M) Cnec for upaates View Article Online

ORGANIC
CHEMISTRY

FRONTIERS

Accepted Manuscript

View Journal

This article can be cited before page numbers have been issued, to do this please use: S. Joshi, D.
Rickertsen, E. George, |. Ghiviriga and D. Seidel, Org. Chem. Front., 2026, DOI: 10.1039/D6Q0O00525J.

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been accepted
for publication.

Accepted Manuscripts are published online shortly after acceptance,
before technical editing, formatting and proof reading. Using this free
service, authors can make their results available to the community, in
citable form, before we publish the edited article. We will replace this
Accepted Manuscript with the edited and formatted Advance Article as
soon asitis available.

You can find more information about Accepted Manuscripts in the

ORGAN |C Information for Authors.

CHEMISTRY Please note that technical editing may introduce minor changes to the
FRONTIERS text and/or graphics, which may alter content. The journal’s standard
Terms & Conditions and the Ethical guidelines still apply. In no event
shall the Royal Society of Chemistry be held responsible for any errors
or omissions in this Accepted Manuscript or any consequences arising
from the use of any information it contains.

CCS ngNNIIEI%ZI,EAL : ROYAL SOCIETY

rsc.li/frontiers-organic

GElEE=P SOCIETY : ; OF CHEMISTRY



http://rsc.li/frontiers-organic
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d6qo00525j
https://pubs.rsc.org/en/journals/journal/QO
http://crossmark.crossref.org/dialog/?doi=10.1039/D6QO00525J&domain=pdf&date_stamp=2026-05-18

Page 1 of 10

& 5 » QpenAcgessAticlesPublishedonuld & ax2G26. Rownl paded oSRIRZEJOZ0EBAMA . o 0 5 s SV O N O LT D W N =
wm\fh% aficldisHedhbed unither € Rative Sontindiis RttriBuon RoftdRmalcd 38 np(‘)ﬁea‘l_i?en(%

aOuvuuuuuuuuu bbb DDNDN
O VWO NOUDMNWN=—-=OOVONO UV N

Organic:Chemistry-Frontiers

View Article Online
DOI: 10.1039/D6Q0O00525J

Acridine/Lewis Acid Photocatalysis Enables a-Amidyl Radical

Cyclizations

Received 00th January 20xx,
Accepted 00th January 20xx

Saurav Joshi,*" Dillon R. L. Rickertsen,*" Emma N. George," lon Ghiviriga,* and Daniel Seidel™*

A Lewis acid—activated acridine photocatalytic platform is reported that enables intramolecular Giese-type cyclizations of a-
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amidyl radicals under mild photochemical conditions. This approach addresses longstanding challenges associated with a-

amidyl radical reactivity and provides direct access to bicyclic and polycyclic nitrogen frameworks, including izidinones,

izidines, and indoloquinolizidines. The method displays broad substrate scope and enables the efficient construction of

annulated azacycles that are difficult to access using existing radical or ionic strategies. The synthetic utility of the protocol

is demonstrated through formal syntheses of the indoloquinolizidine alkaloids (t)-eburnaminol and (t)-larutensine,

underscoring its value for the rapid assembly of structurally complex, medicinally relevant polycyclic ring system.

Introduction

The prevalence of saturated nitrogen heterocycles as
ubiquitous motifs in pharmaceuticals, bioactive molecules, and
natural products has continually inspired strategies for direct C—
H functionalization of azacycles.! A recent analysis revealed that
82% of small-molecule drugs approved by the FDA between
2013 and 2023 contain at least one nitrogen heterocycle,
highlighting their central role in medicinal chemistry.? Although
synthetic studies often focus on the most frequently
encountered nitrogen heterocycles in FDA-approved drugs or
other privileged scaffolds,> numerous other bicyclic nitrogen
frameworks beyond these leading motifs hold significant
potential to provide unique insights and stimulate future
research. One such example is the izidinone core, a bicyclic
lactam present in diverse biologically active molecules.?
Reduction of the izidinone scaffold provides the corresponding
izidine framework, a prevalent motif widely represented in
natural products and biologically active compounds.> Herein,
we report an intramolecular a-amidyl radical cyclization
enabled by a Lewis acid activated acridine photocatalytic
platform that provides access to polycyclic nitrogen
heterocycles.

As an intriguing approach to construct bicyclic nitrogen
scaffolds, a-amino radicals have been shown to undergo
intramolecular addition to pendent olefins to afford annulated
structures. Traditionally, such transformations have relied on
BusSnH-mediated processes and prefunctionalized substrates
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(Scheme 1a).6
challenging removal, limited functional group tolerance, and

However, concerns over tin toxicity and
competing reduction processes,®? have prompted the search for

alternative approaches. In recent vyears, Vvisible-light
photocatalysis has emerged as a versatile approach to generate
a-amino radicals under mild conditions,” and their frequent use
in Giese reactions® is well documented. In a landmark study
employing polypyridyl  photocatalysts,

Nishibayashi et al. demonstrated the visible-light mediated

transition-metal

generation of a-amino radicals from tertiary amines, enabling
their intermolecular addition to electron-deficient alkenes.?
While intermolecular Giese additions of a-amino radicals and
related species are extremely common, intramolecular variants
are exceedingly rare and essentially unknown for amine
derivatives with high oxidation potentials (Scheme 1b).1°
Seminal work by Bach and coworkers accessed a spirocyclic
Giese product in enantioenriched form.1°% The requisite a-
amino radical was generated via an intermolecular hydrogen
atom transfer (HAT) process involving the excited state of a
chiral diaryl ketone photocatalyst containing a lactam to enable
hydrogen bonding interactions with the substrate. Other
examples include a study by Reiser and coworkers, who
reported on the cyclization of oxidatively generated a-amino
radicals derived from N-aryl tetrahydroisoquinolines containing
a pendent conjugate acceptor.1% Here, a subsequent further
oxidation process ultimately generates ring-fused indoles in
moderate yields. A related study by Xie/Zhu et al. accessed N-
aryl pyrrolidines from the corresponding linear precursors.0¢ A
rare example of a Giese cyclization of an a-carbamyl radical was
reported by Reiser and coworkers.1% Their strategy involves the
oxidative transformation of a prefunctionalized conjugate
acceptor to generate a vinyl radical that subsequently engages
in an intramolecular 1,6-HAT process to furnish the requisite a-
carbamyl radical. Interestingly, all known Giese cyclizations of
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Scheme 1. Overview and Current Work

a) Traditional radical-based approach to annulated nitrogen hetrocycles
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b) Photochemical Giese cyclizations of a-amino radicals via C—H functionalization

Bach (2005)

NQ HB-photocatalyst
(30 mol%)
X -
PhMe, hv (A > 300 nm) @\
N O —60°C, 1h N0

H
64%, 70% ee

Xie, Zhu (2017)

[Ir(ppy)2(dtb-bpy)IPFg (2 mol%) T COEt

o} X
methyl thioglycolate (20 mol%)
Eto)v\/\N/\Ph : D\
) KH,PO4 (20 mol%) N Ph
Ph CHCl3, blue LED, rt Ph (4)
72%,dr=7:1

c) Intermolecular Giese reactions of a-carbamyl radicals (our previous work)

Boc Boc

e Modular, strongly oxidizing photocatalytic system
e Compatible with challenging acceptors

a-aminoalkyl radicals generated via C—H functionalization
appear to be limited to the formation of five-membered fused
rings.’* a-Amino radicals that undergo Giese cyclizations have
also been generated by photomediated decarboxylation'? and
through the reduction of imines (not shown).13

The utility of strong photooxidants in enabling challenging bond
constructions under mild conditions has been exemplified by
the development of acridinium-based photoredox catalysis.14
Seminal contributions from Nicewicz and co-workers
established the ability of N-aryl acridinium photocatalysts to
generate a-carbamyl radicals through the
oxidation/deprotonation of simple N-Boc amines.'> At least in
part inspired by these findings, acridine/Lewis acid complexes
have emerged as highly oxidizing, and modular visible-light
photocatalysts, providing complementary reactivity to acridine
photocatalysis which has largely centered on PCET processes.1®
Following seminal work by Fukuzumi and coworkers,'’ Sanford
et al. demonstrated that acridine/Lewis acid complexes
function as potent photoactive species, enabling demanding
arene C—H amination.'® Concurrently, our group established
related complexes as powerful catalysts for the a-
functionalization of Boc-protected secondary amines, engaging
oxidatively generated a-carbamyl radicals in intermolecular
Giese reactions with broad acceptor scope (Scheme 1c).??
Building on this development of Lewis acid activated acridines
as strongly oxidizing photocatalysts, we envisioned that this
platform could enable direct access to challenging radical

2| J. Name., 2012, 00, 1-3
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Reiser (2012)

[Ir(ppy)2(dtb-bpy)IPFg
(10 mol%)
—_—

MeCN, hv, rt, 24-36 h

¢}
Reiser (2017)
EtO,C.__Br
‘ [Ir(ppy)2(dtb-bpy)]PFg (0.3 mol%) COEt
DIPEA (2.2 equiv)
N~ Ph

N Ph MeCN, 455 nm LED, rt, 48 h ‘

) (#) CO,Me

CO,Me

78%, dr = 3.2:1

d) Giese cyclizations of a-amidyl radicals (this work)
EWG

XGWE ‘ @@ ! )
Qb i,

e Modular approach e Bio-relevant products
* Application in natural product synthesis

manifolds and unlock intramolecular a-amidyl radical Giese
additions, providing a modular entry into annulated nitrogen
heterocycles (Scheme 1d).2°

Results and discussion

We began our investigation of the proposed Giese cyclization
with model substrate 1a. Gratifyingly, acridine 3a, used in
combination with triflic acid, delivered product 2a in 54% yield
(entry 1). The use of boron trifluoride etherate provided 2a in
reduced vyield (entry 2). Systematic evaluation of Lewis acids
revealed that Sc(OTf); provided substantial improvements in
yield, consistent with a trend correlating higher charge density
with enhanced reactivity (see the S| for details). Increasing
Sc(OTf)3 loadings led to progressive yield improvements (entries
3-5), possibly due to increased substrate activation. Acridines
3b and 3c were also examined. Catalyst 3c delivered competent
reactivity (entry 7), whereas 3b gave <10% vyield (entry 6).
Consistent with our prior findings, the acridinium photocatalyst
3d also promoted the reaction, albeit less efficiently than the
acridine/Sc(OTf)s system (entry 8). However, adding Sc(OTf)s to
acridinium 3d enhanced the yield relative to acridinium alone
(entry 9). This suggests a beneficial role for Lewis acid
coordination in substrate activation and/or in facilitating the

This journal is © The Royal Society of Chemistry 20xx
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Scheme 2. Optimization of Reaction Conditions
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I‘:‘h eBF4
3a 3b 3c 3d

Entry Acridine (mol%) Acid (mol%) Conc. (M) Yield (%) dr
1 Sa (10) TfOH (8) 0.1 54 2.9:1
2 3a (10) BF3°OEt; (8) 0.1 43 2.5:11
3 3a (10) Sc(OTf); (8) 0.1 67 2.1:1
4 a (10) Sc(OTf)3 (15) 0.1 74 2.2:1
5 ( 0) Sc(OTf)3 (20) 0.1 80 2.3:11
6 10) Sc(OTf); (20) 0.1 <10 ND
7 30 (10) (OTf)3 (20) 0.1 79 2.3:1
8 3d (10) 0.1 33 2.2:1
9 10) Sc(OTf) (20) 0.1 64 2.5:11
10 ( 0) Sc(OTf); (20) 0.2 84 2.2:1
11 3a (5) Sc(OTf); (20) 0.2 84 2.3:1
12 3a (2.5) Sc(OTf) (20) 0.2 79 2.2:1
13 3a (10) 0.2 19 2.1:1
14 - Sc(OTf)3 (20) 0.2 NR -
152 3a (10) Sc(OTf); (20) 0.2 NR

Reactions were performed with 0.2 mmol of 1a. All yields correspond to isolated yields of chromatographically pure
products. @ Reaction was run in the dark. ND = Not determined; NR = No reaction

rate-limiting reduction of the carbon-centered radical
intermediate formed after the Giese addition step.1®® Notably,
doubling the reaction concentration in the presence of 20 mol%
of Sc(OTf); furnished 2ain 84% yield (entry 10). Importantly, the
reaction remained highly efficient with lower photocatalyst
loadings: 5 mol% 3a provided 84% yield (entry 11), while 2.5
mol% resulted in a comparable yield of 79% (entry 12),
underscoring the robustness of the catalytic system. The
reaction still proceeded in the absence of a Lewis acid, albeit in
diminished 19% yield (entry 13). Control experiments confirmed
that both light and photocatalyst are essential (entries 14 and
15).

With the optimal conditions in hand, the scope of the
transformation was evaluated (Scheme 3). Cyclic amines
spanning several ring sizes (2b—2f) underwent smooth
annulation to furnish the corresponding products in good yields.
For morpholine, a-C—H functionalization adjacent to nitrogen
occurred selectively to give 2g in 54% vyield. Substituted
piperidines, including 4-substituted (2i, 2j) and 2-substituted
(2k) derivatives, showed good reactivity. In contrast, the 2-
phenylpiperidine derivative (2l) exhibited sluggish reactivity.
Functional groups such as ketals and alkenes (2m, 2n) were
compatible, although electron-withdrawing substitution
attenuated the nucleophilicity of the a-amidyl radical, resulting
in diminished yields in the case of ketal. Linear amines also
reacted to give 20 and 2p. Product 2q was obtained as a mixture

This journal is © The Royal Society of Chemistry 20xx

of regioisomers. Other nitrogen heterocycles such as
tetrahydroisoquinoline (2r) and tetrahydro-B-carboline (2s)
were viable substrates. A number of substrates containing
different acrylate acceptors furnished products in good to
excellent yields (2t—2w), exhibiting tolerance for halogens and
easy-to-oxidize electron-rich heterocycles such as thiophene.
Acrylonitrile (2x) and vinyl ketone (2y) acceptors were also
viable. A substrate containing a trisubstituted alkene also
participated in the reaction (2z).

In the process of tailoring the method to individual substrates,
we observed that heating under irradiation (80 °C, blue LEDs)
significantly improved vyields for certain low-reactivity
substrates, as we had observed previously albeit in a different
context.’®® A notable example is tetrahydro-B-carboline 2s,
which exhibited a 52% increase in yield upon heating. In
contrast, 2n did not benefit from elevated temperature, likely
because its alkene competing
oligomerization or other side reactions that became more
prominent at higher temperatures. Other low-reactivity
substrates reevaluated under heating conditions resulted in
improved yields (2f, 2m, 20, 2p, 2q, 2s). Having identified the
beneficial role of the elevated temperature under irradiation,
we next assessed the scalability and broader synthetic potential
to benchmark the transformation for preparative applications.

exocyclic underwent

J. Name., 2013, 00, 1-3 | 3
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52 eburnaminol, larutensine, etc. all featuring fused ABCDE
53 The method proved amenable to scale-up and enabled the architectures derived from tetrahydro-B-carboline precursors
54 production of 2c¢ in gram scale, showcasing the robustness of (Scheme 4 b).22 Eburnaminol and larutensine are isolated from
55 the protocol (Scheme 4a). the stems and bark of Kopsia larutensis, traditionally used as
56 Indoloquinolizidine alkaloids constitute a large family of natural  anti-inflammatory agents.2> Despite long standing interest,
57 products with diverse biological activities including CNS, stereoselective and scalable access to these fused ring systems
58 cardiovascular, and antiproliferative properties.2!  remain challenging.?2 To demonstrate the synthetic utility of
59 Representative members include vincamine, tacamonine,
60
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a) Larger scale reaction

o) i
BnO o)}

" 3a (5 mol%) H: n

O Sc(OTf)3 (20 mol%)

—_— A
N MeCN (0.2 M) N MeOC 1
o 450 nm LED, fan, 24h 0
(+)-2¢, 78% (1.06 g) vincamine

4.5 mmol dr=2.2:1

c¢) Formal synthesis of eburnaminol and larutensine

dr > 25:1

our transformation, the reaction was applied to the formal
syntheses of the indoloquinolizidine alkaloids (+)-eburnaminol
and (z)-larutensine (Scheme 4c). Key to the formal synthesis
was ensuring diastereoselective intramolecular Giese addition
of a-amidyl radical derived from 4 onto the pendent acrylate
functionality. Initial attempts using Boc-protected substrates
resulted in competing Boc-deprotection under the reaction
conditions (not shown). Switching to a Cbz protecting group
furnished cyclized product 5 with the desired stereochemistry
in 65% yield as a single detectable diastereomer. The remainder
of the mass balance consisted of recovered starting material 4,
as illustrated by a 92% vyield based on recovered starting
material. Attempts to force the reaction to completion by
extending the reaction time resulted in loss of
diastereoselectivity, possibly due to product oxidation and
epimerization via an o-amidyl radical (not shown).
Hydrogenolysis of 5 afforded key intermediate 6 in 88% yield,
completing the formal syntheses of (t)-eburnaminol and (%)-
larutensine via Smith’s reported procedures.??2

3a (5 mol%)
OTf)3 (20 mol%)

MeCN (02M)
456 nm, 80 °C, 18 h

(£)-5, 65% (92% BRSM)

Conclusions

In summary, a modular Lewis acid acridine photoredox catalytic
platform has been developed for challenging intramolecular
Giese additions of a-amidyl radicals, providing efficient access
to privileged annulated nitrogen heterocycles. The method
features mild conditions, broad substrate scope, scalability, and
compatibility with structurally complex intermediates. Its value
is highlighted through formal syntheses of the
indoloquinolizidine alkaloids eburnaminol and larutensine,
demonstrating the platform’s utility for constructing fused
indole-quinolizidine architectures.
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Functionalization of Amines, Synthesis, 2021, 53, 3869—-3908.
(j) W. Chen, X. Yang and X. Cao, Transition-Metal-Catalyzed
Remote C-H Bond Functionalization of Cyclic Amines,
SynOpen, 2022, 6, 286—305. (k) J. Kaur and J. P. Barham, Site-
Selective C(sp3)—H Functionalizations Mediated by Hydrogen
Atom Transfer Reactions via a-Amino/a-Amido Radicals,
Synthesis, 2022, 54, 1461-1477. (I) W. Chen, X. Cao and X.
Yang, Transition-Metal-Free Methods for the Remote C-H
Bond Functionalization of Cyclic Amines, Asian J. Org. Chem.,
2023, 12, e202200547. (m) N. Ray and C. K. Jana, Iminium and
azonium-activated metal and oxidant-free C-H
functionalization of aliphatic amines, Chem. Commun., 2023,
59, 8504—-8519. (n) Y. Tao, K. Guo, H. Chen, G. Yan and M. Guo,
Site-Selective C(sp3)—H Functionalization of Primary Aliphatic
Amines, Org. Chem. Front., 2024, 11, 3270-3280. (o) Y. Liu, X.
Li and J. Li, Photocatalytic and Electrocatalytic o-C-H
Functionalization of Tertiary Amines, Tetrahedron, 2024, 166,
134234. (p) C. H. M. Zheng and L. L. Schafer, Recent Advances
in Saturated N-Heterocycle C—H Bond Functionalization for
Alkylated N-Heterocycle Synthesis, Synthesis, 2025, 57, 522—
538. (q) K. Bhatt and D. Seidel, Cyclic Imine-BF3 Complexes as
Precursors for Functionalized Azacycles, Synlett, 2025, 36,
1435-1440. (r) X.-Y. Chen, Y. Zhang, C. Gao and G.-Q. Xu,
Photoredox-Enabled C(sp3)—H Functionalization of Amines
through Iminium lons, Radicals, and Carbanions, Org. Chem.
Front., 2026, 13, 1373-1423.

Selected reviews on the relevance of azacycles: (a) R. D.
Taylor, M. MacCoss and A. D. G. Lawson, Rings in Drugs, J.
Med. Chem., 2014, 57, 5845-5859. (b) E. Vitaku, D. T. Smith
and J. T. Njardarson, Analysis of the Structural Diversity,
Substitution  Patterns, and Frequency of Nitrogen
Heterocycles among U.S. FDA Approved Pharmaceuticals, J.
Med. Chem., 2014, 57, 10257-10274. (c) C. M. Marshall, J. G.
Federice, C. N. Bell, P. B. Cox and J. T. Njardarson, An Update
on the Nitrogen Heterocycle Compositions and Properties of
U.S. FDA-Approved Pharmaceuticals (2013-2023), J. Med.
Chem., 2024, 67, 11622-11655.

(a) M. E. Welsch, S. A. Snyder and B. R. Stockwell, Privileged
scaffolds for library design and drug discovery, Curr. Opin.
Chem. Biol., 2010, 14, 347-361. (b) E. K. Davison and M. A.
Brimble, Natural Product-Derived Privileged Scaffolds in Drug
Discovery, Curr. Opin. Chem. Biol., 2019, 52, 1-8. (c) P. Ertl, E.
Altmann and R. Wilcken, Ring Systems in Medicinal Chemistry:
A Cheminformatics Analysis of Ring Popularity in Drug
Discovery over Time, Eur. J. Med. Chem., 2025, 300, 118178.
Selected articles on the biological relevance of izidinone
scaffold: (a) A. Boto, J. Miguélez, R. Marin and M. Diaz,
Synthesis of Indolizidinone Analogues of Cytotoxic Alkaloids:
Monocyclic Precursors Are Also Active, Bioorg. Med. Chem.
Lett., 2012, 22, 3402-3407. (b) C. U. Kim, C. Y. Yang, X. C.
Sheng, S. A. Leavitt, E. Doerffler, X. Chen, D. Byun and M. O.
Clarke, Novel, potent and orally bioavailable indolizidinone-
derived inhibitors of the hepatitis C virus NS3 protease,
Bioorg. Med. Chem. Lett., 2012, 22, 1095—-1098.

Selected reviews on the prevalence of izidine frameworks: (a)
J. P. Michael, Indolizidine and quinolizidine alkaloids, Nat.
Prod. Rep., 2008, 25, 139-165. (b) J. P. Michael, Alkaloids:
Chemistry and Biology, 2016, 75, 1-498. (c) P. Kuntiyong, S.
Akkarasamiyo and K. Rayanil, Modular Approach in Synthesis
of Polycyclic Indolizidine, Quinolizidine, and Related Alkaloids,
Chem. Asian J., 2025, e00631.
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M. Tsai, a-Acylamino Radical Cyclizations, J. Am. Chem. Soc.,

1984, 106, 8209-8217. (b) D. A. Burnett, J. K. Choi, D. J. Hart
and Y. M. Tsai, Pyrrolizidinone and indolizidinone synthesis:
generation and intramolecular addition of a-acylamino
radicals to olefins and allenes, J. Am. Chem. Soc., 1984, 106,
8201-8209. (c) V. Snieckus, J.-C. Cuevas, C. P. Sloan, H. Liu and
D. P. Curran, Intramolecular a-Amidoyl-to-Aryl 1,5-Hydrogen
Atom Transfer Reactions. Heteroannulation and a-Nitrogen
Functionalization by Radical Translocation, J. Am. Chem. Soc.,
1990, 112, 896—898. (d) D. P. Curran and H. Liu, Radical
Translocation Reactions across Amides. 1.5-Hydrogen-
Transfer Reactions of o-lodobenzamides and N-(o-
lodobenzyl) Amides, J. Chem. Soc., Perkin Trans. 1, 1994, 11,
1377-1393. (e) R. Clauss and R. Hunter, Stereoselective
Benzylic a-Acylamino Radical Cyclisation: A Model Study for
the Tacaman Indole Alkaloid Skeleton, J. Chem. Soc., Perkin
Trans. 1, 1997, 14, 1801-1809. (f) A. Kamimura, Y. Taguchi, Y.
Omata and M. Hagihara, Convenient Synthesis of 2-
Benzazepines via Radical Cyclization, J. Org. Chem., 2003, 68,
4996-4998.

Selected reviews on the generation of a-amino alkyl radicals:
(a) L. Shi and W. Xia, Photoredox Functionalization of C—H
Bonds Adjacent to a Nitrogen Atom, Chem. Soc. Rev., 2012,
41, 7687-7697. (b) J. Hu, J. Wang, T. H. Nguyen and N. Zheng,
The Chemistry of Amine Radical Cations Produced by Visible
Light Photoredox Catalysis, Beilstein J. Org. Chem., 2013, 9,
1977-2001. (c) J. W. Beatty and C. R. J. Stephenson, Amine
Functionalization via Oxidative Photoredox Catalysis:
Methodology Development and Complex Molecule Synthesis,
Acc. Chem. Res., 2015, 48, 1474-1484. (d) K. Nakajima, Y.
Miyake and Y. Nishibayashi, Synthetic Utilization of a-
Aminoalkyl Radicals and Related Species in Visible Light
Photoredox Catalysis, Acc. Chem. Res., 2016, 49, 1946—1956.
(e)S. Liu, Z. Zhao and Y. Wang, Construction of N-Heterocycles
through Cyclization of Tertiary Amines, Chem. Eur. J., 2019,
25, 2423-2441. (f) H. Xu, Y. Hua and G.-Q. Xu, Photoredox-
Catalyzed Nucleophilic Addition of a-Amino Radicals to
Unsaturated Compounds, Chem. Commun., 2025, 61, 17989—
18016.

Selected reviews on Giese reactions: (a) A. L. G. Kanegusuku
and J. L. Roizen, Recent Advances in Photoredox-Mediated
Radical Conjugate Addition Reactions: An Expanding Toolkit
for the Giese Reaction, Angew. Chem. Int. Ed., 2021, 60,
21116-21149. (b) M. Spichty, H. Zipse, S. Majouri, K. M.
Fromm and B. Giese, 50 Years of Giese Reaction — a Personal
View, Angew. Chem. Int. Ed., 2026, 65, €202524825.

Y. Miyake, K. Nakajima and Y. Nishibayashi, Visible-Light-
Mediated Utilization of a-Aminoalkyl Radicals: Addition to
Electron-Deficient Alkenes Using Photoredox Catalysts, J. Am.
Chem. Soc., 2012, 134, 3338-3341.

Selected articles on the photochemical intramolecular Giese
reaction of a-amino radicals: (a) A. Bauer, F. Westkamper, S.
Grimme and T. Bach, Catalytic Enantioselective Reactions
Driven by Photoinduced Electron Transfer, Nature, 2005, 436,
1139-1140. (b) P. Kohls, D. Jadhav, G. Pandey and O. Reiser,
Visible Light Photoredox Catalysis: Generation and Addition of
N-Aryltetrahydroisoquinoline-Derived a-Amino Radicals to
Michael Acceptors, Org. Lett., 2012, 14, 672-675. (c) S. Zhu,
A. Das, L. Bui, H. Zhou, D. P. Curran and M. Rueping, Oxygen
Switch in Visible-Light Photoredox Catalysis: Radical Additions
and Cyclizations and Unexpected C-C-Bond Cleavage
Reactions, J. Am. Chem. Soc., 2013, 135, 1823-1829. (d) H.
Mizoguchi, H. Oikawa and H. Oguri, Biogenetically Inspired
Synthesis and Skeletal Diversification of Indole Alkaloids, Nat.
Chem., 2014, 6, 57-64. (e) J. Liu, J. Xie and C. Zhu, Photoredox
Organocatalytic a-Amino C(sp®)—H Functionalization for the
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Synthesis of 5-Membered Heterocyclic y-Amino Acid
Derivatives, Org. Chem. Front., 2017, 4, 2433-2436. (f) S. K.
Pagire and O. Reiser, Tandem cyclisation of vinyl radicals: a
sustainable approach to indolines utilizing visible-light
photoredox catalysis, Green Chem., 2017, 19, 1721-1725. (g)
P. Xu, W. Han, Y. Zhou, H.-Y. Xiong, S.-F. Ni and G. Zhang,
Visible-Light-Mediated Cyclization of Ynones for the Synthesis
of 3-Alkyl N-Fused |Indoles via C(sp®)-H Bond
Functionalization, Adv. Synth. Catal., 2023, 365, 4533-4537.
For an example utilizing a-silylmethyl tertiary amines as
radical precursors for intramolecular Giese reactions leading
to six-membered rings, see: M. Griibel, C. Jandl and T. Bach,
Synthesis of Tetrahydroisoquinolines by Visible-Light-
Mediated 6-exo-trig Cyclization of a-Aminoalkyl Radicals,
Synlett, 2019, 30, 1825-1829.

Examples of Giese cyclizations involving decarboxylatively
generated a-amino radicals: (a) S. J. McCarver, J. X. Qiao, J.
Carpenter, R. M. Borzilleri, M. A. Poss, M. D. Eastgate, M. M.
Miller and D. W. C. MacMillan, Decarboxylative Peptide
Macrocyclization through Photoredox Catalysis, Angew.
Chem. Int. Ed., 2017, 56, 728-732. (b) Y. Ge, X. Chen, Y. Dong,
H.-N. Wang, Y. Li and G. Chen, Access to Benzene-Modified
2nd Generation Strigolactams and GR24 by Merging C—H
Olefination with Decarboxylative Giese Cyclization, Org.
Biomol. Chem., 2021, 19, 7141-7146. (c) Y. Ge, H. Wang, H.-
N. Wang, S.-S. Yu, R. Yang, X. Chen, Q. Zhao and G. Chen,
Biomimetic Total Syntheses of Ergot Alkaloids via
Decarboxylative Giese Coupling, Org. Lett., 2021, 23, 370—
375.

Examples utilizing imines or iminium ions as a-aminoalkyl
radical precursors for intramolecular Giese reactions: (a) J. A.
P. Maitland, J. A. Leitch, K. Yamazaki, K. E. Christensen, D. J.
Cassar, T. A. Hamlin and D. J. Dixon, Switchable, Reagent-
Controlled Diastereodivergent Photocatalytic
Carbocyclisation of Imine-Derived a-Amino Radicals, Angew.
Chem. Int. Ed., 2021, 60, 24116—24123. (b) J. Wang, G. Wei, J.
Luo, J. Cheng, D. Zhang, X. Chen, F. Tan, T. Yang, H. Li and B.
Huang, Photoredox-Catalyzed Dearomatization of Indoles
with Amines: An Approach to Highly Strained Polycyclic
Indolines, Org. Lett., 2025, 27, 10465-10470.

For selected reviews on acridinium photocatalysis, see: (a) N.
A. Romero and D. A. Nicewicz, Organic Photoredox Catalysis,
Chem. Rev., 2016, 116, 10075-10166. (b) B. Zilate, C. Fischer
and C. Sparr, Design and Application of Aminoacridinium
Organophotoredox Catalysts, Chem. Commun., 2020, 56,
1767-1775. (c) A. Tili and S. Lakhdar, Acridinium Salts and
Cyanoarenes as Powerful Photocatalysts: Opportunities in
Organic Synthesis, Angew. Chem. Int. Ed., 2021, 60, 19526—
19549. (d) P. P. Singh, J. Singh and V. Srivastava, Visible-Light
Acridinium-Based Organophotoredox Catalysis in Late-Stage
Synthetic Applications, RSC Adv., 2023, 13, 10958-10986. (e)
S. Fukuzumi, Y.-M. Lee and W. Nam, Photoredox Catalysis of
Acridinium and Quinolinium lon Derivatives, Bull. Korean
Chem. Soc., 2025, 46, 4-23.

(a) J. B. McManus, N. P. R. Onuska and D. A. Nicewicz,
Generation and Alkylation of a-Carbamyl Radicals via Organic
Photoredox Catalysis, J. Am. Chem. Soc., 2018, 140, 9056—
9060. (b) J. B. McManus, N. P. R. Onuska, M. S. Jeffreys, N. C.
Goodwin and D. A. Nicewicz, Site-Selective C—H Alkylation of
Piperazine Substrates via Organic Photoredox Catalysis, Org.
Lett., 2020, 22, 679-683.

Selected articles on acridine photocatalysis: (a) H. Nozaki, M.
Katd, R. Noyori and M. Kawanisi, Photochemical Alkylation of
Nitrogen Heteroaromatics by Carboxylic Acids Under
Decarboxylation, Tetrahedron Lett., 1967, 8, 4259-4260. (b)
R. Noyori, M. Kat6, M. Kawanisi and H. Nozaki, Photochemical
Reaction of Benzopyridines with Alkanoic Acids, Tetrahedron,
1969, 25, 1125-1136. (c) K. Okada, K. Okubo and M. Oda, A
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Intact Carboxylic Acids in the Presenge 0fAzasAromatic
Compounds, J. Photochem. Photobiol., A, 1991, 57, 265-277.

(d) V. T. Nguyen, V. D. Nguyen, G. C. Haug, N. T. H. Vuong, H.
T. Dang, H. D. Arman and O. V. Larionov, Visible-Light-Enabled
Direct Decarboxylative N-Alkylation, Angew. Chem. Int. Ed.,
2020, 59, 7921-7927. (e) H. T. Dang, G. C. Haug, V. T. Nguyen,
N. T. H. Vuong, G. B. Karki, H. D. Arman and O. V. Larionov,
Acridine Photocatalysis: Insights into the Mechanism and
Development of a Dual-Catalytic Direct Decarboxylative
Conjugate Addition, ACS Catal., 2020, 10, 11448-11457. (f) M.
0. Zubkov, M. D. Kosobokov, V. V. Levin, V. A. Kokorekin, A. A.
Korlyukov, J. Hu and A. D. Dilman, A Novel Photoredox-Active
Group for the Generation of Fluorinated Radicals from
Difluorostyrenes, Chem. Sci., 2020, 11, 737-741. (g) A. Adili,
A. B. Korpusik, D. Seidel and B. S. Sumerlin, Photocatalytic
Direct Decarboxylation of Carboxylic Acids to Derivatize or
Degrade Polymers, Angew. Chem. Int. Ed., 2022, 61,
€202209085. (h) V. T. Nguyen, G. C. Haug, V. D. Nguyen, N. T.
H. Vuong, G. B. Karki, H. D. Arman and O. V. Larionoy,
Functional Group Divergence and the Structural Basis of
Acridine Photocatalysis Revealed by Direct
Decarboxysulfonylation, Chem. Sci., 2022, 13, 4170-4179. (i)
E. Schue, D. R. L. Rickertsen, A. B. Korpusik, A. Adili, D. Seidel
and B. S. Sumerlin, Alternating Styrene—Propylene and
Styrene—Ethylene Copolymers Prepared by Photocatalytic
Decarboxylation, Chem. Sci., 2023, 14, 11228-11236. (j) H. T.
Dang, V. D. Nguyen, G. C. Haug, H. D. Arman and O. V.
Larionov, Decarboxylative Triazolation Enables Direct
Construction of Triazoles from Carboxylic Acids, JACS Au,
2023, 3, 813-822. (k) A. B. Korpusik, A. Adili, K. Bhatt, J. E.
Anatot, D. Seidel and B. S. Sumerlin, Degradation of
Polyacrylates by One-Pot Sequential Dehydrodecarboxylation
and Ozonolysis, J. Am. Chem. Soc., 2023, 145, 10480-10485.
() J. A. Andrews, J. Kalepu, C. F. Palmer, D. L. Poole, K. E.
Christensen and M. C. Willis, Photocatalytic Carboxylate to
Sulfinamide Switching Delivers a Divergent Synthesis of
Sulfonamides and Sulfonimidamides, J. Am. Chem. Soc., 2023,
145, 21623-21629. (m) A. Porey, S. O. Fremin, S. Nand, R.
Trevino, W. B. Hughes, S. K. Dhakal, V. D. Nguyen, S. G. Greco,
H. D. Arman and O. V. Larionov, Multimodal Acridine
Photocatalysis Enables Direct Access to Thiols from Carboxylic
Acids and Elemental Sulfur, ACS Catal., 2024, 14, 6973—-6980.
(n) X. Sui, H. T. Dang, A. Porey, R. Trevino, A. Das, S. O. Fremin,
W. B. Hughes, W. T. Thompson, S. K. Dhakal, H. D. Arman, O.
V. Larionov and S. lJin, Acridine Photocatalysis Enables
Tricomponent Direct Decarboxylative Amine Construction,
Chem. Sci., 2024, 15, 9582-9590. (o) K. Zhuang, G. C. Haug, Y.
Wang, S. Yin, H. Sun, S. Huang, R. Trevino, K. Shen, Y. Sun, C.
Huang, B. Qin, Y. Liu, M. Cheng, O. V. Larionov and S. Jin,
Cobalt-Catalyzed Carbon—Heteroatom Transfer Enables
Regioselective Tricomponent 1,4-Carboamination, J. Am.
Chem. Soc., 2024, 146, 8508-8519. (p) K. Bhatt, A. Adili, A. H.
Tran, K. M. Elmallah, I. Ghiviriga and D. Seidel, Photocatalytic
Decarboxylative Alkylation of Cyclic Imine—BF; Complexes: A
Modular Route to Functionalized Azacycles, J. Am. Chem. Soc.,
2024, 146, 26331-26339. (q) E. Wheatley, H. Melnychenko
and M. Silvi, Iterative One-Carbon Homologation of
Unmodified Carboxylic Acids, J. Am. Chem. Soc., 2024, 146,
34285-34291. (r) B. Feng, M. Lepori, M. Domanski, P. C.
Tiwari, G. Zhang, T. Noél and J. P. Barham, Photo-induced N-
Center Radical Catalyzed Direct Hydrogen Atom Transfer
Platform for Aliphatic C—H Functionalization, ChemRxiv, 2025.
(s) S. Huang, R. Trevino, D. Zuo, X. Tian, W. Yang, W. B. Hughes,
S. O. Fremin, A. Porey, V. T. B. Nguyen, B. Gao, X. Xu, B. R.
Dhungana, Y. Jiang, Y. Sun, C. Huang, M. He, C. Giri, S. K.
Dhakal, B. Qin, Y. Liu, M. Cheng, O. V. Larionov and S. lJin,
Cobalt-Catalyzed Enantioconvergent Decarboxylative N-
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Alkylation, J. Am. Chem. Soc., 2025, 147, 21097-21108. (t) J.
Yin, C. Shi, A.-M. Hu, M. Luo, C. Yang, L. Guo and W. Xia,
Copper-catalyzed C(sp3)-H amination and etherification of
unactivated  hydrocarbons via  photoelectrochemical
pathway, Nat. Commun., 2025, 16, 5123.

(a) S. Fukuzumi, J. Yuasa, N. Satoh and T. Suenobu, Scandium
lon-Promoted Photoinduced Electron Transfer from Electron
Donors to Acridine and Pyrene. Essential Role of Scandium lon
in Photocatalytic Oxygenation of Hexamethylbenzene, J. Am.
Chem. Soc., 2004, 126, 7585-7594. (b) S. Fukuzumi, J. Jung, Y.-
M. Lee and W. Nam, Effects of Lewis Acids on Photoredox
Catalysis, Asian J. Org. Chem., 2017, 6, 397—-409.

(a) M. R. Lasky, E. Liu, M. S. Remy and M. S. Sanford, Visible-
Light Photocatalytic C—H Amination of Arenes Utilizing
Acridine—Lewis Acid Complexes, J. Am. Chem. Soc., 2024, 146,
14799-14806. (b) S. M. Reich, M. R. Lasky and M. S. Sanford,
Visible-Light SNAr Pyridination of Aryl Halides and Triflates
with Acridine-Lewis Acid Photocatalysts, J. Org. Chem., 2025,
90, 10332-10337.

(a) D. R. L. Rickertsen, J. L. Crow, T. Das, I. Ghiviriga, J. S. Hirschi
and D. Seidel, Acridine/Lewis Acid Complexes as Powerful
Photocatalysts: A Combined Experimental and Mechanistic
Study, ACS Catal., 2024, 14, 14574-14585. (b) D. R. L.
Rickertsen, E. N. George and D. Seidel, Photocatalytic a-
alkylation of carbamates with vinyl azaarenes, Arkivoc, 2024,
202412325.

Selected studies involving the formation of a-amidyl radicals:
(a) H. Yan, L. Lu, G. Rong, D. Liu, Y. Zheng, J. Chen and J. Mao,
Functionalization of Amides via Copper-Catalyzed
Oxyalkylation  of  Vinylarenes and  Decarboxylative
Alkenylation of sp3 C—H, J. Org. Chem., 2014, 79, 7103-7111.
(b) W.-J. Wang, X. Zhao, L. Tong, J.-H. Chen, X.-J. Zhang and M.
Yan, Direct Inter- and Intramolecular Addition of Amides to
Arylalkenes Promoted by KOt-Bu/DMF, J. Org. Chem., 2014,
79, 8557-8565. (c) X. Zheng, J. He, H.-H. Li, A. Wang, X.-J. Dai,
A.-E. Wang and P.-Q. Huang, Titanocene(lll)-Catalyzed Three-
Component Reaction of Secondary Amides, Aldehydes, and
Electrophilic Alkenes, Angew. Chem. Int. Ed., 2015, 54, 13739—
13742. (d) S. Paul and J. Guin, Radical C(sp3)—H Alkenylation,
Alkynylation and Allylation of Ethers and Amides Enabled by
Photocatalysis, Green Chem., 2017, 19, 2530-2534. (e) A. W.
Rand, H. Yin, L. Xu, J. Giacoboni, R. Martin-Montero, C.
Romano, J. Montgomery and R. Martin, Dual Catalytic
Platform for Enabling sp3 a C-H Arylation and Alkylation of
Benzamides, ACS Catal., 2020, 10, 4671-4676. (f) J. Wang, Q.
Xie, G. Gao, H. Li, W. Lu, X. Cai, X. Chen and B. Huang, Selective
N-a-C—H Alkylation of Cyclic Tertiary Amides via Visible-Light-
Mediated 1,5-Hydrogen Atom Transfer, Org. Chem. Front.,
2023, 10, 4394-4399. (g) M. G. Pizzio, E. G. Mata, P. Dauban
and T. Saget, Photocatalytic C—H Functionalization of Nitrogen
Heterocycles Mediated by a Redox Active Protecting Group,
Eur. J. Org. Chem., 2023, e202300616. (h) Y. Jiang, D. Liu, M.
E. Rotella, G. Deng, Z. Liu, W. Chen, H. Zhang, M. C. Kozlowski,
P. J. Walsh and X. Yang, Net-1,2-Hydrogen Atom Transfer of
Amidyl Radicals: Toward the Synthesis of 1,2-Diamine
Derivatives, J. Am. Chem. Soc., 2023, 145, 16045-16057. (i) J.
Zheng, H. Zhang, S. Kong, Y. Ma, Q. Du, B. Yi, G. Zhang and R.
Guo, Copper-Catalyzed General and Selective a-C(sp3)-H
Silylation of Amides via 1,5-Hydrogen Atom Transfer, ACS
Catal., 2024, 14, 1725-1732.

(a) J. E. Saxton, Recent progress in the chemistry of the
monoterpenoid indole alkaloids, Nat. Prod. Rep., 1997, 14,
559-590. (b) A. Vas and B. Gulyas, Eburnamine derivatives
and the brain, Med. Res. Rev., 2005, 25, 737-757. (c) F.
Wehner, A. Néren-Miiller, O. Mdiller, |. Reis-Corréa, A. Giannis
and H. Waldmann, Indoloquinolizidine Derivatives as Novel
and Potent Apoptosis Inducers and Cell-Cycle Blockers,
ChemBioChem, 2008, 9, 401-405.
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(a) M. W. Smith, R. Hunter, D. J. Patten and W, Hing, A new
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Data for this article, including experimental procedures, characterization data, and.
NMR spectra, are available in the Supplementary Information.
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