
2 8

dendrimers,

2 9

andliposomes.

3 0

Areversibleversionofclickreactionswouldbehighly

demandedintheregulationandre versibleon…offswitchingof

biologicalprocesses,advancedsu rfacemodifications,orsolid-

phasesynthesis.However,thechemicalstabilityoftheproducts

ofclickreactionsmakesthereverseprocessverydifficult.Several

attemptsforreversiblebioorthogonalreactionshavebeenreported.

Asidefromtheretractedscientificreport,

31

onlyafew•catchand

release•strategiessuitableforbiologicalapplicationshavebeen

reported.CatchandreleaseDNAdecoysarerareexamplesofnon-

naturalDNAprobesthatcapturea nddissociatefromDNA-binding

proteinsuponirradiationofthe4-nitroindolelinker.

3 2

Sucha

strategyhasbeendemonstratedearlierbyPorterandcoworkers

whodevelopedareagentcontainingazidoandbiotingroups

separatedbyaphotocleavablelinkerbasedonabenzoinphoto-

removableprotectinggroupforisolationofproteinadducts

oflipid-derivedelectrophilesusingstreptavidinbeads.

3 3

In

addition,Popikandcoworkershaverecentlydevelopedarever-

siblederivatizationtechniqueforpeptidesandproteinsbased

onthereactionofphotochemicallygenerated2-napthoquinone-

3-methides.

3 4

Photoremovableprotectinggroups(PPGs)allowfortheprecise

spatialandtemporalreleaseofb iologicallyactivemolecules.

35

The4-hydroxyphenacylphotoremovable( pHP) protecting group
has been shown to liberate rapidly (kobs = (7…100)� 108 s�1) and
efficiently (F = 0.1…1.0) a wide range of leaving groups.36…40

In this work, we present a •catch and photorelease• strategy
which combines alkyne…azide 1,3-dipolar cycloaddition between
p-hydroxyphenacyl azide 1 and alkyne 2 derivatives to form a
1,2,3-triazole linkage in adduct 3 in the first (•click• or •catch•)
step, and subsequent selective irreversible photochemical
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synthesis of the DIFO-derivative52 3c represents a more bio-
compatible method.

Because controlling the pKa values of triazoles is structurally
limited, we adopted a di�erent approach. The poor leaving
ability of alcohols, phenols or amines can be enhanced by
connecting them to the chromophore through a carbonate 53,54

or carbamate55 linker. Here we modified the triazole moiety
through a methylcarbonyloxy linker in 3d, where the leaving
group is a carboxylate; thus the pKa value of its conjugate acid is
approximately 4. The Fdis value of 0.83, which is 3 orders of
magnitude higher than that of 3a, is within the values found for
other pHP esters (Fdis = 0.4…0.94)38 and represents a significant
improvement for any future applications. A measure of the
photorelease (the uncaging cross section), the product of the
quantum yield and the decadic molar absorption coefficient,
Fe(lirr ),

35 for 3d at 313 nm (e313 = 2.73 � 103 M�1 cm�1) is
remarkably large (2.27� 103 M�1 cm�1).

We further modified the first step of the •catch and photo-
release• strategy by introducing an angle-strained cycloalkyne
which allows for e�cient Cu-free click chemistry via facile
1,3-dipolar cycloaddition (SPAAC).17,56,57 Such a reactive alkyne
can be e�ciently photochemically produced in situ from its cyclo-
propenone precursor, which is an elegant solution to spatial and
temporal control of the release.22,58 In this work, cyclopropenone 8
was synthesized by a 2-step procedure in 27% overall yield
(Scheme 5 and ESI†) using a LiNK metalation-coupling
procedure.59 This is a significant improvement when compared
to a previously reported 4-step synthesis60 of cyclopropenone 8.
It has been shown that this compound photodecarbonylates
with a quantum yield of 0.33 to give a strained alkyne 9, which

can undergo non-photochemical SPAAC reaction with azides.22

Thus, a solution of 8 and pHP azide (1a; 1 equiv., c E 5 mg mL�1)
in acetonitrile was irradiated at a wavelength of 350 nm, at
which only 8 absorbs (Fig. S6, ESI†). The generated alkyne 9
underwent in situ non-photochemical SPAAC reaction with 1a
to form 3e (quantitative yield determined by 1H NMR; 76%
isolated yield). Upon irradiation at 313 nm, this pHP derivative
was converted quantitatively into triazole 4e and p-hydroxy-
benzyl derivatives5a and 6a, which could bear a peptide tether
to connect the released moiety with a biomolecule, via the
photo-Favorskii rearrangement. The disappearance quantum
yield of 3e was higher than that of 3a because4e is a better
leaving group compared to 4a.

Our •photorelease, catch and photorelease• strategy is a one-
pot multistep procedure, which is solely controlled by light, and
does not require any other reagents besides water. In addition,
both photochemical steps are orthogonal. The pHP group does
not absorb at a wavelength of 350 nm (Fig. S39, ESI†) used for
generation of strained alkyne 9; thus cycloadduct 3e remains
unreacted in the solution during the first irradiation step. The
pHP chromophore transformations rely on irradiation at wave-
lengths in the UV region (oE320 nm), which may limit their
bioapplications. However, 2-photon excitation could overcome
this issue, as was recently successfully demonstrated by Givens
and coworkers on pHP-caged diethyl phosphate and ATP using
a 550 nm laser.40

In conclusion, we synthesized a series of substituted pHP
azides and alkynes which can be interlinked using an alkyne…
azide 1,3-dipolar cycloaddition protocol and subsequently be
released upon irradiation with UV-light via a photo-Favorskii
rearrangement. We show that the reactions can be accomplished
in aqueous media favorable for biological applications and that
the linker can be used to connect/disconnect two (bio)molecules.
A rational design of the leaving group (triazole) structure led to
the development of a linker that cleaves upon irradiation with
near-unity quantum yield. The second generation of this strategy
encompasses chromatically orthogonal photoproduction of a
strained alkyne which allows for Cu-free click chemistry. We
propose that the systems could be used in bioconjugation or
drug-delivery applications.

Table 1 Disappearance quantum yields of pHP derivatives 3a

pHP derivative Fdis/%

3ab 0.09� 0.02
3cb 2.9 � 0.4
3db 83 � 4
3ec 0.39� 0.05

a Irradiated at l = (313� 1.5) nm (3a, 3d) or (320 � 10) nm (3c, 3e);
4-hydroxyphenacyl fluoride39 was used as an actinometer.b In a mixture
of acetonitrile (10%) and acetate bu�er (pH = 5.0). c In a mixture of
acetonitrile (20%) and acetate bu�er (pH = 5.0).

Scheme 4 Photochemistry of 3c and d.

Scheme 5 ‘Release, catch and release’ strategy.
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