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Radical-Mediated Thiol-Ene Strategy: Photoactivation of ThiolContaining Drugs in Cancer Cells
Shuang Sun, Bruno L. Oliveira, Gonzalo Jim8nez-Os8s, and GonÅalo J. L. Bernardes*
Abstract: Photoactivated drugs provide an opportunity to
improve efficacy alongside reducing side-effects in the treatment of severe diseases such as cancer. Described herein is
a photoactivation decaging method of isobutylene-caged thiols
through a UV-initiated thiol-ene reaction. The method was
demonstrated with an isobutylene-caged cysteine, cyclic disulfide-peptide, and thiol-containing drug, all of which were
rapidly and efficiently released under mild UV irradiation in
the presence of thiol sources and a photoinitiator. Importantly,
it is shown that the activity of histone deacetylase inhibitor
largazole can be switched off when stapled, but selectively
switched on within cancer cells when irradiated with nonphototoxic light.

Therefore, there is still demand for new designs and new
developments for photomediated therapy.
Thiol-ene reactions (Scheme 1), a conjugation between
a thiol and an alkene, have been known since the early

In recent decades, precision medicine has drawn a lot of

Scheme 1. a) General thiol-ene coupling reaction. b) The thiol-isobutylene decaging reaction.

attention for the effective treatment of various diseases,
especially cancer. Currently, as a result of a lack of selectivity
in the pathological sites, the development of new, effective,
and safe therapies remains challenging. Among various new
methods, the recently developed light-mediated treatment is
recognized as a promising approach to achieve controlled
activation of medicine at pathological sites,[1] and could
significantly reduce the side effects of chemotherapy. So far,
in the battle against cancer, several types of light-activated
anticancer reagents, which can be switched on conditionally
with irradiation, have been investigated.[2] The structures of
these photocaged drugs include various ultraviolet, nearinfrared, or visible responsive moieties,[3] such as o-nitrobenzyl,[2a, 4] coumarinyl ester,[5] and metal complexes.[2e, 6]
These photoresponsive structures offer an extensive toolbox
for use in cancer therapies and other biological applications.
However, issues and challenges remain in this field, such as
using nontoxic wavelengths, achieving rapid and efficient
conversion, and improving the bioavailability of the prodrug.
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1900s.[7] The coupling reaction proceeds through two mechanisms, namely photoinitiated free-radical addition and
catalyzed Michael addition reactions. There are several
desirable features of a click reaction, including rapid reaction
rates, ease of implementation, high yields and rates of
conversion,[8] so thiol-ene “click” reactions have been
increasingly used for various applications, such as biofunctionalization,[9] surface and polymer modification, polymerization,[10] and so on.[8, 11] Recently, isobutylene-bridged polymer networks have been extensively studied to synthesize
polymer networks through radical-initiated thiol-ene chemistry.[12] This covalently cross-linked network is able to undergo
photomediated, reversible cleavage of its isobutylene backbone to allow chain rearrangement and relieve structural
strain. This method has also been used to provide a reactive
handle for reversible addition and exchange of biochemical
moieties under cytocompatible conditions.[12d] Key to this
reaction is the isobutylene structure capable of additionfragmentation chain transfer (AFCT), in which the structure
is attacked by the photoinitiated thiol radical in the presence
of a photoinitiator (PI) to release the caged thiol part.
Inspired by this AFCT reaction, we hypothesized that the
the isobutylene structure could be used as a bridging graft to
cage thiol-containing drugs and allow further controlled
activation of anticancer drugs by means of a radical-mediated
thiol-ene mechanism (Scheme 1). Previously, we reported
a one-pot macrocyclization strategy [with tris(2-carboxyethyl)phosphine (TCEP)] for thiol-containing peptides by
using an isobutylene graft, which can significantly enhance
both membrane permeability and binding activity of the
corresponding macrocycles.[13] The isobutylene graft can be
rapidly and efficiently installed onto reduced thiol groups in
a biocompatible manner because of the high reactivity of the
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