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The proposed method is simple, mild, fast, and produces high yields, with the
potential to inspire the development of new drugs and agrochemicals. Credit:
Hayato Ishikawa from Chiba University
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The development of drugs through chemical modifications of naturally
occurring indole alkaloids has emerged as an attractive research area.
However, due to their reactivity, the selective functionalization at the C5
position of the indole ring has been difficult.

Researchers have recently developed a new one-step method for
C5-selective bromination of indole alkaloids. It is simple, fast, mild, and
can accommodate various functional groups. This innovative method can
lead to the development of new drugs and agrochemicals.

Indolo[2,3-a]quinolizidine is a common structural motif in various
natural products. Its molecular structure contains the indole ring, a
functional group in tryptophan. Tryptophan, an essential amino acid, is
required for the production and maintenance of our body's proteins,
muscles, enzymes, and neurotransmitters. Many natural products are
derived from it.

More than 3,000 monoterpene indole alkaloids (MTIAs), which are
natural products consisting of indole rings, have been found in plants,
and some of them have been used as medicines. For example, vinblastine
has been used as an anticancer drug, and reserpine is used to treat high
blood pressure.

The indole ring itself consists of a six-membered benzene ring fused
with a five-membered nitrogen-containing pyrrole ring.
Functionalization at the C5 position of the indole core of MTIAs is a
common occurrence in biosynthesis and such MTIAs demonstrate
attractive biological activities, including medicinal activity.

Hence, the development of drugs through chemical modifications of the
naturally occurring MTIAs as templates has attracted significant
attention. Consequently, the exploration of chemical modification
methods for the indole ring has become an important research area.
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However, the indole ring is highly reactive, and hence, selective
chemical modifications at its C5 reaction site have been difficult.

Addressing this challenge, a team of researchers from the Graduate
School of Pharmaceutical Sciences at Chiba University, including Go
Yoshimura (first author), Jukiya Sakamoto, and Mariko Kitajima, led by
Professor Hayato Ishikawa, developed a novel one-step process for
indole C5-selective bromination of MTIAs.

Prof. Ishikawa explains, "Bromine is an extremely important functional
group due to its versatility. It serves as a substrate for key reactions and
for facilitating further functionalization. We have successfully achieved
selective bromination at the indole C5 position, which has been a
notoriously challenging feat."

Their study was published in Chemistry–A European Journal on April 7,
2024.

The researchers previously achieved selective C5-bromination of an
indole alkaloid. However, it required a four-step process and was not
suitable for other multi-functionalized substrates.

In this study, the team developed a simpler one-step process. They used
indolo[2,3-a]quinolizidine as a model substrate and treated it with equal
amounts of pyridinium tribromide and hydrochloric acid with methanol
as the solvent at 0°C.

The resulting reaction was surprisingly fast, requiring only 10 minutes,
yielding the desired C5-brominated derivative. The researchers further
found that an in-situ generated C3-, C5-brominated indolenine
intermediate served as the brominating agent. They separately
synthesized this intermediate and experimentally verified its role.
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The proposed innovative method is simple, operates under mild reaction
conditions, accommodates various functional groups, and produces high
yields. Furthermore, this method does not require any special protection
or directing groups.

The researchers demonstrated this method's versatility by preparing
various brominated indole alkaloids, including a brominated product
prepared from naturally occurring yohimbine.

Prof. Ishikawa says, "The chemical modification method proposed in
this study will be beneficial for the development of new drugs and
agrochemicals. It will also pave the way for the development of
additional indole chemical reactions as scientists further explore the
newfound reactivity of indoles."

The team hopes that the development of new medicines and pesticides
using their method will contribute to a healthier society.

  More information: Go Yoshimura et al, Indole C5‐Selective
Bromination of Indolo[2,3‐a]quinolizidine Alkaloids via In
Situ‐Generated Indoline Intermediate, Chemistry – A European Journal
(2024). DOI: 10.1002/chem.202401153
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