
Article Not peer-reviewed version

Toxic Effect of Betti Bases Designed

from Spirodiclofen Against Tetranychus

urticae (Acari: Tetranychidae)

Marcos Cua-Basulto , José Quinatzin García-Maldonado , Hugo Pilotzi-Xahuentitla * , Esau Ruíz Sánchez ,

Monserrat Concepción Esquivel-Chi , Angel Manuel Herrera-Gorocica , Mónica Ilsy Jiménez-Rojas ,

Anthonny Cordero-Díaz , Rocio E. Meneses-Lazo , María L. Orea , Emanuel Hernández-Núñez *

Posted Date: 2 July 2025

doi: 10.20944/preprints202507.0125.v1

Keywords: betti bases; spiroketo-ketoenol rings; biginelli reaction; acaricidal effectiveness, mortality

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4561991
https://sciprofiles.com/profile/804107
https://sciprofiles.com/profile/3382340
https://sciprofiles.com/profile/802808
https://sciprofiles.com/profile/4559896
https://sciprofiles.com/profile/4559883
https://sciprofiles.com/profile/4561994
https://sciprofiles.com/profile/3594654
https://sciprofiles.com/profile/4561985
https://sciprofiles.com/profile/2874173
https://sciprofiles.com/profile/238485


 

 

Article 
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Simple Summary 

A series of Betti base derivatives were synthesized using a straightforward and efficient 

methodology, serving as novel analogues of spirodiclofen. These compounds were designed as 

potential alternatives for the management of Tetranychus urticae, a species that has developed 

resistance to multiple classes of chemical acaricides. To assess the bioactivity of these new derivatives, 

the toxicological effects of five novel spirodiclofen analogues were evaluated against T. urticae under 

controlled laboratory conditions. The results revealed that these compounds induced significant 

mortality across all developmental stages, including adults, nymphs, and eggs. These findings 

indicate that the novel spirodiclofen analogues possess enhanced acaricidal activity and hold strong 

potential for further development as effective agents for the control of T. urticae. 

Abstract 

The synthesis of new Betti base derivatives as spirodiclofen analogues is proposed as a promising 

alternative for the management of Tetranychus urticae, a pest that has become increasingly 

problematic in recent years due to the development of resistance and the overuse of synthetic 

acaricides. In this study, a series of compounds analogous to both spirodiclofen and the natural 

products caulersin and caulerpine were synthesized via the Biginelli multicomponent reaction, with 

the aim of evaluating their acaricidal activity against T. urticae under laboratory conditions. A total 

of five novel Betti base analogues were synthesized, each with chemical yields exceeding 80%. All 

compounds exhibited significant acaricidal activity against T. urticae. In adults and nymphs, Betti 
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base derivatives H-108, H-110, H-115, and OGH-1 induced mortality rates ranging from 80% to 95%. 

Regarding egg mortality, H-107 and H-108 caused over 80% mortality. These findings indicate that 

certain Betti base derivatives hold potential for the effective control of T. urticae, supporting their 

possible integration into pest management strategies. 

Keywords: betti bases; spiroketo-ketoenol rings; biginelli reaction; acaricidal effectiveness; mortality 

 

1. Introduction 

The bisindole alkaloids caulersin [1] and caulerpine [2] have been identified in various marine 

organisms, including the green algae Caulerpa racemosa and Caulerpa serrulata. Chemically, these 

compounds are characterized by two indole moieties arranged in an antiparallel configuration, 

connected via seven- and eight-membered rings, respectively. These alkaloids have demonstrated a 

broad spectrum of biological activities, including antifungal [3], anticancer [4], and antiviral 

properties [5]. As a result, the development of efficient synthetic methodologies for generating 

structural analogues has attracted considerable interest. Given the structural features of caulersin and 

caulerpine, the design and synthesis of related analogues was undertaken. Betti bases obtained 

through the multicomponent Biginelli reaction were selected as a promising scaffold for this purpose. 

In this context, benzazoles were employed as imidazole isosteres [6]. The Biginelli multicomponent 

reaction offers a highly efficient and environmentally friendly synthetic route, in alignment with the 

principles of green chemistry [7]. 

The red spider mite (Tetranychus urticae) is the most significant polyphagous species within the 

Tetranychidae family, known to affect over 1,100 economically important plant species across a wide 

range of greenhouse and field crops [8,9]. This mite causes characteristic chlorotic spots on leaves by 

piercing plant tissues and extracting cellular contents [10]. Under high population densities, T. urticae 

can also invade flowers and fruits, significantly reducing stomatal resistance, photosynthetic rate, 

and transpiration, ultimately leading to decreased crop yields [11,12]. The management of 

phytophagous mites has become increasingly challenging due to the recurrent use of acaricides from 

the same toxicological class, which has led to the widespread development of resistance [13]. As a 

result, current strategies emphasize the use of acaricides with novel modes of action or improved 

efficacy within existing chemical groups [14]. Spirodiclofen, a spiroketoenolic compound, has shown 

high acaricidal activity by inhibiting acetyl-CoA carboxylase, thereby disrupting lipid biosynthesis 

[15]. In this context, the synthesis of new chemical entities with enhanced activity and unique 

mechanisms of action is a key component in the development of next-generation mite control 

strategies. Recent advances in chemical synthesis have yielded novel derivatives with improved 

acaricidal properties, and numerous laboratory and field studies have reported their effectiveness in 

reducing short-term mortality and suppressing T. urticae population densities. 

The use of novel chemical derivatives has been successfully evaluated, demonstrating promising 

biological activity for the control of T. urticae. For instance, [16] reported that newly synthesized 

phenylpiperazine derivatives exhibited significant acaricidal activity against phytophagous mites. 

Similarly, other studies have shown that novel diamine compounds and phenyl trifluoroethyl 

thioether derivatives effectively increased short-term mortality in T. cinnabarinus under laboratory 

conditions [17,18]. Field studies have further demonstrated that N-substituted piperazine derivatives 

can efficiently control phytophagous mites, with effects persisting for up to two to three weeks [19]. 

In this context, the present study focuses on the synthesis of Betti base analogues of the alkaloids 

caulersin and caulerpine via the multicomponent Biginelli reaction and the evaluation of their 

acaricidal activity against T. urticae under laboratory conditions. 
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2. Materials and Methods 

2.1. Molecular Design 

Spirodiclofen 1 has been shown to be an effective acaricide against mites. A key structural 

feature is the presence of spiroketoenolic rings, comprising a cyclohexyl group attached at the 5-

position of a furanone ring. The central scaffold of the molecule is defined by the furanone moiety, 

with an aromatic ring substituted with two chlorine atoms in a meta configuration, and a 3,3-

dimethylpentanone group at position 4. The design of spirodiclofen analogues was based on strategic 

structural modifications. The first modification targeted the substituent at position 4 of the furanone 

ring, where an azole fragment (oxazole or thiazole) was introduced to increase molecular rigidity, 

leading to the design of compound 2. Applying the principle of vinylology, compound 3 was 

proposed, incorporating benzazole systems (benzoxazoles and benzothiazoles). In parallel, 

compound 4 retained the phenyl group, but with substituents distinct from the original meta-chlorine 

configuration. Lastly, compound 5 replaced the spiroketoenol moiety with a 1-(aminomethyl) 

naphthalen-2-ol group. This study is grounded in the structural inspiration provided by the bisindole 

alkaloids caulersin and caulerpine (Figure 1). 

 

Figure 1. Design of new chemical entities (Betti bases) analogous to spirodiclofen. 

2.2. Betti Bases 

Betti bases were synthesized via a multicomponent Biginelli reaction involving 2-naphthol 1, 2-

aminobenzazole derivatives 2 and benzaldehyde derivatives 3 (Scheme 1). The 2-aminobenzazole 

derivatives included 2-aminobenzoxazole 2a, 2-amino-5-chlorobenzoxazole 2b and 2-

aminobenzothiazole 2c. The aldehydes employed in the synthesis comprised benzaldehyde 3a, 2-

trifluoromethylbenzaldehyde 3b and 4-fluorobenzaldehyde 3c. The reaction was performed under 

green chemistry conditions, using water as the solvent and ultrasound irradiation as a catalyst. 
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Scheme 1. Synthesis of Betti bases by the multicomponent Biginelli reaction. 

2.3. Establishment of a T. urticae Colony 

Tetranychus urticae individuals were originally collected from papaya (Carica papaya L.) plants 

cultivated in the municipality of Conkal, Yucatán, México. A colony was established on healthy 

eggplant (Solanum melongena L.) plants. To initiate the colony, mite-infested papaya leaves were 

clipped and placed on the apical portions of 2-month-old eggplant plants maintained in a greenhouse 

at the Technological Institute of Conkal. Three weeks after the initial infestation, a stable T. urticae 

colony containing individuals at various developmental stages was available for use in the bioassays. 

2.4. Preparation of the Tested Compounds 

For the bioassays, stock solutions of Betti base derivatives were prepared and diluted in a DMSO 

(dimethyl sulfoxide) solution at a 1:1 ratio (w/v). Subsequently, the mixture was diluted in distilled 

water to yield a 0.05% (w/v) solution. Similarly, two commercial ketoenol compounds (spirodiclofen 

and spiromesifen) were utilised at label-recommended doses as controls. 

2.5. Evaluation of Mortality of Adults and Nymphs of T. urticae 

For adult and nymph mortality assays of T. urticae, the leaf-dip method was employed [21]. 

Eggplant (S. melongena) leaf discs, 5 cm in diameter, were individually immersed for 5 seconds in 250 

mL beakers containing solutions of Betti base analogues of spirodiclofen. After immersion, the discs 

were air-dried at room temperature for 30 minutes. Each disc was then placed adaxial-side up on 

moistened cotton wool inside a Petri dish (9 cm in diameter, 1.5 cm deep). The edges of the discs were 

lined with moist cotton wool to prevent mite escape. Fifteen T. urticae adults or nymphs were 

transferred onto each disc. Mortality was recorded at 24, 48, and 72 hours post-treatment. Petri dishes 

were maintained under laboratory conditions at 24 ± 3°C with a photoperiod of 14 hours light and 10 

hours dark. Mites were considered dead if they failed to respond to gentle stimulation with a fine 

brush. Each Petri dish represented one replicate, and ten replicates were conducted for each 

compound tested. 

2.6. Evaluation of Ovicidal Activity 

For the egg mortality assay, twenty adults T. urticae females were placed on 5 cm diameter 

eggplant (S. melongena) leaf discs positioned on moistened cotton wool in Petri dishes (9 cm in 

diameter). After 24 hours, all adults were removed, leaving the eggs deposited on the leaf surface. 

Excess eggs were carefully removed to standardize the number to 20 eggs per disc. The leaf discs 

containing the eggs were gently lifted with forceps and immersed for 5 seconds in the respective Betti 

base solutions. After treatment, the discs were air-dried at room temperature for 30 minutes and 

returned to their original Petri dishes. The dishes were maintained at room temperature (24-30 °C) 
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for six days. Egg mortality was assessed at the end of this period, with non-hatched eggs considered 

dead. Each Petri dish was treated as one replicate, and ten replicates were conducted for each 

compound tested [22]. 

2.7. Statistical Analysis 

A completely randomized design was used for all experiments. Data were subjected to analysis 

of variance after checking for normality and homoscedasticity (Shapiro-Wilk test). Effects were 

considered statistically significant if P < 0.05. All analyses were performed using the Statgraphics 

statistical package.  

3. Results 

3.1. Betti Bases 

Betti bases were obtained in chemical yields exceeding 80% following purification by 

recrystallization (Figure 2). 

      

Figure 2. Synthesized Betti bases. 

3.2. Toxicity of Acaricidal Compounds in Adults and Nymphs of T. urticae 

The acaricidal activity of spirodiclofen Betti bases against T. urticae adults showed statistically 

significant differences. At 24 hours (F=209.89, gl=7, 72, p < 0.0001), Betti base H-108 exhibited the 

highest mortality rate (18.6%). At 48 hours (F=155.07, gl=7, 72, p < 0.0001), Betti bases H-108, H-115, 

and H-110 caused mortality rates ranging from 70% to 90%. By 72 hours post-treatment (F=284.18, 

gl=7, 72, p < 0.0001), H-108, H-110, H-115, and OGH-1 showed the highest efficacy, with mortality 

rates between 70% and 99% (Figure 3A).  

Similarly, significant differences were observed in the mortality of nymphs. At 24 hours 

(F=160.15, gl=7, 72, p < 0.0001), Betti base H-108 caused the highest mortality (59.3%). At 48 hours 

(F=239.00, gl=7, 72, p < 0.0001), H-108 and H-110 induced mortality rates exceeding 70%. By 72 hours 

(F=327.57, gl=7, 72, p < 0.0001) the most effective compounds were H-108, H-110, H-115, and OGH-1, 

achieving mortality rates between 80% and 95% (Figure 3B). 
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Figure 3. Mortality of Tetranychus urticae adulst (A) and Nymphs (B) following laboratory treatments. Means 

with different letters indicate statistically significant differences (Tukey, P<0.05). 

3.3. Ovicidal Activity of Acaricidal Compounds 

All spirodiclofen Betti bases exhibited ovicidal activity against T. urticae eggs, with statistically 

significant differences among treatments (F=179.68, gl=7, 72, p < 0.0001). The most effective 

compounds were H-107 and H-108, both causing egg mortality rates greater than 80%. These were 

followed by H-110 and OGH-1, which produced approximately 60% mortality. The least effective 

was H-115, with a mortality rate of 56% (Figure 4). 
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Figure 4. Egg mortality (mean ± standard error) of Tetranychus urticae 10 days after laboratory treatment. Means 

with different letters indicate statistically significant differences (Tukey, P<0.05). 

4. Discussion 

Using a simple and efficient methodology based on a Biginelli-type multicomponent reaction—

consistent with the principles of Green Chemistry—we successfully synthesized Betti base analogues 

of spirodiclofen with high chemical yields. The present study evaluated the acaricidal activity of these 

analogues against Tetranychus urticae adults, nymphs, and eggs. In adult assays, compounds H-108, 

H-110, H-115, and OGH-1 exhibited the highest mortality rates, ranging from 70% to 99% at 48- and 

72-hours post-application. Similar patterns were observed for nymphs, with the same compounds 

producing 80% to 95% mortality at 72 hours. In ovicidal evaluations, all compounds demonstrated 

significant effects, with H-107 and H-108 achieving mortality rates exceeding 80%. The short-term 

efficacy of acaricidal compounds is a critical factor in the management of phytophagous mites. In this 

context, the Betti base analogues derived from spirodiclofen represent promising alternatives for mite 

control, demonstrating high activity within the first 72 hours of application. Recent studies support 

this finding, highlighting those structural modifications of spirodiclofen derivatives can enhance 

acaricidal activity and provide rapid control of phytophagous mite populations [23,24]. 

One of the key attributes of the newly synthesized acaricidal derivatives is their rapid mode of 

action. In the bioassays conducted on adults and nymphs of T. urticae, spirodiclofen-derived Betti 

bases H-108, H-110, H-115, and OGH-1 induced mortality rates exceeding 80% within 72 hours post-

exposure. While the current literature on novel spirodiclofen derivatives remains limited, recent 

studies have reported that such compounds can achieve approximately 60% mortality in T. 

cinnabarinus adults [25]. Additionally, pyridine-spiro derivatives structurally based on spirodiclofen 

have shown promising acaricidal activity, with mortality rates above 90% in T. urticae after 72 hours 

of exposure [26]. Our findings underscore the effectiveness of the new Betti base derivatives against 

T. urticae, which may be attributed to favorable structure-activity relationships and enhanced 

structural optimization. These characteristics are of particular importance in the context of designing 

next-generation acaricides to address the growing demand in agricultural pest management. 

5. Conclusions 

The Betti bases were successfully synthesized using a green chemistry approach via the Biginelli 

multicomponent reaction, yielding high chemical efficiency. Among these, H-108, H-110, H-115, and 

OGH-1 demonstrated strong acaricidal effects on adults and nymphs, while H-107 and H-108 were 
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the most effective in ovicidal assays. The observed activity across multiple developmental stages 

suggests that these compounds may serve as promising candidates for integrated pest management 

strategies. Future research should focus on the further evaluation of these and other Betti base 

derivatives, including field trials and mechanistic studies, to fully assess their potential as 

environmentally friendly acaricides for the control of phytophagous mites. 
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