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1. Introduction

Current advances in our understanding of molecular biol-
ogy, microelectronics, and sensorics have fueled increasing
needs for materials with more sharply defined structures;[1]

however, the preparation of such materials imposes major
synthetic challenges. In fact, many of the currently used pro-
cesses to synthesize materials allow only crude control over
the structure of the material. As a consequence, man-made
materials often do not match the superb properties of natural
materials such as proteins, DNA, or sugars. To address this
gap between the sophisticated functionality that is required
for future advances in bio- and nanotechnology and the lim-
ited chemical control offered by many of the synthetic materi-
als processes that are currently available, we are now witnes-
sing an increasing infusion of synthetic organic chemistry

concepts into materials science.[1] This trend appears to be
motivated by the prospect of molecular-level control during
the preparation of nanostructured materials. In spite of the
evident differences between small molecules and macromole-
cules, attempts to extend synthetic concepts from organic
chemistry into the nanometer- and mesoscale dimensions
have been increasingly fruitful. For a synthetic organic con-
cept to be applicable to the preparation of macromolecules,
the reactions must i) result in a stable linkage, ii) exhibit mini-
mal cross-reactivity with other functional groups, iii) react to
completion, iv) be free of appreciable amounts of side prod-
ucts, and v) proceed under benign reaction conditions.

Sharpless and others have recently developed a framework
of reactions that is often referred to as “click chemistry”.[2]

This synthetic framework, which fulfills all of the above-men-
tioned criteria, may have great potential for use in the synthe-
sis of materials. As such, click reactions are driven by a high
thermodynamic force (> 20 kcal mol–1), which gives rise to
highly modular and stereospecific reactions with high yields.
In that sense, click chemistry is not limited to a specific type
of reaction (e.g., Friedel–Crafts acylation or Baeyer–Villiger
oxidation) but rather defines a synthetic concept or frame-
work that comprises a range of reactions, with different reac-
tion mechanisms, but common reaction trajectories. In fact,
Sharpless defined click chemistry early on as the generation
of complex substances by bringing together smaller units via
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The increasing need for materials with tightly controlled structures will
continue to fuel the induction of synthetic organic concepts into materi-
als science. One powerful example is the embracement of “click chemistry” by the materials
science community. Because of their high selectivity, near-perfect reliability, high yields, and
exceptional tolerance towards a wide range of functional groups and reaction conditions click
reactions have recently attracted increased attention, specifically for use in polymer synthesis as
well as for the modification of surfaces and nanometer- and mesoscale structures. As outlined
in this Review article, click chemistry, such as the CuI-catalyzed Huisgen 1,3-dipolar cyclo-
addition and the Diels–Alder reaction, presents a synthetic concept that lends itself superbly to
the controlled preparation of multifunctional materials.



heteroatoms.[2] While a range of chemical reactions can in
principle fulfill these criteria, successful examples often origi-
nate from five broad classes of reactions that appear to fit the
framework of click chemistry exceptionally well:[2]

1. Cycloaddition of unsaturated species: 1,3-dipolar cycload-
dition.

2. Cycloaddition of unsaturated species: [4+2]-cycloaddition
(Diels–Alder).

3. Nucleophilic substitution/ring-opening reactions.
4. Carbonyl reactions of the non-aldol type.
5. Addition to carbon–carbon multiple bonds.
In this Review, we will restrict ourselves to the first two

types of reactions only, that is, the role of cycloadditions of
unsaturated species in materials science (Scheme 1). We will
discuss recent advances with respect to both 1,3-heterocy-
cloadditions as well as [4+2]-cycloadditions. Similarities be-

tween the two reactions regarding synthetic versatility, benign
reaction conditions, high yields, and functional group toler-
ance will be highlighted from the perspective of a materials
scientist.

2. Results

2.1. Role of Click Chemistry in Preparing Nanomaterials

Only a few years after the formal introduction of the con-
cept of click chemistry, its importance to materials science,
and more specifically polymer synthesis, was demonstrated
experimentally on the basis of triazole dendrimer synthesis.[3]

Despite some noteworthy restrictions of 1,3-dipolar cycload-
ditions, such as the need for CuI catalysts and the limitation to
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terminal alkynes, a wide range of novel materials characteris-
tics were realized soon after the application of click reactions
to materials science.[3–16] For example, Adronov and co-work-
ers coupled alkyne-functionalized spacers to single-walled car-
bon nanotubes (SWNTs) via amine groups.[17] In this example,
the use of click chemistry for chemical functionalization of
SWNTs provided a new access route to nanomaterials that
were otherwise difficult to purify. The presence of the alkyne
groups did not interfere with the initial coupling, but enabled
highly specific post-synthesis modification, as demonstrated
by subsequent reaction with azide-terminated polystyrene.
This method granted a greater level of control over the orien-
tation and the density of the polymer attached to the surface
of the nanotube while reducing the risk of side reactions.

Similarly, Diels–Alder reactions have been used for selec-
tive modification of carbon nanotubes. For example, o-quino-
dimethane was directly coupled to SWNTs with the help of
microwave irradiation (Fig. 1).[18] These reactions open up
possibilities for enhancing the solubility of carbon nanotubes,
as needed in several technological applications.[17]

Taking advantage of either Huisgen’s 1,3-dipolar cycloaddi-
tions or Diels–Alder reactions, a range of different methods

were further developed for modification of Au
nanoparticles.[19–23] One intriguing example is
based on directed hydrogen-bonding systems that
were covalently immobilized onto self-assembled
monolayers of alkanethiols by using Huisgen’s cy-
cloaddition reaction.[19] In a subsequent step, Au
nanoparticles were bound to these anchors through
the formation of multiple hydrogen bonds. An-
other approach used a Diels–Alder reaction for
the immobilization of unsaturated DNA strands
onto maleimide-coated Au nanoparticles.[20] Self-
assembled nanoparticles can be further used for
biosensor applications or supramolecular assem-
blies. Taking advantage of the extreme selectivity
of the alkyne–azide reaction, these concepts can
readily be extended to the functionalization of
metal and metal-oxide nanoparticles.[21,24]

2.2. Role of Click Chemistry in Surface
Engineering

At the heart of the concept of using click reac-
tions for the controlled modification of Au surfaces
is the intrinsic compatibility of the participating
binding partners with the presence of free thiol
groups. The compatibility with thiol and disulfide
groups makes click reactions similarly important
for microstructuring of flat noble-metal surfaces,
because thiols and disulfides can be bound to gold
or silver surfaces, forming well-defined self-as-
sembled monolayers (SAMs).[25] Recently, several
advances have been made with respect to the
preparation of SAMs containing azido groups on

well-defined electrode surfaces and subsequent reaction with
ethynyl ferrocene or propynone ferrocene.[26] Chidsey and co-
workers also used the 1,3-dipolar cycloaddition reaction to de-
velop a selective procedure for creating well-defined surface
arrays of acetylene-containing oligonucleotides onto azide-
functionalized SAMs on gold.[27] This chemistry was shown to
be fairly immune to deactivation by electrophiles or nucleo-
philes and stable against hydrolysis. Similarly, 1,3-dipolar cy-
cloadditions on acetylenyl-terminated SAMs and azide com-
pounds were used as a versatile tool for tailoring surface
functionalities under mild conditions.[28–30] For example,
Huisgen’s dipolar cycloaddition was employed to immobilize
azide-functionalized sugars (mannose, lactose, and a-galac-
tose) onto alkyne-terminated SAMs on gold (Fig. 2).[31] It was
found that these carbohydrate-based sensors maintained their
specificity towards the corresponding proteins, which could
lead to potential applications in high-throughput characteriza-
tion of carbohydrate–protein interactions.

In a very elegant approach reported by Mrksich’s group, hy-
droquinone groups in SAMs were electrochemically oxidized
into quinone groups that, in turn, underwent Diels–Alder re-
action.[32] The unique aspect of this approach is that these sys-
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tems can react on demand, as they are turned “on” through
the initial electrochemical reaction step. Alternatively,
monolayers presenting nitroveratryloxycarbonyl-protected
(NVOC) hydroquinones were photochemically cleaved to re-
veal the hydroquinone groups (Fig. 3).[33] These activated
groups were reversibly oxidized to the corresponding benzo-
quinones, which were then used to immobilize diene-function-
alized ligands (such as cell adhesion peptides) via Diels–Alder
reaction.

More recently, Huisgen’s click chemistry by microcontact
printing was demonstrated on azide-functionalized SAMs.[34]

Reinhoudt and co-workers first treated
bromo-terminated SAMs with NaN3,
creating an azide-terminated mono-
layer. Next, octadecyne was printed
onto the monolayer by using a poly(di-
methylsiloxane) PDMS stamp. The
azide-functionalized surface was also re-
acted with fluorescently labeled al-
kynes. This microcontact printing ap-
proach was conducted in the absence of
the copper catalyst, because the high
local concentration of reagents in the
vicinity of the stamp and the monolayer
were believed to be sufficient for the
completion of the reaction.[34] The
authors suggested that one of the ad-
vantages of this strategy is the elimina-
tion of the copper catalysts, because
copper in higher concentrations is typi-
cally considered cytotoxic, and separa-
tion of the catalyst after click reaction
can be cumbersome. Alternatively, the
strain-induced 1,3-dipolar cycloaddition
of cyclic alkynes with azides has been
recognized as a possibility to eliminate

the copper catalyst and to potentially develop more biologi-
cally benign materials.[35]

Because of their tolerance towards a wide range of unpro-
tected chemical groups, click reactions have been widely used
to immobilize sugars, proteins, DNA, and even cells. Diels–
Alder cycloadditions have proven to be very successful in at-
taching proteins and cell-adhesion ligands and, consequently,
attachment of cells.[36–38] Alternatively, biomolecules such as
proteins and carbohydrates were immobilized onto solid sub-
strates by using sequential Diels–Alder cycloaddition and al-
kyne–azide cycloaddition.[39] A variety of ligands such as bio-
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Figure 1. A) Schematic illustration of the functionalization of SWNTs by using a Diels–Alder reac-
tion between quinodimethanes and ester-functionalized SWNTs under microwave irradiation.
B) Structure of a modified SWNT. Reproduced with permission from [18]. Copyright 2004 The Roy-
al Society of Chemistry.
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Figure 2. A) Strategy for the immobilization of azide-derivatized carbohydrates on alkyne-functionalized SAMs using 1,3-dipolar cycloaddition. B) Ny-
quist plots for i) alkyne-SAMs incubated with streptavidin-fluorescein isothiocyanate (FITC), ii) alkyne SAMs + azido-mannose incubated with streptav-
idin-FITC, and iii) alkyne SAMs + azido-mannose + azido-glycol incubated with streptavidin-FITC. Reproduced with permission from [31]. Copyright
2006 American Chemical Society.



tin, lactose, and recombinant thrombomodulin protein were
attached by using this dual approach (Fig. 4). Similarly, Diels–
Alder cycloaddition was used for the bioconjugation of diene-
modified oligonucleotides, carbohydrates, and proteins.[40–43]

The power of this reaction has been further demonstrated by
the successful homogeneous[44] and heterogeneous[45] modifi-
cation of polysaccharides. The mild reaction conditions have
even allowed the modification of long DNA fragments with-
out DNA cleavage.[46]

On the other hand, the Huisgen 1,3-dipolar cycloaddition
reaction was used in a novel strategy for covalent attachment
of desired proteins to solid surfaces.[47] Azides were attached
to the protein via enzymatic posttranslational modification at
the C-terminus, which then enabled further immobilization
onto alkyne-functionalized agarose beads. In addition, the
Huisgen cycloaddition reaction was employed for the devel-
opment of an efficient system for the immobilization of com-
plex azide-saccharides to microtiter plates via lipid alkyne
tethers.[48] The resulting surfaces were used for screening of
specific interactions with proteins. In work done by the same
group, azide-functionalized sugars were captured and cova-
lently attached onto microtiter plates via an orthogonal linker
that also contained a disulfide cleavage site, to facilitate the
analysis of the glycan array using standard mass spectrometry
methods.[49] Similarly, both Diels–Alder and Huisgen cycload-
ditions were used to functionalize porous silicon substrates in
an attempt to develop substrates for mass spectrometry appli-
cations.[50,51]

Recently, alkyne-containing vapor-deposited polymer coat-
ings were shown to possess remarkable reactivity towards
azide-functionalized moieties.[52] The reactive coating, poly(4-
ethynyl-p-xylylene-co-p-xylylene), was applied to a wide
range of substrates by using chemical vapor deposition
(CVD), and modified by subsequent spatially directed 1,3-di-
polar cycloaddition reaction. A thin layer of azide-functional-
ized biotin was preadsorbed onto the polymer-coated sub-
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Figure 4. A) Schematic illustration of the applicability of sequential
Diels–Alder and alkyne–azide cycloaddition reactions for the immobiliza-
tion of ligands (biotin, mannose, or thrombomodulin) onto maleimide-
functionalized surfaces. B) Confocal images of i) a maleimide surface in-
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duced after click reaction 1) incubated with streptavidin-FITC, and iii) a
biotinylated surface (produced after click reactions 1 and 2) incubated
with streptavidin-FITC. Reproduced with permission from [39]. Copyright
2006 American Chemical Society.



strate and the copper catalyst was then microcontact-printed,
resulting in a spatially controlled surface modification. The al-
kyne groups on the polymer surface acted as anchors for the
immobilization of azido-biotin, which was further used for the
binding of streptavidin (Fig. 5). The azido-biotin selectively
bound to regions where the catalyst was present. This regiose-
lective immobilization strategy could find applications in the
fields of biomedical device coatings, biosensors, and diagnos-
tics.

The 1,3-dipolar cycloaddition reaction was further used as a
linking tool in layer-by-layer (LbL) assembly of poly-(acrylic
acid) (PAA) multilayer films.[53] First, azide- and alkyne-func-
tionalized PAAs were synthesized via living radical polymer-
ization. The substrates were then sequentially exposed to
PAA-azide and PAA-alkyne solutions containing copper cata-
lyst, creating single-component noncharged layers stabilized
by the triazole linkages. This can not be achieved by conven-
tional LbL assembly, which is based on charge and/or hydro-
gen-bonding effects.

2.3. Role of Click Chemistry in Multifunctional Polymer
Design

The value of click chemistry for materials synthesis perhaps
becomes most apparent in the area of polymer chemistry, and
several recent reviews describe the use of CuI-catalyzed Huis-
gen cycloadditions for the synthesis of dendritic, branched,
linear, or cyclic co-polymers.[54] Hawker, Sharpless, Fokin, and
co-workers first introduced the Huisgen reaction to polymer
chemists by using it for the synthesis of dendrimers.[3] In their
approach, triazole-based dendrons were divergently synthe-

sized using the Huisgen cycloaddition as the actual genera-
tion-growth step. These dendrons were then convergently
anchored to a variety of polyacetylene cores to generate den-
drimers (Fig. 6). Since then, this Huisgen cycloaddition has
been widely employed to synthesize or modify various dendri-
mers.[11,14,15,55–61] Similarly, Diels–Alder reactions have found
application in dendrimer synthesis and modification. McElha-
non and Wheeler prepared dendrons and dendrimers that had
thermoresponsive properties, owing to the reversibility of the
Diels–Alder reaction.[62] Kim et al. introduced different func-
tional groups onto carbosilane dendrimers with high efficien-
cy.[63–65] In a recent report, the combination of Diels–Alder re-
action and decarbonylation was shown to enable the efficient
synthesis of shape-persistent desymmetrized polyphenylene
dendrimers.[66] This approach also enabled the separation of
two regioisomeric polyphenylene dendrimers[66] and allowed
the selective attachment of peptides to specific sites within a
3D dendritic structure.[67]

It was quickly recognized that the use of click reactions is
not limited to the synthesis and functionalization of dendri-
mers, but is also very useful for the synthesis of a range of
functionalized polymers. The remarkable functional-group
tolerance of click reactions enabled the facile introduction
of reactive groups, such as hydroxyl and carboxyl groups,
through conventional pre-[10,68] or post-polymerization modifi-
cation.[69] The high yield and specificity of click chemistry
have not only allowed the quantitative introduction of various
functional groups onto polymer backbones, but also enabled
both simultaneous and cascade functionalizations of a variety
of macromolecules.[54] As an example, the successful function-
alization of a terpolymer of 8:1:1 styrene:p-(acetylene)styr-
ene:2-(hydroxymethyl)methacrylate by combining click chem-
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Figure 5. A) Strategy for the immobilization of azide-derivatized biotin on vapor-deposited alkyne-functionalized coating using microcontact printing.
B) Synthesis of alkyne-functionalized polymer via CVD of alkyne-functionalized [2.2]paracyclophane. C) Fluorescence microscopy images showing the
binding of FITC-streptavidin to patterns of biotin azide on alkyne-functionalized CVD polymer film. Reproduced with permission from [52].



istry and alcoholysis of anhydride has been carried out to
yield a difunctional polymer in a one-pot synthesis.[16] Tri-
block copolymers of poly(ethylene glycol), polystyrene, and

poly(methyl methacrylate) were synthesized in a
one-pot method via a combination of Diels–Alder
and 1,3-dipolar cycloaddition.[70]

The use of click reactions has been extremely
fruitful when combined with living polymerization
techniques, such as ring-opening polymerization
(ROP), ring-opening metathesis polymerization
(ROMP), cationic polymerization, nitroxide-medi-
ated radical polymerization (NMP), atom transfer
radical polymerization (ATRP), and reversible ad-
dition fragmentation chain transfer polymerization
(RAFT). In many of these cases this merger re-
sulted in functional polymers with highly defined
structures. In fact, the combination of click chemis-
try with one or more of these polymerization meth-
ods can provide facile access to a broad range of
polymeric materials that are otherwise very diffi-
cult to prepare. For example, aliphatic polyesters,
an important class of biodegradable polymers, are
easily degradable during post-polymerization mod-
ifications owing to the labile nature of the back-
bone. The mild reaction conditions required for
click chemistry readily allowed its combination
with ROP, leading to pendant-group functionalized
polyesters[71–73] and starshaped polyesters[74] with-
out backbone degradation.

The efficient combination of click chemistry
with ROMP has also led to functional polymers
with very high functional-group tolerance.[75]

This modular synthetic approach was used to
synthesize side-chain-modified poly(oxynorbor-
nene)s through pre- and post-polymerization mod-
ifications (Fig. 7). In addition, this combination of
click chemistry with cationic polymerization gener-
ated water-soluble poly(2-oxazoline)s; promising
moieties for targeted drug delivery.[76]

Recent work that combined click chemistry with
NMP[12,77] or RAFT[78,79] showed that the 1,3-di-
polar cycloaddition reaction between alkynyl-
shell-functionalized block copolymer micelles and
polyvalent azides can be used to generate shell-
crosslinked nanoparticles. The available sites for
chemical modification provided by the crosslinker
allowed for further attachment of biologically im-
portant moieties to the nanoparticles.[12] Moreover,
the selective introduction of the click reactive
groups in either the hydrophobic or hydrophilic
domain of amphiphilic core/shell nanomaterials
has enabled regioselective click functionalization
within nanostructures.[77,78] Recently, azido-func-
tionalized RAFT chain-transfer agents were
synthesized and used to mediate RAFT polymeri-
zations to prepare various telechelics.[80]

In addition to these examples, the most successful combina-
tion so far has been the “marriage” of click chemistry with
ATRP, partially because the introduction of azide groups via
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halide precursors is synthetically very straightforward. By
using a click-chemistry–ATRP combination and a bifunctional
initiator, a,x-dihydroxypolystyrene was successfully pre-
pared.[81] Using click chemistry, various functional groups
(such as carboxyl, olefin, and amine) were attached to the
ends of polymers prepared by ATRP, and biomolecules were
further attached to the polymer chain ends.[82–84] When an un-

saturated difunctional initiator was
used, the resulting telechelic polymer
was coupled with a crosslinker to yield
degradable model networks (Fig. 8).[8]

The click coupling of telechelic polysty-
rene prepared by ATRP yielded a linear
polystyrene that contained ester bonds
in the backbone,[85] rendering the poly-
mer partially biodegradable. Similar
strategies were also applied to the syn-
thesis of various block copolymers,[86]

star polymers,[87] miktoarm stars and
mikto dendritic copolymers,[88] and
well-defined macromonomers[89] from
building blocks prepared by ATRP. Re-
cently, even cyclization reactions were
carried out on the telechelic styrenic
polymers prepared by ATRP, affording
macrocycles in nearly quantitative
yields.[90] Furthermore, the versatility of
ATRP allowed the preparation of both

azido- and alkynyl-appended homopolymers, which led to an
interesting family of side-chain-functionalized polymers.[91,92]

Similar to the Huisgen cycloaddition, the Diels–Alder reac-
tion was also successfully combined with ATRP and NMP for
the preparation of macromolecules with complicated struc-
tures by Tunca and co-workers.[93] Diblock copolymers were
easily prepared by Diels–Alder reaction between maleimide-
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and anthracene-functionalized polymers, which were individu-
ally prepared by ATRP. In cases where anthracene end-func-
tionalized prepolymers were prepared by the combination of
ATRP and NMP using anthracene-containing ATRP and an
NMP bifunctional initiator, the Diels–Alder reaction afforded
ABC miktoarm star terpolymers.[94] This approach further led
to the formation of H-shaped terpolymers by the simple re-
placement of the maleimide end-functionalized block with a
bismaleimide.[95]

Click reactions have not only been used in the synthesis and
modification of functionalized polymers, but have also played
an important role in the crosslinking of polymeric materials.
One such example is the appearance of crosslinked polymeric
adhesives synthesized from polyvalent azide and alkyne build-
ing blocks, which owe their adhesiveness to the strong affinity
of triazoles for metal ions and surfaces.[5] In another example,
because of the large amount of tertiary amine groups, the re-
action between a trivalent alkyne and a bisazide led to acid-
swellable crosslinked networks.[9] Similarly, Hilborn and Ossi-
pov reported the synthesis of poly(vinyl alcohol) (PVA)-based
hydrogels by mixing azido-appended PVA and acetylene-ap-
pended PVA in the presence of a Cu+ catalyst (Fig. 9).[96]

The flexibility of this approach possibly allows its extension
to other hydroxyl-containing polymers. Well-defined PEG-
based hydrogels with improved properties were prepared by
Hawker and co-workers using Huisgen cycloaddition.[13] They
also showed that this approach allowed network formation in
the presence of a variety of additives, which are generally not
compatible with the traditional crosslinking conditions for
hydrogel preparation. As a thermally controllable reaction,
Diels–Alder cycloadditions have been receiving increased at-

tention in cases where reversibility is desirable. Saegusa and
co-workers reported the first thermally reversible covalently
crosslinked hydrogel by using furan- or maleimide-appended
polyoxazoline prepolymers in Diels–Alder reactions.[97] Later,
the same prepolymer system was used to prepare thermally
reversible interpenetrating polymer networks (IPN) of organ-
ic–inorganic nanocomposites.[98] Along the same lines, Jen
and co-workers recently reported a styrenic polymer function-
alized with dienes, protected dienophiles, and nonlinear opti-
cal (NLO) chromophores as pendant groups.[99] By combining
Diels–Alder and retro-Diels–Alder reactions a reversibly
crosslinkable NLO polymer system was prepared, while
avoiding the nonlinearity–stability trade-off. In addition,
Diels–Alder reaction of polymeric dienes with dienophiles or
polymeric dienophiles with dienes were also useful. For exam-
ple, poly(ethylene terephthalate) copolymers containing an-
thracene were prepared.[100] Subsequent Diels–Alder reac-
tions of these copolymers with difunctional maleimides
caused grafting, chain extension, and crosslinking. In analogy,
Diels–Alder reaction of these copolymers with monofunc-
tional maleimides also enabled the modification of both bulk
and surface properties of poly(ethylene terephthalate)
(PET).[101] By adopting a similar strategy, it was shown that
optical properties of anthryl-based poly(phenylene ethyny-
lene)s were tunable through controlled Diels–Alder reac-
tions.[102] Jen and co-workers appended anthracene moieties
onto polymer backbones and the subsequent Diels–Alder re-
action allowed the introduction of NLO chromophores and
cross-linking, leading to a series of new NLO polymers free of
ionic species and catalysts.[103] This approach also showed
promise in the preparation of various graft copolymers.[104]

Other crosslinked polymeric materials such as
polystyrene copolymers,[105] acrylates-based and si-
loxane-based elastomers[106] were also synthesized
using this strategy. In these cases, linear side chain
functionalized polymers were recovered in high
yields by heating the crosslinked network in the
presence of an appropriate cross-linker trap.[105,106]

With the recently increased interest in self-healing
polymeric materials, Wudl and co-workers demon-
strated that thermally reversible Diels–Alder poly-
merization of multidienes and -dienophiles can
lead to highly crosslinked, thermally controlled
polymeric networks with mechanical properties
comparable to those of commercial thermoplas-
tics.[107] This strategy has been further extended to
the preparation of polymeric materials for nano-
meter-scale probe lithography and data storage.[108]

3. Conclusions

The potential of click chemistry for materials
synthesis has been increasingly recognized, and has
already resulted in wide range of beautiful mani-
festations. Specifically, for the synthesis of multi-
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Figure 9. Schematic illustration of the approaches used to prepare PVA-based hydro-
gels using 1,3-dipolar cycloaddition reactions. A) Azide- and alkyne- modified PVA
crosslinked by mixing the solutions in the presence of a Cu catalyst. B) Alkyne-func-
tionalized PVA crosslinked using a bifunctional poly(ethylene glycol)-diazide crosslink-
er [96].



functional materials with a range of different, possibly com-
peting functional side groups, the extraordinary control of-
fered by click reactions has produced a series of novel materi-
als with, in some cases, unique properties. To illustrate this
point, a few examples are given on how click chemistry can be
used for the application-driven design of functional materials
with interesting properties: i) Complete functionalization of
alkyne-appended poly(p-phenyleneethynylene)[68] followed
by quantitative attachment of phosphorescent iridium com-
plexes[109] and flavin[110] to azido-functionalized polystyrene
copolymers has been achieved via click chemistry (Huisgen
cycloaddition). The incorporation of iridium complexes re-
sulted in functional polymeric materials with potential appli-
cations in OLEDs, while the incorporation of flavin led to the
formation of redox-active polymers that are potentially useful
in electrochemically controlled molecular sensing and surface
modification. ii) The click reaction between bisazides and bi-
salkynes has led to the formation of novel conjugated poly-
mers that showed interesting luminescent properties and can
potentially be used as thermally structurable organic semicon-
ductors,[111,112] while the poly-cycloaddition of a AB2 mono-
mer resulted in hyperbranched polymers.[113] Recently, Qing
and co-workers reported fluoropolymers formed by poly(cy-
cloaddition) that showed good thermal stability and solubility
in common organic solvents.[114] iii) When combined with cer-
tain protection–deprotection strategies, Huisgen cycloaddi-
tion has also enabled access to a broad range of fragments
useful for fragment-based drug discovery.[115]

While the framework of click chemistry includes range of
different reactions, the herein presented work has focused on
1,3-dipolar[116] and [4+2] (Diels–Alder) cycloadditions.[117]

Both methods have their individual strengths: the Huisgen-
type reactions are often fast and the reaction partners are ex-
ceptionally stable under a wide range of reaction conditions,
while the Diels–Alder reactions do not involve catalysts and
can often be used under physiological conditions without
further purification. After this manuscript was accepted for
publication, numerous articles have been published in this
ever expanding field of research.[118–123]

Far beyond the selected examples included herein, click
chemistry has converged into an important tool set for materi-
als scientists, and it is not difficult to predict that the range of
potential applications, especially in the life sciences, will con-
tinue to grow. On the other hand, it can be expected that the
continuous push for designer materials will lead to the identi-
fication of additional chemical reactions that can be reframed
within the concept of click chemistry; a framework of chemi-
cal versatility and control.
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