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Photochemical Generation of Radicals from Alkyl Electrophiles
Using a Nucleophilic Organic Catalyst

Nat. Chem. 2019, 11, 129-135

Photocatalysis continues to represent a vibrant area of re-
search in modern organic synthesis. Recently, a new photo-
chemical strategy for generating radicals has been developed
by Professor Paolo Melchiorre and co-workers Dr. Bertrand
Schweitzer-Chaput and Dr. Matthew Horwitz (two postdoc-
toral fellows), and PhD student Eduardo de Pedro Beato, from
the Institut Catala d’Investigacié Quimica (ICIQ, Tarragona,
Spain). Professor Melchiorre explained: “The motivation at
the basis of this research project was the following: Radical
chemistry offers powerful and unique ways of making mo-
lecules, that are often complementary to classical methods
proceeding via ionic pathways. Advances within the field have
been spurred by the identification of powerful strategies that
allow access to radicals under mild conditions. Ultimately, all
modern radical generation strategies rely on the bond dis-
sociation energy (BDE) or the redox properties of the precur-
sors to form the target open-shell intermediate. The synthetic
potential of radical chemistry would therefore be greatly ex-
panded by methods that go beyond these established activa-
tion manifolds to provide complementary ways of generating
open-shell intermediates.”

This group’s latest study documents a photochemical
catalytic strategy that harnesses different physical proper-
ties of the substrate to form carbon radicals (Figure 1). “We
designed the readily available, air- and moisture-stable
dithiocarbamate anion catalyst 1, which is adorned with an
indole chromophoric unit. This organic catalyst is nucleophilic
enough (Org. Biomol. Chem. 2011, 9, 8046-8050) to activate
alkyl electrophiles by displacing a variety of leaving groups via
an S 2 pathway. The resulting photon-absorbing intermediate
A affords radicals upon homolytic cleavage induced by visible
light,” said Professor Melchiorre, who went on to explain that
the method operates readily under visible-light irradiation
(commercial blue LEDs) and grants access to open-shell inter-
mediates from a variety of substrates (including difficult-to-
reduce alkyl chlorides and mesylates) that would be incompa-
tible with, or inert to, traditional radical generating strategies,
including photoredox catalysis.

“This strategy possesses a variety of unique features,” con-
tinued Professor Melchiorre. “Mechanistically, the reaction
is noteworthy as it exploits an S, 2 process (a fundamental
ionic path) to generate radicals. This unique activation mode

allowed the predictable and chemoselective activation of S 2-
prone substrates in the presence of otherwise reactive func-
tional groups, which would be incompatible with traditional
radical generation methods. From a synthetic perspective,
substrate scope investigations (Scheme 1) indicate that un-
protected polar functional groups (acids, alcohols, aldehydes)
and nitrogen-containing heterocycles (including thiazole, iso-
xazole, pyrazole, and triazole scaffolds) are all well-tolerated.
These common motifs are often found in drug molecules, but
generally represent a significant tolerability challenge for syn-
thetic methods.”

Professor Melchiorre handed over to Dr. Schweitzer-
Chaput, explaining: “Bertrand contributed very much to the
realization of the chemistry, since he was involved in the dis-
covery and initial development of the radical generation stra-
tegy.”

Dr. Schweitzer-Chaput remarked: “We demonstrated that
this new radical generation strategy has a potentially wide
scope of application (Scheme 1). For example, we have applied
it for developing a Giese-type radical conjugate addition, a
Minisci-type functionalization of electron-rich aromatic sub-
strates, and a tandem radical conjugate addition/cyclisation
forming oxindole compounds.” The authors also described
how the method’s mild reaction conditions and high func-
tional group tolerance could be advantageous for streamlining
the preparation of a marketed drug, for the late-stage elabor-
ation of biorelevant compounds and for enantioselective ra-
dical catalysis. In addition, the experimental simplicity and
the low cost of the catalyst allowed the group to implement a
multigram-scale application using commonly available glass-
ware and light irradiation equipment.

“Making such reactive radical intermediates is not new, as
radical chemistry has been around for more than a century,”
acknowledged Professor Melchiorre. However, the classic way
to conduct radical reactions involves precursors with weak
bonds and a high-energy radical initiator, such as a peroxide,
along with elevated temperatures, or the transfer of electrons
to a general radical ion intermediate, which can then frag-
ment into the desired reactive radical. “Our system is funda-
mentally different since it relies on the formation of a covalent
C-S bond between the dithiocarbamate anion catalyst and a
suitable electrophile, through an S 2 substitution reaction,
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which can then undergo photolysis with blue light to form the
reactive radical,” explained Dr. Schweitzer-Chaput. He con-
tinued: “Catalyst turnover is then provided by a one-electron
reduction back to the active dithiocarbamate anion. Because
of the peculiar mechanism of radical generation, the reactions
do not use strong bases, or oxidative or reductive conditions
and they can therefore tolerate a wide variety of functional
groups. Acidic protons, Lewis basic sites, unprotected alco-
hols or amides, easily oxidised heterocycles or reduced aryl
iodides, and even an unprotected aldehyde, did not interfere
with this activation mode and delivered the products in good
to excellent yields with minimal side reactions.”
Optimisation of the catalyst started from the commer-
cially available potassium ethyl xanthogenate, a commodity
chemical, which performed reasonably well as a catalyst, but
required the use of specialised 405 nm LEDs. “We wanted
to use more widely available and energy-efficient blue LEDs
that emit at around 450 to 460 nm. After several months of
structural optimisation, we found that the indole-contain-
ing catalyst 1 matched all of our requirements: it performs
extremely well as a catalyst under blue light irradiation, it is
easy to handle under open air, it doesn’t require particular
storage conditions, and finally it is made in one step from
commercially available materials on tens of grams scales in
an afternoon for a very low cost,” said Dr. Schweitzer-Chaput,
adding: “This provides an additional advantage over photo-
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redox catalysis, a field which has become popular in the last
few years.” Most of the photoredox catalysts commonly used
nowadays are based on more expensive ruthenium or iridium
complexes, or organic dyes. “With this in mind, we have shown
that our model reactions could be scaled up, in batch as well
as in flow, to synthetically useful multigram scales,” remarked
Dr. Schweitzer-Chaput. He continued: “We also demonstrated
the use of complex molecular scaffolds with other reactive
functionalities, such as cortisone, as radical precursor, suggest-
ing that this system could be applied to a variety of contexts,
notably in medicinal chemistry programs to functionalize
advanced intermediates of complex synthetic plans.”

The group is now looking to expand this catalytic strategy
to different classes of radical precursors and radical acceptors
as well as looking for other turnover events to regenerate the
active dithiocarbamate anion catalyst 1. All of this stays with
the general idea to provide solutions to synthetic challenges
that are not currently met using conventional ionic or radical
strategies.

Dr. Horwitz elaborated further: “The S,2 mode of activa-
tion is a feature that allows substrates, such as alkyl chlorides,
that are ‘out of range’ of traditional photoredox catalysts to
be used as radical precursors.” He continued: “The homolytic
bond cleavage makes this feature possible and is enabled by
the indole chromophore, while the flexibility of the catal-
yst turnover step is what allows multiple reaction subtypes
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Figure 1 The new radical generation strategy and the optimised catalyst structure
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to emerge from a single mechanistic paradigm. The most types of late-stage transformations. The fact that, in that syn-
exciting part of this chemistry for me is that we could gener-  thetic scheme, alcohols can be rapidly converted into radical
ate radicals from very complex molecular frameworks (most  precursors (through the formation of a mesyl group) can open
notably cortisone) and use those radicals to perform different  up new synthetic pathways.”
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Scheme 1 Reaction scope: radical precursors suitable for the Giese addition to dimethyl fumarate; tandem radical addition/cycliza-
tion of N-arylacrylamides affording 3,3-disubstituted oxindoles; and radical functionalization of electron-rich (hetero)arenes.
Ms: mesylate.
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Because there is such a broad selection of commercial alkyl
halides and pseudohalides available, the group is finding that
it is very easy to try out new ideas for radical transformations
with this system. “This aspect expedites the discovery process
and opens up a lot of new conceptual territory to study,” said
Dr. Horwitz. He continued: “At times, it was difficult to decide
on what systems to study for this first report because there
are many possibilities for new reaction development and late-
stage functionalization. We were happy that we could find a
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collection of examples that proved the points we wanted to
make about this chemistry.”

Professor Melchiorre wrapped up by concluding: “We
believe that this photochemical strategy, by providing a fun-
damentally new activation mechanism to generate open-shell
intermediates, can offer fresh opportunities for enhancing the
potential of radical chemistry, expanding the way chemists
think about making molecules.”
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