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Merging Hydrogen-Atom-Transfer and the Truce-Smiles
Rearrangement for Synthesis of β-Arylethylamines from Unactivated
Allylsulfonamides

Hanqi Zhou, Danijela Lunic, Nil Sanosa, Diego Sampedro, Ignacio Funes-Ardoiz,*
and Christopher J. Teskey*

Abstract: Arylethylamines are crucial elements in phar-
maceutical molecules, making methods for their synthesis
highly significant. The Truce–Smiles rearrangement is
a well-developed strategy to synthesize arylethylamine
motifs via aryl migration. However, most examples
require amide substrates to activate the alkene to attack
by a radical precursor. This strategy both limits the
product scope to amide-containing compounds as well
as necessitating the incorporation of specific functional
groups arising from the initial radical addition. In
this work, we overcome these limitations, delivering a
hydrogen-atom transfer from a cobalt catalyst to unac-
tivated alkenes to yield β-arylethylamines with simple
alkyl chains. DFT studies reveal that increasing the steric
hindrance in at least one of the ortho positions on the
migrating aromatic group promotes ipso over ortho addi-
tion, a selectivity that contrasts with previous methods.

The β-arylethylamine motif is prevalent in pharmaceu-
tical molecules due to its distinctive biological activ-
ity and synthetic versatility (Scheme 1a).[1,2] Conven-
tional synthetic approaches include reductive amination,[3]

aminoarylation[4–11] and hydroamination.[12] An alterna-
tive strategy is radical-mediated hydroarylation which has
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emerged as a potentially efficient strategy for accessing
a variety of β-arylethylamines under mild conditions.[13]

Markovnikov-selective radical hydroarylation may occur via
catalytic hydrogen-atom-transfer from a high-valent, first-
row transition metal (MHAT catalysis) either using a
dual-catalytic, cross-coupling strategy[14–16] or via radical
cycloisomerisation onto the ortho-position of a pendant arene,
followed by subsequent rearomatisation (Scheme 1b).[17–19]

In the second case, (hetero-)cyclic compounds are formed,
precluding this as a strategy for linear arylethylamine
synthesis.

An alternative strategy that we proposed would involve
the design of a suitable substrate class for MHAT catalysis
whereby the inherent preference for ortho-cyclisation is
supplanted by ipso-substitution. This type of radical Truce-
Smiles rearrangement,[20,21] has been extensively investigated
in recent years,[22,23] though rarely in combination with transi-
tion metal catalysis.[24] An early report from the Stephenson
group described a photoredox-catalysed Smiles rearrange-
ment via the formation of a carbon-centered radical, formed
upon single electron reduction of difluoroalkylbromides.[25]

Further exploitation of this concept has allowed a variety
of different moieties to be formed.[26–29] This includes two
component domino reactions, for instance, developed by
the Nevado group, where electrophilic radicals can react
with N-arylsulfonyl acrylamides, leading to the formation of
corresponding arylethylamides (Scheme 1c).[30–33] However,
most of these examples rely on olefins that are amide or
styrene-derived.[6] In contrast, there are fewer examples with
simple, unactivated N-allylsulfonamides,[34–36] which limits the
generality of this approach to arylethylamines.[10,11,33]

Taking inspiration from the approaches described above–
and work from the Shenvi group on a hydroarylative Truce-
Smiles rearrangement employing a stoichiometric manganese
reagent for HAT (Scheme 1d)[37]—we sought to develop a
catalytic MHAT platform for hydroarylation. We rationalized
that the use of the reductive MHAT catalytic system,[38] that
our group[39–42] and others[43–51] have developed in the last
years, may enable the formation of β-arylethylamines via
the following sequence: polarity-matched HAT from a CoIII–
H species (formed by reduction and protonation of a CoII

catalyst); followed by radical aryl migration and reduction and
protonation of the resulting N-centered radical to form the
product. However, we were aware that obtaining the desired
products from ipso substitution could prove challenging
due to the competitive, previously reported ortho-cyclization
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Scheme 1. The importance of β-arylethylamine motifs in drug molecules.
Hydroarylation via MHAT and radical Truce-Smiles reactions.

pathway (Scheme 1e). Herein, we report our studies in the
development of a photoinduced hydroarylation strategy of N-
arylsulfonyl allylanilines, demonstrating how substrate design
can yield desired products with highly sterically substituted
arene rings.

To evaluate the feasibility of the proposal, we began
exploring the reactivity of N-phenylsulfonyl allylanilines 1
as a model substrate class (Scheme 2a). However, only a
moderate yield could be obtained with substrate 1a after
extensive screening of conditions, due to the generation of
undesired six- and five-membered heterocyclic products 2a′

and 2a′′. As shown in the mechanistic proposal, once the HAT
from CoIII–H species occurs, the generated radical can evolve
towards three different products via ipso addition (2a) or
ortho addition to the phenyl group attached to sulfur (2a′) and
nitrogen (2a′′), respectively.[52] To suppress this undesired,

previously reported radical ortho attack, we prepared two
additional substrates with di-ortho and ortho substitution (1b
and 1c,). In both cases, the reaction selectivity shifts towards
the generation of products 2b & 2c, respectively (Scheme 2a).

Based on these results, we selected to evaluate the
influence of N-arylsulfonyl allylaniline with various sub-
stituents at the ortho position of the migrating aryl group
by a density-functional theory (DFT) computational study at
the SMD(C6H6) ωB97XD/Def2TZVPP//ωB97XD/Def2SVP
level of theory (see further computational details in the
Supporting Information), including quasi-harmonic correc-
tions with the Goodvibes program.[53] For all three substrates,
1a, 1b, and 1c, we observed that the formation of the first
transition state was the rate-determining step for all possible
reaction pathways (Scheme 2b, see the complete free energy
profiles in the Supporting Information). For substrate 1a, the
least stable and highest energy transition state occurs for ipso
addition at the arene attached to sulfur (15.3 kcal mol−1),
while the most stable transition state arises from ortho
addition at the same aromatic group (14.6 kcal mol−1). The
transition state energy for attack at the aromatic ring bonded
directly to N has an energy of 15.2 kcal mol−1. By analyzing
the energies of these three transition states, the predicted
ratio of the products is calculated to be: 2a:2a′:2a′′ = 17:61:22
(Scheme 2b).

However, when both ortho positions are substituted
(substrate 1b), the ortho addition at the mesityl group is
suppressed due to the lack of protons for rearomatisation. In
contrast, the transition state formed by ipso addition to sulfur
(12.5 kcal mol−1) was more stable than the ortho addition to
the aromatic group attached to nitrogen (14.1 kcal mol−1).
No ortho-addition product was isolated experimentally which
aligns well with this computational prediction (Scheme 2b).
To further explore the influence of ortho substituents, a
substrate with only one ortho position occupied (1c) was
also investigated. Surprisingly, the transition state of ipso
addition is still the most stable (13.4 kcal mol−1) compared
to the two ortho additions (14.8, N-aryl and 15.1 R2NSO2-
aryl, in kcal mol−1), corresponding again to the experimental
results where aryl-migration is the predominant product
(Scheme 2b). Our analysis suggests that an increase in steric
hindrance at the ortho position destabilizes the substrate by
twisting the aromatic ring. This steric strain thus increases the
ground state energy bringing it closer to the transition state
energy for ipso attack where the ipso carbon becomes sp3

hybridized. Radical attack at the ortho positions is therefore
not favorable when at least one ortho substituent on the
aromatic group is present.

Based on our investigations and our previous work, we
proposed the following mechanism (Scheme 2c). Initially,
the photocatalyst, Ph-benzoPTZ, is excited with 405 nm
light. The excited state PC* (Eox* = −1.97 V vs SCE) can
undergo single electron transfer (SET) with the commercially
available cobalt(II) salen (Ered = −1.60 V vs SCE) to form
the corresponding radical cation PC•+ and CoI species.[47] It
was verified by the Stern–Volmer quenching experiment that
PC* can be quenched by CoII (see Supporting Information).
The PC•+ can then be reduced by the cyclohexyl-substituted
Hantzsch ester (HEH-Cy) to restore the ground state of
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a) c)

b)

Scheme 2. Reaction selectivity a), computational studies b), and proposed mechanism c).[1] Conditions: [Co]-1 (3.0 mol%), Ph-benzoPTZ (1.0 mol%),
HEH-Cy (1.5 equiv), 2,6-lutidine (1.0 equiv), benzene:HFIP (0.03 m, 35:1), 405 nm, 18 h;[2] [Co]-1 (2.0 mol%), Ph-benzoPTZ (2.0 mol%), HEH-Cy (3.0
equiv), 2,6-lutidine (1.0 equiv), toluene:HFIP (0.05 m, 20:1), 405 nm, 18 h;[3] Yield was determined by 1H-NMR analysis with 1,3,5-trimethoxybenzene
as an internal standard;[4] Isolated yield.

the photocatalyst, completing the photocatalysis cycle and
yielding radical cation, HEH-Cy•+ (which fragments to form
a cyclohexyl radical that is a spectator in most reactions–see
Scheme 4). Meanwhile, the key CoIII–H species is generated
through the protonation of CoI. Following hydrogen atom
transfer (HAT) from CoIII–H to starting material 1, an
alkyl radical intermediate I is formed together with CoII,
completing the MHAT catalysis cycle. Then, in the selectivity
determining step, the alkyl radical reacts at the ipso position
of the sulfonyl aromatic ring, giving aryl radical II. Rapid rad-
ical C─S bond breaking (III), followed by N-desulfonylation,
generates a nitrogen-centred radical IV, which undergoes
reduction and protonation to yield the final product. Without
the addition of 2,6-lutidine and HFIP, yields were diminished
and only starting material was recovered in the absence of
the photocatalyst, cobalt catalyst, Hantzsch ester, or light (see
Supporting Information for more details).

Next, we probed the possible variation in the migrating
aromatic group (Scheme 3a), starting with monosubstituted
sulfones bearing electron-withdrawing and electron-donating

groups at the ortho-position. A range of functional groups
including halogens, trifluoromethyl, and ester groups were all
well tolerated to deliver the corresponding β-arylethylamines
in moderate to good yields (2c-2h, 2k, 2l). Substrates where
the migrating aryl group is di-ortho substituted also per-
formed well, giving the products good yields (2b, 2i, 2j, 2m,
2n). Notably, substrates with large steric groups, such as 1m
and 1n, were also suitable for this reaction providing access
to sterically congested products straightforwardly. Substrates
containing a fused ring and heterocyclic ring were compatible
with the reaction system to form 2r and 2s in 42% and
17% respectively. The low yield of 2s was due to incomplete
consumption of the starting material. Substrates without
ortho position substituents were also evaluated (2a, 2o-2q),
demonstrating that a para electron-withdrawing group could
improve the reaction efficiency to some extent.

Then we turned our attention to substrates with diverse
aniline moieties. Substrates bearing different groups at
meta- and para-sites on the aniline (2t-2ad) furnished the
targeted products in good yields. However, substrates with

Angew. Chem. Int. Ed. 2025, 64, e202418869 (3 of 6) © 2025 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2025, 19, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202418869 by U

niversitatsbibliothek R
W

T
H

 A
achen U

niversity, W
iley O

nline L
ibrary on [12/02/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Communication

Scheme 3. Substrate scope. Reactions performed on a 0.1 mmol scale, isolated yields.
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Scheme 4. Truce-Smiles rearrangement with amide substrate and
α-functionalisation of amines.[1] Without [Co]-1;[2] without [Co]-1 and
Ph-benzoPTZ;[3] without a cooling fan.

ortho substituents (2ae-2ag) showed decreased yields due
to unreacted starting material. Benzo[d][1,3]dioxol-5-amine
could also undergo the sequential process to give 2ah in
61% yield. The reaction also proceeded smoothly with more
complex substrates bearing drug moieties to deliver analogues
of Butamben (2ai), Menthol (2aj), and Tocopherol (2ak).
Finally, we investigated the reaction with internal alkene-
containing substrates. In these cases, the starting material was
not completely consumed, likely due to the slower rate of
HAT from the metal catalyst.[54] However, low product yields
of 2al and 2am were nevertheless isolated.

Next, we investigated the electronics of the alkene. MHAT
from weak field ligand catalysts occurs more slowly with
electron-deficient alkenes.[55] Therefore, it was interesting to
observe that with the amide starting material, 1an, product
2an′ was isolated (Scheme 4a). This likely arises from
the addition of the nucleophilic cyclohexyl radical (from
fragmentation of HEH-Cy•+) which is polarity matched with
the electron-poor olefin, in contrast to the electrophilic CoIII–
H. The same reactions without cobalt catalyst and without
both cobalt catalyst and photocatalyst gave the same outcome
but in slightly lower yield. However, by switching to the
parent Hantzsch Ester and carrying out the reaction at a
slightly higher temperature, we were able to isolate prod-
uct 2an from sequential MHAT and Smiles-rearrangement
(Scheme 4b). Finally, we demonstrated that the product from
our methodology can be further arylated under photoredox
conditions to yield product 3.[56]

In conclusion, we have developed a novel synthesis of
β-arylethylamines that uses MHAT catalysis to trigger aryl

migration of N-arylsulfonyl allylanilines. This hydroarylation
protocol uses completely unactivated substrates to yield a
series of valuable β-arylethylamines, including the construc-
tion of products with high steric-hindrance at the ortho-
positions of the aromatic ring. Indeed, computational analysis
demonstrates the requirement of ortho-aryl substitution to
favor ipso radical addition and overcome the competitive
ortho-addition.
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