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A Chemoselective Strategy for Late-Stage Functionalization of
Complex Small Molecules with Polypeptides and Proteins

Nat. Chem. 2019, 11, 78-85

The conjugation of small molecules to biopolymers has gained
tremendous interest over the last several decades. These
hybrid molecules can potentially harness the strengths of
the small molecules and proteins to deliver new classes of
therapeutics that were previously inaccessible with each
component independently. Antibody drug conjugates (ADCs)
for targeted cancer treatment highlight the promise of con-
jugate therapies in modern medicine.! Methods to construct
these classes of molecules typically rely on the reaction of
the nucleophilic residue within the biopolymer (i.e. cysteine
or lysine) in combination with a preinstalled electrophilic
handle (i.e. maleimide or activated ester) on the small mo-
lecule of interest. Professor Bradley Pentelute, from the
Massachusetts Institute of Technology (MIT, USA), explained
that due to the abundant nature of nucleophilic residues in
these biopolymers, the corresponding conjugates are typic-
ally heterogeneous and the site of modification is often chal-
lenging to predict. “Additionally, multistep syntheses are
often required to introduce the electrophilic handles on the
small molecules to enable the conjugation step to proceed,”
he said.

Selenocysteine (Sec, U), the 215 proteinogenic amino acid,
is a structural analogue of cysteine, but with a selenol in place
of the thiol. “Due to its inherent redox profile, Sec favors the
oxidized form rather than the corresponding selenol,” said
co-author Dr. Daniel Cohen of biopharmaceutical company
AbbVie North Chicago, USA), who continued: “Amidst our
investigation into the utilization of Sec as a bioconjugation
handle for the preparation of small-molecule-biopolymer
conjugates, we determined that the Se-S bond could behave as
a latent electrophile such that a new Se-C bond can be formed
in the presence of a copper reagent and a nucleophilic (hete-
ro)aryl boronic acid (Figure 1, A, eq. 1).2” Further exploration
by the authors into this innate electrophilicity revealed that
(hetero)aryl with electron-rich functional groups can react
directly even in the absence of copper reagent to form new
Se-C bonds. “The significance of this work is that this strate-
gy uses inborn native nucleophilicity of small molecules with
different biological function in combination with oxidized Sec
to provide conjugation to biopolymers (Figure 1, A, eq. 2),” ex-
plained Dr. Cohen, continuing: “The approach is selective in
regards to both the biopolymer and the small molecule, but

more importantly no pre-functionalization of the small mo-
lecule is necessary.”

Professor Pentelute said: “We have been able to demon-
strate this approach with numerous classes of small mole-
cules (Figure 1, B), in particular, vancomycin.” Utilizing the
native nucleophilicity of vancomycin, the authors were able
to prepare new peptide-vancomycin conjugates with excel-
lent site-selectivity, with regard to both the biopolymer and
the small molecule. Professor Pentelute also noted that, im-
portantly, the aforementioned conjugates showed improved
in vitro potency against Gram-positive and Gram-negative
pathogens than either the peptide or vancomycin alone. “Ex-
pansion of this work into the protein area was demonstrated
by conjugating vancomycin to a 6 kDa affibody protein, and
genistein to a 150 kDa immunoglobulin-G antibody, in a
two-step sequence (Figure 1, C),” said Professor Pentelute,
who concluded: “Notably, labeling these proteins using our
method did not result in diminished binding of the proteins to
their corresponding targets.”
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Scheme 1 (A) The Se-S bond behaves as a latent electrophile. (B) Small molecules conjugated to a selenocysteine peptide (indi-
cated with a red dot). (C) Vancomycin and genistein conjugates.
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