CLICK
CHEMISTRY

Click Chemistry

A VALUABLE TOOL FOR PEPTIDE
AND PROTEIN MODIFICATION
Bachem highlights the importance of “click reactions”
in peptide chemistry as a simple and versatile concept
for peptide synthesis and chemoselective modification.
The broad spectrum of applications of the reaction
includes ligation, cyclization, bio-conjugation, and
radiolabeling of peptides.
“Click Chemistry” is a term introduced by
K.B. Sharpless, H.C. Kolb, and V. V. Fokin
from the Scripps Research Institute at
La Jolla to describe chemistry tailored to
generate substances quickly and reliably by
joining small units together similar to the
modular strategy adopted by Nature. The
term “click chemistry” applies to reactions
that are highly efficient, wide in scope, and
stereospecific. Product isolation is easy,
the reactions are simple to perform using
inexpensive reagents and can be conducted
in benign solvents such as water.
The Huisgen 1,3-dipolar cycloaddition is
probably the most extensively studied click

PRINCIPLE OF
CLICK
CHEMISTRY
A click reaction must be modular, wide in
scope, high yielding, create only inoffensive by-products (that can be removed
without chromatography), be stereospecific, simple to perform and require
benign or easily removable solvents.
Prof. K. Barry Sharpless
(Nobel laureate in 2001)
Angew. Chem. Int. Ed. 40, 2004 (2001)
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reaction. A variant of this reaction, the copper-catalyzed azide-alkyne cycloaddition
(CuAAC) independently developed by the
groups of Sharpless at Scripps and Morten
Meldal at Carlsberg Laboratory in Denmark
fits the “click chemistry” concept well and
is one of the most popular prototype click
reactions to date.
Chemistry of CuAAC
The popularity of the CuAAC is largely a result of the unique properties of both azides
and the resulting triazoles. CuAAC involves
the formation of a 1,2,3-triazole ring which
is a rigid five-membered heterocycle. Such
triazoles are isosteres of the peptide bond,
mimicking the planarity of the amide moiety, but less prone to hydrolytic cleavage
(Figure 1).
Most click reactions involve carbon-hetero
atom bonding processes and have a high
energy content which make the additions
irreversible. Furthermore, azide moieties
are easy to introduce, stable to water and
oxidative conditions, orthogonal to many
commonly used functional groups and
vigorously reactive with others. For applications in vitro and in vivo, azides are virtually
absent from any naturally occurring species
(bio-orthogonal). The combination of the
robustness of the triazole bond, the resemblance to an amide bond, and the potential
biological properties it could endow make
the triazole linkage not merely a benign,
easily synthesized linker, but an integral
part of the success of click chemistry.

Click Chemistry Involving Peptides
Click chemistry provides a number of
avenues for peptide/protein modifications and could be combined with other
techniques to make complex structures
and multi-component functionalized
systems with ease. The chemistry could be
performed in different ways. For example,
peptides can be converted post-synthetically to an azido derivative which can be
clicked with appropriate substrate containing a clickable alkynyl group or vice versa.
Peptides can also be made by inter- and
intramolecular click reactions using azide
or alkyne containing amino acids or building
blocks during peptide synthesis. Building
blocks containing clickable moieties will
be instrumental for constructing sidechain modified peptides, interside-chain
peptide chimera, peptide small molecule
conjugates, and cyclic peptides. Solid phase
resins modified with clickable groups can
also be used for making clickable/modified
peptides. Click chemistry is compatible with
various protected amino acid side chains
used in peptide synthesis.
A number of reagents and building blocks
can be used for click chemistry. These
include ω-azido-α-amino acids, PEG
and spacer azides and alkynes, azide- or
alkyne-modified fluorescent dyes and
quenchers, nucleosides and nucleotides,
alkyne or azide-containing chemical modification reagents, diazo transfer reagents,
and propargyl derivatives of amino acids
(e.g.O-propargylserine, glutamic acid bispropargyl amide).
The most important applications of click
chemistry in peptide science include chemical ligation, cyclization and bio-conjugation
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(Figure 2). Other typical applications are
conjugation of isotope labels for imaging,
synthesis of peptidomimetics based on
the triazole backbone, conformational and
backbone modifications.
Chemical Ligation and Peptide
Modification
Linking two or more peptide fragments
together to make a larger peptide chain is
called ligation. Click chemistry can be conveniently utilized to make peptide–peptide
linkages. A peptide fragment functionalized
with an alkyne group could be ligated to another peptide with an N-terminal azide moiety resulting in a triazole linker (similar to
an amide bond as explained earlier) holding
two peptide units together. Similarly multimeric peptides can be obtained by incorporating orthogonal side chain protecting
groups such as ivDde or Aloc (for modifying
the side chain of Lys) followed by selective deprotection, attachment of an alkyne
function and clicking with N-terminal azide
peptides. Numerous examples of peptide
ligation have been published such as
• synthesis of a clickable RGD peptide (obtained by reacting Lys side chain with azido
acetic acid) that can be linked to another
peptide fragment
• synthesis of a cell-permeable peptide
therapeutic by clicking the alkynyl-modified
peptide drug (using inexpensive propargylamine or 1-(2-nitrophenyl)propargyl
alcohol) with nona-arginine modified with
an azide group
• synthesis of neurotensin (8-13)-containing heterodimers by clicking alkyne-neurotensin (obtained by reacting with succinimidyl-hex-5-ynoate, the NHS ester of
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Figure1: Clicking of an alkyne-functionalized peptide with an azide-modified substrate in the presence of Cu(I) to
form a triazole-linked conjugate.
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Figure 2: Utilization
of click chemistry for
ligation, cyclization
and conjugation of
peptides.
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Bachem product Q-2740) with the azide of a
Plk1-PBR binding phosphorylated hexapeptide (made by reacting with succinimidyl4-azidovalerate, the NHS ester of Bachem
product Q-2725). The resulting triazolecontaining oligopeptides were found to
self-dimerize in a head-to-tail fashion as
the native peptides.
Modification of peptides by PEGylation
has been achieved by click chemistry. For
example, a lipopeptide was assembled by
solid-phase synthesis followed by an onresin PEGylation reaction (using azido-PEG)
and cleavage of the PEGylated peptide from
the resin. There is a tremendous potential
for click chemistry for various chemical
modifications of peptides and proteins (e.g.
attaching ligands, liphophilic or hydrophilic
groups or linkers etc.).
1. Peptide Cyclization:
A variety of macrocyclization methods are
available to increase the clinical efficacy
and bioavailability of peptides. The click
reaction has been exploited in a number of
different cyclization reactions such as the
on-resin cyclization of a disulfide-containing peptide before or after removal of the
side-chain protecting groups; the preparation of novel heterodetic cyclopeptides containing a triazole bridge by an intramolecular side chain-to-side chain click reaction;
Cu(I)- and Ru(II)-mediated click cyclizations
of tripeptides for generating vancomycininspired mimics; on-resin cyclization of
peptide ligands of the vascular endothelial
growth factor (VEGF) receptor-1 etc.
In many cases, formation of considerable
amounts of macrocyclic heterodimers was
4

N

N

N

N

N

N

N

N

observed during click-mediated macrocyclization reactions, opening up the prospects
of synthesizing complex peptide structures,
which are otherwise difficult to obtain. A
novel stapling methodology for 3(10)-helical peptides using CuAAC click reaction
in a model aminoisobutyric acid (Aib)-rich
peptide resulted in a more ideal 3(10)-helix
than its acyclic precursor.
2. Bioconjugation:
Bioconjugation is the process by which
synthetic molecules are attached to biological targets, or by which biomolecules are
linked together. The impact of click chemistry on bioconjugation has been extensive
in recent years. Arginine-rich TAT peptides
modified with a clickable azido group can
be conjugated to oligonucleotides, cytotoxic
drugs, kinase inhibitors etc. to facilitate cell
penetration for therapeutic purposes. The
application of the CuAAC reaction provides
a powerful chemical method to access mimetics of glycopeptides and glycoproteins
(neoglycopeptides and neoglycoproteins)
of well-defined homogeneous structure.
Complex cyclopeptide-centered multivalent
glycoclusters has been synthesized using
the Cu-catalyzed click reaction. Selfassembling peptide fibers can incorporate
multiple clickable peptides non-covalently,
stoichiometrically and without disrupting their structure or stability. They can be
conjugated to biotin followed by streptavidin-nanogold particles, or rhodamine, and
visualized by electron and light microscopy.
This approach allows the development of
multi-component functionalized systems.
The click reaction allows conjugating fluo-

rescent molecules to peptides and proteins
under mild conditions, a most important application in the emerging field of cell biology
and functional proteomics.
3. Peptidomimetics Design, Synthesis and
Drug Discovery:
Due to its relative planarity and large dipole
moment, the 1, 2, 3-triazole function formed
by click reaction bears a physicochemical resemblance to an amide bond. Consequently, the triazole linkage has found
particularly broad use in the field of peptidomimetics. The triazole unit is resistant
to enzymatic degradation, hydrolysis, and
oxidation, making it an attractive moiety to
replace more labile linkers in biologically
active compounds. The click reaction has
been utilized as a conjugation strategy in
the design and synthesis of complex biomimetic architectures in which the triazole
linkage replaces, and in some cases acts
as a surrogate for peptide and phosphodiester bonds. Replacing a peptide bond
with a triazole unit could result in interesting structures with unique conformational
characteristics. Triazole units formed by the
click reaction can act as helical component,
a β-turn unit and a cis/trans-prolyl ratio
modifier. Triazole units can also act as an
effective replacement for a peptide portion
in HIV-1 protease inhibitors. Modified peptides in which a triazole ring is introduced
in the peptide backbone or attached to the
side chain of a residue are good candidates
to design new antimicrobial agents.

Cu-free Click Reactions
Additionally, the cytotoxicity of copper remains a concern and a limiting factor for the
widespread in vivo application of the CuAAC
reaction.
Meanwhile, Cu-free alternatives have been
developed. Copper-free click chemistry is
based on the reaction of strained cyclooctynes (such as BCN, DBCO) or cyclooctynes
activated by electron-withdraing substituents (MOFO, DIFO) with azides in the
absence of Cu catalyst at low temperature.
The SPAAC (strain-promoted alkyne-azide
click chemistry) reaction developed by
Carolyn Bertozzi’s group can be applied for
in vivo chemoselective ligation to biomolecules in the same manner as the Staudinger
ligation (reaction between a phosphine and
an azide with release of nitrogen), but with
the advantage of a much more rapid reaction. Recent applications of Cu-free click
chemistry to peptides include the synthesis
of a DOTA-peptide conjugate prepared by
the attachment of DOTA to MOFO followed
by conjugation to an azide-modified α-MSH
peptide. The resulting conjugate can form
chelates with radionuclides for imaging applications such as tumor targeting.
As the cyclooctynes vary considerably in
reactivity, multiple SPAAC is feasible.

4. Radiolabeling and Imaging:
The CuAAC is an ideal ligation reaction for
radiolabeling sensitive biomolecules.
Alkyne or azide derivatives of radioisotopecontaining compounds could be used for
labeling biomolecules such as folic acid,
peptides, proteins, and glycopeptides.
For example, an 11C isotope label was
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2-[(6,6-difluoro-4-
cyclooctyn-1-yl)oxy]
acetic acid
MOFO
2-(4-carboxybenzyl)2-fluorocyclooctyne

introduced via converting [11C]-CH3I into
[11C]-CH3N3 by nucleophilic substitution
and subsequently reacting the azide with
an alkyne-modified peptide. 18F labeling
for PET imaging was achieved by clicking
azidomethyl-4-[18F]-fluorobenzene to a
modified peptide.
An important limitation of CuAAC should
not be left unmentioned: Chelators as DOTA
will form a complex with the catalyst, so
conjugates with such compounds are more
difficult to obtain.
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Figure 3: Copper-free click reaction using cyclooctyne-based substrates.
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ω-ALKYNES
AND
ω-AZIDES
The azido group reacts with acetylenes in the presence of Cu/CuSO4 yielding
1,2,3-triazoles. This highly selective reaction can be applied for the conjugation of peptides with various molecules and for the cyclization of peptides
containing an azido and an alkynyl moiety. The azido moiety may also be
considered as a protected amino group which is deblocked under reductive
conditions. Aromatic azido compounds such as p-azidophenylalanine are
building blocks for synthesizing photocrosslinkable peptides.
Free ω-azido and ω-alkynyl-α-amino acids as the methionine isostere L-γazidohomoalanine can be incorporated into proteins by recombinant methods. They allow convenient and regioselective tagging of the large molecules
by click chemistry.
Our custom synthesis service is at your disposal should you require clickable
peptides or peptides modified by click chemistry. Please ask for a quote.
If your requirements advance from research scale to process development
and cGMP manufacturing, we are ready to support you with our framework of
cGMP production facilities and dedicated regulatory affairs staff.
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ω-AZIDO-αAMINO ACIDS

H-γ-azido-Abu-OH
(H-Dab(N₂)-OH, L-γ-azidohomoalanine,
H-γ-Aha-OH )
F-4365
Fmoc-γ-azido-Abu-OH
(Fmoc-Dab(N2)-OH,
Fmoc-L-γ-azidohomoalanine)
B-4145
Fmoc-δ-azido-Nva-OH
(Fmoc-Orn(N2)-OH)
B-4140

Fmoc-ε-azido-Nle-OH
(Fmoc-Lys(N2)-OH)
B-4135
Boc-δ-azido-Nva-OH · DCHA
(Boc-Orn(N2)-OH · DCHA)
A-4770
Boc-ε-azido-Nle-OH · DCHA
(Boc-Lys(N2)-OH · DCHA)
A-4765

ω-AZIDO
ACIDS

6-Azido-hexanoic acid
(ε-Azidocaproic acid)
Q-2740

p-AZIDOPHENYLALANINE

H-4-Azido-Phe-OH
F-3075

Boc-p-azido-Phe-OH
A-3570

Fmoc-p-azido-Phe-OH
B-2360

Boc-p-azido-D-Phe-OH
A-4200

5-Azido-pentanoic acid
(δ-Azidovaleric acid)
Q-2725

4-(4-Azidophenyl)butyric acid
Q-2005
3-(4-Azidophenyl)propionic acid
Q-1995
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ω-ALKYNYLα-AMINO
ACIDS

Ac-DL-Pra-OEt
(Acetyl-propargylglycine ethyl ester )
F-1080
Fmoc-Pra-OH
(Fmoc-L-propargylglycine)
B-4000
Fmoc-Pra-Wang resin
B-2820
Fmoc-D-Pra-OH
(Fmoc-D-propargylglycine)
B-4150
Boc-Pra-OH
(Boc-L-propargylglycine)
A-4735
H-Pra-OH
(L-Propargylglycine, H-Propargyl-Gly-OH,
(S)-2-Amino-4-pentynoic acid)
F-2040
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H-D-Pra-OH
(D-Propargylglycine,
H-Propargyl-D-Gly-OH,
(R)-2-Amino-4-pentynoic acid)
F-2900
H-DL-Pra-OH
(Propargylglycine,
H-Propargyl-DL-Gly-OH,
(RS)-2-Amino-4-pentynoic acid)
F-2890
H-Pra-OMe · HCl
(H-Propargyl-Gly-OMe · HCl,
(S)-2-Amino-4-pentynoic acid-methyl
ester · HCl )
F-2075

CLICK CHEMISTRY
1,3-DIPOLAR CYCLOADDITION

Cu(I)

COPPER-FREE CLICK CHEMISTRY
SPAAC

STRAINED ALKYNES

CLICK
CYCLIZATION
Chemoselective modifications
of peptides.
The Cu(I)-catalyzed reaction is
a convenient approach for synthesizing cyclic peptides. The
cyclized RGD-peptide shown
above can be modified or conjugated at the thiol moiety.
Intramolecular clicking of an
N-terminal ω-azidoalkanoyl
peptide N-propargylamide
yields a triazole mimetic of an
N-to-C-cyclized peptide.
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