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Simple Summary: The role of pheromones in crane flies (family Tipulidae) has never
been studied before. This family contains over 15,000 species, including two recognized
as pests. Pheromones are an important tool for controlling insect behavior. Therefore, the
aim of this study was to determine whether crane flies produce pheromones, and if so, to
identify the chemical compounds involved. To achieve this, we selected a model species
with features that would make pheromone detection easier. Tipula autumnalis was chosen
because males have well-developed antennae, which are essential for detecting smells, and
females are wingless, requiring them to attract males. Using advanced techniques, we
identified nine key chemical compounds, all classified as cuticular hydrocarbons, which
triggered a response in males. In behavioral tests, three compounds—n-pentacosane, (Z)-
9-pentacosene, and (Z, E)-6,9-pentacosadiene—attracted males, suggesting that these are
components of the female sex pheromone. Some evidence also suggests that a few of these
compounds may play a role in male-male interactions. Chemical communication in T.
autumnalis is therefore quite complex.

Abstract: The pheromones of crane flies (Tipulidae), one of the largest families within the
order Diptera (over 15,000 species), are unknown. The aim of our study was to identify
the chemical compounds involved in communication in Tipula autumnalis, a representative
species of the family. Female cuticular washes were found to be attractive to males in
a bioassay. GC-EAD analysis revealed nine EAG-active compounds, which were identi-
fied as cuticular hydrocarbons (CHCs). Both males and females contained these CHCs,
though in different ratios. The strongest antennal responses in male T. autumnalis were
evoked by n-pentacosane, (Z)-9-pentacosene, and (Z, E)-6,9-pentacosadiene, which were
the predominant components in females. Each of these compounds were attractive to
males in the behavioral assay and are therefore attributed to the female sex pheromone of T.
autumnalis. (Z)-9-tricosene and (R)-3-methylheneicosane elicited both EAG and behavioral
responses in males and were abundant in washes from same-sex individuals. In addition
to the compounds involved in female-male interactions, it is evident that T. autumnalis
also employs CHCs in male-male interactions. The exact roles of some compounds remain
undetermined. Among the semiochemicals, the established stereostructure of (Z, E)-6,9-
pentacosadiene and the olfactory /behavioral effects of (R)- and (S)-3-methylheneicosane
were novel findings in insects.
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Introduction

Several approaches for the synthesis of amines have been
developed since the beginning of the 20th century, many of
which are still being used 100 years later. For example, it is
possible to convert alkyl halides into amines through a nucleo-
philic substitution reaction using ammonia or other amines."*
Due to the possibility of overalkylation of ammonia and
primary amines, this methodology is suggested for synthesiz-
ing tertiary amines or quaternary ammonium salts.® Primary
amines can be prepared by employing Gabriel's method in
which an alkyl halide reacts with phthalimide in the presence
of a strong base (e.g., potassium hydroxide), followed by hydro-
lysis or transesterification.® An alternative to using alkyl
halides is the use of acyl azides, which can undergo Curtius
rearrangement and lead to primary amines.”® Yet another
possibility is synthesizing amines from amides through, for
instance, the Hofmann rearrangement’ or a reductive
process,® for example, the reduction of nitriles and oximes,”
and nitro compounds'® to form primary amines, and many
other approaches.'" "

A particular case of reduction is known as reductive amin-
ation. This classical go-to method simply involves the reaction
of a nitrogen compound (e.g., ammonia, primary or secondary
amines) with carbonyl compounds (aldehydes or ketones) fol-
lowed by a reduction step.'”'® The reductive amination
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the Borch approach was re-examined through density functional theory calculations. The crucial involve-
ment of the acid catalyst is evident not only in the elimination of water, but also in the initial nucleophilic
step. This role increases with the electron-donating capability of the substituent positioned at the para-

approach is frequently covered in Organic Chemistry text-
books, with discussions varying in organization and
depth.”** A commonly accepted mechanism for reductive
amination generally involves two major steps.**** First, the
nucleophilic addition of the nitrogen compound to the carbo-
nyl group leads to a hemiaminal intermediate (commonly
called carbinolamine), which is converted into an iminium
ion. Looking at this step in detail, we can subdivide it into
nucleophilic attack and H,O elimination, highlighting that
although the use of acid hinders the availability of a nitrogen
nucleophile, acid catalysis is essential for the elimination step.
In fact, recent investigations on similar reactions have shown
the crucial role of organic carboxylic and sulfonic acids, even
in trace amounts or as critical proton transfer catalysts.”” **
Regarding the formation of the imine specifically, studies indi-
cate that the nucleophilic attack of the amine on the carbonyl
group involves a square transition state (TS) with concerted
proton transfer from the former to the latter*®** or, similarly,
with solvent assistance forming a hydrogen bonding
network.™>® In this case, an auxiliary protic solvent in the
nucleophilic attack reduces the energy barrier,” and under
nonpolar conditions without acid catalysis, the reaction occurs
through the auto-protolysis of the amines.”” The next step,
consisting of the selective reduction of the iminium ion
forming the amine, can be performed in one-pot or stepwise
depending on the strength of the reducing agent employed. A
common approach for this reaction is to shift the equilibrium
by removing water from the medium and, after complete con-
version of the carbonyl compound to the iminium ion, use
LiAlH, or NaBH, as a reducing agent.z" However, when conver-
sion is not complete, the carbonyl compound is also reduced
to the respective alcohol, which can make the purification
difficult and decrease the yield of the amine of interest. In
1971, Borch proposed a particular approach for reductive

Org Biomol. Chem.
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Deciphering the Absolute Configuration of Murgantiol
Isomers in the Pheromone Blend of the Rice Stink Bug,
Mormidea v-luteum (Hemiptera, Pentatomidae)

Jodo P. A. Souza,” Douglas J. Melo,” Antonioni A. C. Moliterno,” Leonardo Figueiredo,” and
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The males-produced pheromone blend of the Mormidea v-
luteum (Hemiptera, Pentatomidae) consists in two isomers of
zingiberenol (1) and three of murgantiol (2). While the absolute
configuration of the zingiberenol isomers has been described,
the configurations of the murgantiol isomers remained unex-
plored. So, our objective was to identify the absolute config-
uration of the murgantiol isomers (2a-c) in the pheromone
blend. To achieve this, we initially performed dehydration of
the natural extract followed by enantiomeric resolution and, as

Introduction

Mormidea v-luteum (Lichtenstein, 1796) is a Neotropical pest on
several commercial crops, including rice (Oryza sativa L),
damaging the plants during the seed-formation period, result-
ing in growth and productivity losses."? In a recent study by
Moliterno et al. (2021), six male-specific bisabolene-skeleton
alcohols were discovered in the species.” These compounds
were identified as two isomers of zingiberenol (1), three isomers
of murgantiol (2), and sesquipiperitol (3) (Figure 1). Bioassays
were performed in a Y-tube olfactometer using male volatile
extracts, which exhibited attractiveness to both males and
females. Interestingly, different results were obtained when
compounds 1 and 2 were tested separately in bioassays. When
(1'S)-zingiberenol ((1'S)-1) was used, both males and females
were attracted, consistent with previous observations using the
natural extract. However, when (1'S)-murgantiol ((1'S)-2) was
used, only females showed attraction. As a result, zingiberenol
(1) was classified as an aggregation pheromone, while
murgantiol (2) was identified as a sex pheromone for M. v-
Juteum.® Furthermore, sesquipiperitol (3) was proposed to be a
biosynthetic precursor for murgantiol (2), with zingiberenol (1)
as a putative intermediate."®

Bisabolene type compounds were identified in various
pentatomids. Zingiberenol (1) was identified as a sex pher-
omone in Piezodorus hybneri” (15,4S,1R)- and (1R4S,1'R)-1
isomers were found in Tibraca limbativentris®® and (1R4R,1'S)-1
isomer in Oebalus poecilus.”’ Recent studies by Moliterno et al.
(2021) identified (15,4R,1'S)-1 as the predominant male-specific

[al J. P. A. Souza, D. J. Melo, A. A. C. Moliterno, L. Figueiredo, P. H. G. Zarbin
Department of Chemistry, Federal University of Parana, 81531-990,
Curitiba-PR, Brazil
E-mail: pzarbin@ufpr.br

Chem. Biodiversity 2024, 21, 202301860 (1 of 6}

a result, the three isomers was identified as (4R,1'S)-murgantiol.
By leveraging the fixed cis and trans relationships among all
pheromone components, we established the configuration at C-
1 for isomers 2a and 2b is S, while that of 2c is R. Finally,
employing microchemical Sharples asymmetric dihydroxylation
and epoxide ring closure, we determined the absolute config-
uration of the epoxide ring. Consequently, the natural isomers
2a, 2b, and 2¢ were identified as (15,4R,1'S,4'R)-, (15,4R,1'S4'S)-,
and (1R,4R,1'S,4'S)-murgantiol, respectively.

Figure 1. Structures of the male-specific compounds produced by M. v-
luteum: zingiberenol (1), murgantiol (2) and sesquipiperitol (3).

compound in M. v-luteum, accompanied by a minor presence of
(1R,4R,1'S)-1 isomer.”! Additionally, murgantiol (2) was initially
discovered in Murgantia histrionica"®'" and subsequently in
Halyomorpha halys''*'* and M. v-luteum.” Further investigations
determined the absolute configuration of murgantiol isomers in
M. histrionica as (15,45,1'R4'S)- and (15,45,1'R4'R)-2 isomers,""!
and in H. halys as (154S,1'R4'S)- and (1R4S,1'R4'S)-2."3
However, in the study conducted by Moliterno et al. (2021), the
stereochemistry of murgantiol isomers in M. v-luteum was only
partially established. The authors attributed 2a and 2b as the
cis-(1*R4*S)-isomer, while 2c¢ was identified as the trans-
(1*R,4*R)-isomer, present in male extract in a ratio of 2:16:3.
Consequently, the present research aims to definitively deter-
mine the absolute configuration of murgantiol isomers (2a-c)
in the sex pheromone of M. v-luteum through microchemical
techniques and enantiomeric resolution.

Results and Discussion
In this study, we employed a similar approach to the one

previously used for determining the absolute configuration of
zingiberenol isomers.”® Firstly, we conducted a gas chromatog-

© 2024 Wiley-VHCA AG, Zurich, Switzerland
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Abstract

Pheromones mediate species-level communication in the search for mates, nesting, and feeding sites. Although the role
of pheromones has long been discussed by various authors, their existence was not proven until the mid-twentieth century
when the first sex pheromone was identified. From this finding, much has been speculated about whether this communication
mechanism has acted as a regulatory agent in the process of speciation, competition, and sexual selection since it acts as an
intraspecific barrier. Chrysomelidae is one of the major Phytophaga lineages, with approximately 40,000 species. Due to
this immense diversity the internal relationships remain unstable when analyzed only with morphological data, consequently
recent efforts have been directed to molecular analyses to establish clarity for the relationships and found their respective
monophyly. Therefore, our goals are twofold 1) to synthesize the current literature on Chrysomelidae sex pheromones and
2) to test whether Chrysomelidae sex pheromones and their chemical structures could be used in phylogenetic analysis for
the group. The results show that, although this is the first analysis in Chrysomelidae to use pheromones as a phylogenetic
character, much can be observed in agreement with previous analyses, thus confirming that pheromones, when known in
their entirety within lineages, can be used as characters in phylogenetic analyses, bringing elucidation to the relationships
and evolution of organisms.

Keywords Chemical Ecology - Chemotaxonomy - Chrysomeloidea - Evolution - Sex and Aggregation Pheromones -
Bayesian Inference
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ARTICLE INFO ABSTRACT

Keywords: Drosophila suzukii (Diptera: Drosophilidae) is a polyphagous pest that causes severe damage in strawberries and
Fragaria x ananassa losses during postharvest. To reduce losses the effect of cold storage on development of D. suzukii and on quality
Spotted wing Drosophila of strawberries harvested at varying maturity stages was investigated. In this work, strawberry fruits infested
:;“"“‘;“;::’:;“: storage with eggs and first instar larvae of D. suzukii were subjected (at 0.5 °C, 3 °C and 12.5 °C for 24 h, 8 h and 5 days,
Survival g respectively) or not (23 °C for 7 days) to low temperatures, simulating the usual temperatures during the dis-

tribution chain. These fruits had partially (75%) or totally the red peel. Strawberries submitted to cold storage
showed better maintenance of physicochemical characteristics (firmness, total soluble solids and titratable
acidity) and visual aspect, regardless of the maturation stage, than the fruits not submitted to cold storage. The
use of cold storage was efficient in reducing the development of eggs and larvae of D. suzukii to pupation. Since
there is difficulty in identifying and separating fruits infested by D. suzukii in a lot of apparently healthy fruits,

the use of cold storage is an alternative to market them and reduce losses during commercial sale processes.

1. Introduction

Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) is an
important pest on thin-skinned fruits, such as strawberry Fragaria x
ananassa (Duchesne ex Weston) Duchesne ex Rozier. The infestation of
fruits by D. suzukii causes significant losses that depend on the host crop
and the pest infestation levels in the field. Females have a serrated
ovipositor, which allows oviposition in fruits with intact epidermis (Cini
etal., 2012; Lee etal., 2011). The larvae open galleries during feeding on
the fruit flesh, making the fruit unmarketable (Walsh et al., 2011; Aly
et al., 2017). Losses caused by D. suzukii in strawberry production are
estimated at 20% and 30% in the United States and Brazil, respectively
(Bolda et al., 2010; Goodghue et al., 2011; Santos, 2014).

The susceptibility to D. suzukii attacks strongly depends on fruit traits
such as pulp firmness, soluble solids content, titratable acidity, pH and
skin colour (loratti et al., 2015; Bernardi et al., 2017; Souza et al., 2020;
Baena et al., 2022), which in turn depend on the fruit ripening stage
(Miszczak et al,, 1995; Hwang et al., 2019). For instance, in strawberry
cultivars, the highest number of eggs and larvae were observed in

* Corresponding author.
E-mail address: araujosemily@gmail.com (E.S. Araujo).

https://doi.org/10.1016/j.postharvbio.2022.112188

partially or completely coloured fruits, which were sweeter and less firm
than greener fruits (Lee et al., 2011; Arno et al., 2016; Baena et al,,
2022). Therefore, D. suzukii females oviposit preferentially in mature
fruits (Lee et al., 2011; Bernardi et al., 2017), when they are usually
harvested. The resulting larvae feed inside fruit, causing direct damage,
and may also be present at harvest, contaminating the product. Thus, the
maturity stage at which strawberries are harvested should be considered
to reduce the damage caused by D. suzukii and increase fruit shelf life,
since strawberries harvested late deteriorate faster (Rahman et al.,
2016).

In this context, the use of low temperatures in postharvest favours
the maintenance of fruit quality and extends fruit shelf life (Paull, 1999;
Bogataj et al., 2005; Malgarim et al., 2006; Pelletier et al., 2011; Bar-
ikloo and Ahmadi, 2018; Hong et al., 2018). Strawberry fruits are
delicate and have low durability, so they need to be marketed under low
temperature. The use of cold chain is recommended during the trans-
portation, storage, and commercial sale of strawberries. However, this
practice is poorly implemented.

In addition to the benefits of low temperature for fruits, previous

Received 6 June 2022; Received in revised form 29 September 2022; Accepted 10 November 2022
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Recent advances in the synthesis of insect
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Pheromones are usually produced by insects in sub-microgram amounts, which prevents the
elucidation of their structures by nuclear magnetic resonance (NMR). Instead, a synthetic reference
material is needed to confirm the structure of the natural compounds. In addition, the provision of
synthetic pheromones enables large-scale field trials for the development of environmentally
friendly pest management tools. Because of these potential applications in pest control, insect
pheromones are attractive targets for the development of synthetic procedures and the synthesis
of these intraspecific chemical messengers has been at the core of numerous research efforts in
the field of pheromone chemistry. The present review is a quick reference guide for the syntheses
of insect pheromones published from 2013 to mid-2022, listing the synthesized compounds and
highlighting current methodologies in organic synthesis, such as carbon-carbon coupling
reactions, organo-transition metal chemistry including ring-closing olefin metathesis, asymmetric

rsc.li/npr

1. Introduction
2. Fatty acid/polyketide-derived pheromones
2.1.  Synthesis of acyclic unbranched compounds

2.1.1. Unsaturated hydrocarbons

2.1.2. Epoxy compounds

2.1.3. Alcohols, carboxylic acids, and their esters
2.1.4. Aldehydes and ketones

2.2.  Synthesis of acyclic branched compounds

2.2.1. Methyl-branched hydrocarbons
2.2.2. Methyl-branched alcohols, acids, and their esters
2.2.3. Methyl-branched aldehydes and ketones

2.3  Cyclic compounds

2.3.1. Lactones

2.3.2. Acetals

2.3.3. Other cyclic pheromones

3. Isoprenoids

4. Nitrogenous compounds

5. Conclusions

6. Author contributions

7. Conflicts of interest

“Laboratdrio de quimicos, Depar de Quimica, Uni: de Federal do
Parand, UFPR, Caixa Postal 19020, Curitiba 81531990, PR, Brazil. E-mail:
pzarbin@ufpr.br

*Instituto de Quimica, Pontificia Universidad Catdlica de Valparaiso, Avda.
Universidad 330, Valparaiso, Chile. E-mail: jan.bergmann@pucv.cl

‘Departamento de Quimica, Universidade Federal de Santa Maria, Avda. Roraima,
1000, Santa Maria, RS, Brazil

866 | Nat. Prod Rep., 2023, 40, 866-889

epoxidations and dihydroxylations, and enzymatic reactions.

8. Acknowledgements
9. References

1. Introduction

Since the discovery of the first pheromone in 1959," the
synthesis of these intraspecific chemical messengers has been
at the core of many research efforts in the field of pheromone
chemistry. Pheromones are usually produced by insects in sub-
microgram amounts, which prevents the elucidation of their
structures by nuclear magnetic resonance (NMR) spectroscopy.
Instead, a synthetic reference material is needed to confirm the
structure of the natural compounds. Furthermore, the provision
of synthetic pheromones enables large-scale field assays for the
development of environmentally friendly pest management
tools. Due to the potential applications in pest management,
insect pheromones have become attractive targets for synthetic
process development throughout the decades, and so the field
of pheromone synthesis also reflects the advancement of
organic synthesis.* The synthesis of pheromones has been
reviewed repeatedly by the late Professor Kenji Mori, covering
the periods from 1960-1979,° 1979-1989," and 1990-2003.> Our
group discussed some highlights of insect pheromone synthesis
in the periods 2002-2004 (ref. 6) and 2005-2007,” and described
all the syntheses carried out by Brazilian research groups.® In
addition to the chronological coverage used in the above-
mentioned articles, Mori reviewed the synthesis of optically
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Abstract

In a previous study, we reported the identification and synthesis of a male-specific sex pheromone component of the
stink bug, Pellaea stictica, as the alcohol 2,4,8,13-tetramethyltetradecan-1-ol (1). To establish the correlation between the
stereochemistry of the pheromone and its bioactivity, it first was necessary to determine its absolute configuration. For
this purpose, a series of syntheses were designed to: (a) fumish a mixture of all possible stereoisomers; (b) a narrowed
down group of diastereomers, and (c) one specific enantiomer. A crucial step in the syntheses involved a coupling reac-
tion between two key intermediates: a phosphonium salt and an aldehyde, through a Wittig olefination. Nuclear magnetic
resonance data of a mixture of the synthetic pheromone diastereomers and further comparison of GC retention times
with that of the natural product by gas chromatography suggested that the methyl branches at C2 and C4 were in a syn
relationship, reducing the possibilities to only four of the eight possible stereoisomers. Employing GC analysis, chiral
derivatization reagents and synthetic (8R)-2.4-syn-1 it was possible to confirm the configuration of the methyl branch at C8
as R, reducing the number of possible stereoisomers to two. After enantioselective synthesis of (2R,4R,8R)-1, the absolute
configurations of all methyl branches of the natural compound were confirmed as R, fully identifying the male-produced
sex pheromone of P. stictica as (2R,4R,8R)-2,4,8,13-tetramethyltetradecan-1-ol.

Keywords Semiochemicals - Chemical Ecology - Pentatomidae - Gas chromatography - Chiral derivatization reagents

Introduction

The Pentatomidae comprise a large family of insects, many
of which are important pests of agricultural crops world-
wide (McPherson, 2018). In efforts to develop improved
methods of monitoring and controlling stink bugs, volatile
pheromones have been identified from a number of species,
such as the important soybean pests Nezara viridula, Eus-
chistus heros, Piezodorus guildini, and Edessa meditabunda
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(Aldrich et al. 1987, Mori and Murata 1994, Ferreira and
Zarbin 1996, Borges et al. 1999, 2007, Zarbin et al. 2012,
Szczerbowski et al. 2020).

Pellaea stictica Dallas, 1851 (Heteroptera, Pentatomi-
dae) is a neotropical stink bug found in several South Amer-
ican countries. In the United States, it is a common pest of
broadleaf privet, Ligustrum lucidum Ait. (Oleaceae) (Henry
1984). In previous work from our group, we had identified
the bug’s defensive compounds, and the gross structure of a
male-specific pheromone component, 2,4,8,13-tetramethyl-
tetradecan-1-ol (1) (Fig. 1), but the absolute configuration
of this compound had not been determined (Favaro and Zar-
bin 2012; Favaro et al. 2015).

The absolute configuration of a pheromone may be cru-
cial to its biological activity (Mor1 1989, 2007). To deter-
mine the absolute configurations of the three stereogenic
centers of the natural compound 1, an enantioselective syn-
thesis was required. However, enantioselective syntheses of
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Ripening stages and volatile compounds present in strawberry fruits are
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ARTICLE INFO ABSTRACT

Keywords: Drosophila suzukii (Diptera: Drosophilidae) is an invasive polyphagous pest that causes economic losses in berry
W X ananassa production worldwide. Its damage is caused by the ovipositor used to lay eggs into fruits, which also introduces
Albion microorganisms that hasten fruit spoilage and serve as food for larvae, leading to non-marketable fruits.
:‘;’:::ezms drosophila Strawberry cultivars more resistant to D. suzukii can help in the management of this pest. Therefore, the aim of
Linalool this study was to compare the susceptibility of Albion, Monterrey, and San Andreas, worldwide important
SanAndreas strawberry cultivars, to D. suzukii harvested at three ripening stages (epidermis with 50%, 75%, and 100% of red

surface). Moreover, fruit volatile compounds and their effect over D. suzukii female and male attraction were
identified. Free-choice and non-choice bioassays were carried out to check oviposition preference. Fruit trait
effects on oviposition preference were determined. Additionally, the volatile organic compounds active in
D. suzukii antennas, and their contribution to pest attraction were analyzed. Both, cultivar and ripening stage
affected fruit choice in the free-choice bioassay (p < 0.001). More mature fruits (sweeter and less firm) were
more oviposited. However, in the no-choice bioassay neither the cultivar nor the ripening stage affected the
oviposition choice (p = 0.998). Total amount of volatiles did not explain the oviposition choice, suggesting the
relevance of specific volatiles. (+)-Linalool affected D. suzukii females (p = 0.0053) behavior and needs further
investigation for being used as an attractant in mass-capture lures, monitoring and toxic baits, and assisting in
oviposition control.

1. Introduction

The Spotted Wing Drosophila (SWD), Drosophila suzukii (Matsumura,
1931) (Diptera: Drosophilidae), is a key-pest of thin-skinned fruits and
berries worldwide (Bolda et al., 2010; dos Santos et al., 2017; Dam et al.,
2019). Although this fly is native from Asia, nowadays, invasive pop-
ulations of D. suzukii have been reported on North America, Europe,
parts of South America and, recently, in North and sub-Saharan Africa
(Kwadha et al., 2021).

In contrast to other Drosophilidae flies, the D. suzukii females can
cause damage to healthy fruits due to its serrated ovipositor, with which
the fly pierces the skin of ripening fruits. In addition to the direct
damage through oviposition and subsequent larval feeding, damaged

fruits also get exposed to secondary infestation by other drosophilids
and opportunistic pathogens, becoming not marketable (Kwadha et al.,
2021). The SWD is a polyphagous pest and it prefers thin-skinned fruits,
such as strawberry (Fragaria x ananassa Duchesne), raspberry (Rubus
idaeus L.), cherry (Prunus avium L.), blackberry (Morus nigra L.) and
blueberry (Vaccinium spp.) (Lee et al.. 2011). Moreover, the SWD attack
has been also recorded in a wide range of non-cultivated hosts (Arno
et al., 2016).

The host susceptibility to D. suzukii attack is closely related to the
physical and chemical aspects of each host species. Fruit traits, such as
pulp firmness, soluble solids content, titratable acidity, pH and color of
epidermis are frequently related with the host selection by D. suzukii
(loriatti et al., 2015; Bernardi et al., 2017; Lee et al., 2016; Souza et al,,
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Tellurium(lV)-Containing Heterocycles
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Abstract: Inspired by the synthetic and biological potential of
organotellurium substances, a series of five- and six-mem-
bered ring organotelluranes containing a Te-O bond were
synthesized and characterized. Theoretical calculations eluci-
dated the mechanism for the oxidation-cyclization processes
involved in the formation of the heterocycles, consistent with
chlorine transfer to hydroxy telluride, followed by a cycliza-
tion step with simultaneous formation of the new Te—0O bond
and deprotonation of the OH group. Moreover, theoretical
calculations also indicated anti-diastereoisomers to be major

products for two chirality center—containing compounds.
Antileishmanial assays against Leishmania amazonensis pro-
mastigotes disclosed 1,2} -oxatellurane LQ50 (IC;,=4.1£1.0;
SI=12), 1,21"oxatellurolane LQ04 (IC;,=7.0+1.3; SI=7) and
1,21*benzoxatellurole LQ56 (IC;,=5.7+0.3; SI=6) as more
powerful and more selective compounds than the reference,
being up to four times more active. A stability study
supported by '*Te NMR analyses showed that these hetero-
cycles do not suffer structural modifications in aqueous-
organic media or at temperatures up to 65°C. )

Introduction

Tellurium is the only natural chalcogen with no apparent role in
vital biological processes. Tellurium toxicity for humans still
remains poorly understood, as its biological role is probably less
known than that of metals like osmium and ruthenium."” A few
reports do address the use of tellurium for the synthesis of
amino acids and proteins in fungi and bacteria.”’ Despite
tellurium only occurring in living organisms in exceptional
cases, synthetic tellurium-containing compounds have been
applied in biological systems® and reported as promising
antioxidant agents,” immunomodulator,”’ antimicrobial,® anti-
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inflammatory,” antitumoral® and enzymatic inhibitors.” Addi-
tionally, this element has been used for several applications in
organic and inorganic chemistry, like materials and medicinal
fields.""

As well established, tetra- and hexa-valent tellurium-con-
taining compounds (Te" and Te") are exceptions to the Lewis
octet rule,"" being classified as hypervalent compounds.'?
Such hypervalent derivatives present great potential for bio-
logical purposes."” For decades, numerous studies revealed
that the inorganic tellurane AS101 (Figure 1) is a potent
inhibitor of the cysteine proteases such as papain and cathepsin
B.™ From then on, several organic and inorganic hypervalent
tellurium compounds were reported as successful enzyme
inhibitors, including cysteine,**<"! and threonine proteases
(205 proteasome),”™ and tyrosine phosphatases (PTP1B and
YopH),*" also indicated as promising antioxidants,""
antimicrobial,**'* and antitumor agents.*®

Another important example of a biologically active tellu-
rium-containing compound is the organotellurane RT-01 (Fig-
ure 1), which presented in vivo antiprotozoal activity against
Leishmania amazonensis, leading to significant decrease of the
parasitic load compared to that of the reference drug!”
Another organotellurane, RFO7 (Figure 1), was described as a
powerful leishmanicidal agent for Leishmania chagasi amasti-
gotes with selectivity index (Sl=CC/ICy) of 10, relating the
specificity of the activity in comparison to the cytotoxicity of
the evaluated compound." This compound was previously
described as a cysteine protease cathepsin B inhibitor,” and its
antileishmanial activity has been associated with inhibition of
this enzyme in L. chagasi protozoa. It is worth mentioning that
the inorganic tellurane AS101 (Figure 1) also presented anti-
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