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Metal-Free Decarboxylative Allylation of Oxime Esters
under Light Irradiation
Lilian Geniller,[a] Hiba Ben Kraim,[a] Eric Clot,[a] Marc Taillefer,[a] Florian Jaroschik,[a] and
Alexis Prieto*[a]

Allylation reactions, often used as a key step for constructing
complex molecules and drug candidates, typically rely on
transition-metal (TM) catalysts. Even though TM-free radical
allylations have been developed using allyl-stannanes, -sulfides,
-silanes or -sulfones, much less procedures have been reported
using simple and commercially available allyl halides, that are

used for the preparation of the before-mentioned allyl deriva-
tives. Here, we present a straightforward photocatalytic proto-
col for the decarboxylative allylation of oxime esters using allyl
bromide derivatives under metal-free and mild conditions. This
methodology yields a diverse variety of functionalized mole-
cules including several pharmaceutically relevant molecules.

Introduction

Since the pioneering works developed by Tsuji and Trost,
allylation reactions have been spread within synthetic organic
chemistry to the extent that they are now among the most
productive C� C bond forming processes (Figure 1a).[1] As
allylations can be performed in regio- and enantioselective
manners with a good tolerance towards nucleophiles and
electrophiles, they are commonly used for the elaboration of
complex molecules and drug candidates.[2] Moreover, the allyl
unit provides multiple opportunities for further transformations,
including the straightforward conversion to functional groups
of great importance, such as aldehydes, epoxides or functional-
ized alkenes.[3] The deep understanding of such metal-catalyzed
allylations involving an ionic mechanism has subsequently
fostered further developments in which radical species might
be involved. For instance, in recent years, many reports have
demonstrated that carbon-based radical precursors might
effectively behave as nucleophile surrogates under light
exposure (Figure 1b).[4] However, these protocols typically
require the use of transition-metal catalysts for the in-situ
formation of the key π-allyl complex (Figure 1a and b). On the
other hand, radical allylation reactions that leverage β-fragmen-
tation of radical leaving groups do not requisite the use of
transition-metal catalysts (Figure 1c). However, such transforma-
tions have long been restricted to the use of allylstannane
derivatives, in which tin radicals were essential to sustain the

radical chain propagation.[5] Further developments allowed the
employment of less toxic allylic derivatives such as allyl-
sulfides,[6] -silanes[7] and -sulfones.[8] Despite extensive studies,
radical allylations using photocatalytic conditions are scarce
and often limited to the use of allyl sulfones bearing electron
withdrawing groups.[9] In contrast, allyl halides that are used to
prepare the above-mentioned allyl derivatives have been used
to a lesser extent for carrying out allylation reactions,[9a,10] hence
this still constitutes an interesting challenge. Our ongoing
research program, focusing on the development of trans-
formations involving radical β-bromo fragmentations,[11] in-
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Figure 1. Brief overview of allylation reactions.

Wiley VCH Dienstag, 09.07.2024

2499 / 359138 [S. 1/6] 1

Chem. Eur. J. 2024, e202401494 (1 of 5) © 2024 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH

Chemistry—A European Journal 

www.chemeurj.org

Research Article
doi.org/10.1002/chem.202401494

http://orcid.org/0000-0002-2922-4652
https://twitter.com/IcgmMontpellier
https://doi.org/10.1002/chem.202401494
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fchem.202401494&domain=pdf&date_stamp=2024-07-09


spired us for tackling this demanding task. Indeed, recently, we
could demonstrate that oxime esters can be readily employed
for the preparation of gem-difluoroalkenes in which a β-bromo
scission is likely to be involved.[11a] Based on this prior work, we
considered to use oxime esters as carbon radical source[12] for
developing a straightforward radical allylation. Herein, we
describe a general and effective strategy allowing the photo-
catalytic decarboxylative allylation of oxime esters using
neutral, electron-poor or -rich allyl bromides, yielding a diverse
array of functionalized high-value added alkenes.

Results and Discussion

To outset our investigation, diphenylmethanone O-(3-phenyl-
propanoyl) oxime 1a and allyl bromide 2a were selected as
model substrates. After several attempts, the best reaction
conditions were identified when the reaction was carried out
using 3 equivalents of oxime 1a, 1 equivalent of 2a, and
10 mol% of thioxanthone (TX) as photocatalyst (PC)[13] in AcOEt
under 390 nm irradiation, affording the expected product 3a in
an isolated yield of 66% (Table 1, entry 1). It is noteworthy that
the brominated by-product 4a was also formed during the
reaction, even under the optimal reaction conditions. The use
of other polar solvents had a limited impact on the reaction
outcome, delivering 3a in similar yields, whereas non-polar
solvents were deleterious for the reaction yield (Table 1, entries
2–3 & SI). Performing the transformation at a higher temper-
ature was not beneficial to the reaction outcome (Table 1,
entry 4). The decrease of either the catalytic loading of TX or

the quantity of oxime 1a was associated with a lower yield of
3a (Table 1, entries 5–6). When allyl chloride was used instead
of allyl bromide the product 3a was obtained in a poor yield
(Table 1, entry 7). The use of metal-based photocatalysts did
not lead to any improvement (Table 1, entry 8 & SI). Reactions
performed without TX or in the dark highlight the crucial role of
both the photocatalyst and the light for the reaction efficiency
(Table 1, entries 9–10).

With the optimized reaction conditions in hand, we then
started to investigate the scope of the reaction using various
allyl bromides and oxime esters (Scheme 1). First, the reaction
was explored employing oxime esters derived from primary
carboxylic acids. Initial evaluation performed using the allyl
bromide 2a as partner revealed that a large number of simple
but functionalized oximes (1a-1 j) could be engaged, delivering
the desired products in moderate to high yields. The allylation
transformation was further applied to the modification of other
scaffolds derived from compounds of interest (1k-1s) using
various allyl bromide derivatives. Pleasingly, the reaction was
found to be successful using compounds derived from stearic
acid, oleic acid, fenbufen, 2,4-D, diclofenac and indomethacin.
This part of the scope showcased the ability of the reaction to
tolerate nitro groups, phosphonates, alkenes, alkynes, halides,
esters, ketones, NH-anilines and indoles (Scheme 1). With
secondary oxime esters (1t-1y), the reaction also proceeded
efficiently across a wide range of substrates, including amino
acid and sulbactam derivatives, yielding the corresponding
compounds 3t-3w in moderate to good yields. Similar results
were obtained using oxime esters derived from ibuprofen and
ketoprofen, providing 3x and 3y, respectively, in very high
yields. These results indicated the compatibility of functional
groups such as sulfone, thiazole, urea, carbamate and lactam.
Finally, we explored the scope of the reaction using tertiary
oxime esters (1z-1af), which were effective substrates in the
current transformation. A broad scope of oximes derived from
simple or from pharmaceutically relevant carboxylic acids could
be used in the reaction, such as gemfibrozil, ciprofibrate,
benzafibrate and enoxolone derivatives, affording access to the
corresponding allylic molecules (3z-3af) in moderate to
excellent yields. Overall, the reaction is highly tolerant to a wide
panel of functional groups. Additionally, as shown in the
numerous examples of Scheme 1, several types of allyl
bromides might be employed regardless the electronic nature
of the substituents. In fact, the reaction was productive with
electron neutral (=H, Ar), electron-poor (=CO2Me) and elec-
tron-rich (=Me) allyl derivatives (Scheme 1). However, it is
worthwhile to mention that this approach could not be
extended to the use of substituted or sterically hindered allyl
bromides such as the 3-bromocyclohexene or 1-bromo-3-
methylbut-2-ene. Finally, to demonstrate the interest of this
methodology, the reaction was performed on a larger labo-
ratory scale. On a 15 mmol scale, 30-times larger than the initial
scale, the reaction was still powerful providing 2.5 g of the
product 3n (76% isolated yield) (Scheme 1).

To obtain insights into the reaction mechanism, we carried
out a series of mechanistic experiments.

Table 1. Optimization of the reaction.[a]

Entry Deviation from standard conditions
Yields (%)[b]

3a 4a

1 None 70 (66)[c] 40

2 DCM 56 55

3 Acetone 51 53

4 50 °C 67 40

5 TX (5 mol%) 52 35

6 1a (2 equiv.) 45 30

7 Allyl chloride instead of 2a 7 50[d]

8 (Ir[dF(CF3)ppy]2(dtbpy))PF6 (1 mol%)[e] 45 33

9 w/o TX 6 0

10 In the dark N.R.

[a] Reaction conditions: 2 (0.3 mmol), 1a (0.9 mmol) in AcOEt (1 mL).
[b] Yields were determined by 1H NMR using trichloroethylene as an
internal standard.
[c] Isolated yield.
[d] Yield refers to chlorinated compound.
[e] Under 450 nm irradiation. TX=Thioxanthone. N.R.=No reaction.
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Scheme 1. Scope of the allylation reaction.[a] [a] Reaction conditions: 2 (0.5 mmol), 1 (1.5 mmol) in AcOEt (1.7 mL). Isolated yields are given. [b] Reaction
performed on a 15 mmol scale. [c] NMR yield is given.
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First, we decided to conduct the reaction in the presence of
the radical scavenger 2,2,6,6-tetramethyl-1-piperidinyloxy (TEM-
PO, 3 equiv.) (Scheme 2A). In those conditions, only traces of
the compounds 3a and 4a could be observed by NMR analyses.
However, we could not detect any TEMPO-adducts by MS
analysis. The reaction was therefore also investigated in the
presence of 1 equivalent of the N-cyclohexyl-2-(((2,2,6,6-
tetramethylpiperidin-1-yl)oxy)methyl)acrylamide (CHANT), a
trapping agent for short-lived radical species.[14] In these
conditions, the reaction provided only 6% of 3a and 4% of 4a.
In addition, a by-product stemming from the addition of the
PhCH2CH2

* radical was detected by MS analysis. Then citronellic
acid derived oxime 1ag was employed in the reaction, giving
access to the ring-closing product 3ag in a moderate yield of

42% (Scheme 2B). These experiments support the proposition
that carbon radicals are generated under the described reaction
conditions. We then tried to understand and explain the
formation of the brominated by-products 4. Therefore, we
undertook to carry out bromination reactions using two
putative bromine sources, which might be formed during the
reaction process (Scheme 2C). Indeed, we assumed that the by-
product 4 would likely result from a reaction with either the in-
situ generated N-bromoimine 5 or bromine.[11a] Under our
photocatalytic conditions, while the compound 4a was formed
in the reaction using the imine 5, the formation of the latter
was not observed in presence of bromine. These results suggest
that the N-bromoimine 5 is likely formed during the reaction,
thereafter behaving as a bromine source.

In view of the control experiments, bromination reactions
and literature precedents,[12] the reaction is believed to proceed
following the mechanistic route depicted in Scheme 3. First,
upon light irradiation the thioxanthone (TX) would reach a
singlet excited state that would evolve to a triplet excited state
through intersystem crossing (ISC). The triplet energy transfer
(EnT) between the excited TX and the oxime ester 1 would
trigger the N� O bond cleavage of the oxime,[15] resulting in the
concomitant formation of the carbon radical I and the imine
radical II. The intermediate I would react thereafter with the
allyl bromide 2, providing the radical intermediate III. Then, the
latter would undergo radical β-bromo fragmentation affording
the allylic compounds 3 along with bromine radical. The
subsequent scavenging of the bromine radical by imine II
would lead to the N-bromoimine 5 that might further react
with carbon radical I yielding the formation of the brominated
by-product 4. Finally, the reaction would be ended by the
dimerization of the radical II.[16]

Scheme 2. Mechanistic experiments. Scheme 3. Mechanistic proposal.
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Conclusions

In conclusion, we have established a photocatalytic TM-free
radical allylation reaction using readily-available carboxylic acid
derived oxime esters and long-neglected allyl bromides. These
transformations provide access to a diverse variety of function-
alized allylic molecules, including various pharmaceutically
relevant molecules. The reaction is believed to proceed through
a radical β-bromo fragmentation, which is favored by the
trapping of the bromine radical by the in-situ formed imine
radical. The mild radical allylation reaction conditions open up
many synthetic opportunities which are currently explored in
our group.
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An effective and general photocata-
lyzed allylation reaction has been es-
tablished. This transformation that
uses simple allyl bromides and oxime
esters derived from commercially

available and pharmaceutically
relevant carboxylic acids, gives access
to a wide array of allylic compounds
that can be further employed in
organic synthesis.
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