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Abstract: Concise total syntheses of five leuconoxine-type
alkaloids, i.e., chloromelodinine, leuconodine A, leucono-
dine F, melodinine E, and leuconoxine, are achieved
through a pyrrole-centered strategy. The approach fea-
tures a newly developed palladium/norbornene-catalyzed
pyrrole double C─H functionalization reaction to gen-
erate the core skeleton and a divergent oxidative
dearomatization to complete the end game. In addition,
no protecting group was employed, and the strategic use
of a chloro substituent offers a number of advantages in
these syntheses, which could have implications beyond
this work. The discovery of an unusual chloro 1,2-
migration reaction enabled the first total synthesis of
chloromelodinine E. This work represents the shortest
syntheses of these natural products to date with 10–11
total steps.

Monoterpene indole alkaloids (MIAs), a large class of struc-
turally complex natural products with diverse biological activ-
ities, have received enormous attention as synthetic targets
and therapeutic candidates.[1] In particular, leuconoxine-type
alkaloids (1–9, Figure 1), a subfamily of Aspidosperma alka-
loids isolated from several Apocynaceae species,[2–6] exhibit a
unique pentacyclic skeleton together with a spiroaminal motif
and an adjacent all-carbon quaternary center. The recent
discovery of new leuconoxine alkaloid chloromelodinine E
(1) in 2024[6] and its selective cytotoxicity toward human
ovarian cancer cells indicates continued interest in this class
of natural products.

In nature, biosynthesis of MIAs generally involves trypto-
phan and secologanin as precursors.[7] Inspired by the biosyn-
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thetic pathways, a number of total syntheses of leuconoxine
alkaloids have been achieved,[8,9] and the strategies are almost
all centered on constructing the indoline core or using indole-
derived starting materials (Scheme 1a). For example, in 2013,
Zhu and coworkers reported their pioneer efforts on synthe-
sizing different members of this family (2–7).[10,11] Their syn-
thesis features early installation of the C18 quaternary center,
followed by formation of the indole scaffold, and an end game
with the pyrrolidone construction via an Aldol condensation.
Subsequently, several other groups, including Tokuyama,[12]

Dai,[13] Gaich,[14] Kawasaki,[15] Liang/Stoltz,[16] Wang,[17]

Beaudry,[18] and Han[19] disclosed distinct and elegant
approaches to furnish the total syntheses of natural products
4–9. Their approaches are also based on the “indoline first
and pyrrolidine later” logic. In addition, all these syntheses
except Zhu’s work,[10,11] only targeted leuconoxine alkaloids
4–9, and strategies to efficiently construct the fully substi-
tuted pyrrolidone in natural products 1–3 remain limited.
Moreover, total synthesis of 1 has not been reported yet.
Therefore, a concise and unified approach to prepare various
leuconoxine-type alkaloids, particularly those with a fully
substituted pyrrolidinone ring, would be highly desirable.
Here, we describe our strategy for divergent total syntheses
of chloromelodinine (1), leuconodine A (2), leuconodine F

Figure 1. Selected leuconoxine-type alkaloids
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a)

b)

c)

Scheme 1. Synthetic strategy for leuconoxine-type alkaloids. a) Prior synthetic strategies; b) This work is based on a pyrrole-centered approach; c) The
proposed pathway for the Pd/NBE-catalyzed vicinal double C─H functionalization of pyrroles. E, electrophile.

(3), melodinine E (4), and leuconoxine (5), which is centered
on efficient early construction of a poly-substituted pyrrole
core structure using the palladium/norbornene (Pd/NBE)
cooperative catalysis.[20–28]

Our proposed strategy is illustrated in Scheme 1b. We
envisioned that dearomative transformations of a multi-
substituted pyrrole could offer a rapid access to the complex
pyrrolidinone B ring in leuconoxine alkaloids 1–3. From
the retrosynthetic viewpoint, leuconoxine alkaloids 1–5 can
all be derived from common precursor 10, which is a
macrolactam that can be constructed from pyrrole-based
B/C bicycle 11. Although similar transannular cyclizations
have been reported,[29,30] to the best of our knowledge,
formation of the spiroaminal motif from a pyrrole precursor
remains unexplored. The tetra-substituted pyrrole core in 11
could be rapidly accessed through developing a new double
C─H functionalization method using the Pd/NBE cooperative
catalysis. The precursor (12) could ultimately be synthesized
from commercially available alkyl pyrrole 13. Notably, the
C5-chloro substituent in key intermediate 10 is strategically
introduced for multi-purposes. First, the chloro substituent
can enhance the efficiency in the Pd/NBE-catalyzed double
C─H functionalization process (vide infra). Second, it can
increase stability of the pyrrole intermediates throughout the
syntheses. Third, it is expected to guide the site-selectivity
during the late-stage oxidative dearomatization of the pyrrole,
as there are two potential sites that can be oxidized. Fourth,

the chlorine substitution can provide the desired oxidation
state for the C5 carbon in the natural products, facilitating the
generation of a carbonyl group. Lastly, the chloro group can
be transferred to the C6 position as a chloride source in the
total synthesis of chloromelodinine (1).

Clearly, the key to the proposed strategy is the efficient
construction of the tetra-substituted pyrrole core using the
Pd/NBE catalysis. To date, the Pd/NBE catalysis has become
increasingly useful for site-selective difunctionalization of
arenes and heteroarenes.[31–37] To achieve vicinal difunctional-
ization, typically substrates with an existing functional handle,
such as halides, are needed, in which the ipso position couples
with a nucleophile or an olefin and the ortho position couples
with an electrophile. From the viewpoints of step economy
and starting material availability, it would be more attractive
to achieve vicinal double C─H functionalization from simpler
substrates without halogen substituents. In 2019, we realized
the first of such a transformation based on thiophenes,[38]

and later extended to indoles.[39] Our proposed approach to
leuconoxine alkaloids involves a Pd/NBE-catalyzed tandem
β-C─H arylation/α-C─H Heck reaction of pyrroles to con-
struct the B/C ring bicycle and the C18 all-carbon quaternary
center, which represents a new variation of this type of
transformations. Unlike indoles, it is expected that pyrroles
should favor the initial C─H palladation at the α-position
instead of the β-position (Scheme 1c). The subsequent
migratory insertion into the NBE, followed by another C─H
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Table 1: Reaction development and selected substrate scope.a)

a) Reaction conditions: 14 (0.2 mmol), 15 (0.4 mmol), 16 (0.6 mmol),
Pd(OAc)2 (0.02 mmol), AsPh3 (0.05 mmol), N6 (0.3 mmol), BQ
(0.2 mmol, 1.0 equiv), AgOAc (0.6 mmol, 3.0 equiv), and HOAc
(1.0 mmol, 5.0 equiv), in PhF (1.0 mL), 65 °C, 72 h. b)N3 (0.4 mmol, 2.0
equiv), AgOAc (0.8 mmol, 4.0 equiv), and TBME (tert-butyl methyl
ether) were used. c)Yields were determined by 1H NMR analysis using
dibromomethane as the internal standard. d)Isolated yield.

palladation at the β-position, should give an aryl-norbornyl-
palladacycle (ANP), which is sufficiently electron-rich to
react with an electrophile to furnish the functionalization at
the β-position. Upon NBE extrusion, the resulting pyrrolyl-
palladium species could then react with an alkene at the
α-position, and the resulting Pd(0) can be re-activated by
oxidants to form Pd(II) for the next catalytic cycle. Given that
additional handles are not needed, this method is expected to
offer a modular synthetic approach to access multi-substituted
pyrroles from simple starting materials.

At the onset, our efforts focused on developing the
Pd/NBE-catalyzed β-arylation, α-Heck reaction of simple N-
alkylated pyrroles (Table 1). N-methyl-2-chloropyrrole (14a)
was used as the model substrate, and the reaction conditions

were systematically optimized (for details, see the Sup-
porting Information). The desired tetra-substituted pyrrole
product (17a) was obtained in 83% yield using 10 mol%
Pd(OAc)2/AsPh3 as the catalyst, AgOAc/1,4-benzoquinone
(BQ) as the oxidant, HOAc as the additive, and PhF as
the solvent. Given the critical role of NBE in the catalytic
cycle, various structurally modified NBEs (smNBEs) were
surveyed,[40] among which C2-azetidine-amide-substituted
NBE (N6) gave the best yield.[41] In contrast, structurally sim-
ilar dimethylamide- (N5) and pyrrolidine amide-substituted
(N7) NBEs were less effective, possibly due to the steric
hindrance. Mono-methylamide- (N4) and ester-substituted
(N8) NBEs gave slightly lower yields. Notably, simple NBE
(N1) also gave a decent yield. The reaction is convenient to
run with gentle heating (65 °C) in air.

The scope of this reaction was also investigated (Table 1;
for additional examples, see Table S2 in Supporting Infor-
mation). A series of C2- and C2/C3-substituted pyrroles
underwent double C─H functionalization smoothly. Notably,
the α-bromo group (17b), highly reactive with Pd(0) species,
can be well tolerated under this Pd(II)-mediated catalysis.
Interestingly, while thiophenes can undergo analogous vicinal
difunctionalization,[38] a thiophene substituent can survive
(17c) in this reaction, and there was only about 10% tetra-
functionalized side-product, suggesting that the indole moiety
is more reactive than thiophene. The use of a tri-substituted
substrate can give fully substituted pyrrole 17d, which is
non-trivial to prepare otherwise. In addition, simple N-
methylpyrrole 17e and N-benzylpyrrole 17f were compatible.
Regarding the aryl iodide scope, those bearing ortho electron-
withdrawing groups (EWGs), including ester (17a), nitro
(17g), and amide (17h) groups, could all be coupled at the
pyrrole ortho position in moderate to good yield. It is worth
mentioning that, although ortho EWGs are often needed as
an activating and directing group for aryl electrophiles in a
number of Pd/NBE-catalyzed arylation reactions,[25,39] they
are not necessary for this difunctionalization method. Aryl
iodides only bearing para (17j) and meta (17i) substituents,
and even simple phenyl iodide (17k), can be effectively
coupled at the β-position, suggesting a broader scope than
thiophene and indole-based reactions.[38,39] Moreover, diverse
olefins, such as Michael acceptors (17l, 17m, 17o), styrene
(17n), and cyclopentene (17p), are all excellent coupling
partners for the pyrrole α-functionalization.

With this pyrrole difunctionalization method established,
the total synthesis commenced with synthesis of ketone 19
from commercially available pyrrole 13,[42] which involved
in situ formation of the Grignard reagent from 13 followed
by addition to known Weinreb amide 18[43] (Scheme 2a).
The reaction gave high yield on gram scale, and the tert-
butyl ester group in 18 was intact. Next, Wittig olefination of
the ketone moiety proceeded smoothly using potassium tert-
butoxide as the base and toluene as the solvent. The resulting
E/Z isomer mixture of olefin 20 could be converted into
the same product in the later Pd/NBE catalysis. Treatment
of olefin 20 with N-chlorosuccinimide (NCS) produced 2-
chloro-substituted pyrrole 21 in 71% yield, along with 12%
recovery of the starting material. The stage was set for
the key vicinal double C─H functionalization of pyrrole to
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Scheme 2. a), Total syntheses of chloromelodinine E, leuconodine A, leuconodine F, melodinine E, and leuconoxine; b), Direct synthesis of
leuconodine F from intermediate 10. NCS, N-chlorosuccinimide. brsm, based on recovered starting material. EA, ethyl acetate. DIAD, diisopropyl
azodicarboxylate. DMDO, dimethyldioxirane. AgTFA, silver trifluoroacetate. m-CPBA, 3-chloroperoxybenzoic acid. EDCI,
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide. HOBt, hydroxybenzotriazole.
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construct B/C rings and the C18 quaternary center. After
further optimization of the reaction conditions for better
yield and scalability (see Supporting Information for details),
the desired β-arylation/intramolecular α-Heck reaction was
achieved with the chloropyrrole substrate (21) to afford
bicycle 11 in decent yield.[44] Ortho-nitrophenyl iodide was
used as the electrophile, and simple NBE (N1) worked
better than N6 in this case, likely because the less sterically
hindered N1 can coordinate with Pd more strongly so that the
intramolecular Heck side-reaction can be minimized. Inter-
estingly, the corresponding unsubstituted pyrrole substrate
(20) showed much lower reactivity under these conditions.

With a sufficient quantity of bicycle 11 in hand, while
simultaneous reduction of the nitro group and the double
bond proved challenging due to the competing reactivity of
the chloride moiety, a carefully optimized two-step sequence
successfully afforded aniline 22. Keeping the chloro group
proved to be critical because the de-chlorinated product
would become less stable and susceptible toward decom-
position. Subsequently, hydrolysis of the ester yielded the
corresponding carboxylic acid uneventfully, which then under-
went macrolactamization under mild conditions to afford
macrolactam 10 in 82% yield over two steps.[45–48]

Macrolactam 10 then served as the common intermediate
to access several leuconoxine-type alkaloids in a divergent
fashion. First, simply treatment of 10 with purified m-CPBA
in anhydrous DCM afforded melodinine E (4) in 71%
yield. The subsequent diastereoselective hydrogenation of
the alkene moiety in 4, following a reported condition,[11]

completed the total synthesis of leuconoxine (5) in 90%
yield. On the other hand, treating macrolactam 10 with
excess freshly prepared dimethyldioxirane (DMDO) in ace-
tone at low temperature yielded the chloro-1,2-migration
(C5 to C6) compound 24, along with some leuconolam
(23). The structure of 24 was unambiguously characterized
by X-ray crystallography.[49] Subsequently, allowing 24 to
react in a TFA/DCM solution promoted the transannular
cyclization to furnish chloromelodinine (1) in 49% yield
and leuconodine F (3) in 12% yield. Generally speaking,
the neutral DMDO condition promotes chloro-1,2-migration
when operated carefully, whereas the acidic m-CPBA favours
de-chlorination and the transannular cyclization (for detailed
optimization, see Supporting Information, Scheme S3).
Meanwhile, modifying the transannular cyclization condition
by adding silver trifluoroacetate (AgTFA) led to isolation of
leuconodine F (3) as the dominating product in 78% yield.
Under similar conditions, leuconodine A (2) was obtained
in 67% yield from leuconolam (23), based on a reported
mechanism.[29] Furthermore, leuconodine F (3) could also
be synthesized in a one-pot manner from macrolactam 10
in good yield through merging these processes (Scheme 2b).
With sufficient 3 in hand, NaBH4 reduction of the ketone
moiety led to the formation of 6-epi-leuconodine A (25),
which was then successfully converted to natural product
2 using the Mitsunobu/hydrolysis protocol. Altogether, we
have demonstrated that leuconoxine-type alkaloids 1–5 can
all be prepared through oxidative dearomatization from
macrolactam 10 in 10–11 total steps.

Scheme 3. Proposed mechanism for the synthesis of natural products
1–3 from macrolactam 10. Compounds A–J are proposed intermediates.

A plausible mechanism for the oxidative dearomatization
of macrolactam 10 to access natural products 1–3 was
proposed based on the intermediates detected during the
syntheses (Scheme 3). It is anticipated that epoxidation likely
takes place at the Cl side[50,51] to generate intermediate A,[52]

which then undergoes epoxide ring opening via the electron
pushing from the enamine nitrogen to give intermediate B.
At this stage, chloride dissociation would form the cationic
intermediate C, and the iminium can either undergo transan-
nular attack by the amide (the major pathway), leading
to melodinine E (4), or be quenched by water (the minor
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pathway) to afford leuconolam (23) that can be further
transformed into leuconodine A (2) via the known process.[29]

On the other hand, the chloro group in intermediate B could
also undergo 1,2-migration to form enamine E,[53] which
can be rapidly oxidized by another equivalent of DMDO.
The resulting transient epoxide F could then undergo β-
elimination to form compound 24 containing the C6 chloro
substituent. Under acidic conditions, hemiaminal 24 could
be easily converted to iminium G, which then undergoes
transannular cyclization to form chloromelodinine E (1).
Alternatively, in the presence of AgTFA, the chloro group
would be replaced with a hydroxy group, eventually resulting
in formation of leuconodine F (3) via a similar pathway.

In conclusion, we have developed a concise approach to
access leuconoxine-type alkaloids, specifically chloromelodi-
nine E (1), leuconodine A (2), leuconodine F (3), melodinine
E (4), and leuconoxine (5), in 10–11 total steps without the
use of protecting groups.[54] This pyrrole-centered strategy
is distinct from the previous efforts that are focused on
constructing the indoline part first. The robust Pd/NBE-
catalyzed pyrrole double C─H functionalization method,
the strategic employment of the chloro substituent, and
the unusual chloro-1,2-migration discovered here could have
broad implications beyond these syntheses.

Supporting Information

The authors have cited additional references within the
Supporting Information.[55–63]

Acknowledgements

The research was supported by the National Institute of
General Medical Sciences (R01GM124414). The authors
thank A. Filatov (University of Chicago) for the X-ray
crystallography analysis.

Conflict of Interests

The authors declare no conflict of interest.

Data Availability Statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Keywords: Alkaloids • Dearomatization •

Palladium/Norbornene catalysis • Pyrrole • Total synthesis

[1] A. E. Mohammed, Z. H. Abdul-Hameed, M. O. Alotaibi, N. O.
Bawakid, T. R. Sobahi, A. Abdel-Lateff, W. M. Alarif, Molecules
2021, 26, 448.

[2] C. Y. Gan, Y. Y. Low, N. F. Thomas, T. S. Kam, J. Nat. Prod. 2013,
76, 957–964.

[3] S. H. Lim, K. M. Sim, Z. Abdullah, O. Hiraku, M. Hayashi, K.
Komiyama, T. S. Kam, J. Nat. Prod. 2007, 70, 1380–1383.

[4] T. Feng, X. H. Cai, Y. P. Liu, Y. Li, Y. Y. Wang, X. D. Luo,
Melodinines A.-G., J. Nat. Prod. 2010, 73, 22–26.

[5] F. Abe, T. Yamauchi, Phytochemistry 1993, 35, 169–171.
[6] Y. L. Ren, E. N. Kaweesa, J. M. Henkin, K. Sydara, M. Xayvue,

P. Pandey, A. G. Chittiboyina, Z. Ali, D. Ferreira, D. D. Soejarto,
J. E. Burdette, A. D. Kinghorn, Bioorg. Med. Chem. Lett. 2024,
101, 129650.

[7] S. E. O’Connor, J. J. Maresh, Nat. Prod. Rep. 2006, 23, 532.
[8] M. Pfaffenbach, T. Gaich, The Alkaloids: Chemistry and Biol-

ogy, Vol. 77, (Ed.: H.-J. Knölker), Academic Press, London
2017, pp. 1–84.

[9] Q. Geng, Z. N. Li, Z. Lü, G. X. Liang, J. Org. Chem. 2016, 36,
1447–1464.

[10] Z. R. Xu, Q. Wang, J. P. Zhu, J. Am. Chem. Soc. 2013, 135, 19127–
19130.

[11] Z. R. Xu, Q. Wang, J. P. Zhu, J. Am. Chem. Soc. 2015, 137, 6712–
6724.

[12] A. Umehara, H. Ueda, H. Tokuyama, Org. Lett. 2014, 16, 2526–
2529.

[13] Y. Yang, Y. Bai, S. Y. Sun, M. J. Dai, Org. Lett. 2014, 16, 6216–
6219.

[14] M. Pfaffenbach, T. Gaich, Chem.–Eur. J. 2015, 21, 6355–6357.
[15] K. Higuchi, S. Suzuki, R. Ueda, N. Oshima, E. Kobayashi, M.

Tayu, T. Kawasaki, Org. Lett. 2015, 17, 154–157.
[16] Z. N. Li, Q. Geng, Z. Lv, B. P. Pritchett, K. Baba, Y. Numajiri,

B. M. Stoltz, G. X. Liang, Org. Chem. Front. 2015, 2, 236–
240.

[17] Y. Liu, H. G. Wang, Chem. Commun. 2019, 55, 3544–3547.
[18] R. Kim, A. J. Ferreira, C. M. Beaudry, Angew. Chem. Int. Ed.

2019, 58, 12595–12598.
[19] J. Zhang, F. S. Han, J. Org. Chem. 2019, 84, 13890–13896.
[20] M. Catellani, F. Frignani, A. Rangoni, Angew. Chem. Int. Ed.

1997, 36, 119–122.
[21] J. T. Ye, M. Lautens, Nat. Chem. 2015, 7, 863–870.
[22] N. Della Ca, M. Fontana, E. Motti, M. Catellani, Acc. Chem. Res.

2016, 49, 1389–1400.
[23] M. Wegmann, M. Henkel, T. Bach, Org. Biomol. Chem. 2018, 16,

5376–5385.
[24] H. G. Cheng, S. Q. Chen, R. M. Chen, Q. H. Zhou, Angew.

Chem. Int. Ed. 2019, 58, 5832–5844.
[25] J. C. Wang, G. Dong, Chem. Rev. 2019, 119, 7478–7528.
[26] K. Zhao, L. L. Ding, Z. H. Gu, Synlett 2019, 30, 129–140.
[27] S. C. Dong, X. J. Luan, Chin. J. Chem 2021, 39, 1690–1705.
[28] Z. K. Chen, F. Z. Zhang, Tetrahedron 2023 134, 13307.
[29] Y. Y. Low, F. J. Hong, K. H. Lirn, N. F. Thomas, T. S. Kam, J. Nat.

Prod. 2014, 77, 327–338.
[30] D. Dagoneau, Z. R. Xu, Q. Wang, J. P. Zhu, Angew. Chem. Int.

Ed. 2016, 55, 760–763.
[31] L. Jiao, E. Herdtweck, T. Bach, J. Am. Chem. Soc. 2012, 134,

14563–14572.
[32] X. W. Sui, R. Zhu, G. C. Li, X. N. Ma, Z. H. Gu, J. Am. Chem.

Soc. 2013, 135, 9318–9321.
[33] H. Weinstabl, M. Suhartono, Z. Qureshi, M. Lautens, Angew.

Chem. Int. Ed. 2013, 52, 5305–5308.
[34] F. P. Liu, Z. Dong, J. C. Wang, G. Dong, Angew. Chem. Int. Ed.

2019, 58, 2144–2148.
[35] H. G. Cheng, Z. J. Yang, R. M. Chen, L. M. Cao, W. Y. Tong, Q.

Wei, Q. Q. Wang, C. G. Wu, S. L. Qu, Q. H. Zhou, Angew. Chem.
Int. Ed. 2021, 60, 5141–5146.

[36] P. Zhao, Y. Guo, X. J. Luan, J. Am. Chem. Soc. 2021, 143, 21270–
21274.

[37] A. D. Richardson, T. R. Vogel, E. F. Traficante, K. J. Glover, C.
S. Schindler, Angew. Chem. Int. Ed. 2022, 61, e202201213.

[38] R. H. Li, Y. Zhou, X. L. Xu, G. Dong, J. Am. Chem. Soc. 2019,
141, 18958–18963.

Angew. Chem. Int. Ed. 2025, 64, e202502736 (6 of 7) © 2025 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH



Communication

[39] X. Liu, Y. Zhou, X. T. Qi, R. H. Li, P. Liu, G. Dong, Angew.
Chem. Int. Ed. 2023, 62, e202310697.

[40] R. H. Li, G. Dong, J. Am. Chem. Soc. 2020, 142, 17859–
17875.

[41] Z. Wu, X. L. Xu, J. C. Wang, G. Dong, Science 2021, 374, 734–
740.

[42] M. Ma, X. J. Tu, G. Q. Zhan, C. Y. Li, S. H. Zhang, Microchim.
Acta 2014, 181, 565–572.

[43] J. X. Xie, Z. Zheng, X. Liu, N. Zhang, S. Choi, C. He, G. Dong,
J. Am. Chem. Soc. 2023, 145, 4828–4852.

[44] For a related synthesis of the B/C bicycle using the traditional
Catellani reaction with 2-iodopyrrole see Ref [32].

[45] M. G. Banwell, A. J. Edwards, K. A. Jolliffe, J. A. Smith, E.
Hamel, P. Verdier-Pinard, Org. Biomol. Chem. 2003, 1, 296–
305.

[46] K. Sugimoto, K. Toyoshima, S. Nonaka, K. Kotaki, H. Ueda, H.
Tokuyama, Angew. Chem. Int. Ed. 2013, 52, 7168–7171.

[47] J. B. Gualtierotti, D. Pasche, Q. Wang, J. P. Zhu, Angew. Chem.
Int. Ed. 2014, 53, 9926–9930.

[48] Y. L. Su, H. P. Zhou, J. X. Chen, J. Y. Xu, X. M. Wu, A. J. Lin, H.
Q. Yao, Org. Lett. 2014, 16, 4884–4887.

[49] These data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachin formationszentrum
Karlsruhe Access Structures service.

[50] A. J. Molinari, E. J. Trybulski, J. Bagli, S. Croce, J. Considine,
J. Qi, K. All, W. DeMaio, L. Lihotz, D. Cochran, Bioorg. Med.
Chem. Lett. 2007, 17, 5796–5800.

[51] X. L. Yin, K. Q. Ma, Y. Dong, M. J. Dai, Org. Lett. 2020, 22,
5001–5004.

[52] Epoxidation at the alternative C7-C21 double bond cannot be
fully extruded, though such a pathway would be challenging
to explain the rapid formation of the C5 carbonyl and the
formation of the chloro-migration product (24).

[53] R. N. McDonald, T. E. Tabor, J. Am. Chem. Soc. 1967, 89, 6573–
6578.

[54] I. S. Young, P. S. Baran, Nat. Chem. 2009, 1, 193–205.

Manuscript received: February 02, 2025
Revised manuscript received: March 09, 2025
Accepted manuscript online: March 31, 2025
Version of record online: April 10, 2025

Angew. Chem. Int. Ed. 2025, 64, e202502736 (7 of 7) © 2025 The Author(s). Angewandte Chemie International Edition published by Wiley-VCH GmbH


	Concise Total Syntheses of Leuconoxine-Type Alkaloids Enabled by Palladium/Norbornene-Catalyzed Pyrrole Difunctionalization
	 Supporting Information
	 Acknowledgements
	 Conflict of Interests
	 Data Availability Statement



