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Chemodivergent Manganese-Catalyzed C-H Activation: Modular

Synthesis of Fluorogenic Probes

Nat. Commun. 2021, 12, 3389; DOI: 10.1038/s41467-021-23462-9

In the past few years, environmentally sensitive fluorophores
have been developed to image cell-specific events associated
to — among others - infection, inflammation and cancer in
vivo. However, the vast majority of these strategies rely on
elements of substrate pre-functionalization. As a consequence,
there is increasing interest in developing new approaches for
late-stage fluorogenic labeling of biomolecules with the aim of
assembling molecular probes enabling for real-time imaging.
In this context, the chemo- and positional-selective modifi-
cation of biologically relevant compounds is particularly im-
portant for the late-stage diversification of biomolecules en-
dowed with new spectral and biological capabilities.
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The groups of Professor Lutz Ackermann from the Georg-
August-Universitdt Gottingen (Germany) and Professor Marc
Vendrell from The University of Edinburgh (UK) engaged in
a successful collaboration aimed at advancing the state-of-
the-art in the area of fluorogenic probes suitable for real-time
in vivo imaging, which resulted in the publication of the title
paper in Nature Communications. Professor Ackermann said:
“During the last decade, C-H activation has surfaced as an in-
creasingly viable tool for molecular syntheses, with enabling
applications to total syntheses, material sciences, medicinal
chemistry, and - very recently — chemical biology. In this
regard, major efforts have been devoted to establishing C-H
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functionalization of peptides with precious transition metals,
such as palladium, while Earth-abundant 3d transition-metal
catalysis continues to be scarce. Apart from being relatively
inexpensive, 3d transition metals are generally less toxic and,
more importantly, offer complementary reaction manifolds.
Manganese complexes typically demonstrate low toxicity, thus
their utilization in C-H functionalization of biomolecules is
highly desirable. Moreover,” continued Professor Ackermann,
“manganese(l)-catalyzed C-H activation represents a mild,
robust platform for transformative C-H activation mani-
folds. Thus, our strategy for a divergent assembly point for
the preparation of fluorescent peptides with tunable optical
properties identified internal bromoalkynes and terminal
alkynes as viable substrates (Scheme 1A). We envisioned that
we thereby could gain access to fluorescent imaging probes, in
which the phenyl-BODIPY fluorescent core would be stitched
to the indole moiety of a tryptophan amino acid via a linear
alkynyl or a bent alkenyl spacer, while at the same time ex-
tending the conjugate m-system to fine-tune the fluorogenic
behavior.” The authors further wondered whether the nature
of the linkage would not only alter the fluorescent properties
of the peptide, but could also render fluorescent molecular
rotors due to different rotation barriers. “Thus, within an
insertion/B-elimination sequence, the desired BODIPY-labeled
amino acids with a linear linkage were obtained,” added Pro-
fessor Ackermann. “In sharp contrast, 1-AdCO,H as additive
enabled a divergent pathway via an insertion/protodemetal-
ation manifold when terminal BODIPY-alkynes were used,
thus providing the bent spacer. The mildness of our approach
was reflected by an outstanding functional group tolerance
for the late-stage C-H labeling of complex peptides (Scheme
1B).”

Professor Vendrell explained that the fluidity of cell mem-
branes is an essential microenvironmental parameter for the
proper function of a plethora of biological processes. “Thus,
the study of changes and dysregulations on the composition of
the plasma membrane is key from a biomedical perspective,
from the fundamental study of disease mechanisms, such as
cancer or Alzheimer’s disease, to the translation of new thera-
peutics,” said Professor Vendrell, who added: “Recent studies
have established a direct correlation between the composition
of the plasma membrane of T cells, which are key mediators
of the adaptative immune system against infections and can-
cer, and their cytotoxic activity. These discoveries immedi-
ately caught our attention due to their potential use for the
development of new fluorogenic turn-on probes as reporters
of CD8+ T cells. Here, we used a rational design of different
BODIPY molecular rotors to discover highly sensitive fatty
acid-conjugated viscosity probes, which emit bright fluores-
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cence when in contact with the membranes of T cells. This
smart probe allowed us to image, in real-time, changes in the
activation state of live human CD8+ T cells under physiological
conditions.”

The new fluidity-sensitive probe was used to establish a
rapid fluorescence-based platform for the identification of
small molecule modulators of CD8+ T cells (Scheme 1C). “In-
terestingly, among all drugs tested, cells treated with the Acyl-
CoA:cholesterol acyltransferase inhibitor avasimibe exhibited
the highest fluorescence emission,” explained Professor
Vendrell, adding: “Confocal microscopy experiments showed
bright staining of the membranes in avasimibe-treated cells
when compared to untreated cells.” The team also confirmed
the functional state of labeled CD8+ T cells by measuring the
expression of receptor markers that are directly associated
to immune activity. “This simple and cost-effective chemical
platform to study immune responses could help in accelera-
ting the design of more efficient immunotherapy treatments
that invigorate the activity of CD8+ T cells in different diseases,
including cancer,” said Professor Vendrell.

“This project clearly demonstrates the strength of the
combination of chemical, biological and medical studies,
which allow the direct observation of cell-specific events.
Furthermore, the successful collaboration between groups
from different disciplines ensures that our discoveries not
only have an immediate impact in the field on synthetic chem-
istry, but also in the area of biomedical sciences to tackle real-
life problems,” Professor Ackermann concluded.
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