J = 7.1 Hz, 3H, 

CH3); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 175.86 (NHC=O), 

160.08 (CO2Et), 154.90 (C=N), 144.20 (Cq-7a), 134.47 (Cq-A1), 131.77 (CH-6), 129.70 

(CH-A2,6), 129.41 (CH-A3,5), 129.22 (CH-A4), 127.84 (CH-4), 122.85 (Cq-3a), 122.64 

(CH-5), 111.03 (CH-7), 91.14 (Cspiro), 62.59 (CH2), 59.02 (CH-4’), 14.20 (CH3). Anal. 

Calcd for C19H16N2O4
.0.7H2O: C, 65.39; H, 5,04; N, 8.03. Found: C, 65.12; H, 4.75; N, 

7.97. 

 

Ethyl 4'-(4-methoxyphenyl)-2-oxo-4'H-spiro[indoline-3,5'-isoxazol]-3'-

carboxylate (119n). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (56.1 mg, 38 % yield). 

1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.59 (s, 1H, NH), 7.19 (td, 

J = 7.7, 1.2 Hz, 1H, H-6), 7.06 (d, J = 8.7 Hz, 2H, H-A2,6), 6.93 – 6.87 

(m, 3H, H-7, H-A3,5), 6.67 (td, J = 7.6, 1.0 Hz, 1H, H-5), 6.39 (d, J = 

7.6 Hz, 1H, H-4), 5.04 (s, 1H, H-4’), 4.31 – 4.19 (m, 2H, CH2), 3.78 (s, 

3H, OCH3), 1.23 (t, J = 7.1 Hz, 3H, CH3); 13C NMR (100 MHz, 

Acetone-d6) δ (ppm): 175.98 (NHC=O), 160.69 (Cq-A4), 160.16 (CO2Et), 155.18 (C=N), 

144.30 (Cq-7a), 131.74 (CH-6), 130.65 (CH-A2,6), 128.02 (CH-4), 126.23 (Cq-A1), 123.01 

(Cq-3a), 122.68 (CH-5), 115.03 (CH-A3,5), 111.01 (CH-7), 91.05 (Cspiro), 62.55 (CH2), 

58.44 (CH-4’), 55.56 (OCH3), 14.24 (CH3). 

 

3'-phenyl-4'-propyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119o). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (71.7 mg, 44 % yield).  
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1H NMR (400 MHz, CDCl3) δ (ppm): 8.98 (s br, 1H, NH), 7.71 – 7.65 

(m, 2H, H-B2,6), 7.48 – 7.43 (m, 3H, H-B3,4,5), 7.39 (d, J = 7.6 Hz, 1H, H-

4), 7.29 (t, J = 7.6 Hz, 1H, H-6), 7.06 (t, J = 7.6 Hz, 1H, H-5), 6.93 (d, J = 

7.6 Hz, 1H, H-7), 4.10 (dd, J = 10.0, 4.1 Hz, 1H, C-4’), 1.78 – 1.65 (m, 

2H, CH2CH2CH3), 1.13 – 1.00 (m, 1H, CH2CH2CH3), 0.90 – 0.77 (m, 1H, 

CH2CH2CH3), 0.68 (t, J = 7.3 Hz, 3H, CH3); 13C NMR (100 MHz, 

CDCl3) δ (ppm): 178.30 (C=O), 160.54 (C=N), 141.56 (Cq-7a), 130.89 

(CH-6), 130.37 (CH-B4), 128.99 (CH-B3,5), 128.79 (Cq-B1), 127.72 (CH-B2,6), 126.45 

(CH-4), 124.76 (Cq-3a), 123.09 (CH-5), 111.12 (CH-7), 88.67 (Cspiro), 54.52 (CH-4’), 

30.39 (CH2CH2CH3), 20.94 (CH2CH2CH3), 13.74 (CH3). 

 

4'-(4-methoxyphenyl)-1-methyl-3'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-

one (119p). 

Synthesized according to the general procedure (method B), this compound was 

obtained as a white solid (18.7 mg, 22 % yield). 

Mp: 195-196ºC; IR (KBr, selected peaks): 1730 (C=O), 1250 cm-1; 

1H NMR (400 MHz, CDCl3) δ (ppm): 7.68 – 7.62 (m, 2H, H-B2,6), 

7.37 – 7.27 (m, 3H, H-B3,4,5), 7.22 (t, J = 7.6 Hz, 1H, H-6), 6.99 (d, J 

= 8.4 Hz, 2H, H-A2,6), 6.81 – 6.74 (m, 3H, H-7, H-A3,5), 6.71 (t, J = 

7.6 Hz, 1H, H-5), 6.33 (d, J = 7.6 Hz, 1H, H-4), 4.99 (s, 1H, H-4’), 

3.75 (s, 3H, OCH3), 3.20 (s, 3H, NCH3); 13C NMR (100 MHz, CDCl3) δ (ppm): 175.22 

(C=O), 159.57 and 159.54 (C=N and Cq-A4), 144.78 (Cq-7a), 130.60 (CH-B4), 130.31 

(CH-6), 130.23 (CH-A2,6), 128.73 (CH-B3,5), 128.69 (Cq-B1), 127.88 (CH-B2,6), 127.16 

(CH-4), 125.69 (Cq-A1), 122.78 (CH-5), 122.69 (Cq-3a), 114.43 (CH-A3,5), 108.33 (CH-

7), 88.68 (Cspiro), 59.59 (CH-4’), 55.36 (OCH3), 26.39 (NCH3); Anal. Calcd for 

C24H20N2O3
.0.25H2O: C, 74.11; H, 5,32; N, 7,20. Found: C, 73,85; H, 5.35; N, 7.12. 

 

9.1.9.3. Method C (synthesis directly from aldoxime). 

To a stirred solution of N-chlorosuccinimide (3.0 equiv) and pyridine (0.3 equiv) in 

chloroform (2.5 mL/0.1 mmol of 3-methylene indolin-2-one) was added the appropriate 

aldoxime (3.0 equiv). The reaction mixture was stirred for 24 h at room temperature before 

addition of the appropriate 3-methylene indolin-2-one. The mixture was then heated to 50 

ºC and triethylamine (3.5 equiv) was added in a dropwise manner. After heating at reflux 

for 26 h, the mixture was washed with brine (2x) and the aqueous phase extracted with 

DCM or EtOAc depending on the solubility of the product. The combined organic extracts 

were dried over anhydrous Na2SO4 and the solvent was removed under reduced pressure. 

The residue was purified by flash chromatography on silica gel using as eluent a gradient 
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from n-hexane/EtOAc (4:1) to 100% EtOAc and recrystallized from EtOAc/n-hexane to 

afford the final product (adapted from [287]). 

 

3',4'-diphenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119q). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (16.4 mg, 53 % yield). 

1H NMR (400 MHz, CDCl3) δ (ppm): 7.95 (br s, 1H, NH), 7.70 – 7.65 

(m, 2H, H-B2,6), 7.38 – 7.29 (m, 3H, H-B3,4,5), 7.28 – 7.23 (m, 3H, H-

A3,4,5, partially obscured by CDCl3 signal), 7.12 (td, J = 7.7, 1.1 Hz, 1H, 

H-6), 7.09 – 7.04 (m, 2H, H-A2,6), 6.80 (d, J = 7.7 Hz, 1H, H-7), 6.63 (t, 

J = 7.7 Hz, 1H, H-5), 6.25 (d, J = 7.7 Hz, 1H, H-4), 5.08 (s, 1H, H-4’); 

13C NMR (100 MHz, CDCl3) δ (ppm): 177.08 (C=O), 159.19 (C=N), 141.62 (Cq-7a), 

133.68 (Cq-A1), 130.65 (CH-B4), 130.45 (CH-6), 129.15 (CH-A2,6), 129.09 (CH-A3,5), 

128.82 (CH-B3,5), 128.58 (CH-A4), 128.55 (Cq-B1), 127.92 (CH-B2,6), 127.40 (CH-4), 

123.03 (Cq-3a), 122.72 (CH-5), 110.21 (CH-7), 89.05 (Cspiro), 60.41 (H-4’). Anal. Calcd 

for C22H16N2O2·0.5H2O: C, 75.63; H, 4.91; N, 8.02. Found: C, 75.36; H, 4.91; N, 7.82 

[287]. 

 

3'-(4-nitrophenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119r). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a light yellow solid (98.6 mg, 57 % yield). 

Mp: 274-276 ºC; IR (KBr, selected peaks): 3198 (NH), 1712 (C=O), 

1522, 1337 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.58 (br s, 

1H, NH), 8.25 (d, J = 8.8 Hz, 2H, H-B3,5), 7.98 (d, J = 8.8 Hz, 2H, H-

B2,6), 7.39 – 7.29 (m, 3H, H-A3,4,5), 7.27 – 7.21 (m, 2H, H-A2,6), 7.10 (t, 

J = 7.7 Hz, 1H, H-6), 6.91 (d, J = 7.7 Hz, 1H, H-7), 6.63 (t, J = 7.7 Hz, 

1H, H-5), 6.29 (d, J = 7.7 Hz, 1H, H-4), 5.46 (s, 1H, H-4’); 13C NMR 

(100 MHz, Acetone-d6) δ (ppm): 176.47 (C=O), 158.92 (C=N), 149.47 (Cq-B4), 144.24 

(Cq-7a), 135.85 (Cq-B1), 134.40 (Cq-A1), 131.62 (C-6), 130.05 (CH-A2,6), 129.90 (CH-

A3,5), 129.38 (CH-A4), 129.35 (CH-B2,6), 127.80 (CH-4), 124.79 (CH-B3,5), 123.40 (Cq-

3a), 122.59 (CH-5), 110.95 (CH-7), 90.45 (Cspiro), 59.56 (CH-4’).  
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3'-(4-methoxyphenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119s). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (117.40 mg, 70 % yield). 

Mp: 267-269 ºC; IR (KBr, selected peaks): 3198 (NH), 1712 (C=O), 

1522, 1337 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.51 (br s, 

1H, NH), 7.64 (d, J = 8.9 Hz, 2H, H-B2,6), 7.34 – 7.25 (m, 3H, H-A3,4,5), 

7.22 – 7.18 (m, 2H, H-A2,6), 7.15 (t, J = 7.7 Hz, 1H, H-6), 6.91 (d, J = 

8.9 Hz, 2H, H-B3,5), 6.88 (d, J = 7.7 Hz, 1H, H-7), 6.60 (t, J = 7.7 Hz, 

1H, H-5), 6.24 (d, J = 7.7 Hz, 1H, H-4), 5.27 (s, 1H, H-4’), 3.79 (s, 3H, 

OCH3); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 177.07 (C=O), 162.07 (Cq-B4), 159.43 

(C=N), 144.14 (Cq-7a), 135.41 (Cq-A1), 131.21 (CH-6), 130.05 (CH-A2,6), 129.96 (CH-

B2,6), 129.63 (CH-A3,5), 128.96 (CH-A4), 127.72 (CH-4), 124.18 (Cq-3a), 122.37 (CH-5), 

122.28 (Cq-B1), 114.96 (CH-B3,5), 110.71 (CH-7), 89.33 (Cspiro), 60.49 (CH-4’), 55.66 

(OCH3); Anal. Calcd for C23H18N2O3·0.4H2O: C, 73.15; H, 5.03; N, 7.42. Found: C, 72.84; 

H, 4.90; N, 7.36. 

 

4'-(4-methoxyphenyl)-3'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119t). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (35.2 mg, 57 % yield). 

1H NMR (400 MHz, CDCl3) δ (ppm): 8.60 (br s, 1H, NH), 7.70 – 

7.65 (m, 2H, H-B2,6), 7.38 – 7.29 (m, 3H, H-B3,4,5), 7.10 (td, J = 7.8, 

1.2 Hz, 1H, H-6), 6.99 (d, J = 8.4 Hz, 2H, H-A2,6), 6.82 – 6.76 (m, 

3H, H-7, H-A3,5), 6.66 (td, J = 7.8, 0.8 Hz, 1H, H-5), 6.31 (d, J = 7.8 

Hz, 1H, H-4), 5.03 (s, 1H, H-4’), 3.76 (s, 3H, OCH3); 13C NMR 

(100 MHz, CDCl3) δ (ppm): 177.64 (C=O), 159.61 and 159.50 (C=N and Cq-A4), 141.84 

(Cq-7a), 130.58 (CH-B4), 130.38 (CH-6), 130.24 (CH-A2,6), 128.79 (CH-B3,5), 128.65 (Cq-

B1), 127.91 (CH-B2,6), 127.40 (CH-4), 125.59 (Cq-A1), 123.07 (Cq-3a), 122.72 (CH-5), 

114.46 (CH-A3,5), 110.46 (CH-7), 89.16 (Cspiro), 59.69 (CH-4’), 55.36 (OCH3) [287].  

 

3',4'-bis(4-methoxyphenyl)-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119u). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (114.4 mg, 72 % yield). 

Mp: 219-221 ºC; IR (KBr, selected peaks): 3169 (NH), 1717 (C=O), 1260, 1246 cm-1; 1H 

NMR (400 MHz, Acetone-d6) δ (ppm): 9.45 (br s, 1H, NH), 7.64 (d, J = 9.0 Hz, 2H, H-

B2,6), 7.16 (td, J = 7.6, 1.2 Hz, 1H, H-6), 7.12 (d, J = 8.7 Hz, 2H, H-A2,6), 6.91 (d, J = 9.0 

Hz, 2H, H-B3,5), 6.89 – 6.84 (m, 3H, H-7, H-A3,5), 6.64 (td, J = 7.6, 1.0 Hz, 1H, H-5), 6.32 
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(d, J = 7.6 Hz, 1H, H-4), 5.21 (s, 1H, H-4’), 3.79 (s, 3H, B-OCH3), 

3.75 (s, 3H, A-OCH3); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 

177.16 (C=O), 162.03 (Cq-B4), 160.45 (Cq-A4), 159.62 (C=N), 144.16 

(Cq-7a), 131.20 (CH-A2,6), 131.16 (CH-6), 129.95 (CH-B2,6), 127.89 

(CH-4), 127.15 (Cq-A1), 124.36 (Cq-3a), 122.41 (CH-5), 122.39 (Cq-

B1), 114.93 (CH-A3,5, CH-B3,5), 110.67 (CH-7), 89.28 (Cspiro), 59.90 

(CH-4’), 55.66 (B-OCH3), 55.49 (A-OCH3). Anal. Calcd for 

C24H20N2O4·0.1C4H10O: C, 71.85; H, 5.20; N, 6.87. Found: C, 72.07; 

H, 5.58; N, 7.14. 

 

5-nitro-3',4'-diphenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119v) 

Synthesized according to the general procedure (method C), this compound was 

obtained as a light yellow solid (74.9 mg, 52 % yield). 

Mp: >320ºC; IR (KBr, selected peaks): 3181 (NH), 1726 (C=O), 

1528, 1339 cm-1. 1H NMR (400 MHz, Acetone-d6) δ (ppm): 10.15 

(br s, 1H, NH), 8.17 (dd, J = 8.7, 2.3 Hz, 1H, H-6), 7.78 – 7.73 (m, 

2H, H-B2,6), 7.48 – 7.31 (m, 6H, H-A3,4,5, H-B3,4,5), 7.30 – 7.26 (m, 

2H, H-A2,6), 7.14 (d, J = 8.7 Hz, 1H, H-7), 7.05 (d, J = 2.3 Hz, 1H, 

H-4), 5.51 (s, 1H, H-4’). 13C NMR (100 MHz, Acetone-d6) δ (ppm): 176.80 (C=O), 160.01 

(C=N), 150.17 (Cq-7a), 143.45 (Cq-5), 134.39 (Cq-A1), 131.34 (CH-B4), 130.04 (CH-

A2,6), 129.86 (CH-A3,5), 129.71 (CH-B3,5), 129.59 (CH-A4), 129.45 (Cq-B1), 128.49 (CH-

B2,6), 128.14 (CH-6), 124.87 (Cq-3a), 123.30 (CH-4), 111.08 (CH-7), 88.67 (Cspiro), 

60.51 (CH-4’). Anal. Calcd for C22H15N3O4·0.4 H2O: C, 67.30; H, 4.06; N, 10.71. Found: 

C, 67.14; H, 4.13; N, 10.37. 

 

3'-(4-methoxyphenyl)-5-nitro-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one 

(119w). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a light yellow solid (116.5 mg, 72 % yield).  

Mp: 299-302 ºC; IR (KBr, selected peaks): 3188 (NH), 1734 (C=O), 

1526, 1337, 1260 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 

10.14 (br s, 1H, NH), 8.16 (dd, J = 8.7, 2.4 Hz, 1H, H-6), 7.68 (d, J = 

8.9 Hz, 2H, H-B2,6), 7.39 – 7.30 (m, 3H, H-A3,4,5), 7.28 – 7.24 (m, 

2H, H-A2,6), 7.13 (d, J = 8.7 Hz, 1H, H-7), 7.03 (d, J = 2.4 Hz, 1H, H-

4), 6.94 (d, J = 8.9 Hz, 2H, H-B3,5), 5.45 (s, 1H, H-4’), 3.80 (s, 3H, 

OCH3);13C NMR (100 MHz, Acetone-d6) δ (ppm): 176.95 (C=O), 162.34 (Cq-B4), 159.51 

(C=N), 150.14 (Cq-7a), 143.43 (Cq-5), 134.62 (Cq-A1), 130.11 (CH-B2,6), 129.98 (CH-
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A2,6), 129.87 (CH-A3,5), 129.50 (CH-A4), 128.05 (CH-6), 125.08 (Cq-3a), 123.28 (CH-4), 

121.75 (Cq-B1), 115.10 (CH-B3,5), 111.01 (CH-7), 88.41 (Cspiro), 60.79 (CH-4’), 55.71 

(OCH3). Anal. Calcd for C23H17N3O5·0.9H2O: C, 64.00; H, 4.40; N, 9.74. Found: C, 63.67; 

H, 4.01; N, 9.67. 

 

7-chloro-3'-(4-nitrophenyl)-4'-phenyl-4’H-piro[indoline-3,5'-isoxazol]-2-one 

(119x). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (76.2 mg, 46 % yield). 

Mp: 240-241 ºC; IR (KBr, selected peaks): 3177 (NH), 1734 (C=O), 

1518, 1342 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.93 (br s, 

1H, NH), 8.26 (d, J = 8.8 Hz, 2H, H-B3,5), 7.98 (d, J = 8.8 Hz, 2H, H-

B2,6), 7.38 – 7.30 (m, 3H, H-A3,4,5), 7.28 – 7.22 (m, 3H, H-6, H-A2,6), 

6.67 (t, J = 7.8 Hz, 1H, H-5), 6.24 (d, J = 7.8 Hz, 1H, H-4), 5.54 (s, 1H, 

H-4’); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 176.04, (C=O), 

158.97 (C=N), 149.57 (Cq-B4), 141.85 (Cq-7a), 135.59 (Cq-B1), 134.02 (C-A1), 131.54 

(CH-6), 130.06 (CH-A2,6), 130.00 (CH-A3,5) 129.55 (CH-A4), 129.43 (CH-B2,6), 126.30 

(CH-4), 125.24 (C-3a), 124.83 (CH-B3,5), 123.73 (CH-5), 115.61 (Cq-7), 90.72 (Cspiro), 

59.88 (CH-4’). 

 

7-chloro-3'-(4-methoxyphenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-

one (119y). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (104.6 mg, 66 % yield). 

Mp: 218-219 ºC; IR (KBr, selected peaks): 3167 (NH), 1724 (C=O), 

1252 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.80 (br s, 1H, 

NH), 7.65 (d, J = 8.7 Hz, 2H, H-B2,6), 7.36 – 7.27 (m, 3H, H-A3,4,5), 7.26 

– 7.20 (m, 3H, H-6, H-A2,6), 6.92 (d, J = 8.7 Hz, 2H, H-B3,5), 6.64 (t, J = 

7.8 Hz, 1H, H-5), 6.19 (d, J = 7.8 Hz, 1H, H-4), 5.36 (s, 1H, H-4’), 3.80 

(s, 3H, OCH3); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 176.59 

(C=O), 162.20 (Cq-B4), 159.48 (C=N), 141.74 (Cq-7a), 135.04 (Cq-A1), 

131.14 (CH-6), 130.06 (CH-B2,6), 130.02 (CH-A2,6), 129.74 (CH-A3,5), 129.13 (CH-A4), 

126.22 (CH-4), 126.04 (Cq-3a), 123.51 (CH-5), 122.04 (Cq-B1), 115.39 (Cq-7), 115.02 

(CH-B3,5), 89.67 (Cspiro), 60.79 (CH-4’), 55.68 (OCH3). Anal. Calcd for 

C23H17ClN2O3·1.1H2O: C, 65.05; H, 4.52; N, 6.60. Found: C, 65.40; H, 4.68; N, 6.22. 
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6-chloro-3',4'-diphenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119z). 

Synthesized according to the general procedure (method C), this compound was 

obtained as an off-white solid (77.7 mg, 55 % yield). 

Mp: 271-273 ºC; IR (KBr, selected peaks): 3186 (NH), 1732 (C=O) 

cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.67 (br s, 1H, NH), 

7.74 – 7.70 (m, 2H, H-B2,6), 7.43 – 7.35 (m, 3H, H-A3,4,5), 7.35 – 7.27 

(m, 3H, H-B3,4,5), 7.25 – 7.20 (m, 2H, H-A2,6), 6.94 (d, J = 2.0 Hz, 1H, 

H-7), 6.65 (dd, J = 8.2, 2.0 Hz, 1H, H-5), 6.21 (d, J = 8.2 Hz, 1H, H-4), 

5.38 (s, 1H, H-4’); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 176.71 (C=O), 159.93 

(C=N), 145.58 (Cq-7a), 136.59 (Cq-6), 134.91 (Cq-A1), 131.10 (CH-B4), 129.99 (CH-

A2,6), 129.82 (CH-A3,5), 129.75 (Cq-B1), 129.61 (CH-B3,5), 129.22 (CH-A4), 128.95 (CH-

4), 128.40 (CH-B2,6), 122.78 (Cq-3a), 122.29 (CH-5), 111.19 (CH-7), 89.10 (Cspiro), 

60.24 (CH-4’). Anal. Calcd for C22H15ClN2O2: C, 70.49; H, 4.04; N, 7.48. Found: C, 

70.38; H, 4.27; N, 7.25. 

 

6-chloro-3'-(4-methoxyphenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-

one (119aa). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (76.9 mg, 49 % yield).  

Mp 148-150 ºC; IR (KBr, selected peaks): 3186 (NH), 1748 (C=O) 

1265 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.65 (br s, NH, 

1H), 7.64 (d, J = 8.9 Hz, 2H, H-B2,6), 7.36 – 7.27 (m, 3H, H-A3,4,5), 

7.24 – 7.18 (m, 2H, H-A2,6), 6.95 – 6.88 (m, 3H, H-7, H-B3,5), 6.64 

(dd, J = 8.1, 1.8 Hz, 1H, H-5), 6.19 (d, J = 8.1 Hz, 1H, H-4), 5.31 (s, 

1H, H-4’), 3.79 (s, 3H, OCH3); 13C NMR (100 MHz, Acetone-d6) δ 

(ppm): 176.87 (C=O), 162.17 (Cq-B4), 159.45 (C=N), 145.56 (Cq-7a), 136.49 (Cq-6), 

135.14 (Cq-A1), 130.00 (CH-A2,6, CH-B2,6), 129.78 (CH-A3,5), 129.14 (CH-A4), 128.93 

(CH-4), 122.98 (Cq-3a), 122.24 (CH-5), 122.07 (Cq-B1), 115.01 (CH-B3,5), 111.13 (CH-7), 

88.82 (Cspiro), 60.52 (CH-4’), 55.67 (OCH3). Anal. Calcd for C23H17ClN2O3·0.6H2O: C, 

66.46; H, 4.42; N, 6.74. Found: C, 66.25; H, 4.34; N, 6.54. 

 

6-chloro-3'-(4-nitrophenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one 

(119ab). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a light yellow solid (70.1 mg, 43%). 
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Mp: 255-256 ºC; IR (KBr, selected peaks): 3169 (NH), 1721 (C=O), 

1522, 1342 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.78 (br 

s, 1H, NH), 8.26 (d, J = 9.0 Hz, 2H, H-B3,5), 7.98 (d, J = 9.0 Hz, 2H, 

H-B2,6), 7.39 – 7.32 (m, 3H, H-A3,4,5), 7.26 – 7.22 (m, 2H, H-A2,6), 

6.96 (d, J = 1.9 Hz, 1H, H-7), 6.67 (dd, J = 8.2, 1.9 Hz, 1H, H-5), 

6.25 (d, J = 8.2 Hz, 1H, H-4), 5.49 (s, 1H, H-4’); 13C NMR (100 

MHz, Acetone-d6) δ (ppm): 176.32 (C=O), 158.93 (C=N), 149.56 

(Cq-B4), 145.67 (Cq-7a), 136.91 (Cq-6), 135.64 (Cq-B1), 134.13 (Cq-

A1), 130.04 (CH-A2,6), 130.00 (CH-A3,5), 129.55 (CH-A4), 129.41 (CH-B2,6), 129.02 (CH-

4), 124.83 (CH-B3,5), 122.46 (CH-5), 122.21 (Cq-3a), 111.39 (CH-7), 89.94 (Cspiro), 

59.62 (CH-4’). Anal. Calcd for C22H14ClN3O4·1.0H2O: C, 60.35; H, 3.69; N, 9.60. Found: 

C, 60.13; H, 3.41; N, 9.22. 

 

6-chloro-4'-phenyl-3'-(p-tolyl)-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119ac). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (107.4 mg, 71% yield). 

Mp: 136-138 ºC; IR (KBr, selected peaks): 3177 (NH), 1744 (C=O) 

cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.65 (br s, 1H, NH), 

7.60 (d, J = 8.2 Hz, 2H, H-B2,6), 7.35 – 7.28 (m, 3H, H-A3,4,5), 7.23 – 

7.16 (m, 4H, H-A2,6, H-B3,5), 6.93 (d, J = 1.9 Hz, 1H, H-7), 6.64 (dd, J 

= 8.2, 1.9 Hz, 1H, H-5), 6.21 (d, J = 8.2 Hz, 1H, H-4), 5.34 (s, 1H, H-

4’), 2.30 (s, 3H, CH3); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 

176.77 (C=O), 159.80 (C=N), 145.53 (Cq-7a), 141.34 (Cq-B4), 136.53 (Cq-6), 135.04 (Cq-

A1), 130.22 (CH-B3,5), 129.99 (CH-A2,6), 129.78 (CH-A3,5), 129.15 (CH-A4), 128.94 (CH-

4), 128.37 (CH-B2,6), 126.94 (Cq-B1), 122.89 (Cq-3a), 122.26 (CH-5), 111.14 (CH-7), 

88.94 (Cspiro), 60.39 (CH-4’), 21.32 (CH3); Anal. Calcd for C23H17ClN2O2·0.3H2O: C, 

70.06; H, 4.51; N, 7.11. Found: C, 69.79; H, 4.30; N, 6.79. 

 

6-chloro-3'-(2-methoxyphenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-

one (119ad). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (121.1 mg, 76 % yield). 

Mp: 128-130 ºC; IR (KBr, selected peaks): 3173 (NH), 1724 (C=O), 1248 cm-1; 1H NMR 

(400 MHz, Acetone-d6) δ (ppm): 9.65 (br s, 1H, NH), 7.93 (dd, J = 7.5, 1.7 Hz, 1H, H-B6), 

7.38 (ddd, J = 8.5, 7.5, 1.7 Hz, 1H, H-B4), 7.25 – 7.15 (m, 3H, H-A3,4,5), 7.13 – 7.08 (m, 

2H, H-A2,6), 7.02 (td, J = 7.5, 0.9 Hz, 1H, H-B5), 6.96 (d, J = 8.5 Hz, 1H, H-B3), 6.89 (d, J 

= 1.9 Hz, 1H, H-7), 6.67 (dd, J = 8.1, 1.9 Hz, 1H, H-5), 6.47 (d, J = 8.1 Hz, 1H, H-4), 5.66 



Chapter 9. Experimental Section 

158 
 

(s, 1H, H-4’), 3.63 (s, 3H, OCH3); 13C NMR (100 MHz, Acetone-

d6) δ (ppm): 177.00 (C=O), 158.84 (C=N), 158.40 (Cq-B2), 145.13 

(Cq-7a), 136.27 (Cq-6), 135.31 (Cq-A1), 132.69 (CH-B4), 130.91 

(CH-B6), 129.90 (CH-A2,6), 129.29 (CH-A3,5), 128.94 (CH-4), 

128.60 (CH-A4), 123.86 (Cq-3a), 122.23 (CH-5), 121.62 (CH-B5), 

118.72 (Cq-B1), 113.09 (CH-B3), 111.10 (CH-7), 89.17 (Cspiro), 

63.03 (CH-4’), 55.85 (OCH3); Anal. Calcd for 

C23H17ClN2O3·0.7H2O: C, 66.17; H, 4.45; N, 6.71. Found: C, 66.41; H, 4.73; N, 6.33. 

 

6-chloro-3',4'-bis(4-methoxyphenyl)-4’H-spiro[indoline-3,5'-isoxazol]-2-one 

(119ae). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (107.0 mg, 70 % yield). 

Mp 231-232 ºC; IR (KBr, selected peaks): 3219 (NH), 1748 (C=O) 

1261 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.61 (s br, 1H, 

NH), 7.63 (d, J = 8.9 Hz, 2H, H-B2,6), 7.12 (d, J = 8.7 Hz, 2H, H-A2,6), 

6.95 – 6.85 (m, 5H, H-7, H-A3,5, H-B3,5), 6.68 (dd, J = 8.1, 1.9 Hz, 1H, 

H-5), 6.28 (d, J = 8.1 Hz, 1H, H-4), 5.25 (s, 1H, H-4’), 3.79 (s, 3H, B-

OCH3), 3.76 (s, 3H, A-OCH3); 13C NMR (100 MHz, Acetone-d6) δ 

(ppm): 176.94 (C=O), 162.12 (Cq-B4), 160.56 (Cq-A4), 159.64 (C=N), 145.54 (Cq-7a), 

136.44 (Cq-6), 131.15 (CH-A2,6), 129.99 (CH-B2,6), 129.10 (CH-4), 126.83 (Cq-A1), 

123.15 (Cq-3a), 122.28 (CH-5), 122.18 (Cq-B1), 115.08 and 114.98 (CH-A3,5 and CH-

B3,5), 111.08 (CH-7), 88.79 (Cspiro), 59.95 (CH-4’), 55.67 (B-OCH3), 55.53 (A-OCH3); 

Anal. Calcd for C23H19ClN2O4: C, 66.28; H, 4.41; N, 6.44. Found: C, 65.93; H, 4.71; N, 

6.28. 

 

6-bromo-3',4'-diphenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-one (119af). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a light yellow solid (61.6 mg, 44 % yield). 

MP: 288-290 ºC. IR (KBr, selected peaks): 3204 (NH), 1728 (C=O) 

cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.68 (br s, 1H, NH), 

7.74 – 7.69 (m, 2H, H-B2,6), 7.41 – 7.36 (m, 3H, H-B3,4,5), 7.36 – 7.29 

(m, 3H, H-A3,4,5), 7.24 – 7.20 (m, 2H, H-A2,6), 7.08 (d, J = 1.7 Hz, 

1H, H-7), 6.81 (dd, J = 8.0, 1.7 Hz, 1H, H-5), 6.15 (d, J = 8.0 Hz, 1H, 

H-4), 5.37 (s, 1H, H-4’); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 176.62 (C=O), 

159.94 (C=N), 145.70 (Cq-7a), 134.89 (Cq-A1), 131.11 (CH-B4), 129.99 (CH-A2,6), 129.83 

(CH-A3,5), 129.74 (Cq-B1), 129.62 (CH-B3,5), 129.23 (CH-4, CH-A4), 128.41 (CH-B2,6), 
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125.27 (CH-5), 124.70 (Cq-6), 123.28 (Cq-3a), 114.05 (CH-7), 89.17 (Cspiro), 60.25 (CH-

4’). Anal. Calcd for C22H15BrN2O2·0.05H2O: C, 62.88; H, 3.63; N, 6.67. Found: C, 62.53; 

H, 3.79; N, 6.61. 

 

6-bromo-3'-(4-methoxyphenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-isoxazol]-2-

one (119ag). 

Synthesized according to the general procedure (method C), this compound was 

obtained as a white solid (109.3 mg, 73%). 

Mp: 247-248 ºC; IR (KBr, selected peaks): 3210 (NH), 1746 (C=O), 

1265 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.67 (br s, 

NH), 7.64 (d, J = 8.9 Hz, 2H, H-B2,6), 7.36 – 7.27 (m, 3H, H-A3,4,5), 

7.24 – 7.18 (m, 2H, H-A2,6), 7.08 (d, J = 1.6 Hz, 1H, H-7), 6.91 (d, J = 

8.9 Hz, 2H, H-B3,5), 6.80 (dd, J = 8.1, 1.7 Hz, 1H, H-5), 6.13 (d, J = 

8.1 Hz, 1H, H-4), 5.32 (s, 1H, H-4’), 3.79 (s, 3H, OCH3); 13C NMR 

(100 MHz, Acetone-d6) δ (ppm): 176.78 (C=O), 162.17 (Cq-B4), 159.44 (C=N), 145.66 

(Cq-7a), 135.11 (Cq-A1), 130.00 (CH-A2,6, CH-B2,6), 129.77 (CH-A3,5), 129.20 and 129.13 

(CH-4 and CH-A4), 125.21 (CH-5), 124.59 (Cq-6), 123.48 (Cq-3a), 122.05 (Cq-B1), 

115.01 (CH-B3,5), 114.00 (CH-7), 88.90 (Cspiro), 60.52 (CH-4’), 55.68 (OCH3). Anal. 

Calcd for C23H17BrN2O3·0.6H2O: C, 60.04; H, 4.00; N, 6.09. Found: C, 59.73; H, 3.71; N, 

5.72. 

 

9.1.9.5. Synthesis of compound N-acetyl-6-chloro-4'-phenyl-3'-(p-tolyl)-4'H-

spiro[indoline-3,5'-isoxazol]-2-one (119ah). 

 A 4 mL scintillation vial filled with 20 mg of 4 Å molecular sieves and magnetic 

stir bar was dried under vacuum with a heat gun for 15 minutes, and then 3-methylene 

indolin-2-one 121n (1.0 equiv, 0.1 mmol, 29.8 mg), chlorooxime 123e (3.0 equiv, 0.3 

mmol, 50.9 mg), and CH2Cl2 (0.5 mL) were added. The reaction was then sealed under 

argon atmosphere and stirred for 3 days. The reaction was concentrated in vacuo and the 

diastereomeric ratio was obtained using 1H NMR analysis of the unpurified reaction 

mixture. Next the mixture was purified by flash chromatography, 

using as eluent a gradient from 100% hexanes to hexanes:EtOAc 

(85:15) to yield the compound 119ah as a white solid (6.9 mg, 16 % 

yield). Enantiomeric ratio was determined by HPLC with a Daicel 

CHIRALPAK® AD-H column (5% IPA/hexanes), 1.0 mL/min, tR = 

32.0 min and 37.9 min, 50:50 er. 

1H NMR (400 MHz, acetone-d6) δ (ppm): 8.22 (d, J = 2.0 Hz, 1H, H-
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7), 7.60 (d, J = 8.3 Hz, 2H, H-B2,6), 7.36 – 7.29 (m, 3H, H-A3,4,5), 7.24 – 7.15 (m, 4H, H-

A2,6, H-B3,5), 6.90 (dd, J = 8.3, 2.0 Hz, 1H, H-5), 6.34 (d, J = 8.2 Hz, 1H, H-4), 5.56 (s, 

1H, H-4’), 2.63 (s, 3H,COCH3), 2.32 (s, 3H, CH3). 

 

 

9.1.9.6. Synthesis of enantioenriched compound 6-chloro-4'-phenyl-3'-(p-tolyl)-

4'H-spiro[indoline-3,5'-isoxazol]-2-one (119ac). 

A 4 mL scintillation vial filled with 20 mg of 4 Å molecular sieves and magnetic 

stir bar was dried under vacuum with a heat gun for 15 minutes, and then (R,S)-indapybox 

(0.22 equiv, 0.044 mmol 17.3 mg), NaBArF (0.2 equiv, 0.04 mmol, 35.5 mg), and 

Sc(OTf)3 (0.2 equiv, 0.04 mmol, 19.7 mg) were added, followed by dichloroethane (1.0 

mL). The mixture was allowed to stir at room temperature for 1 h to allow complexation of 

the ligand and metal. Then the 3-methylene indolin-2-one 121k (1.0 equiv, 0.2 mmol, 51.2 

mg) was added. After 5 min the chlorooxime 123e (3.0 equiv, 0.6 mmol, 101.8 mg) was 

added. The reaction was then sealed under argon atmosphere and stirred for 4 days. When 

reaction conditions were being tested a partially purification was performed by applying 

part of the mixture on a “mini”-preparative (5 cm x 5 cm, silica gel over glass plate), and 

eluting two times with hexanes:EtOAC (3:1). With exception of the application point and 

the nitrile oxide dimer (and/or excess of chlorooxime) bands, all silica was removed, and 

the mixture extracted with EtOAc, and concentrated in vacuo. The diastereomeric ratio was 

obtained using 1H NMR analysis of the partially purified reaction mixture. The 

enantiomeric ratio was measured using HPLC with a chiral stationary phase, and compared 

to a racemic standard that was prepared without ligand. For the best reaction conditions 

(presented in this procedure), the mixture was also purified by flash 

chromatography, using as eluent a gradient from 100% hexanes to 

hexanes:EtOAc (85:15) to yield the compound enantioenriched 119ac 

as a white solid (17.0 mg, 23 % yield, 96:4 dr based on 1H NMR, 

75:25 er). Enantiomeric ratio was determined by HPLC with a Daicel 

CHIRALPAK® AD-H column (15% IPA/hexanes), 1.0 mL/min, tR 

(major) = 16.1 min, tR (minor) = 39.9 min, 75:25 er. 

 

9.1.10. SYNTHESIS OF 4'-ETHYL 5'-METHYL (3S,4’R,5’S)-N-ACETYL-5-FLUORO-

2'-(4-METHOXYPHENYL)-2-OXO-4',5'-DIHYDROSPIRO[INDOLINE-3,3'-PYRROLE]-4',5'-

DICARBOXYLATE (epi-163). 

A 4 mL scintillation vial filled with 20 mg of 4 Å molecular sieves and magnetic 

stir bar was dried under vacuum with a heat gun for 15 minutes, and then (R,S)-indapybox 

(0.22 equiv, 0.044 mmol, 17.3 mg), NaBArF (0.2 equiv, 0.04 mmol, 35.5 mg), and 
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Sc(OTf)3 (0.2 equiv, 0.04 mmol, 19.7 mg) were added, followed by toluene (1.0 mL). The 

mixture was allowed to stir at room temperature for 1 h to allow complexation of the 

ligand and metal. Then the 3-methylene indolin-2-one 121p (1.5 equiv, 0.3 mmol, 83.2 

mg) was added. After 5 min the oxazole 161 (1.0 equiv, 0.2 mmol, 41.0 mg) was added. 

The reaction was then sealed under argon atmosphere and stirred until complete as judged 

by TLC (10% EtOAc/DCM), which was approximately 12 h. When judged to be complete, 

the reaction was concentrated in vacuo and the diastereomeric ratio was obtained using 1H 

NMR analysis of the unpurified reaction mixture. A reversal in diastereoselectivity was 

observed when using the pybox ligand compared to conditions without a ligand. Next the 

mixture was purified by flash chromatography, using as eluent a gradient from 100% DCM 

to DCM:EtOAc (90:10) to yield the compound epi-163. The enantioselectivity of the 

product was measured using HPLC with a chiral stationary phase, and compared to a 

racemic standard that was prepared using the Sc(III)-catalyzed procedure without ligand. 

Compound epi-3a was obtained as a white foam (95.4 

mg, 99% yield, 9:91 dr based on 1H NMR, 86:14 er). 

Enantiomeric ratio was determined by HPLC with a Daicel 

CHIRALPAK® AD-H column (15% IPA/hexanes), 1.0 

mL/min, tR (major) = 49.8 min, tR (minor) = 16.7 min, 86:14 

er; 1H NMR (500 MHz, CDCl3) δ (ppm): 8.31 (dd, J = 9.0, 4.7 

Hz, 1H), 7.63 (dd, J = 8.3, 2.8 Hz, 1H), 7.30 (d, J = 9.0 Hz, 2H), 7.10 (ddd, J = 8.8, 8.8, 

2.8 Hz, 1H), 6.74 (d, J = 9.0 Hz, 2H), 5.40 (d, J = 9.2 Hz, 1H), 4.28 (d, J = 9.3 Hz, 1H), 

3.90 (s, 3H), 3.79 – 3.73 (m, 2H), 3.75 (s, 3H), 2.69 (s, 3H), 0.79 (t, J = 7.2 Hz, 3H); 13C 

NMR (150 MHz, CDCl3) δ (ppm): 177.1, 171.0, 170.5, 169.3, 167.1, 162.2, 160.5 (d, JFC 

= 246.0 Hz), 136.2, 129.6, 128.1 (d, JFCCC = 8.9 Hz), 123.9, 117.9 (d, JFCCC = 7.8 Hz), 

116.5 (d, JFCC = 22.8 Hz), 114.3, 114.0 (d, JFCC = 26.0 Hz), 73.4, 67.9, 61.5, 58.2, 55.4, 

52.8, 26.6, 13.5. LRMS calculated for C25H24FN2O7 [M + H]+ 483.2, found 483.4. 

 

 

9.1.11. GENERAL PROCEDURE FOR THE SYNTHESIS OF SPIRO[INDOLINE-3,5'-

[1,2,4]OXADIAZOLINE]-2-ONES. 

Triethylamine (2.0 equiv) was added dropwise to a mixture of 3-imino-indolin-2-

one derivative (1.0 equiv), and hydroximoyl chloride derivative (2.0 equiv) in dry DCM 

(1mL/0.1mmol of 3-imino-indolin-2-one) under nitrogen atmosphere. The reaction was 

stirred at room temperature for 5-12 h. The mixture was then washed with brine (2x) and 

the aqueous phase extracted with DCM. The combined organic extracts were dried over 

anhydrous Na2SO4 and the solvent was removed under reduce pressure. The residue was 

purified by flash chromatography on silica gel using as eluent a gradient from n-
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hexane/EtOAc (95:5) to n-hexane/EtOAc (60:40) and recrystallized from diethyl ether/n-

hexane or just washed with diethyl ether, to afford the final product. 

 

4'-(4-fluorophenyl)-3'-phenyl-4'H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-one 

(165a). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (119.7 mg, 80 % yield). 

Mp: 168-169 ºC; IR (KBr, selected peaks): 3211 (NH), 1726 (C=O), 

1626 (C=N), 1506, 1473, 1386, 1208, 842, 749 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.47 (br s, 1H, NH), 7.65 (d, J = 7.5 Hz, 

1H, H-4), 7.52 – 7.42 (m, 3H, H-B2,4,6), 7.42 – 7.32 (m, 3H, H-6, H-

B3,5), 7.12 (t, J = 7.5 Hz, 1H, H-5), 7.00 – 6.93 (m, 4H, 4H-A), 6.91 (d, 

J = 7.8 Hz, 1H, H-7); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.88 (C=O), 161.91 

(d, JFC = 244.0 Hz, Cq-A4), 156.03 (C=N), 143.81 (Cq-7a), 134.18 (d, JFCCCC = 3.0 Hz, Cq-

A1), 133.05 (CH-6), 131.41 (CH-B4), 130.30 (d, JFCCC = 9.0 Hz, CH-A2,6), 129.48 (CH-

B3,5), 129.04 (CH-B2,6), 127.44 (CH-4), 125.67 (Cq-B1), 125.46 (Cq-3a), 123.92 (CH-5), 

116.69 (d, JFCC = 22.0 Hz, CH-A3,5), 111.73 (CH-7), 99.02 (Cspiro). Anal. Calcd for 

C21H14FN3O2·0.2H2O: C 69.49, H 4.01, N 11.58, Found: C 69.22, H 3.79, N 11.38. 

 

4'-(3-chlorophenyl)-3'-phenyl-4'H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-one 

(165b). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (120.0 mg, 82 % yield). 

Mp: 186-187 ºC; IR (KBr, selected peaks): 3242 (NH), 1729 (C=O), 

1624 (C=N), 1587, 1470, 1385, 1206, 847 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ (ppm): 9.56 (br s, 1H, NH), 7.63 (d, J = 7.6 Hz, 1H, H-4), 

7.55 – 7.46 (m, 3H, H-B2,4,6), 7.45 – 7.35 (m, 3H, H-6, H-B3,5), 7.22 – 

7.15 (m, 2H, H-A4,5,), 7.12 (t, J = 7.6 Hz, 1H, H-5), 6.96 (d, J = 7.6 Hz, 

1H, H-7), 6.86 (s, 1H, H-A2), 6.81 (d, J = 7.2 Hz, 1H, H-A6); 13C NMR (100 MHz, 

Acetone-d6) δ (ppm): 172.60 (C=O), 155.54 (C=N), 143.78 (Cq-7a), 139.58 (Cq-A1), 

134.68 (Cq-A3), 133.23 (CH-6), 131.61 (CH-B4), 131.29 (CH-A5), 129.61 (CH-B3,5), 

129.06 (CH-B2,6), 127.60 (CH-4), 127.40 (CH-A4), 127.08 (CH-A2), 125.85 (CH-A6), 

125.58 (Cq-B1), 125.24 (Cq-3a), 124.04 (CH-5), 111.86 (CH-7), 98.84 (Cspiro). Anal. 

Calcd for C21H14ClN3O2·0.2H2O: C 66.47, H 3.83, N 11.08, Found: C 66.11, H 3.62, N 

10.94. 
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4'-(4-chlorophenyl)-3'-phenyl-4'H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-one 

(163c). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (127.4 mg, 87 % yield). 

Mp: 161-163 ºC; IR (KBr, selected peaks): 3216 (NH), 1725 (C=O), 

1622 (C=N), 1490, 1471, 1381, 1209, 588 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ (ppm): 9.51 (br s, 1H, NH), 7.62 (d, J = 7.6 Hz, 1H, H-

4), 7.53 – 7.45 (m, 3H, H-B2,4,6), 7.44 – 7.33 (m, 3H, H-6, H-B3,5), 

7.20 (d, J = 8.6 Hz, 2H, H-A3,5), 7.11 (t, J = 7.6 Hz, 1H, H-5), 6.93 (d, 

J = 7.8 Hz, 1H, H-7), 6.87 (d, J = 8.6 Hz, 2H, H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ 

(ppm): 172.67 (C=O), 155.74 (C=N), 143.81 (Cq-7a), 137.04 (Cq-A1), 133.15 (CH-6), 

132.69 (Cq-A4), 131.53 (CH-B4), 129.98 (CH-A3,5), 129.58 (CH-B3,5), 129.16 (CH-A2,6), 

129.05 (CH-B2,6), 127.41 (CH-4), 125.65 (Cq-B1), 125.35 (Cq-3a), 123.98 (CH-5), 111.82 

(CH-7), 98.90 (Cspiro). Anal. Calcd for C21H14ClN3O2·0.2H2O: C 66.47, H 3.83, N 11.08, 

Found: C 66.11, H 3.64, N 10.87. 

 

3',4'-bis(3-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-one 

(165d). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (135.1 mg, 85 % yield). 

Mp: 143-145 ºC; IR (KBr, selected peaks): 3215 (NH), 1726 (C=O), 

1622 (C=N), 1558, 1471, 1384, 1207, 788 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ (ppm): 9.56 (br s, 1H, NH), 7.66 (d, J = 7.4 Hz, 1H, H-

4), 7.57 (s, 1H, H-B2), 7.54 (d, J = 7.5 Hz, 1H, H-B4), 7.48 – 7.41 (m, 

2H, H-B5,6), 7.39 (t, J = 7.7 Hz, 1H, H-6), 7.26 – 7.16 (m, 2H, H-

A4,5), 7.12 (t, J = 7.6 Hz, 1H, H-5), 6.96 (d, J = 7.8 Hz, 1H, H-7), 6.91 (s, 1H, H-A2), 6.86 

(d, J = 7.3 Hz, 1H, H-A6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.44 (C=O), 

154.57 (C=N), 143.83 (Cq-7a), 139.20 (Cq-A1), 134.96 and 134.84 (Cq-A3 and Cq-B3), 

133.37 (CH-6), 131.62 (CH-B5), 131.46 (CH-B4), 131.43 (CH-A5), 128.81 (CH-B2), 

127.96 (CH-A4), 127.59 (Cq-B1), 127.58 (CH-4), 127.54 (CH-B6), 127.19 (CH-A2), 126.05 

(CH-A6), 124.95 (Cq-3a), 124.07 (CH-5), 111.90 (CH-7), 99.12 (Cspiro). Anal. Calcd for 

C21H13Cl2N3O2·0.1H2O: C 61.21, H 3.24, N 10.20, Found: C 60.88, H 3.22, N 9.90. 
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3'-(4-chlorophenyl)-4'-(3-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol] -2-one (165e). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (127.9 mg, 80 % yield). 

MP: 173-174 ºC; IR (KBr, selected peaks): 3228 (NH), 1727 (C=O), 

1624 (C=N), 1472, 1379, 1206, 825, 761, 692 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ (ppm): 9.56 (br s, 1H, NH), 7.63 (d, J = 7.4 Hz, 1H, H-4), 

7.53 (d, J = 8.6 Hz, 2H, H-B2,6), 7.48 (d, J = 8.6 Hz, 2H, H-B3,5), 7.39 (t, 

J = 7.7 Hz, 1H, H-6), 7.25 – 7.15 (m, 2H, H-A4,5), 7.12 (t, J = 7.6 Hz, 

1H, H-5), 6.95 (d, J = 7.8 Hz, 1H, H-7), 6.88 (s, 1H, H-A2), 6.83 (d, J = 

7.3 Hz, 1H, H-A6); 13C NMR (100 MHz, Acetone-d6) δ (ppm) 172.50 (C=O), 154.78 

(C=N), 143.83 (Cq-7a), 139.33 (Cq-A1), 137.10 (Cq-B4), 134.82 (Cq-A3), 133.34 (CH-6), 

131.44 (CH-A5), 130.74 (CH-B2,6), 129.87 (CH-B3,5), 127.87 (CH-A4), 127.48 (CH-4), 

127.14 (CH-A2), 126.04 (CH-A6), 125.03 (Cq-3a), 124.40 (Cq-B1), 124.06 (CH-5), 111.89 

(CH-7), 99.03 (Cspiro). Anal. Calcd for C21H13Cl2N3O2·0.15H2O: C 61.07, H 3.25, N 

10.18, Found: C 60.71, H 3.22, N 9.92. 

 

3'-(3-chlorophenyl)-4'-(4-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165f). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (134.2 mg, 84 % yield). 

Mp: 176-178 ºC; IR (KBr, selected peaks): 3190 (NH), 1725 

(C=O), 1624 (C=N), 1554, 1491, 1473, 1377, 1211, 749 cm-1; 1H 

NMR (400 MHz, Acetone-d6) δ (ppm): 9.53 (br s, 1H, NH), 7.64 

(d, J = 7.5 Hz, 1H, H-4), 7.55 (s, 1H, H-B2), 7.54 – 7.50 (m, 1H, 

H-B4), 7.43 (t, J = 7.7 Hz, 1H, H-B5), 7.41 – 7.35 (m, 2H, H-6, H-

B6), 7.23 (d, J = 8.7 Hz, 2H, H-A3,5), 7.11 (t, J = 7.5 Hz, 1H, H-5), 6.96 – 6.88 (m, 3H, H-

7, H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.51 (C=O), 154.77 (C=N), 

143.83 (Cq-7a), 136.63 (Cq-A1), 134.93 (Cq-B3), 133.28 (CH-6), 133.03 (Cq-A4), 131.54 

(CH-B5), 131.40 (CH-B4), 130.14 (CH-A3,5), 129.25 (CH-A2,6), 128.77 (CH-B2), 127.63 

(Cq-B1), 127.54 (CH-4), 127.52 (CH-B6), 125.03 (Cq-3a), 124.02 (CH-5), 111.86 (CH-7), 

99.15 (Cspiro). Anal. Calcd for C21H13Cl2N3O2·0.45H2O: C 60.29, H 3.36, N 10.05, 

Found: C 59.97, H 3.06, N 9.95. 
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3',4'-bis(4-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-one 

(165g). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (135.8 mg, 85 % yield). 

Mp: 104-106 ºC; IR (KBr, selected peaks): 3251 (NH), 1735 (C=O), 

1621 (C=N), 1492, 1473, 1364, 1203, 1093, 828 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.53 (br s, 1H, NH), 7.61 (d, J = 7.4 Hz, 

1H, H-4), 7.54 – 7.43 (m, 4H, H-B), 7.38 (t, J = 7.7 Hz, 1H, H-6), 

7.23 (d, J = 8.6 Hz, 2H, H-A3,5), 7.11 (t, J = 7.5 Hz, 1H, H-5), 6.93 (d, 

J = 7.8 Hz, 1H, H-7), 6.88 (d, J = 8.6 Hz, 2H, H-A2,6); 13C NMR (100 

MHz, Acetone-d6) δ (ppm): 172.62 (C=O), 154.98 (C=N), 143.88 (Cq-7a), 137.02 (Cq-B4), 

136.74 (Cq-A1), 133.24 (CH-6), 132.92 (Cq-A4), 130.71 (CH-B2,6), 130.11 (CH-A3,5), 

129.83 (CH-B3,5), 129.21 (CH-A2,6), 127.46 (CH-4), 125.11 (Cq-3a), 124.42 (Cq-B1), 

124.00 (CH-5), 111.87 (CH-7), 99.07 (Cspiro). Anal. Calcd for 

C21H13Cl2N3O2·0.5H2O·0.05Et2O: C 60.20, H 3.46, N 9.94, Found: C 60.33, H 3.57, N 

9.54. 

5-chloro-3',4'-diphenyl-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazoline]-2-one 

(165h). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (111.0 mg, 76 % yield). 

Mp: 232-234 ºC; IR (KBr, selected peaks): 3242 (NH), 1743 (C=O), 

1620 (C=N), 1498, 1474, 1394, 1213, 828, 752 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.59 (br s, 1H, NH), 7.70 (d, J = 1.6 Hz, 

1H, H-4), 7.51 – 7.43 (m, 3H, H-B2,4,6), 7.40 – 7.34 (m, 3H, H-6, H-

B3,5), 7.22 – 7.11 (m, 3H, H-A3,4,5), 6.96 – 6.90 (m, 3H, H-7, H-A2,6); 

13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.69 (C=O), 155.96 (C=N), 142.49 (C-7a), 

137.74 (Cq-A1), 132.86 (CH-6), 131.42 (CH-B4), 130.02 (CH-A3,5), 129.41 (CH-B3,5), 

129.13 (CH-B2,6), 128.59 (Cq-5), 127.94 (CH-A4), 127.78 (CH-A2,6), 127.64 (Cq-3a), 

127.47 (CH-4), 125.69 (Cq-B1), 113.21 (CH-7), 98.73 (Cspiro). Anal. Calcd for 

C21H14ClN3O2·0.6H2O: C 65.23, H 3.97, N 10.87, Found: C 64.88, H 3.71, N 10.66. 

 

5-chloro-4'-(3-chlorophenyl)-3'-phenyl-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165i). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (78.6 mg, 56 % yield). 
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Mp: 186-188 ºC; IR (KBr, selected peaks): 3213 (NH), 1743 (C=O), 

1620 (C=N), 1589, 1476, 1385, 1266, 760, 692 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.67 (br s, 1H, NH), 7.75 (s, 1H, H-4), 

7.52 (d, J = 7.4 Hz, 2H, H-B2,6), 7.49 (d, J = 7.2 Hz, 1H, H-B4), 7.46 – 

7.37 (m, 3H, H-6, H-B3,5), 7.26 – 7.15 (m, 2H, H-A4,5), 6.99 (d, J = 

8.3 Hz, 1H, H-7), 6.93 (s, 1H, H-A2), 6.87 (d, J = 7.4 Hz, 1H, H-A6); 

13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.33 (C=O), 155.57 

(C=N), 142.43 (Cq-7a), 139.24 (Cq-A1), 134.79 (Cq-A3), 133.13 (CH-6), 131.69 (CH-B4), 

131.43 (CH-A5), 129.59 (CH-B3,5), 129.17 (CH-B2,6), 128.79 (Cq-5), 127.90 (CH-A4), 

127.50 (CH-4), 127.28 (CH-A2), 127.18 (Cq-3a), 125.95 (CH-A6), 125.29 (Cq-B1), 113.39 

(CH-7), 98.61 (Cspiro). Anal. Calcd for C21H13Cl2N3O2·0.15H2O: C 61.07, H 3.25, N 

10.18, Found: C 60.78, H 3.15, N 10.06. 

 

5-chloro-3',4'-bis(3-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-

one (165j). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (82.2 mg, 54 % yield). 

Mp: 215-217 ºC; IR (KBr, selected peaks): 3211 (NH), 1735 

(C=O), 1617 (C=N), 1593, 1560, 1476, 1373, 854, 819 cm-1; 1H 

NMR (400 MHz, Acetone-d6) δ (ppm): 9.69 (br s, 1H, NH), 7.78 

(d, J = 1.6 Hz, 1H, H-4), 7.58 (d, J = 0.8 Hz, 1H-B2), 7.56 – 7.50 

(m, 1H, H-B4), 7.47 – 7.40 (m, 3H, H-6, H-B5,6), 7.28 – 7.19 (m, 

2H, H-A4,5), 7.01 – 6.96 (m, 2H, H-7, H-A2), 6.92 (d, J = 7.6 Hz, 1H, H-A6); 13C NMR 

(100 MHz, Acetone-d6) δ (ppm): 172.18 (C=O), 154.59 (C=N), 142.47 (Cq-7a), 138.84 

(Cq-A1), 134.94 (Cq-A3 and Cq-B3), 133.26 (CH-6), 131.70 (CH-B5), 131.60 (CH-B4), 

131.40 (CH-A5), 128.95 (CH-B2), 128.83 (Cq-5), 128.26 (CH-A4), 127.69 (CH-4), 127.65 

(CH-B6), 127.38 (CH-A2), 127.30 (Cq-3a), 126.93 (Cq-B1), 126.16 (CH-A6), 113.44 (CH-

7), 98.87 (Cspiro). Anal. Calcd for C21H12Cl3N3O2·0.15H2O: C 56.37, H 2.78, N 9.39, 

Found: C 56.00, H 2.70, N 9.15. 

 

5-chloro-4'-(3-chlorophenyl)-3'-(4-chlorophenyl)-4’H-spiro[indoline-3,5'-

[1,2,4]oxadiazol]-2-one (165k). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (88.4 mg, 58 % yield). 

Mp: 241-243 ºC; IR (KBr, selected peaks): 3178 (NH), 1744 (C=O), 1616 (C=N), 1590, 

1475, 1384, 1197, 760, 690 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.69 (br s, 

1H, NH), 7.75 (d, J = 1.7 Hz, 1H, H-4), 7.54 (d, J = 8.5 Hz, 2H, H-B2,6), 7.48 (d, J = 8.5 
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Hz, 2H, H-B3,5), 7.42 (dd, J = 8.3, 1.7 Hz, 1H, H-6), 7.27 – 7.19 (m, 

2H, H-A4,5), 6.99 (d, J = 8.3 Hz, 1H, H-7), 6.95 (s, 1H, H-A2), 6.89 (d, 

J = 7.5 Hz, 1H, H-A6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 

172.24 (C=O), 154.81 (C=N), 142.50 (Cq-7a), 138.99 (Cq-A1), 

137.20 (Cq-B4), 134.93 (Cq-A3), 133.23 (CH-6), 131.59 (CH-A5), 

130.87 (CH-B2,6), 129.86 (CH-B3,5), 128.82 (Cq-5), 128.17 (CH-A4), 

127.59 (CH-4), 127.33 (CH-A2), 127.01 (Cq-3a), 126.16 (CH-A6), 

124.13 (Cq-B1), 113.44 (CH-7), 98.79 (Cspiro). Anal. Calcd for 

C21H12Cl3N3O2·0.15H2O: C 56.37, H 2.78, N 9.39, Found: C 56.00, H 2.83, N 9.04. 

 

5-chloro-4'-(4-chlorophenyl)-3'-phenyl-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165l). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (97.5 mg, 69% yield). 

Mp: 274-276 ºC; IR (KBr, selected peaks): 3176 (NH), 1748 (C=O), 

1617 (C=N), 1491, 1385, 1248, 1198, 1089, 696 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.61 (br s, 1H, NH), 7.73 (d, J = 1.7 Hz, 

1H, H-4), 7.53 – 7.45 (m, 3H, H-B2,4,6), 7.44 – 7.37 (m, 3H, H-6, H-

B3,5), 7.24 (d, J = 8.6 Hz, 2H, H-A3,5), 6.97 (d, J = 8.4 Hz, 1H, H-7), 

6.93 (d, J = 8.6 Hz, 2H, H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.38 

(C=O), 155.78 (C=N), 142.49 (Cq-7a), 136.69 (Cq-A1), 133.07 (CH-6), 133.01 (Cq-A4), 

131.62 (CH-B4), 130.12 (CH-A3,5), 129.56 (CH-B3,5), 129.34 (CH-A2,6), 129.16 (CH-B2,6), 

128.75 (Cq-5), 127.48 (CH-4), 127.36 (Cq-3a), 125.36 (Cq-B1), 113.36 (CH-7), 98.69 

(Cspiro). Anal. Calcd for C21H13Cl2N3O2·0.15H2O: C 61.07, H 3.25, N 10.18, Found: C 

60.75, H 3.22, N 10.25. 

 

5-chloro-3'-(3-chlorophenyl)-4'-(4-chlorophenyl)-4’H-spiro[indoline-3,5'-

[1,2,4]oxadiazol]-2-one (165m). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (100.9 mg, 66 % yield). 

Mp: 206-208 ºC; IR υmax (KBr, selected peaks): 3176 (NH), 1747 

(C=O), 1620 (C=N), 1493, 1478, 1385, 1198, 1096, 828 cm-1; 1H 

NMR (400 MHz, Acetone-d6) δ (ppm): 9.65 (br s, 1H, NH), 7.77 

(s, 1H, H-4), 7.56 (s, 1H, H-B2), 7.52 (d, J = 7.5 Hz, 1H, H-B4), 

7.46 – 7.38 (m, 3H, H-6, H-B5,6), 7.27 (d, J = 8.6 Hz, 2H, H-A3,5), 

7.00 – 6.95 (m, 3H, H-7, H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.20 

(C=O), 154.80 (C=N), 142.48 (Cq-7a), 136.28 (Cq-A1), 134.91 (Cq-B3), 133.33 (Cq-A4), 
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133.19 (CH-6), 131.62 (CH-B5), 131.39 (CH-B4), 130.28 (CH-A3,5), 129.43 (CH-A2,6), 

128.92 (CH-B2), 128.79 (Cq-5), 127.66 (CH-4), 127.61 (CH-B6), 127.36 (Cq-3a), 127.07 

(Cq-B1), 113.41 (CH-7), 98.92 (Cspiro). Anal. Calcd for C21H12Cl3N3O2·0.7H2O: C 55.14, 

H 2.96, N 9.19, Found: C 54.82, H 2.63, N 8.99. 

 

5-chloro-3',4'-bis(4-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-

one (165n). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (98.2 mg, 64 % yield). 

Mp: 218-220 ºC; IR (KBr, selected peaks): 3179 (NH), 1747 (C=O), 

1616 (C=N), 1492, 1414, 1388, 1194, 1090, 829 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.62 (br s, 1H, NH), 7.73 (d, J = 1.7 Hz, 

1H, H-4), 7.51 (d, J = 8.5 Hz, 2H, H-B2,6), 7.46 (d, J = 8.6 Hz, 2H, H-

B3,5), 7.41 (dd, J = 8.3, 1.8 Hz, 1H, H-6), 7.26 (d, J = 8.6 Hz, 2H, H-

A3,5), 6.97 (d, J = 8.3 Hz, 1H, H-7), 6.95 (d, J = 8.6 Hz, 2H, H-A2,6); 

13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.27 (C=O), 155.00 (C=N), 142.51 (Cq-7a), 

137.13 (Cq-B4), 136.41 (Cq-A1), 133.24 (Cq-A4), 133.16 (CH-6), 130.82 (CH-B2,6), 

130.26 (CH-A3,5), 129.82 (CH-B3,5), 129.37 (CH-A2,6), 128.77 (Cq-5), 127.55 (CH-4), 

127.16 (Cq-3a), 124.16 (Cq-B1), 113.41 (CH-7), 98.85 (Cspiro). Anal. Calcd for 

C21H12Cl3N3O2: C 56.71, H 2.73, N 9.45, Found: C 56.97, H 2.75, N 9.31. 

 

4'-(tert-butyl)-5-chloro-3'-(4-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165o). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (90.5 mg, 55 % yield). 

Mp: 275-277 ºC; IR (KBr, selected peaks): 3338 (NH), 1763 (C=O), 

1619 (C=N), 1473, 1385, 1190, 1262, 1190, 826 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.71 (br s, 1H, NH), 7.77 (d, J = 1.8 Hz, 

1H, H-4), 7.75 (d, J = 8.4 Hz, 2H, H-B2,6), 7.59 (d, J = 8.4 Hz, 2H, H-

B3,5), 7.43 (dd, J = 8.3, 1.7 Hz, 1H, H-6), 7.03 (d, J = 8.3 Hz, 1H, H-

7), 1.14 (s, 9H, C(CH3)3); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 

174.76 (C=O), 156.34 (C=N), 141.05 (Cq-7a), 136.61 (Cq-B4), 133.61 (CH-B2,6), 132.26 

(CH-6), 131.28 (Cq-3a), 129.29 (CH-B3,5), 128.64 (Cq-5), 127.69 (Cq-B1), 126.73 (CH-4), 

113.48 (CH-7), 98.12 (Cspiro), 55.94 (C(CH3)3), 31.13 (C(CH3)3). Anal. Calcd for 

C19H17Cl2N3O2·1.35H2O: C 55.04, H 4.80, N 10.14, Found: C 54.71 H 4.82, N 9.90. 
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6-chloro-3',4'-diphenyl-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-one (165p). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (118.1 mg, 81 % yield). 

Mp: 245-247 ºC; IR (KBr, selected peaks): 3201 (NH), 1748 (C=O), 

1621 (C=N), 1595, 1494, 1385, 1213, 756, 690 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.62 (br s, 1H, NH), 7.63 (d, J = 8.0 Hz, 

1H, H-4), 7.50 – 7.42 (m, 3H, H-B2,4,6), 7.41 – 7.34 (m, 2H, H-B3,5), 

7.21 – 7.13 (m, 3H, H-A3,4,5), 7.11 (d, J = 8.0 Hz, 1.6 Hz, 1H, H-5), 

6.95 (d, J = 1.6 Hz, 1H, H-7), 6.92 – 6.87 (m, 2H, H-A2,6); 13C NMR (100 MHz, Acetone-

d6) δ (ppm): 172.84 (C=O), 155.99 (C=N), 145.14 (Cq-7a), 137.98 (Cq-6), 137.87 (Cq-A1), 

131.44 (Cq-B4), 130.03 (CH-A3,5), 129.45 (CH-B3,5), 129.06 (CH-B2,6), 128.88 (CH-4), 

127.91 (CH-A4), 127.79 (CH-A2,6), 125.78 (Cq-B1), 124.36 (Cq-3a), 123.78 (CH-5), 

112.08 (CH-7), 98.47 (Cspiro). Anal. Calcd for C21H14ClN3O2·0.6H2O: C 65.23, H 3.97, N 

10.87, Found: C 64.88 H 3.71, N 10.66. 

 

6-chloro-3'-(4-methylphenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165q). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (106.3 mg, 70 % yield). 

Mp: 269-271 ºC; IR (KBr, selected peaks): 3277 (NH), 1737 (C=O), 

1614 (C=N), 1385, 1316, 1203, 1143, 812, 751 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.59 (br s, 1H, NH), 7.61 (d, J = 8.0 Hz, 

1H, H-4), 7.34 (d, J = 7.9 Hz, 2H, H-B2,6), 7.21 – 7.13 (m, 5H, H-B3,5, 

H-A3,4,5), 7.11 (d, J = 8.0 Hz, 1H, H-5), 6.94 (s, 1H, H-7), 6.89 (d, J = 

7.6 Hz, 2H, H-A2,6), 2.32 (s, 3H, CH3); 13C NMR (100 MHz, 

Acetone-d6) δ (ppm): 172.95 (C=O), 155.95 (C=N), 145.20 (Cq-7a), 141.70 (Cq-B4), 

138.02 (Cq-6), 137.93 (Cq-A1), 130.06 and 130.01 (CH-B3,5 and CH-A3,5), 129.00 (CH-

B2,6), 128.86 (CH-4), 127.86 (CH-A4), 127.83 (CH-A2,6), 124.49 (Cq-3a), 123.76 (CH-5), 

122.87 (Cq-B1), 112.07 (CH-7), 98.39 (Cspiro) 21.34 (CH3). Anal. Calcd for 

C22H16ClN3O2·0.3H2O: C 66.85, H 4.24, N 10.63, Found: C 66.51, H 4.17, N 10.41. 

 

6-chloro-3'-(4-chlorophenyl)-4'-phenyl-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165r). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (131.1 mg, 82 % yield). 
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Mp: 125-127 ºC; IR (KBr, selected peaks): 3234 (NH), 1735 (C=O), 

1616 (C=N), 1446, 1406, 1384, 1207, 1142, 701 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.60 (br s, 1H, NH), 7.65 (d, J = 8.0 Hz, 

1H, H-4), 7.49 (d, J = 8.6 Hz, 2H, H-B2,6), 7.45 (d, J = 8.6 Hz, 2H, H-

B3,5), 7.26 – 7.17 (m, 3H, H-A3,4,5), 7.14 (d, J = 8.0 Hz, 1H, H-5), 6.97 

(s, 1H, H-7), 6.92 (d, J = 7.6 Hz, 2H, H-A2,6); 13C NMR (100 MHz, 

Acetone-d6) δ (ppm): 172.76 (C=O), 155.21 (C=N), 145.23 (Cq-7a), 

138.08 (Cq-6), 137.59 (Cq-A1), 136.93 (Cq-B4), 130.70 (CH-B2,6), 130.17 (CH-A3,5), 

129.71 (CH-B3,5), 128.94 (CH-4), 128.13 (CH-A4), 127.83 (CH-A2,6), 124.58 (Cq-3a), 

124.15 (Cq-B1), 123.81 (CH-5), 112.15 (CH-7), 98.63 (Cspiro). Anal. Calcd for 

C21H13Cl2N3O2·0.55H2O: C 60.03, H 3.39, N 10.00, Found: C 59.71, H 3.27, N 9.62. 

 

6-chloro-3',4'-bis(3-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazoline]-

2-one (165s). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (114.3 mg, 75 % yield). 

Mp: 209-211 ºC; IR (KBr, selected peaks): 3186 (NH), 1731 

(C=O), 1617 (C=N), 1484, 1384, 1267, 1205, 821 cm-1; 1H NMR 

(400 MHz, Acetone-d6) δ (ppm): 9.74 (br s, 1H, NH), 7.69 (d, J = 

8.0 Hz, 1H, H-4), 7.56 (s, 1H, H-B2), 7.54 (d, J = 7.7 Hz, 1H, H-

B4), 7.48 – 7.39 (m, 2H, H-B5,6), 7.28 – 7.19 (m, 2H, H-A4,5), 7.15 

(d, J = 8.0 Hz, 1H, H-5), 7.00 (s, 1H, H-7), 6.94 (s, 1H, H-A2), 6.89 (d, J = 7.4 Hz, 1H, H-

A6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.39 (C=O), 154.63 (C=N), 145.21 

(Cq-7a), 138.97 (Cq-A1), 138.41 (Cq-6), 134.97 (Cq-B3), 134.95 (Cq-A3), 131.71 (CH-B5), 

131.63 (CH-A5), 131.45 (CH-B4), 129.02 (CH-4), 128.84 (CH-B2), 128.23 (CH-A4), 

127.61 (CH-B6), 127.39 (CH-A2), 127.37 (Cq-B1), 126.14 (CH-A6), 124.01 (CH-5), 123.61 

(Cq-3a), 112.35 (CH-7), 98.62 (Cspiro). Anal. Calcd for C21H12Cl3N3O2: C 56.71, H 2.73, 

N 9.45, Found: C 56.42, H 2.70, N 9.27. 

 

6-chloro-4'-(3-chlorophenyl)-3'-(4-chlorophenyl)-4’H-spiro[indoline-3,5'-

[1,2,4]oxadiazoline]-2-one (165t). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (119.0 mg, 78 % yield). 

Mp: 229-231 C; IR (KBr, selected peaks): 3267 (NH), 1736 (C=O), 1617 (C=N), 1405, 

1384, 1142, 1099, 693 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.65 (br s, 1H, 

NH), 7.66 (d, J = 8.0 Hz, 1H, H-4), 7.52 (d, J = 8.4 Hz, 2H, H-B2,6), 7.47 (d, J = 8.4 Hz, 

2H, H-B3,5), 7.29 – 7.18 (m, 2H, H-A4,5), 7.14 (d, J = 8.0 Hz, 1H, H-5), 7.00 (s, 1H, H-7), 
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6.91 (s, 1H, H-A2), 6.86 (d, J = 7.1 Hz, 1H, H-A6); 13C NMR (100 

MHz, Acetone-d6) δ (ppm): 172.44 (C=O), 154.84 (C=N), 145.21 

(Cq-7a), 139.10 (Cq-A1), 138.37 (Cq-6), 137.20 (Cq-B4), 134.92 (Cq-

A3), 131.60 (CH-A5), 130.77 (CH-B2,6), 129.89 (CH-B3,5), 128.96 

(CH-4), 128.14 (CH-A4), 127.34 (CH-A2), 126.13 (CH-A6), 124.18 

(Cq-B1), 124.00 (CH-5), 123.68 (Cq-3a), 112.33 (CH-7), 98.54 

(Cspiro). Anal. Calcd for C21H12Cl3N3O2·0.9H2O: C 54.72, H 3.02, N 

9.12, Found: C 54.78 H 2.65, N 8.72. 

 

6-chloro-4'-(4-chlorophenyl)-3'-phenyl-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165u). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (112.2 mg, 80 % yield). 

Mp: 226-228 ºC; IR (KBr, selected peaks): 3231 (NH), 1731 (C=O), 

1617 (C=N), 1384, 1211, 1141, 821, 692 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ (ppm): 9.62 (br s, 1H, NH), 7.65 (d, J = 8.0 Hz, 1H, H-

4), 7.52 – 7.45 (m, 3H, H-B2,4,6), 7.44 – 7.38 (m, 2H, H-B3,5), 7.23 (d, 

J = 8.6 Hz, 2H, H-A3,5), 7.15 (d, J = 8.0 Hz, 1H, H-5), 6.98 (s, 1H, H-

7), 6.89 (d, J = 8.6 Hz, 2H, H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.57 

(C=O), 155.81 (C=N), 145.21 (Cq-7a), 138.20 (Cq-6), 136.84 (Cq-A1), 132.96 (Cq-A4), 

131.64 (CH-B4), 130.14 (CH-A3,5), 129.61 (CH-B3,5), 129.30 (CH-A2,6), 129.10 (CH-B2,6), 

128.90 (CH-4), 125.46 (Cq-B1), 124.08 (Cq-3a), 123.95 (CH-5), 112.27 (CH-7), 98.43 

(Cspiro). Anal. Calcd for C21H13Cl2N3O2·0.55H2O: C 60.03, H 3.39, N 10.00, Found: C 

59.71 H 3.07, N 9.82.  

 

6-chloro-3'-(3-chlorophenyl)-4'-(4-chlorophenyl)-4’H-spiro[indoline-3,5'-

[1,2,4]oxadiazol]-2-one (165v). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (122.5 mg, 80 % yield). 

Mp: 214-216 ºC; IR (KBr, selected peaks): 3261 (NH), 1733 

(C=O), 1617 (C=N), 1492, 1431, 1384, 830, 749 cm-1; 1H NMR 

(400 MHz, Acetone-d6) δ (ppm): 9.71 (br s, 1H, NH), 7.68 (d, J = 

8.0 Hz, 1H, H-4), 7.56 – 7.50 (m, 2H, H-B2,4), 7.44 (t, J = 7.6 Hz, 

1H, H-B5), 7.39 (d, J = 7.6 Hz, 1H, H-B6), 7.26 (d, J = 8.7 Hz, 2H, 

H-A3,5), 7.15 (dd, J = 8.0, 1.7 Hz, 1H, H-5), 6.98 (d, J = 1.6 Hz, 1H, H-7), 6.94 (d, J = 8.7 

Hz, 2H H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.42 (C=O), 154.83 (C=N), 

145.25 (Cq-7a), 138.33 (Cq-6), 136.42 (Cq-A1), 134.95 (Cq-B3), 133.28 (Cq-A4), 131.64 
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(CH-B5), 131.44 (CH-B4), 130.30 (CH-A3,5), 129.38 (CH-A2,6), 129.01 (CH-4), 128.82 

(CH-B2), 127.59 (CH-B6), 127.45 (Cq-B1), 123.98 (CH-5), 123.78 (Cq-3a), 112.33 (CH-7), 

98.67 (Cspiro) ppm. Anal. Calcd for C21H12Cl3N3O2·0.10H2O: C 56.49, H 2.76, N 9.41, 

Found: C 56.11, H 2.83, N 9.20. 

 

6-chloro-3',4'-bis(4-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-

one (165w). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (120.7 mg, 79 % yield). 

Mp: 222-224 ºC; IR (KBr, selected peaks): 3242 (NH), 1736 (C=O), 

1616 (C=N), 1496, 1383, 1207, 1139, 830 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ (ppm): 9.62 (br s, 1H, NH), 7.65 (d, J = 8.0 Hz, 1H, H-

4), 7.50 (d, J = 8.6 Hz, 2H, H-B2,6), 7.46 (d, J = 8.6 Hz, 2H, H-B3,5), 

7.25 (d, J = 8.6 Hz, 2H, H-A3,5), 7.14 (d, J = 8.0 Hz, 1H, H-5), 6.98 (s, 

1H, H-7), 6.91 (d, J = 8.6 Hz, 2H, H-A2,6); 13C NMR (100 MHz, 

Acetone-d6) δ (ppm): 172.45 (C=O), 155.02 (C=N), 145.22 (Cq-7a), 138.29 (Cq-6), 137.13 

(Cq-B4), 136.53 (Cq-A1), 133.17 (Cq-A4), 130.73 (CH-B2,6), 130.26 (CH-A3,5), 129.86 

(CH-B3,5), 129.31 (CH-A2,6), 128.95 (CH-4), 124.22 (Cq-B1), 123.97 (CH-5), 123.83 (Cq-

3a), 112.30 (CH-7), 98.57 (Cspiro). Anal. Calcd for C21H12Cl3N3O2·0.5H2O: C 55.59, H 

2.89, N 9.26, Found: C 55.48 H 2.81, N 8.88.  

 

5-bromo-3',4'-diphenyl-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-one (165x). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (101.9 mg, 73 % yield). 

Mp: 246-248 ºC; IR (KBr, selected peaks): 3250 (NH), 1735 (C=O), 

1617 (C=N), 1444, 1385, 1142, 1068, 823 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ (ppm): 9.61 (br s, 1H, NH), 7.82 (d, J = 1.7 Hz, 1H, H-

4), 7.53 (dd, J = 8.3, 1.8 Hz, 1H, H-6), 7.51 – 7.43 (m, 3H, H-B2,4,6), 

7.41 – 7.34 (m, 2H, H-B3,5), 7.22 – 7.11 (m, 3H, H-A3,4,5), 6.96 – 6.86 

(m, 3H, H-7, H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.51 (C=O), 155.97 

(C=N), 142.96 (Cq-7a), 137.76 (Cq-A1), 135.78 (CH-6), 131.43 (CH-B4), 130.29 (CH-4), 

130.04 (CH-A3,5), 129.42 (CH-B3,5), 129.15 (CH-B2,6), 128.02 (Cq-3a), 127.96 (CH-A4), 

127.80 (CH-A2,6), 125.71 (Cq-B1), 115.72 (Cq-5), 113.67 (CH-7), 98.68 (Cspiro). Anal. 

Calcd for C21H14BrN3O2: C 60.01, H 3.36, N 10.00, Found: C 60.09, H 3.18, N 10.28. 
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5-bromo-4'-(4-chlorophenyl)-3'-phenyl-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165y). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (92.1 mg, 68 % yield). 

Mp: 290-292 ºC; IR (KBr, selected peaks): 3174 (NH), 1748 (C=O), 

1619 (C=N), 1491, 1473, 1392, 1253, 1197, 694 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 10.00 (br s, 1H, NH), 7.82 (s, 1H, H-4), 

7.54 (d, J = 7.9 Hz, 1H, H-6), 7.51 – 7.44 (m, 3H, H-B2,4,6), 7.43 – 

7.36 (m, 2H, H-B3,5), 7.22 (d, J = 8.0 Hz, 2H, H-A3,5), 6.95 – 6.88 (m, 

3H, H-7, H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.21 (C=O), 155.79 

(C=N), 142.94 (Cq-7a), 136.70 (Cq-A1), 135.98 (CH-6), 133.02 (Cq-A4), 131.63 (CH-B4), 

130.30 (CH-4), 130.13 (CH-A3,5), 129.57 (CH-B3,5), 129.34 (CH-A2,6), 129.18 (CH-B2,6), 

127.72 (Cq-3a), 125.37 (Cq-B1), 115.87 (Cq-5), 113.81 (CH-7), 98.63 (Cspiro). Anal. 

Calcd for C21H13BrClN3O2·0.25H2O: C 54.92, H 2.97, N 9.15, Found: C 54.54, H 2.87, N 

8.88. 

 

5-bromo-4'-(3-chlorophenyl)-3'-phenyl-4’H-spiro[indoline-3,5'-[1,2,4] 

oxadiazol]-2-one (165z). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (84.0 mg, 62 % yield). 

Mp: 208-210 ºC; IR (KBr, selected peaks): 3132 (NH), 1749 (C=O), 

1617 (C=N), 1590, 1475, 1384, 1195, 687 cm-1; 1H NMR (400 MHz, 

Acetone-d6) δ (ppm): 9.66 (br s, 1H, NH), 7.87 (d, J = 1.6 Hz, 1H, H-

4), 7.56 (dd, J = 8.3 Hz, 1.6 Hz, 1H, H-6) 7.54 – 7.46 (m, 3H, H-

B2,4,6), 7.45 – 7.38 (m, 2H, H-B3,5), 7.25 – 7.15 (m, 2H, H-A4,5), 6.94 

(d, J = 8.4 Hz, 1H, H-7), 6.93 (s, 1H, H-A2), 6.87 (d, J = 7.6 Hz, 1H, H-A6); 13C NMR 

(100 MHz, Acetone-d6) δ (ppm): 172.15 (C=O), 155.57 (C=N), 142.86 (Cq-7a), 139.24 

(Cq-A1), 136.04 (CH-6), 134.79 (Cq-A3), 131.69 (CH-B4), 131.43 (CH-A5), 130.31 (CH-

4), 129.59 (CH-B3,5), 129.18 (CH-B2,6), 127.91 (CH-A4), 127.54 (Cq-3a), 127.29 (CH-A2), 

125.95 (CH-A6), 125.29 (Cq-B1), 115.92 (Cq-5), 113.82 (CH-7), 98.55 (Cspiro). Anal. 

Calcd for C21H13BrClN3O2: C 55.47, H 2.89, N 9.24, Found: C 55.52, H 2.91, N 9.07. 

 

5-bromo-3'-(4-chlorophenyl)-4'-(3-chlorophenyl)-4’H-spiro[indoline-3,5'-

[1,2,4]oxadiazol]-2-one (165aa). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (87.5 mg, 60 % yield). 
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Mp: 256-258 ºC; IR (KBr, selected peaks): 3173 (NH), 1745 (C=O), 

1617 (C=N), 1590, 1474, 1384, 1197, 760, 690 cm-1; 1H NMR (400 

MHz, Acetone-d6) δ (ppm): 9.70 (s, 1H, NH), 7.87 (s, 1H, H-4), 7.59 

– 7.55 (m, 1H, H-6), 7.54 (d, J = 8.7 Hz, 2H, H-B2,6), 7.47 (d, J = 8.7 

Hz, 2H, H-B3,5), 7.28 – 7.17 (m, 2H, H-A4,5), 6.96 – 6.92 (m, 2H, H-

7, H-A2), 6.89 (d, J = 7.6 Hz, 1H, H-A6); 13C NMR (100 MHz, 

Acetone-d6) δ (ppm): 172.07 (C=O), 154.81 (C=N), 142.94 (Cq-7a), 

138.99 (Cq-A1), 137.20 (Cq-B4), 136.14 (CH-6), 134.93 (Cq-A3), 131.59 (CH-A5), 130.87 

(CH-B2,6), 130.40 (CH-4), 129.85 (CH-B3,5), 128.17 (CH-A4), 127.36 (Cq-3a), 127.33 

(CH-A2), 126.14 (CH-A6), 124.12 (Cq-B1), 115.93 (Cq-5), 113.87 (CH-7), 98.73 (Cspiro). 

Anal. Calcd for C21H12BrCl2N3O2·0.4H2O: C 50.81, H 2.60, N 8.47, Found: C 50.43, H 

2.48, N 8.23. 

 

5-bromo-3',4'-bis(3-chlorophenyl)-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-

one (165ab). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (88.9 mg, 61 % yield). 

Mp: 246-248 ºC; IR (KBr, selected peaks): 3210 (NH), 1734 

(C=O), 1617 (C=N), 1592, 1474, 1437, 1375, 818 cm-1; 1H NMR 

(400 MHz, Acetone-d6) δ (ppm): 9.74 (br s, 1H, NH), 7.90 (s, 1H, 

H-4), 7.60 – 7.50 (m, 2H, H-6, H-B4), 7.58 (s, 1H, H-B2), 7.48 – 

7.41 (m, 2H, H-B5,6), 7.29 – 7.19 (m, 2H, H-A4,5), 6.99 – 6.89 (m, 

3H, H-7, H-A2,6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 172.06 (C=O), 154.60 

(C=N), 142.96 (Cq-7a), 138.84 (Cq-A1), 136.17 (CH-6), 134.94 and 134.93 (Cq-B3 and 

Cq-A3), 131.70 (CH-B5), 131.61 (CH-A5), 131.41 (CH-B4), 130.45 (CH-4), 128.96 (CH-

B2), 128.27 (CH-A4), 127.71 (CH-B6), 127.40 (CH-A2), 127.30 and 127.28 (Cq-B1 and Cq-

3a), 126.15 (CH-A6), 115.94 (Cq-5), 113.89 (CH-7), 98.81 (Cspiro). Anal. Calcd for 

C21H12BrCl2N3O2·0.2H2O: C 51.18, H 2.54, N 8.53, Found: C 50.81, H 2.48, N 8.31. 

 

5-bromo-3',4'-bis(3-bromophenyl)-4’H-spiro[indoline-3,5'-[1,2,4]oxadiazol]-2-

one (165ac). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (102.2 mg, 67 % yield). 

Mp: 207-209 ºC; IR (KBr, selected peaks): 3230 (NH), 1734 (C=O), 1616 (C=N), 1589, 

1473, 1438, 1372, 1199, 819 cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.75 (br s, 

1H, NH), 7.91 (d, J = 1.5 Hz, 1H, H-4), 7.74 (s, 1H, H-B2), 7.69 (d, J = 8.0 Hz, 1H, H-B4), 

7.57 (dd, J = 8.3, 1.5 Hz, 1H, H-6), 7.47 (d, J = 7.8 Hz, 1H, H-B6), 7.41 – 7.34 (m, 2H, H-
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B5, H-A4), 7.19 (t, J = 8.1 Hz, 1H, H-A5), 7.13 (s, 1H, H-A2), 6.99 

– 6.92 (m, 2H, H-A6, H-7); 13C NMR (100 MHz, Acetone-d6) δ 

(ppm): 172.03 (C=O), 154.44 (C=N), 142.92 (Cq-7a), 138.92 (Cq-

A1), 136.17 (CH-6), 134.65 (CH-B4), 131.87 (CH-A5), 131.83 

(CH-B2), 131.59 and 131.20 (CH-A4 and CH-B5), 130.48 (CH-4), 

130.31 (CH-A2), 128.10 (CH-B6), 127.49 (Cq-B1), 127.26 (Cq-

3a), 126.56 (CH-A6), 122.87 (Cq-B3), 122.81 (Cq-A3), 115.95 

(Cq-5), 113.87 (CH-7), 98.82 (Cspiro). Anal. Calcd for C21H12Br3N3O2·0.05H2O: C 43.56, 

H 2.11, N 7.26, Found: C 43.16, H 1.89, N 7.04. 

 

5-bromo-4'-(3-chloro-4-fluorophenyl)-3'-(3-chlorophenyl)-4’H-spiro[indoline-

3,5'-[1,2,4]oxadiazol]-2-one (165ad). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (78.8 mg, 55 % yield). 

Mp: 214-216 ºC; IR (KBr, selected peaks): 3174 (NH), 1745 

(C=O), 1617 (C=N), 1500, 1473, 1384, 1193, 825, 760 cm-1; 1H 

NMR (400 MHz, Acetone-d6) δ (ppm): 9.70 (br s, 1H, NH), 7.94 

(d, J = 1.6 Hz, 1H, H-4), 7.59 (s, 1H, H-B2), 7.57 (dd, J = 8.3, 1.6 

Hz, 1H, H-6), 7.56 – 7.50 (m, 1 H, H-B4) 7.49 – 7.39 (m, 2H, H-

B5,6), 7.22 (t, J = 8.9 Hz, 1H, H-A5), 7.17 (dd, J = 6.5, 2.4 Hz, 1H, H-A2), 7.06 – 7.00 (m, 

1H, H-A6), 6.94 (d, J = 8.3 Hz, 1H, H-7); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 

172.02 (C=O), 157.62 (d, JFC = 247.0 Hz, Cq-A4), 154.74 (C=N), 142.98 (Cq-7a), 136.23 

(CH-6), 134.96 (Cq-B3), 134.36 (d, JFCCCC = 4.0 Hz, Cq-A1), 131.75 (CH-B5), 131.44 (CH-

B4), 130.51 (CH-4), 130.37 (CH-A2), 129.02 (CH-B2), 128.99 (d, JFCCC = 7.0 Hz, CH-A6), 

127.75 (CH-B6), 127.13 (Cq-3a), 127.06 (Cq-B1), 121.57 (d, JFCC = 19.0 Hz, Cq-A3), 

118.24 (d, JFCC = 22.0 Hz, CH-A5), 115.99 (Cq-5), 113.92 (CH-7), 98.92 (Cspiro). Anal. 

Calcd for C21H11BrCl2FN3O2: C 49.73, H 2.19, N 8.29, Found: C 50.03, H 2.49, N 8.11. 

 

5-bromo-4'-(3-chloro-2-fluorophenyl)-3'-(3-chlorophenyl)-4’H-spiro[indoline-

3,5'-[1,2,4]oxadiazol]-2-one (165ae). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (81.6 mg, 57 % yield). 



Chapter 9. Experimental Section 

176 
 

Mp: 242-244 ºC; IR (KBr, selected peaks): 3289 (NH), 1742 

(C=O), 1618 (C=N), 1560, 1484, 1474, 1436, 1369, 1096, 747 cm-

1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.74 (br s, 1H, NH), 

7.65 (s, 1H, H-4), 7.61 (s, 1H, H-B2), 7.58 – 7.51 (m, 2H, H-6, H-

B4), 7.48 – 7.43 (m, 2H, H-B5,6), 7.43 – 7.37 (m, 1H, H-A5), 7.19 

– 7.09 (m, 2H, H-A4,6), 6.94 (d, J = 8.3 Hz, 1H, H-7); 13C NMR 

(100 MHz, Acetone-d6) δ (ppm): 172.03 (C=O), 154.79 (C=N), 

154.58 (d, JFC = 249.0 Hz, Cq-A2), 143.25 (Cq-7a), 136.27 (CH-6), 135.06 (Cq-B3), 131.96 

(CH-B5), 131.58 (CH-B4), 131.04 (CH-A5), 130.28 (CH-4), 128.75 (CH-A4), 128.38 (CH-

B2), 127.27 (Cq-B1), 127,25 (d, JFCC = 12 Hz, Cq-A1), 127.13 (CH-B6), 126.21 (d, JFCCC = 

5 Hz, CH-A6), 126.09 (Cq-3a), 122.34 (d, JFCC = 16 Hz, Cq-A3), 115.53 (Cq-5), 113.83 

(CH-7), 98.34 (Cspiro). Anal. Calcd for C21H11BrCl2FN3O2·0.2H2O: C 49.38, H 2.25, N 

8.23, Found: C 48.99, H 1.87, N 8.12. 

 

5-bromo-3'-(3-chloro-2-fluorophenyl)-4'-(3-chlorophenyl)-4’H-spiro[indoline-

3,5'-[1,2,4]oxadiazol]-2-one (165af). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (87.1 mg, 61 % yield). 

Mp: 242-244 ºC; IR (KBr, selected peaks): 3171 (NH), 1748 

(C=O), 1619 (C=N), 1476, 1455, 1395, 1194, 826, 687 cm-1; 1H 

NMR (400 MHz, Acetone-d6) δ (ppm): 9.77 (br s, 1H), 7.90 (d, J 

= 1.6 Hz, 1H, H-4), 7.75 – 7.68 (m, 2H, H-B4,6), 7.58 (dd, J = 8.3, 

1.6 Hz, 1H, H-6) 7.37 (t, J = 7.9 Hz, 1H, H-B5), 7.26 – 7.15 (m, 

2H, H-A4,5), 6.96 (d, J = 8.3 Hz, 1H, H-7), 6.94 (s, 1H, H-A2), 6.90 (d, J = 7.5 Hz, 1H, H-

A6); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 171.80 (C=O), 156.15 (d, JFC = 227.0 Hz, 

Cq-B2), 151.35 (C=N), 142.91 (Cq-7a), 138.29 (Cq-A1), 136.32 (CH-6), 134.94 (Cq-A3), 

134.49 (CH-B6), 131.68 (CH-A4), 130.91 (d, JFCCC = 1 Hz, CH-B4), 130.20 (CH-4), 128.19 

(CH-A5), 127.10 (Cq-3a), 126.69 (CH-B5), 126.25 (CH-A2), 125.04 (CH-A6), 122.34 (d, 

JFCC = 17 Hz, Cq-B3), 116.03 (Cq-5), 115.26 (d, JFCC = 14 Hz, Cq-B1), 114.02 (CH-7), 

98.54 (Cspiro). Anal. Calcd for C21H11BrCl2FN3O2: C 49.73, H 2.19, N 8.29, Found: C 

49.63, H 1.99, N 8.01. 

 

 

9.1.12. GENERAL PROCEDURE FOR THE SYNTHESIS OF 2',4'-

DIHYDROSPIRO[INDOLINE-3,3'-[1,2,4]TRIAZOL]-2-ONES. 

Triethylamine (2.0 equiv) was added dropwise to a mixture of 3-imino indolin-2-

one derivative (1.0 equiv), and hydrazonyl chloride derivative (2.0 equiv) in dry DCM (1 
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mL/ 0.1 mmol of 3-iminoidolin-2-one) under nitrogen atmosphere. The reaction was 

stirred at room temperature for 24 hours. The mixture was then washed with brine (2x) and 

the aqueous phase extracted with DCM. The combined organic extracts were dried over 

anhydrous Na2SO4 and the solvent was removed under reduce pressure. The residue was 

purified by flash chromatography on silica gel using as eluent a gradient of n-

hexane/EtOAc (95:5) to n-hexane/EtOAc (75:25), preparative thin layer chromatography 

(PTLC) on silica gel using as eluent n-hexane:EtOAc (2:1 or 3:1), and recrystallized from 

diethyl ether/n-hexane to afford the final product. 

 

2',4',5'-triphenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4]triazol]-2-one (168a). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (151.2 mg, 81 % yield). 

Mp: 203-204 ºC; IR (KBr, selected peaks): 3245 (NH), 1735 

(C=O), 1594 (C=N), 1493, 1472, 1385, 1320, 1203, 751, 694 cm-1; 

1H NMR (400 MHz, Acetone-d6) δ (ppm): 7.55 (d, J = 7.4 Hz, 1H, 

H-4), 7.48 (d, J = 7.0 Hz, 2H, H-B2,6), 7.38 – 7.27 (m, 4H, H-6, H-

B3,4,5), 7.18 – 7.03 (m, 6H, H-5, H-A3,4,5, H-C3,5), 6.97 – 6.89 (m, 

3H, H-7, H-C2,6), 6.87 – 6.79 (m, 2H, H-A2,6), 6.73 (t, J = 7.3 Hz, 1H, H-C4); 13C NMR 

(100 MHz, Acetone-d6) δ (ppm): 173.49 (C=O), 148.51 (C=N), 144.43 (Cq-C1), 143.06 

(Cq-7a), 139.18 (Cq-A1), 132.31 (CH-6), 130.07 (CH-B4), 129.67 and 129.61 (CH-A3,5 and 

CH-C3,5), 129.03 (CH-B3,5), 128.88 (Cq-B1), 128.62 and 128.61 (CH-A2,6 and CH-B2,6), 

127.72 (CH-A4), 127.34 (Cq-3a), 127.26 (CH-4), 123.99 (CH-5), 120.33 (CH-C4), 114.54 

(CH-C2,6), 111.73 (CH-7), 88.46 (Cspiro). Anal. Calcd for C27H20N4O·0.25H2O: C 77.03, 

H 4.92, N 13.31, Found: C 76.63, H 4.99, N 13.05. 

 

4'-(4-chlorophenyl)-2',5'-diphenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4] 

triazol]-2-one (168b). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (146.9 mg, 84 % yield). 

Mp: 185-187 ºC. IR (KBr, selected peaks): 3243 (NH), 1738 

(C=O), 1597 (C=N), 1491, 1471, 1385, 1320, 1200, 745, 691 

cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.68 (br s, 1H, 

NH), 7.56 (d, J = 7.4 Hz, 1H, H-4), 7.49 (d, J = 8.0 Hz, 2H, H-

B2,6), 7.40 – 7.30 (m, 4H, H-6, H-B3,4,5), 7.18 (d, J = 8.6 Hz, 

2H, H-A3,5), 7.13 – 7.07 (m, 3H, H-5, H-C3,5), 6.97 – 6.90 (m, 3H, H-7, H-C2,6), 6.82 (d, J 

= 8.6 Hz, 2H, H-A2,6), 6.74 (t, J = 7.3 Hz, 1H, H-C4); 13C NMR (100 MHz, Acetone-d6) δ 

(ppm): 173.21 (C=O), 148.15 (C=N), 144.30 (Cq-C1), 142.98 (Cq-7a), 138.14 (Cq-A1), 
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132.73 (Cq-A4), 132.51 (CH-6), 130.26 (CH-B4), 130.04 (CH-A2,6), 129.76 (CH-A3,5), 

129.65 (CH-C3,5), 129.18 (CH-B3,5), 128.61 (CH-B2,6), 128.52 (Cq-B1), 127.26 (CH-4), 

127.06 (Cq-3a), 124.16 (CH-5), 120.55 (CH-C4), 114.62 (CH-C2,6), 111.88 (CH-7), 88.42 

(Cspiro). Anal. Calcd for C27H19ClN4O·0.65H2O: C 70.09, H 4.43, N 12.11, Found: C 

69.67, H 4.27, N 11.69. 

 

4'-(3-chlorophenyl)-2',5'-diphenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4] 

triazol]-2-one (168c). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (158.2 mg, 90 % yield). 

Mp: 208-209 C; IR (KBr, selected peaks): 3255 (NH), 1735 

(C=O), 1591 (C=N), 1494, 1470, 1384, 1320, 1198, 753, 689 cm-1; 

1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.72 (br s, 1H, NH), 

7.57 (d, J = 7.3 Hz, 1H, H-4), 7.51 (d, J = 8.0 Hz, 2H, H-B2,6), 

7.43 – 7.32 (m, 4H, H-6, H-B3,4,5), 7.20 – 7.14 (m, 2H, H-A4,5), 

7.13 – 7.08 (m, 3H, H-5, H-C3,5), 6.98 (d, J = 7.8 Hz, 1H, H-7), 6.94 (d, J = 7.9 Hz, 2H, H-

C2,6), 6.81 (s, 1H, H-A2), 6.80 – 6.71 (m, 2H, H-A6, H-C4); 13C NMR (100 MHz, Acetone-

d6) δ (ppm): 173.11 (C=O), 147.91 (C=N), 144.25 (Cq-C1), 142.92 (Cq-7a), 140.71 (Cq-

A1), 134.49 (Cq-A3), 132.59 (CH-6), 131.02 (CH-A5), 130.34 (CH-B4), 129.67 (CH-C3,5), 

129.23 (CH-B3,5), 128.62 (CH-B2,6), 128.51 (Cq-B1), 127.97 (CH-A2), 127.61 (CH-A4), 

127.28 (CH-4), 126.90 (Cq-3a), 126.86 (CH-A6), 124.20 (CH-5), 120.67 (CH-C4), 114.73 

(CH-C2,6), 111.87 (CH-7), 88.36 (Cspiro). Anal. Calcd for C27H19ClN4O·0,6H2O: C 70.23, 

H 4.42, N 12.14, Found: C 69.96, H 4.32, N 11.92. 

 

4'-(3-chloro-4-fluorophenyl)-2',5'-diphenyl-2',4'-dihydrospiro[indoline-3,3'-

[1,2,4]triazol]-2-one (168d). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (119.5 mg, 70 % yield). 

Mp: 203-205 ºC; IR (KBr, selected peaks): 3246 (NH), 1731 

(C=O), 1597 (C=N), 1493, 1470, 1385, 1325, 1203, 746, 690 

cm-1; 1H NMR (400 MHz, Acetone.d6) δ (ppm): 9.72 (br s, 1H, 

NH), 7.61 (d, J = 7.3 Hz, 1H, H-4), 7.52 (d, J = 8.0 Hz, 2H, H-

B2,6), 7.44 – 7.32 (m, 4H, H-6, H-B3,4,5), 7.17 – 7.07 (m, 4H, H-

5, H-A5, H-C3,5), 6.98 (d, J = 7.8 Hz, 1H, H-7), 6.96 – 6.90 (d, J = 8.0 Hz, 3H, H-A2, H-

C2,6), 6.87 – 6.80 (m, 1H, H-A6), 6.76 (t, J = 7.3 Hz, 1H, H-C4); 13C NMR (100 MHz, 

Acetone-d6) δ (ppm): 173.13 (C=O), 157.26 (d, JFC = 247.0 Hz, Cq-A4), 147.92 (C=N), 

144.26 (Cq-C1), 142.98 (Cq-7a), 136.29 (d, JFCCCC = 3.0 Hz, Cq-A1), 132.67 (CH-6), 
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130.59 (CH-B4), 130.41 (CH-A2), 129.69 (CH-C3,5), 129.37 (d, JFCCC = 8.0 Hz, CH-A6) 

129.28 (CH-B3,5), 128.67 (CH-B2,6), 128.27 (Cq-B1), 127.33 (CH-4), 126.83 (Cq-3a), 

124.27 (CH-5), 121.02 (d, JFCC = 19.0 Hz, Cq-C3), 120.71 (CH-C4), 117.66 (d, JFCC = 22.0 

Hz, CH-A5), 114.68 (CH-C2,6), 111.96 (CH-7), 88.52 (Cspiro). Anal. Calcd for 

C27H18ClFN4O·0.3H2O: C 68.37, H 3.96, N 11.81, Found: C 68.75, H 3.62, N 11.42. 

 

5-chloro-2',4',5'-triphenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4]triazol]-2-one 

(168e). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (153.3 mg, 87 % yield). 

Mp: 218-220 ºC; IR (KBr, selected peaks): 3244 (NH), 1742 

(C=O), 1595 (C=N), 1493, 1476, 1384, 1320, 1201, 764, 693 cm-

1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.74 (br s, 1H, NH), 

7.64 (s, 1H, H-4), 7.50 (d, J = 7.7 Hz, 2H, H-B2,6), 7.42 – 7.29 

(m, 4H, H-6, H-B3,4,5), 7.21 – 7.11 (m, 5H, H-A3,4,5), 6.99 – 6.93 

(m, 3H, H-7, H-C2,6), 6.91 (d, J = 7.2 Hz, 2H,H-A2,6), 6.78 (t, J = 7.2 Hz, 1H, H-C4); 13C 

NMR (100 MHz, Acetone-d6) δ (ppm): 173.33 (C=O), 148.59 (C=N), 144.20 (Cq-C1), 

141.76 (Cq-7a), 138.93 (Cq-A1), 132.27 (CH-6), 130.18 (CH-B4), 129.82 and 129.74 (CH-

A3,5 and CH-C3,5), 129.20 (Cq-3a or Cq-5), 129.04 (CH-B3,5), 128.82 (Cq-3a or Cq-5), 

128.69 (CH-A2,6, CH-B2,6), 128.63 (Cq-B1), 127.99 (CH-A4), 127.33 (CH-4), 120.65 (CH-

C4), 114.58 (CH-C2,6), 113.22 (CH-7), 88.38 (Cspiro). Anal. Calcd for 

C27H19ClN4O·0.75H2O: C 69.69, H 4.47, N 12.04, Found: C 69.82, H 4.46, N 12.07. 

 

5-chloro-4'-(3-chlorophenyl)-2',5'-diphenyl-2',4'-dihydrospiro[indoline-3,3'-

[1,2,4]triazol]-2-one (168f). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (148.4 mg, 89 % yield). 

Mp: 172-173 ºC. IR (KBr, selected peaks): 3252 (NH), 1741 

(C=O), 1590 (C=N), 1495, 1477, 1385, 1323, 1199, 745, 689 cm-

1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.86 (br s, 1H, NH), 

7.65 (d, J = 1.7 Hz, 1H, H-4), 7.56 – 7.48 (m, 2H, H-B2,6), 7.44 – 

7.32 (m, 4H, H-6, H-B3,4,5), 7.25 – 7.16 (m, 2H, H-A4,5), 7.13 (t, J 

= 8.0 Hz, 2H, H-C3,5), 7.01 (d, J = 8.2 Hz, 1H, H-7), 6.94 (d, J = 8.0 Hz, 2H, H-C2,6), 6.89 

(s, 1H, H-A2), 6.86 – 6.81 (m, 1H, H-A6), 6.78 (t, J = 7.3 Hz, 1H, H-C4); 13C NMR (100 

MHz, Acetone-d6) δ (ppm): 173.05 (C=O), 148.01 (C=N), 144.04 (Cq-C1), 141.73 (Cq-7a), 

140.48 (Cq-A1), 134.62 (Cq-A3), 132.54 (CH-6), 131.18 (CH-A5), 130.43 (CH-B4), 129.80 

(CH-C3,5), 129.22 (CH-B3,5), 129.03 and 128.79 (Cq-3a and Cq-5), 128.72 (CH-B2,6), 



Chapter 9. Experimental Section 

180 
 

128.30 (Cq-B1), 128.14 (CH-A4), 127.91 (CH-A2), 127.39 (CH-4), 126.96 (CH-A6), 

120.97 (CH-C4), 114.77 (CH-C2,6), 113.40 (CH-7), 88.28 (Cspiro). Anal. Calcd for 

C27H18Cl2N4O·0,14C6H14: C 67.18, H 4.08, N 11.26, Found: C 67.35, H 4.23, N 10.86. 

 

4'-(tert-butyl)-5-chloro-2',5'-diphenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4] 

triazol]-2-one (168g). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (144.0 mg, 79 % yield). 

Mp: 195-197 ºC. IR (KBr, selected peaks): 3320 (NH), 1751 

(C=O), 1596 (C=N), 1495, 1468, 1385, 1314, 1224, 751, 709 cm-

1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.87 (br s, 1H, NH), 

7.74 – 7.69 (m, 2H, H-B2,6), 7.67 (d, J = 1.8 Hz, 1H, H-4), 7.54 – 

7.49 (m, 3H, H-B3,4,5), 7.39 (dd, J = 8.3, 1.6 Hz, 1H, H-6), 7.05 – 

6.98 (m, 3H, H-7, H-C3,5), 6.85 (d, J = 8.3 Hz, 2H, H-C2,6), 6.71 (t, J = 7.2 Hz, 1H, H-C4), 

1.14 (s, 9H, C(CH3)3); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 176.34 (C=O), 151.36 

(C=N), 145.00 (Cq-C1), 141.06 (Cq-7a), 133.34 (Cq-B1), 131.98 (Cq-3a or Cq-5), 131.90 

(CH-B2,6), 131.78 (CH-6), 130.07 (CH-B4), 129.22 (CH-C3,5), 128.72 (CH-B3,5), 128.70 

(Cq-3a or Cq-5), 127.28 (CH-4), 121.32 (CH-C4), 117.16 (CH-C2,6), 113.20 (CH-7), 88.15 

(Cspiro), 56.77 (C(CH3)3), 31.51 (C(CH3)3). Anal. Calcd for C25H23ClN4O·0.3CH2Cl2: C 

66.57, H 5.22, N 12.28, Found: C 66.65, H 5.06, N 12.20. 

 

5-bromo-2',4',5'-triphenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4]triazol]-2-one 

(168h). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (155.7 mg, 95 % yield). 

Mp: 212-214ºC. IR (KBr, selected peaks): 3211 (NH), 1741 

(C=O), 1595 (C=N), 1493, 1473, 1385, 1320, 1200, 766, 693 cm-

1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.74 (br s, 1H, NH), 

7.75 (s, 1H, H-4), 7.52 (d, J = 8.6 Hz, 1H, H-6), 7.48 (d, J = 7.6 

Hz, 2H, H-B2,6), 7.38 – 7.27 (m, 3H, H-B3,4,5), 7.20 – 7.10 (m, 

5H, H-A3,4,5, H-C3,5), 6.96 – 6.85 (m, 5H, H-7, H-A2,6, H-C2,6), 6.76 (t, J = 7.3 Hz, 1H, H-

C4); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 173.13 (C=O), 148.59 (C=N), 144.18 

(Cq-C1), 142.19 (Cq-7a), 138.92 (Cq-A1), 135.18 (CH-6), 130.18 (CH-B4), 130.12 (CH-4), 

129.83 and 129.76 (CH-A3,5 and CH-C3,5), 129.56 (Cq-3a), 129.04 (CH-B3,5), 128.70 (CH-

A2,6 and CH-B2,6), 128.62 (Cq-B1), 128.01 (CH-A4), 120.65 (CH-C4), 116.04 (Cq-C5), 

114.56 (CH-C2,6), 113.68 (CH-7), 88.32 (Cspiro). Anal. Calcd for C27H19BrN4O: C 65.46, 

H 3.87, N 11.31, Found: C 65.31, H 3.97, N 11.05. 
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5-bromo-4'-(4-chlorophenyl)-2',5'-diphenyl-2',4'-dihydrospiro[indoline-3,3'-

[1,2,4]triazol]-2-one (168i). 

 Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (146.1 mg, 93 % yield). 

Mp: 140-142 ºC; IR (KBr, selected peaks): 3186 (NH), 1730 

(C=O), 1598 (C=N), 1490, 1473, 1385, 1307, 1205, 747, 690 

cm-1; 1H NMR (400 MHz, CDCl3) δ (ppm): 8.09 (br s, 1H, 

NH), 7.70 (s, 1H, H-4), 7.50 – 7.41 (m, 3H, H-6, H-B2,6), 7.37 

– 7.22 (m, 3H, H-B3,4,5), 7.12 (t, J = 7.7 Hz, 2H, H-C3,5), 7.05 

(d, J = 8.4 Hz, 2H, H-A3,5), 6.90 (d, J = 8.0 Hz, 2H, H-C2,6), 6.83 (t, J = 7.4 Hz, 1H, H-C4), 

6.69 (d, J = 8.4 Hz, 2H, H-A2,6), 6.64 (d, J = 8.3 Hz, 1H, H-7); 13C NMR (100 MHz, 

CDCl3) δ (ppm): 173.21 (C=O), 147.96 (C=N), 143.10 (Cq-C1), 139.72 (Cq-7a), 136.41 

(Cq-A1), 134.63 (CH-6), 133.04 (Cq-A4), 129.78 (CH-B4), 129.58 (CH-4), 129.42 (CH-

A2,6), 129.29 (CH-C3,5), 129.05 (Cq-B1), 128.83 (CH-A3,5), 128.49 (CH-B3,5), 128.03 (CH-

B2,6), 126.91 (Cq-3a), 120.99 (CH-C4), 116.85 (Cq-5), 114.49 (CH-C2,6), 113.07 (CH-7), 

88.09 (Cspiro). Anal. Calcd for C27H18BrClN4O·0.05H2O: C 61.10, H 3.44, N 10.56, 

Found: C 60.71, H 3.50, N 10.23. 

 

5-bromo-4'-(3-chloro-4-fluorophenyl)-2',5'-diphenyl-2',4'-dihydrospiro 

[indoline-3,3'-[1,2,4]triazol]-2-one (168j). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (138.9 mg, 90 % yield). 

MP: 135-137 ºC; IR (KBr, selected peaks): 3242 (NH), 1735 

(C=O), 1597 (C=N), 1492, 1473, 1384, 1261, 1194, 764, 691 

cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.75 (br s, 1H, 

NH), 7.82 (s, 1H, H-4), 7.56 (d, J = 8.4 Hz, 1H, H-6), 7.52 (d, J 

= 7.2 Hz, 2H, H-B2,6), 7.42 – 7.32 (m, 3H, H-B3,4,5), 7.20 – 7.10 

(m, 3H, H-A5, H-C3,5), 7.03 (dd, J = 6.5, 2.2 Hz, 1H, H-A2), 6.96 (d, J = 8.4 Hz, 1H, H-7), 

6.95 – 6.88 (m, 3H, H-A6, H-C2,6), 6.78 (t, J = 7.3 Hz, 1H, H-C4); 13C NMR (100 MHz, 

Acetone-d6) δ (ppm): 172.84 (C=O), 157.42 (d, JFC = 247.0 Hz, CH-A4), 148.03 (C=N), 

144.02 (Cq-C1), 142.14 (Cq-7a), 136.02 (d, JFCCCC = 4.0 Hz, Cq-A1), 135.51 (CH-6), 

130.83 (CH-B4), 130.49 (CH-A2), 130.22 (CH-4), 129.82 (CH-C3,5), 129.48 (d, JFCCC = 7.0 

Hz, CH-A6), 129.27 (CH-B3,5), 129.04 (Cq-3a), 128.78 (CH-B2,6), 128.04 (Cq-B1), 121.17 

(d, JFCC = 18.0 Hz, Cq-A3), 120.99 (CH-C4), 117.82 (d, JFCC = 23.0 Hz CH-A5), 116.29 

(Cq-5), 114.70 (CH-C2,6), 113.91 (CH-7), 88.35 (Cspiro). Anal. Calcd for 

C27H18BrClFN4O·0.1H2O: C 59.00, H 3.16, N 10.20, Found: C 58.67, H 3.52, N 10.17. 
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5-bromo-4'-(3-chlorophenyl)-2',5'-diphenyl-2',4'-dihydrospiro[indoline-3,3'-

[1,2,4]triazol]-2-one (168k). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (144.8 mg, 92 % yield). 

Mp: 143-145 ºC; IR (KBr, selected peaks): 328 (NH), 1738 

(C=O), 1597 (C=N), 1493, 1385, 1325, 1201, 745, 687 cm-1; 1H 

NMR (400 MHz, Acetone-d6) δ (ppm): 9.88 (br s, 1H, NH), 7.78 

(d, J = 1.7 Hz, 1H, H-4), 7.56 (dd, J = 8.4, 1.7 Hz, 1H, H-6), 7.52 

(d, J = 8.2 Hz, 2H, H-B2,6), 7.42 – 7.33 (m, 3H, H-B3,4,5), 7.24 – 

7.17 (m, 2H, H-A4,5), 7.14 (t, J = 7.8 Hz, 2H, H-C3,5), 6.97 (d, J = 8.4 Hz, 1H, H-7), 6.93 

(d, J = 7.8 Hz, 2H, H-C2,6), 6.89 (s, 1H, H-A2), 6.86 – 6.81 (m, 1H, H-A6), 6.78 (t, J = 7.6 

Hz, 1H, H-C4); 13C NMR (75 MHz, Acetone-d6) δ (ppm): 172.90 (C=O), 148.04 (C=N), 

144.04 (Cq-C1), 142.19 (Cq-7a), 140.49 (Cq-A1), 135.47 (CH-6), 134.64 (Cq-A3), 131.20 

(CH-A5), 130.45 (CH-B4), 130.21 (CH-4), 129.82 (CH-C3,5), 129.24 (CH-B3,5), 129.15 

(Cq-3a), 128.74 (CH-B2,6), 128.31 (Cq-B1), 128.18 (CH-A4), 127.94 (CH-A2), 126.98 (CH-

A6), 120.98 (CH-C4), 116.24 (Cq-5), 114.77 (CH-C2,6), 113.85 (CH-7), 88.23 (Cspiro). 

Anal. Calcd for C27H18BrClN4O·0.15H2O: C 60.89, H 3.47, N 10.52, Found: C 60.76, H 

3.87, N 10.19. 

 

7-chloro-2',4',5'-triphenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4]triazol]-2-one 

(168l). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (159.6 mg, 91 % yield). 

Mp: 186-188 ºC; IR (KBr, selected peaks): 3059 (NH), 1750 

(C=O), 1594 (C=N), 1494, 1475, 1337, 1177, 1154, 749, 694 cm-1; 

1H NMR (400 MHz, CDCl3) δ (ppm): 7.53 – 7.44 (m, 3H, H-4, H-

B2,6), 7.32 (d, J = 8.2 Hz, 1H, H-6), 7.29 (d, J = 7.2 Hz, 1H, H-B4), 

7.27 – 7.21 (m, 2H, H-B3,5), 7.19 – 7.02 (m, 6H, H-5, A3,4,5, C3,5), 

6.91 (d, J = 8.0 Hz, 2H, H-C2,6), 6.82 (t, J = 7.3 Hz, 1H, H-C4), 

6.80 – 6.72 (m, 2H, H-A2,6); 13C NMR (100 MHz, CDCl3) δ (ppm): 172.37 (C=O), 148.38 

(C=N), 143.34 (Cq-C1), 138.47 (Cq-7a), 137.86 (Cq-A1), 131.27 (CH-6), 129.48 (CH-B4), 

129.20 and 129.17 (CH-A3,5 and CH-C3,5), 128.87 (Cq-B1), 128.27 (CH-B3,5), 128.07 (CH-

B2,6), 127.77 (CH-A2,6), 127.38 (Cq-3a), 127.32 (CH-A4), 125.02 (CH-4), 124.74 (CH-5), 

120.86 (CH-C4), 116.08 (Cq-7), 114.80 (CH-C2,6), 88.97 (Cspiro). Anal. Calcd for 

C27H19ClN4O·0,65H2O: C 69.69, H 4.47, N 12.04, Found: C 69.37, H 4.31, N 11.73. 
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7-bromo-2',4',5'-triphenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4]triazol]-2-one 

(168m). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (154.1 mg, 94 % yield). 

Mp: 220-222ºC; IR (KBr, selected peaks): 3057 (NH), 1741 

(C=O), 1594 (C=N), 1494, 1472, 1385, 1337, 1178, 761, 694 

cm-1; 1H NMR (400 MHz, Acetone-d6) δ (ppm): 9.86 (br s, 1H, 

NH), 7.58 (d, J = 7.4 Hz, 1H, H-4), 7.55 (d, J = 8.0 Hz, 1H, H-

6), 7.47 (d, J = 7.1 Hz, 2H, H-B2,6), 7.38 – 7.28 (m, 3H, H-

B3,4,5), 7.20 – 7.09 (m, 5H, H-A3,4,5, H-C3,5), 7.06 (t, J = 7.7 Hz, 

1H, H-5), 6.92 (d, J = 8.0 Hz, 2H, H-C2,6), 6.87 – 6.81 (m, 2H, H-A2,6), 6.76 (t, J = 7.3 Hz, 

1H, H-C4); 13C NMR (100 MHz, Acetone-d6) δ (ppm): 173.40 (C=O), 148.62 (C=N), 

144.22 (Cq-C1), 142.26 (Cq-7a), 138.87 (Cq-A1), 135.10 (CH-6), 130.21 (CH-B4), 129.84 

and 129.76 (CH-A3,5 and CH-C3,5), 129.25 (Cq-3a), 129.07 (CH-B3,5), 128.70 (CH-A2,6), 

128.64 (CH-B2,6), 128.59 (Cq-B1), 128.07 (CH-A4), 126.36 (CH-4), 125.56 (CH-5), 120.73 

(CH-C4), 114.70 (CH-C2,6), 104.43 (Cq-7), 89.29 (Cspiro). Anal. Calcd for C27H19BrN4O: 

C 65.46, H 3.87, N 11.31, Found: C 65.36, H 3.99, N 11.18. 

 

5'-(3-chlorophenyl)-4'-(4-chlorophenyl)-2'-phenyl-2',4'-dihydrospiro [indoline-

3,3'-[1,2,4]triazol]-2-one (168n). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (169.0 mg, 89 % yield). 

Mp: 98-100 ºC. IR (KBr, selected peaks): 3244 (NH), 1733 

(C=O), 1593 (C=N), 1491, 1471, 1318, 1197, 1093, 746, 688 

cm-1; 1H NMR (300 MHz, Acetone-d6) δ (ppm): 9.72 (br s, 

1H, NH), 7.61 – 7.54 (m, 2H, H-4, H-B2), 7.44 – 7.31 (m, 4H, 

H-6, H-B4,5,6), 7.24 – 7.16 (m, 2H, H-A3,5), 7.15 – 7.05 (m, 3H, 

H-5, H-C3,5), 6.98 – 6.91 (m, 3H, H-7, H-C2,6), 6.89 – 6.82 (m, 

2H, H-A2,6), 6.81 – 6.73 (m, 1H, H-C4); 13C NMR (75 MHz, Acetone-d6) δ (ppm): 173.08 

(C=O), 146.87 (C=N), 144.01 (Cq-C1), 142.93 (Cq-7a), 137.75 (Cq-A1), 134.59 (Cq-B3), 

133.01 (Cq-A4), 132.61 (CH-6), 130.92 (CH-B5), 130.49 (Cq-B1), 130.11 (CH-B4), 130.02 

(CH-A2,6), 129.91 (CH-A3,5), 129.70 (CH-C3,5), 128.23 (CH-4), 127.33 (CH-B2), 126.89 

(CH-B6), 126.75 (Cq-3a), 124.20 (CH-5), 120.87 (CH-C4), 114.72 (CH-C2,6), 111.93 (CH-

7), 88.60 (Cspiro). Anal. Calcd for C21H14ClN3O2·0.9H2O: C 64.65, H 3.99, N 11.17, 

Found: C 64.43, H 3.83, N 11.47. 
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4',5'-bis(4-chlorophenyl)-2'-phenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4] 

triazol]-2-one (168o). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (163.5 mg, 86 % yield). 

Mp: 155-157 ºC;. IR (KBr, selected peaks): 3205 (NH), 1731 

(C=O), 1600 (C=N), 1492, 1474, 1319, 1203, 1014, 835, 746 

cm-1; 1H NMR (300 MHz, Acetone-d6) δ (ppm): 9.68 (br s, 

1H, NH), 7.56 (d, J = 7.4 Hz, 1H, H-4), 7.53 – 7.46 (m, 2H, H-

B2,6), 7.43 – 7.34 (m, 3H, H-6, H-B3,5), 7.24 – 7.17 (m, 2H, H-

A3,5), 7.15 – 7.05 (m, 3H, H-5, H-C3,5), 7.00 – 6.89 (m, 3H, H-

7, H-C2,6), 6.88 – 6.80 (m, 2H, H-A2,6), 6.79 – 6.71 (m, 1H, H-C4); 13C NMR (75 MHz, 

Acetone-d6) δ (ppm): 173.13 (C=O), 147.20 (C=N), 144.15 (Cq-C1), 143.02 (Cq-7a), 

137.89 (Cq-A1), 135.58 (Cq-B4), 132.96 (Cq-A4), 132.61 (CH-6), 130.17 and 130.04 (CH-

A2,6 and CH-B2,6), 129.91 (CH-A3,5), 129.70 (CH-C3,5), 129.41 (CH-B3,5), 127.32 (CH-4 

and Cq-B1), 126.90 (Cq-3a), 124.20 (CH-5), 120.78 (CH-C4), 114.70 (CH-C2,6), 111.94 

(CH-7), 88.56 (Cspiro). Anal. Calcd for C21H14ClN3O2·0.75H2O: C 65.00, H 3.95, N 

11.23, Found: C 64.64, H 3.90, N 11.50. 

 

2'-(2-chlorophenyl)-4'-(4-chlorophenyl)-5'-phenyl-2',4'-dihydrospiro [indoline-

3,3'-[1,2,4]triazol]-2-one (168p). 

Synthesized according to the general procedure, this compound was obtained as a white 

solid (146.7 mg, 76 % yield). 

Mp: 212-214 ºC; IR (KBr, selected peaks): 3261 (NH), 1739 

(C=O), 1616 (C=N), 1492, 1472, 1384, 1202, 756, 697 cm-1; 

1H NMR (300 MHz, Acetone-d6) δ (ppm): 9.31 (br s, 1H, NH), 

7.70 (dd, J = 8.1, 1.5 Hz, 1H, H-C6), 7.58 – 7.50 (m, 2H, H-

B2,6), 7.45 – 7.32 (m, 3H, H-B3,4,5), 7.29 (ddd, J = 8.1, 7.3, 1.5 

Hz, 1H, H-C5) 7.21 – 7.08 (m, 4H, H-6, H-A3,5, H-C3), 7.04 (ddd, J = 8.0, 7.3, 1.5 Hz, 1H, 

H-C4), 6.95 (d, J = 7.0 Hz, 1H, H-4), 6.84 – 6.69 (m, 4H, H-5, H-7, H-A2,6); 13C NMR (75 

MHz, Acetone-d6) δ (ppm): 173.99 (C=O), 152.73 (C=N), 144.20 and 144.15 (Cq-7a and 

Cq-C1), 138.61 (Cq-A1), 132.44 (Cq-A4), 132.03 (CH-6), 130.59 (CH-C3), 130.28 (CH-

B4), 129.93 (CH-A2,6), 129.65 (CH-A3,5), 129.65 (Cq-C2) 129.21 (CH-B3,5), 129.00 (CH-

B2,6), 128.72 (Cq-B1), 128.48 (CH-4), 127.82 (CH-C5,6), 126.76 (CH-C4), 124.92 (Cq-3a), 

122.59 (CH-5), 111.27 (CH-7), 89.65 (Cspiro). Anal. Calcd for C27H18Cl2N4O·0,3H2O 

0,2H2O: C 66.07, H 3.83, N 11.42, Found: C 65.77, H 3.81, N 11.17. 
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2'-(3-chlorophenyl)-4'-(4-chlorophenyl)-5'-phenyl-2',4'-dihydrospiro [indoline-

3,3'-[1,2,4]triazol]-2-one (168q). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (172.0 mg, 91 % yield). 

Mp: 120-122 ºC; IR (KBr, selected peaks): 3255 (NH), 

1735 (C=O), 1591 (C=N), 1491, 1474, 1385, 1324, 1196, 

1092, 754 cm-1; 1H NMR (300 MHz, Acetone-d6) δ (ppm): 

9.79 (br s, 1, NH), 7.59 (dd, J = 7.6, 0.7 Hz, 1H, H-4), 7.55 

– 7.47 (m, 2H, H-B2,6), 7.45 – 7.31 (m, 4H, H-6, H-B3,4,5), 

7.23 – 7.17 (m, 2H, H-A3,5), 7.12 (td, J = 7.6, 1.0 Hz, 1H, H-5), 7.11 - 7.04 (m, 2H, H-

C2,5), 6.98 (d, J = 7.7 Hz, 1H, H-7), 6.87 – 6.80 (m, 2H, H-A2,6), 6.75 (ddd, J = 8.0, 2.0, 0.9 

Hz, 1H, H-C4), 6.67 (ddd, J = 8.4, 2.3, 0.9 Hz, 1H, H-C6);
 13C NMR (75 MHz, Acetone-d6) 

δ (ppm): 172.86 (C=O), 149.09 (C=N), 145.34 (Cq-C1), 143.01 (Cq-7a), 137.78 (Cq-A1), 

135.19 (Cq-C3), 133.08 (Cq-A4), 132.87 (CH-6), 131.14 (CH-B4), 130.61 (CH-C5), 130.22 

(CH-A2,6), 129.90 (CH-A3,5), 129.28 (CH-B3,5), 128.83 (CH-B2,6), 128.16 (Cq-B1), 127.36 

(CH-4), 126.33 (Cq-3a), 124.40 (CH-5), 119.99 (CH-C4), 114.39 (CH-C2), 112.27 (CH-

C6), 112.06 (CH-7), 88.12 (Cspiro). Anal. Calcd for C27H18Cl2N4O·0,4H2O: C 65.83, H 

3.85, N 11.38, Found: C 65.51, H 3.76, N 11.12. 

 

2',4'-bis(4-chlorophenyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-[1,2,4] 

triazol]-2-one (168r). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (159.3 mg, 84 % yield). 

MP: 130-132 ºC; IR (KBr, selected peaks): 3208 (NH), 

1731 (C=O), 1595 (C=N), 1490, 1385, 1320, 1194, 1014, 

820, 746 cm-1; 1H NMR (300 MHz, Acetone-d6) δ (ppm): 

9.68 (br s, 1H, NH), 7.57 (d, J = 7.4 Hz, 1H, H-4), 7.53 – 

7.46 (m, 2H, H-B2,6), 7.42 – 7.30 (m, 4H, H-6, H-B3,4,5), 

7.22 – 7.16 (m, 2H, H-A3,5), 7.16 – 7.07 (m, 3H, H-5, H-C3,5), 6.96 (d, J = 7.8 Hz, 1H, H-

7), 6.94 – 6.86 (m, 2H, H-C2,6), 6.86 – 6.78 (m, 2H, H-A2,6); 13C NMR (75 MHz, Acetone-

d6) δ (ppm): 172.93 (C=O), 148.85 (C=N), 143.19 (Cq-C1), 143.03 (Cq-7a), 137.95 (Cq-

A1), 132.98 (Cq-A4), 132.75 (CH-6), 130.50 (CH-B4), 130.15 (CH-A2,6), 129.86 and 

129.56 (CH-A3,5 and CH-C3,5), 129.25 (CH-B3,5), 128.76 (CH-B2,6), 128.32 (Cq-B1), 

127.35 (CH-4), 126.56 (Cq-3a), 124.87 (Cq-C4), 124.32 (CH-5), 116.05 (CH-C2,6), 112.07 

(CH-7), 88.41 (Cspiro). Anal. Calcd for C21H14ClN3O2: C 66.81, H 3.75, N 11.55, Found: 

C 66.60, H 3.76, N 11.36. 
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2'-(2-chlorophenyl)-5'-(3-chlorophenyl)-4'-(4-chlorophenyl)-2',4'-dihydro 

spiro[indoline-3,3'-[1,2,4]triazol]-2-one (168s). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (173.8 mg, 86 % yield). 

Mp: 244-245ºC. IR (KBr, selected peaks): 3284 (NH), 1745 

(C=O), 1605 (C=N), 1492, 1473, 1427, 1375, 1195, 753, 688 

cm-1. 1H NMR (300 MHz, Acetone-d6) δ (ppm): 9.37 (br s, 1H, 

NH), 7.70 (dd, J = 8.1, 1.5 Hz, 1H, H-C6), 7.65 – 7.60 (m, 1H, 

H-B2), 7.46 – 7.33 (m, 3H, H-B4,5,6), 7.29 (ddd, J = 8.1, 7.2, 1.6 

Hz, 1H, H-C5), 7.20 – 7.11 (m, 4H, H-6, H-A3,5, H-C3), 7.05 

(ddd, J = 8.0, 7.2, 1.6 Hz, 2H, H-C4), 6.97 (dd, J = 7.5, 1.5Hz, 1H, H-4), 6.88 – 6.81 (m, 

2H, H-A2,6), 6.80 – 6.70 (m, 2H, H-5, H-7); 13C NMR (75 MHz, Acetone-d6) δ (ppm): 

173.93 (C=O), 151.35 (C=N), 144.14 (Cq-7a), 143.77 (Cq-C1), 138.27 (Cq-A1), 134.65 

(Cq-B3), 132.71 (Cq-A4), 132.15 (CH-6), 130.98 (CH-B5), 130.74 (Cq-C2), 130.48 (CH-

C3), 130.34 (CH-B4), 129.91 (CH-A2,6), 129.82 (CH-A3,5), 129.70 (Cq-B1), 128.69 (CH-

C5), 128.57 (CH-B2), 127.97 (CH-4), 127.88 (CH-B6), 127.35 (CH-C4), 127.01 (CH-C6), 

124.55 (Cq-3a), 122.63 (CH-5), 111.30 (CH-7), 89.83 (Cspiro). Anal. Calcd for 

C27H17Cl3N4O: C 62.38, H 3.30, N 10.78, Found: C 62.78, H 3.41, N 10.65. 

 

5-bromo-4',5'-bis(3-chlorophenyl)-2'-phenyl-2',4'-dihydrospiro[indoline-3,3'-

[1,2,4]triazol]-2-one (168t). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (142.5 mg, 85 % yield). 

Mp: 104-106 ºC; IR (KBr, selected peaks): 3251 (NH), 1738 

(C=O), 1590 (C=N), 1474, 1434, 1384, 1314, 1197, 748, 689 cm-

1; 1H NMR (300 MHz, Acetone-d6) δ (ppm): 9.91 (br s, 1H, NH), 

7.81 (d, J = 2.0 Hz, 1H, H-4), 7.61 (d, J = 0.9 Hz, 1H, H-B2), 

7.55 (dd, J = 8.3, 2.0 Hz, 1H, H-6), 7.45 – 7.34 (m, 3H, H-B4,5,6), 

7.26 – 7.20 (m, 2H, H-A4,5), 7.15 (t, J = 8.0 Hz, 2H, H-C3,5), 7.00 

– 6.91 (m, 4H, H-7, H-A2, H-C2,6), 6.90 – 6.85 (m, 1H, H-A6), 6.80 (t, J = 7.3 Hz, 1H, H-

C4); 13C NMR (75 MHz, Acetone-d6) δ (ppm): 172.79 (C=O), 146.77 (C=N), 143.77 (Cq-

C1), 142.16 (Cq-7a), 140.13 (Cq-A1), 135.56 (CH-6), 134.79 (Cq-A3), 134.64 (Cq-B3), 

131.36 (CH-A5), 130.97 (CH-B5), 130.32 (CH-4 and CH-B4), 130.30 (Cq-B1), 129.87 (CH-

C3,5), 128.82 (Cq-3a), 128.42 (CH-B2), 128.22 and 128.19 (CH-A4 and CH-A2), 127.06 

and 127.04 (CH-A6 and CH-B6), 121.27 (CH-C4), 116.29 (Cq-5), 114.87 (CH-C2,6), 113.88 

(CH-7), 88.42 (Cspiro). Anal. Calcd for C27H17BrCl2N4O: C 57.47, H 3.04, N 9.93, Found: 

C 57.80, H 3.23, N 9.72. 
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5-bromo-4'-(3-chlorophenyl)-5'-(4-chlorophenyl)-2'-phenyl-2',4'-dihydro 

spiro[indoline-3,3'-[1,2,4]triazol]-2-one (168u). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (138.6 mg, 82 % yield). 

Mp: 116-118 ºC; IR (KBr, selected peaks): 3251 (NH), 1735 

(C=O), 1590 (C=N), 1491, 1474, 1384, 1315, 1092, 821, 689 cm-

1; 1H NMR (300 MHz, Acetone-d6) δ (ppm): 9.89 (br s, 1H, NH), 

7.78 (d, J = 2.0 Hz, 1H, H-4), 7.58 – 7.50 (m, 3H, H-6, H-B2,6), 

7.41 (d, J = 8.6 Hz, 2H, H-B3,5), 7.25 – 7.19 (m, 2H, H-A4,5), 7.15 

(t, J = 8.0 Hz, 2H, H-C3,5), 7.00 – 6.92 (m, 3H, H-7, H-C2,6), 6.91 

(d, J = 1.0 Hz, 1H, H-A2) 6.88 – 6.83 (m, 1H, H-A6), 6.80 (t, J = 7.3 Hz, 1H, H-C4); 13C 

NMR (75 MHz, Acetone-d6) δ (ppm): 172.86 (C=O), 147.07 (C=N), 143.86 (Cq-C1), 

142.27 (Cq-7a), 140.24 (Cq-A1), 135.74 (Cq-B4), 135.52 (CH-6), 134.76 (Cq-A3), 131.32 

(CH-A5), 130.30 (CH-B2,6), 130.23 (CH-4), 129.85 (CH-C3,5), 129.44 (CH-B3,5), 128.98 

(Cq-3a), 128.13 (CH-A2,4), 127.13 (Cq-B1), 127.03 (CH-A6), 121.15 (CH-C4), 116.21 (Cq-

5), 114.82 (CH-C2,6), 113.91 (CH-7), 88.37 (Cspiro). Anal. Calcd for C27H17BrCl2N4O: C 

57.47, H 3.04, N 9.93, Found: C 57.87, H 2.84, N 9.77. 

 

5-bromo-4'-(3-chlorophenyl)-5'-(4-methoxyphenyl)-2'-phenyl-2',4'-dihydro 

spiro[indoline-3,3'-[1,2,4]triazol]-2-one (168v). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (50.2 mg, 60 % yield). 

Mp: 123-125 ºC; IR (KBr, selected peaks): 3259 (NH), 1746 

(C=O), 1590 (C=N), 1498, 1475, 1385, 1255, 1177, 1032, 689 

cm-1; 1H NMR (300 MHz, Acetone-d6) δ (ppm): 9.86 (br s, 1H, 

NH), 7.75 (d, J = 2.0 Hz, 1H, H-4), 7.54 (dd, J = 8.3, 2.0 Hz, 1H, 

H-6), 7.47 – 7.41 (m, 2H, H-B2,6), 7.25 – 7.17 (m, 2H H-A4,5), 

7.16 – 7.09 (m, 2H, H-C3,5), 6.96 (d, J = 8.3 Hz, 1H, H-7), 6.93 – 

6.87 (m, 5H, H-A2, H-B3,5, H-C2,6), 6.85 – 6.80 (m, 1H, H-A6), 

6.76 (t, J = 7.3 Hz, 1H, H-C4), 3.80 (s, 3H, OCH3); 13C NMR (75 MHz, Acetone-d6) δ 

(ppm): 173.00 (C=O), 161.68 (Cq-B4), 147.92 (C=N), 144.21 (Cq-C1), 142.16 (Cq-7a), 

140.64 (Cq-A1), 135.38 (CH-6), 134.60 (Cq-A3), 131.16 (CH-A5), 130.31 (CH-B2,6), 

130.16 (CH-4), 129.78 (CH-C3,5), 129.25 (Cq-3a), 128.27 (CH-A4), 127.89 (CH-A2), 

127.10 (CH-A6), 120.74 (CH-C4), 120.38 (Cq-B1), 116.19 (Cq-5), 114.68 and 114.64 (CH-

B3,5 and CH-C2,6), 113.80 (CH-7), 88.10 (Cspiro), 55.67 (OCH3). Anal. Calcd for 

C28H20BrClN4O2·0,3H2O: C 59.49, H 3.68, N 9.91, Found: C 59.17, H 3.34, N 10.08. 
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5-bromo-2'-(2-chlorophenyl)-4'-(3-chlorophenyl)-5'-phenyl-2',4'-dihydro 

spiro[indoline-3,3'-[1,2,4]triazol]-2-one (168w). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (105.2 mg, 63 % yield). 

Mp: 244-246 ºC; IR (KBr, selected peaks): 3168 (NH), 1747 

(C=O), 1588 (C=N), 1474, 1384, 1196, 828, 761, 690 cm-1; 1H 

NMR (300 MHz, Acetone-d6) δ (ppm): 9.53 (br s, 1H, NH), 7.77 

(dd, J = 8.1, 1.5 Hz, 1H, H-C6), 7.59 – 7.54 (m, 2H, H-B2,6), 7.46 

– 7.30 (m, 5H, H-6, H-B3,4,5, H-C5), 7.22 – 7.06 (m, 4H, H-4, H-

A4,5, H-C3,4), 6.90 – 6.86 (m, 1H, H-A2), 6.85 – 6.81 (m, 1H, H-A6), 6.77 (d, J = 8.3 Hz, 

1H, H-7); 13C NMR (75 MHz, Acetone-d6) δ (ppm): 173.60 (C=O), 152.48 (C=N), 143.75 

(Cq-C1), 143.26 (Cq-7a), 140.86 (Cq-A1), 134.91 (CH-6), 134.57 (Cq-A3), 131.40 (CH-

A5), 131.06 (CH-B4), 130.75 (CH-4), 130.38 (CH-C3), 129.59 (Cq-C2), 129.24 (CH-B3,5), 

129.11 (CH-B2,6), 128.44 (Cq-B1), 128.31 (CH-A4), 128.10 (CH-C6), 127.96 (CH-C5), 

127.63 (CH-C4), 127.26 (CH-A2), 126.99 (Cq-3a), 126.75 (CH-A6), 114.64 (Cq-5), 113.10 

(CH-7), 89.48 (Cspiro). Anal. Calcd for C27H17BrCl2N4O·0,55H2O: C 56.48, H 3.18, N 

9.76, Found: C 56.21, H 3.32, N 9.37. 

 

5-bromo-2',4'-bis(3-chlorophenyl)-5'-phenyl-2',4'-dihydrospiro[indoline-3,3'-

[1,2,4]triazol]-2-one (168x). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (147.4 mg, 88 % yield). 

Mp: 118-120ºC; IR (KBr, selected peaks): 3245 (NH), 1735 

(C=O), 1589 (C=N), 1474, 1384, 1328, 1197, 773, 691 cm-1; 

1H NMR (300 MHz, Acetone-d6) δ (ppm): 7.83 (d, J = 2.0 

Hz, 1H, H-4), 7.57 (dd, J = 8.4, 2.0 Hz, 1H, H-6), 7.55 – 7.51 

(m, 2H, H-B2,6), 7.43 – 7.35 (m, 3H, H-B3,4,5), 7.23 – 7.19 (m, 

2H, H-A4,5), 7.14 – 7.06 (m, 2H, H-C2,5), 6.99 (d, J = 8.4 Hz, 1H, H-7), 6.90 (dd, J = 2.4, 

1.3 Hz, 1H, H-A2), 6.88 – 6.82 (m, 1H, H-A6), 6.78 (ddd, J = 7.9, 2.0, 0.6 Hz, 1H, H-C4), 

6.65 (ddd, J = 8.3, 2.2, 0.6 Hz, 1H, H-C6); 13C NMR (75 MHz, Acetone-d6) δ (ppm): 

172.54 (C=O), 148.91 (C=N), 145.04 (Cq-C1), 142.19 (Cq-7a), 140.09 (Cq-A1), 135.78 

(CH-6), 135.31 (Cq-C3), 134.72 (Cq-A3), 131.30 (CH-B4 and CH-C5), 130.75 (CH-A5), 

130.30 (CH-4), 129.29 (CH-B3,5), 128.92 (CH-B2,6), 128.39 (Cq-3a), 128.34 (CH-A4), 

128.22 (CH-A2), 127.91 (Cq-B1), 127.11 (CH-A6), 120.38 (CH-C4), 116.44 (Cq-5), 114.56 

(CH-C2), 114.00 (CH-7), 112.25 (CH-C6) 87.88 (Cspiro). Anal. Calcd for 

C27H17BrCl2N4O·0,85H2O: C 55.95, H 3.26, N 9.67, Found: C 55.61, H 3.13, N 9.39. 
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5-bromo-4'-(3-chlorophenyl)-2'-(4-chlorophenyl)-5'-phenyl-2',4'-dihydro 

spiro[indoline-3,3'-[1,2,4]triazol]-2-one (168y). 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (149.4 mg, 89 % yield). 

Mp: 203-205 ºC; IR (KBr, selected peaks): 3085 (NH), 1746 

(C=O), 1590 (C=N), 1491, 1475, 1385, 1199, 776, 694 cm-1; 

1H NMR (300 MHz, Acetone-d6) δ (ppm): 7.79 (d, J = 2.0 Hz, 

1H, H-4), 7.58 – 7.49 (m, 3H, H-6, H-B2,6), 7.42 – 7.31 (m, 

3H, H-B3,4,5), 7.24 – 7.17 (m, 2H, H-A4,5), 7.15 (d, J = 9.0 Hz, 

2H, H-C3,5), 6.96 (d, J = 8.2 Hz, 1H, H-7), 6.92 (d, J = 9.0 Hz, 2H, H-C2,6), 6.89 (dd, J = 

2.3, 1.2 Hz, 1H, H-A2), 6.87 – 6.80 (m, 1H, H-A6); 13C NMR (75 MHz, Acetone-d6) δ 

(ppm): 172.60 (C=O), 148.66 (C=N), 142.87 (Cq-C1), 142.27 (Cq-7a), 140.27 (Cq-A1), 

135.65 (CH-6), 134.70 (Cq-A3), 131.25 (CH-A5), 130.64 (CH-B4), 130.23 (CH-4), 129.71 

(CH-C3,5), 129.27 (CH-B3,5), 128.85 (CH-B2,6), 128.62 (Cq-3a), 128.26 (CH-A4), 128.09 

(CH-A2), 128.08 (Cq-B1) 127.02 (CH-A6), 125.23 (Cq-C4), 116.32 (Cq-5), 116.14 (CH-

C2,6), 114.02 (CH-7), 88.18 (Cspiro). Anal. Calcd for C27H17BrCl2N4O·0,15H2O: C 57.19, 

H 3.08, N 9.88, Found: C 56.86, H 3.27, N 9.70. 

 

5-bromo-2'-(2-chlorophenyl)-4',5'-bis(3-chlorophenyl)-2',4'-dihydrospiro 

[indoline-3,3'-[1,2,4]triazol]-2-one (168z). 

Synthesized according to the general procedure, this compound was obtained as a 

white solid (143.1 mg, 80 % yield). 

Mp: 239-240ºC; IR (KBr, selected peaks): 3242 (NH), 1747 

(C=O), 1589 (C=N), 1474, 1431, 1384, 1195, 1077, 764, 695 cm-

1; 1H NMR (300 MHz, Acetone-d6) δ (ppm): 9.57 (br s, 1H, NH), 

7.77 (dd, J = 8.1, 1.5 Hz, 1H, H-C6), 7.67 – 7.64 (m, 1H, H-B2), 

7.48 – 7.30 (m, 5H, H-6, H-B4,5,6, H-C5), 7.24 (d, J = 2.0 Hz, 1H, 

H-4), 7.23 – 7.14 (m, 3H, H-A4,5, H-C3), 7.11 (ddd, J = 8.0, 7.3, 

1.6 Hz, 1H, H-C4), 6.96 – 6.92 (m, 1H, H-A2), 6.91 – 6.86 (m, 1H, H-A6), 6.77 (d, J = 8.3 

Hz, 1H, H-7); 13C NMR (75 MHz, Acetone-d6) δ (ppm): 173.54 (C=O), 151.10 (C=N), 

143.44 and 143.19 (Cq-7a and Cq-C1), 140.53 (Cq-A1), 135.03 (CH-6), 134.74 (Cq-A3), 

134.67 (Cq-B3), 131.53 and 131.24 (CH-C3 and CH-A5), 131.00 and 130.65 (CH-4 and 

CH-B5), 130.49 (Cq-C2), 130.44 (CH-B4), 129.64 (Cq-B1), 128.86, 128.48, 128.11, 128.01 

and 127.93 (CH-A2,4, CH-B2, CH-C5,6), 127.48 (CH-B6 and CH-C4), 126.82 (CH-A6), 

126.67 (Cq-3a), 114.70 (Cq-5), 113.12 (CH-7), 89.69 (Cspiro). Anal. Calcd for 

C27H16BrCl3N4O: C 54.16, H 2.70, N 9.36, Found: C 54.54, H 2.80, N 9.29. 
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5-bromo-2',4',5'-tris(3-chlorophenyl)-2',4'-dihydrospiro[indoline-3,3'-[1,2,4] 

triazol]-2-one (168aa) 

Synthesized according to the general procedure, this compound was obtained as a 

yellow solid (156.3 mg, 88 % yield). 

Mp: 113-115 ºC; IR (KBr, selected peaks): 3240 (NH), 1740 

(C=O), 1589 (C=N), 1475, 1430, 1385, 1326, 1195, 768, 691 

cm-1.1H NMR (300 MHz, Acetone-d6) δ (ppm): 10.02 (br s, 

1H, NH), 7.87 (d, J = 2.0 Hz, 1H, H-4), 7.64 – 7.60 (m, 1H, 

H-B2), 7.58 (dd, J = 8.3, 2.0 Hz, 1H, H-6), 7.46 – 7.33 (m, 3H, 

H-B4,5,6), 7.27 – 7.22 (m, 2H, H-A4,5), 7.16 – 7.08 (m, 2H, H-

C2,5), 6.99 (d, J = 8.3 Hz, 1H, H-7), 6.96 (dd, J = 2.5, 1.3 Hz, 1H, H-A2), 6.92 – 6.87 (m, 

1H, H-A6), 6.81 (ddd, J = 8.0, 2.0, 0.8 Hz, 1H, H-C4), 6.68 (ddd, J = 8.4, 2.3, 0.8 Hz, 1H, 

H-C6); 13C NMR (75 MHz, Acetone-d6) δ (ppm): 172.38 (C=O), 147.63 (C=N), 144.79 

(Cq-C1), 142.08 (Cq-7a), 139.70 (Cq-A1), 135.87 (CH-6), 135.34 (Cq-C3), 134.86 (Cq-A3), 

134.68 (Cq-B3), 131.43 and 131.34 (CH-C5 and CH-A5), 131.01 (CH-B5), 130.61 and 

130.41 (CH-4 and CH-B4), 129.90 (Cq-B1), 128.60 and 128.49 (CH-B2 and CH-A4), 

128.33 (CH-A2), 128.07 (Cq-3a), 127.26 (CH-B6), 127.15 (CH-A6), 120.69 (CH-C4), 

116.50 (Cq-5), 114.65 (CH-C2), 114.00 (CH-7), 112.39 (CH-C6), 88.05 (Cspiro). Anal. 

Calcd for C27H16BrCl3N4O: C 54.16, H 2.70, N 9.36, Found: C 54.51, H 2.79, N 9.22. 

 

9.1.12. SYNTHESIS OF 5-BROMO-4'-(3-CHLOROPHENYL)-2',5'-DIPHENYL-2',4'-

DIHYDROSPIRO[INDOLINE-3,3'-PYRAZOL]-2-ONE (167F). 

Triethylamine (2.0 equiv, 0.3 mmol, 42 µL) was added dropwise to a mixture of 3-

methylene indolin-2-one 121r (1.0 equiv, 0.15 mmol, 50.0 mg), and hydrazonyl chloride 

170a (2.0 equiv, 0.3 mmol, 69.2 mg) in dry DCM (1.5 mL) under nitrogen atmosphere. 

The reaction was stirred at room temperature for 5 hours. The mixture was then washed 

with brine (2x) and the aqueous phase extracted with DCM. The combined organic extracts 

were dried over anhydrous Na2SO4 and the solvent was removed under reduce pressure. 

The residue was purified by flash chromatography on silica gel using as eluent a gradient 

of 100% n-hexane to n-hexane/EtOAc (60:40), and recrystallized from diethyl ether to 

afford compound 167f as a white solid (59.3 mg, 75%). 

Mp: 185-187 ºC; IR (KBr, selected peaks): 3215 (NH), 1726 

(C=O), 1705, 1596, 1492, 1473, 1384, 1194, 751, 689 cm-1; 1H 

NMR (400 MHz, Acetone-d6) δ (ppm): 9.92 (br s, 1H, NH), 7.81 

– 7.71 (m, 2H, H-B2,6), 7.40 – 7.26 (m, 6H, H-6, H-B3,4,5, H-A4,5), 

7.18 – 7.07 (m, 4H, H-A2,6, H-C3,5), 6.98 – 6.91 (m, 3H, H-7, H-

C2,6), 6.86 – 6.78 (m, 1H, H-C4), 6.54 (d, J = 2.0 Hz, 1H, H-4), 5.45 (s, 1H, H-4’); 13C 
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NMR (100 MHz, Acetone-d6) δ (ppm): 176.76 (C=O), 149.40 (C=N), 145.06 (Cq-C1), 

141.67 (Cq-7a), 138.24 (Cq-A1), 135.00 (Cq-A3), 133.32 (CH-6), 132.37 (Cq-B1), 131.17 

(CH-B4), 130.05 (CH-4), 129.89 and 129.84 (CH-A4 and CH-A5), 129.74 (CH-C3,5), 

129.44 (CH-B3,5), 129.04 (CH-A2), 128.65 (CH-A6), 128.40 (Cq-3a), 127.55 (CH-B2,6), 

121.80 (CH-C4), 115.90 (CH-C2,6), 114.67 (Cq-5), 112.95 (CH-7), 77.22 (Cspiro), 62.34 

(CH-4’). Anal. Calcd for C28H19BrClN3O·0.2H2O: C 63.16, H 3.68, N 7.89, Found: C 

62.76, H 4.07, N 7.99. 
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9.2. EXPERIMENTAL SECTION: BIOLOGY. 

HCT116 cells were grown in McCoy’s 5A supplemented with 10% fetal bovine 

serum (FBS) (Invitrogen, Grand Island, NY, USA), 1% GlutaMAXTM (Invitrogen) and 1% 

penicillin/streptomycin solution (Sigma-Aldrich, St Louis, MO, USA). SW620 cells were 

grown in DMEM (Invitrogen) supplemented with 10% FBS and 1% antibiotic/antimycotic 

solution (Sigma-Aldrich). HepG2 human hepatoma cells were grown in DMEM 

(Invitrogen) supplemented with 10% FBS, 1% non-essential amino acids and 1% 

antibiotic/antimycotic solution (Sigma-Aldrich). HEK293T (ATCC CRL-11268), MCF-7 

(ATCC HTB-22TM) and MDA-MB-231 (ATCC HTB-26TM) were cultivated in RPMI 1640 

culture medium supplemented with 10% fetal bovine serum, 100 units of penicillin G 

(sodium salt), 100 mg of streptomycin sulfate and 2 mM L-glutamine. Cells were 

maintained at 37 ºC in a humidified atmosphere of 5% CO2. For cell viability assays cells 

were seeded at 1 x 105 cells/mL (HCT116, HepG2, SW620) and 2x105 cells/mL (MCF-7, 

MDA-MB-231, Hek293T); for Western blot cells were seeded at 3 × 105 cells/mL 

(HCT116, HepG2, SW620) and 2x105 cells/mL (MCF-7, MDA-MB-231, and Hek293T); 

and for flow cytometry analysis cells were seeded at 3 × 105 cells/mL. HCT116 human 

colorectal carcinoma cells rendered p53-null by somatic knockout [383] were a kind gift 

from Dr. Bert Vogelstein (Johns Hopkins University, Baltimore, MD).  

 

9.2.1. In vitro anti-proliferative assay. 

The cellular growth inhibitory activity was evaluated in seven cell lines: human 

hepatocellular carcinoma cell line [HepG2 (wild-type p53)], an isogenic matched pair of 

wild type p53 and deleted human colorectal cancer cell lines [HCT116 p53(+/+) and p53(-/-

)], human colorectal adenocarcinoma cell lines [SW620 (mut p53)], human embryonic 

kidney epithelial cell line (Hek-273T), two breast cancer cell lines MCF-7 (estrogen 

receptor positive (ER+) and human epidermal growth factor receptor 2 negative (HER2-) 

and MDA-MB-231 (ER-, and HER2-).  

HepG2, HCT116, SW620 cells were incubated with vehicle or the compounds 

approximately 24 h after plating. For the assays with these cell lines, the compounds were 

dissolved in DMSO and diluted in culture medium to a range of concentrations from 0.5 to 

200 µM (at least twelve concentrations were used). The final concentration of DMSO in 

culture medium during treatment did not exceed 0.8% (v/v) and the same concentration of 

DMSO was added to the control. Each compound concentration and DMSO was tested in 

duplicate in a single experiment which was repeated at least 3 times. Cells were incubated 

at 37 ºC in humidified 5% CO2 atmosphere. Cell viability was assessed 24 h or 72 h after 

compound incubation by using the CellTiter96® AQueous Non-Radioactive Cell 

Proliferation Assay (Promega), according to the manufacturer’s protocol. The method is 

based on the reduction of MTS tetrazolium compound by viable cells to generate a colored 
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formazan product that is soluble in cell culture media. The absorbance was measured at 

490 nm using Bio-Rad microplate reader Model 680 (Bio-Rad, Hercules, CA, USA). 

Nutlin-3 or nutlin-3a was used as positive control.  

Cytotoxicity assays in Hek273T, MCF-7 and MDA-MB-231 were performed by 

Lídia M. Gonçalves (iMed.ULisboa), and were assessed using 3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), a yellow, water-soluble 

tetrazolium dye that is converted by mitochondrial dehydrogenases in viable cells to a 

water-insoluble, purple formazan [384]. For these cell lines, tested compounds were 

dissolved in DMSO, serially diluted in the culture medium and added to the cells. The final 

concentration of DMSO in culture medium during treatment did not exceed 0.5% (v/v), 

and the same concentration of DMSO was added to the control. Each compound 

concentration and DMSO were tested in triplicate in a single experiment which was 

repeated at least 3 times, Cells were incubated at 37 ºC in humidified 5% CO2 atmosphere. 

After 72 h, cell media was removed and replaced with fresh medium, the MTT dye 

solution was added to each well (5 mg/mL in 10 mM phosphate buffer solution at pH 7.4), 

and after 3 h of incubations the media was removed and intracellular formazan crystals 

were solubilized and extracted with DMSO. After 15 min at room temperature absorbance 

was measured at 570 nm in a microplate reader (FLUOstar Omega, BMG Labtech, 

Germany), and the percentage of viable cells was determined for each compound 

concentration as described previously [385]. Nutlin-3a was used as a positive control.  

The concentrations of the compounds that inhibited cell growth by 50% (IC50) were 

determined by non-linear regression using GraphPad PRISM software. 

 

9.2.2. Western blot analysis. 

Total protein extracts from HCT116 p53(+/+) cells incubated with vehicle, 

compound 119aa, 119ac, or nutlin-3 at 25 and 50 µM, and compound 165aa, 165ad, 168h, 

and nutlin-3a at 10 and 20 µM for 24 h, were prepared following standard protocols [386]. 

Protein concentrations were determined using the Bio-Rad protein assay kit, according to 

the manufacturer’s specifications. 60 µg of total protein extracts were separated on 8 and 

14% (w/v) sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis. After 

electrophoretic transfer onto nitrocellulose membranes, and blocking with a 5% (w/v) non-

fat dry milk solution, membranes were incubated overnight at 4-8 ºC with primary mouse 

caspase 3 (H-277, sc-7148, 1:100) (Santa Cruz Biotechnology, Santa Cruz, CA) and rabbit 

polyclonal antibody reactive to PARP-1/2 (H-250, sc-7150, 1:1000) (Santa Cruz 

Biotechnology, Santa Cruz, CA). Finally, a secondary goat anti-mouse or anti-rabbit IgG 

antibody conjugated with horseradish peroxidase (BioRad Laboratories, Hercules, CA, 

USA) was added for 3 h at room temperature. The membranes were processed for protein 

detection using the SuperSignal substrate (Pierce Biotechnology, Rockford, IL, USA) or 
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the Immobilon Western Chemiluminescent HRP substrate (Millipore Corporation, 

Billerica, MA, USA). β-Actin (AC-15; Sigma-Aldrich; 1:8000) was used as a loading 

control. The relative intensities of protein bands were analyzed using the QuantityOne 

Version 4.6 or ImageLab 5.1 densitometric analysis program (Bio-Rad) and normalized to 

the corresponding loading control. Western blot analyses were performed by Joana D. 

Amaral (Cellular Function and Therapeutic Targeting, iMed.ULisboa). 

 

9.2.3. Evaluation of caspase-3/7 activity  

Caspase-3 and -7 activities were measured using the Caspase-Glo 3/7 Assay 

(Promega). This assay is based on the cleavage of a pro luminescent substrate containing 

the specific DEVD sequence recognized by caspase-3 and -7 to release aminoluciferin in 

cell lysates. The subsequent luciferase cleavage of the unconjugated aminoluciferin 

generates a luminescent signal directly proportional to the amount of caspase activity 

present in the sample. Equal volumes of total protein extracts and caspase-Glo 3/7 reagent 

were incubated on a 96-well plate and mixed by orbital shaking for 30 s, as previously 

described [387, 388]. Subsequently the mixture was incubated at room temperature for 30 

min, leading to stabilization of substrate cleavage by caspases, and accumulation of 

luminescent signal. The resulting luminescence was measured using the GloMax-Multi+ 

Detection System (Promega). Caspase 3/7 activity assays were performed by Joana D. 

Amaral (Cellular Function and Therapeutic Targeting group, iMed.ULisboa). 

 

9.2.4. Bimolecular Fluorescence Complementation (BiFC) assay. 

HCT116 p53(-/-) cells were co-transfected using 1 g of each BiFC pair plasmid and 

Lipofectamine 2000 (Invitrogen). 4–6 h after transfection, the medium was replaced with 

fresh medium and derivatives 119z, nutlin-3 were added to a final concentration of 25 and 

50 µM; and derivatives 165ab, 168h, and nutlin-3a to a final concentration of 5, 10 and 20 

µM. The same concentrations of DMSO were tested as control. Cells were washed twice 

with Ca2+- and Mg2+-free phosphate buffered saline (PBS) (Invitrogen Corp.), treated with 

accutase and harvested with culture medium. Cell suspensions were centrifuged, 

supernatants discarded, and cell pellets resuspended in PBS [260]. Fluorescence was 

measured using a FACSCalibur (compound 119z and nutlin-3) and Guava® easyCyte™ 

5HT Flow Cytometer (165ab, 168h, and nutlin 3a). 
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9.3. EXPERIMENTAL SECTION: STABILITY. 

 

9.3.1. HPLC analysis. 

High-performance liquid chromatography (HPLC) measurements were carried out 

using a VWR HITACHI assembly equipped with a UV detector L-2400, a column oven L-

2300, and a pump L-2130. An injection valve equipped with 20 µL sample loop was used. 

The separation was performed on a LichroCART® RP-18 (5 µm, 250-4 mm) analytical 

column (Merck). Acetonitrile: H2O (70:30, v:v) was used as eluent system for compounds 

119aa and 119ag. Methanol:H2O with 1% HCOOH was used as eluent system for 

compound 165x (72.5:27.5), 165ae, 168h, and 168z (82.5:17.5). Elution was performed at 

a solvent flow rate of 1 mL/min. Chromatograms were monitored by UV detection at 260 

nm. All analyses were performed at 25 ºC. Acquisition and treatment of data were done 

using Ezchrom Elite software. 

 

9.3.2. Stability in pH 7.4 phosphate buffer. 

12.5 µL of a 10-3 M stock solutions of tested compounds in DMSO were added to 

2.5 mL of potassium phosphate buffer solution (pH 7.4, 0.5M) at 37ºC. At appropriate 

intervals, samples (100 µL) were removed and added to acetonitrile (200 µL), and 

analyzed by HPLC using the methodology previously described. The stability was assessed 

for a period of 72 h.  

 

9.3.3. Stability in human plasma. 

Human plasma was obtained from the pooled, heparinized blood of healthy donors, 

and was frozen and stored at -20 ºC prior to use. 12.5 µL of a 10-3 M stock solutions of 

tested compounds in DMSO were incubated at 37 °C in 2.5 mL of human plasma diluted to 

80% (v/v) with potassium phosphate buffer (pH 7.4, 0.5M). At appropriate intervals, 

aliquots (100 µL) were removed and added to acetonitrile (200 µL) to quench the reaction 

and precipitate plasma proteins. These samples were vortexed, centrifuged and the 

supernatant was analyzed by HPLC using the methodology previously described. The 

stability was assessed for a period of 72 h. 

 

9.3.4. Stability in rat microsomes. 

Male Rat Pooled Liver Microsomes (Sprague-Dawley) BD Gentest™ were used. A 

mixture of 570 µL purified water, 160 µL potassium phosphate (pH 7.4, 0.5 M), 40 µL 

NADPH Regenerating System Solution A (BD Biosciences Cat. No. 451220), 8 µL 
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NADPH Regenerating System Solution B (BD Biosciences Cat. No. 451200), and 20 µL 

of microsomes was incubated 5 minutes at 37 ºC in a water bath before addition of 8 µL of 

a 10-3 M stock solution of the tested compounds in DMSO. At appropriate intervals, 

aliquots (50 µL) were removed and added to acetonitrile (50 µL). These samples were 

mixed, centrifuged and the supernatant was analyzed by HPLC using the methodology 

previously described. The half-life was determined applying the pseudo-first-order reaction 

equation: t1/2= ln(2)/k. The viability of the rat microsomes was verified by evaluating their 

CYP2E1-catalyzed p-nitrophenol hydroxylation capacity [389]. 

 

9.4. EXPERIMENTAL SECTION: DOCKING STUDIES 

All computational calculations were performed on the scientific cluster of the 

Faculty of Pharmacy, University of Lisbon by Sara Silva (Medicinal Chemistry group, 

iMed.ULisboa). 

The binding mode of the synthesized spirooxindole derivatives was predicted by 

performing docking calculations, using GOLD 5.1.0 software [390], with the MDM2 

crystal structure (PDB 4WT2, [98]). 

The docking procedure with the selected MDM2 structure was validated through a 

series of previous exhaustive docking calculations. It was tested the ability to correctly 

predict the binding poses of a series of known MDM2 inhibitors (using inhibitors with 

different ranges of biological activity) on a variety of MDM2 crystal structures available. 

Initially, four MDM2 crystal structures (PDB 3LBL[123], 4MDN [391], 40BA [99] and 

4WT2 [98]) were retrieved from Protein Data Bank, protonated (using the function 

Protonate 3D, a temperature of 300K and defining a pH of 7.4) and prepared on MOE 

2014.09 [392]. It was only considered the MDM2 monomer, excluding additional chains 

present on the crystal structure, water molecules, ions and other molecules originated from 

the crystallographic procedure were excluded. Chemical structures of synthesized 

inhibitors were built, protonated and the energy minimized on MOE by using the 

MMFF94x forcefield with a RMS gradient of 0.1 kcal mol-1. 

In all docking calculations the defined binding site was centred on His96 residue 

(considered well suited by preliminary testing of other possible binding sites) and 

encompassing an interaction radius for ligands of 12 Å. The efficiency of the search 

algorithm was set to 100%, which attempts all optimal settings for each ligand, and the 

scoring function employed was CHEMPLP (selected following a series of preliminary 

calculations with other existing functions) on a total of 500 runs. 

All MDM2 crystal structures revealed good ability to correctly predict the binding 

poses of the tested ligands. 
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