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Electrophilic cyclization of unsaturated carboxylic acids is a well-established strategy for the catalytic
enantioselective synthesis of lactones. In contrast, analogous catalytic transformations of unsaturated
carboxamides to access enantioenriched lactams remain underdeveloped due to the ambident

nucleophilicity of carboxamides, favoring nucleophilic attack from their oxygen atom. Herein, we unveil
Received 3rd November 2025 . . . e
Accepted 12th December 2025 N-(fluorosulfonyl)carboxamides as versatile and reactive substrates that overcome this limitation, as

demonstrated by a selenium-catalyzed enantioselective lactamization, facile product derivatization, and

DOI: 10.1039/d55c08502k application to the total synthesis of diaporisoindole A. To further showcase their synthetic potential, we
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Introduction

Forging C-O and C-N bonds within the same synthetic platform
not only simplifies synthesis planning but also enables facile
access to both O- and N-analogs of target molecules. Such
synthetic strategies have been widely and often implicitly
practiced, from classical Sy2 alkylation and acylation to modern
metal-catalyzed cross-coupling reactions. The intramolecular
addition of a carboxylic acid to an electrophilically activated
alkene is a common approach for the construction of a lactone
ring via C-O bond formation,>® as represented by halo-
lactonization. To date, dozens of catalytic enantioselective
electrophilic lactonizations have been developed for these
transformations, driven by the advent of new chiral catalysts.**¢

While the direct application of electrophilic lactonization
procedures to lactamization via C-N bond formation would be
highly desirable, the intrinsically favored O-cyclization of carb-
oxamides necessitates their modification prior to use
(Fig. 1a)."* In stoichiometric electrophilic lactamization,
carboxamides are classically modified as N,O-bis-trimethylsilyl,
N-Boc or N-tosyl carboxamides to harness the ambident reac-
tivity for forging a C-N bond (Fig. 1b).>*** This prerequisite
makes catalytic enantioselective electrophilic lactamization
challenging, as it demands a fine balance between nucleophilic
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briefly demonstrate their applicability in racemic iodo- and hydro-lactamizations.

activation of the carboxamide and electrophilic activation of the
internal alkene. To date, only two examples have been reported
(Fig. 1c): Yeung and co-workers achieved an enantioselective
bromolactamization using an amino carbamate catalyst,*® while
the Denmark group reported a chiral Lewis base-catalyzed sul-
fenolactamization.>**” In both cases, N-tosyl carboxamides were
predominantly used, despite the removal of the N-tosyl group
from the lactams being challenging, if not impossible. This
dearth of catalytic electrophilic lactamization led to the devel-
opment of several, mechanistically distinct, transition metal-
catalyzed lactamizations of unsaturated carboxamides.>**

Results and discussion

In our pursuit of chiral selenium 7t-acid catalysis,**® we faced
the difficulty of adapting our selenium-catalyzed enantio-
selective electrophilic lactonization,?” that proceeds through an
oxidative catalytic cycle,®® to lactamization (Fig. 1d).*>*' Our
initial attempts using N-acyl and N-Boc carboxamides failed to
yield the desired lactams. Even with the N-tosyl group, which
has been validated not only in asymmetric lactamizations
(Fig. 1c) but also selenium-catalyzed C-N bond formations,***
no desired product was obtained. In one case using N-methoxy
carboxamides, the corresponding iminolactones were obtained
exclusively.*® The breakthrough came from our separate project
where N-(fluorosulfonyl)carbamates were identified as highly
effective nitrogen nucleophiles.*”~** Incorporating the N-fluoro-
sulfonyl group into unsaturated carboxamides led to clean
conversion, producing the desired lactams with high enantio-
selectivities (Fig. 1d, this work). Herein, we detail the outcomes
of this study, including its application to the enantioselective
total synthesis of diaporisoindole A,** and two other represen-
tative electrophilic lactamizations.
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Fig. 1 Electrophilic lactamization of unsaturated carboxamides. (a) lodo-cyclization of carboxamide. (b) Pre-modification of carboxamides for
lactamization. (c) Catalytic enantioselective electrophilic lactamization. (d) Se-catalyzed enantioselective electrophilic cyclizations. (e)

Computed properties of amides.

We initially turned to computational studies to elucidate the
drastic reactivity difference between N-tosyl and N-fluorosulfonyl
amides (Fig. 1e). The key distinction lies in their pK, values,
differing by more than 8 units between two model acetamides in
acetonitrile.”> The local nucleophilicities of the nitrogen and
oxygen atoms of each anion were assessed using condensed Fukui
functions based on Hirshfeld charges, revealing that the nitrogen
atoms exhibit higher values and thus greater nucleophilicity in
both cases (Fig. 1e, middle).”*** In contrast, neutral acetamide
shows greater nucleophilicity at the oxygen atom, supporting the
conventional knowledge as in Fig. 1a and b. Based on these
observations, we reasoned that the higher acidity of an N-(fluoro-
sulfonyl)amide facilitates the generation of the amide anion,
which renders the nitrogen atom more nucleophilic, without
interfering with electrophilic activation of the alkene by a selenium
m-acid (key intermediate in Fig. 1d).”>* Yet, the nitrogen atom of
an N-(fluorosulfonyl)amide is less accessible than the oxygen atom
as visually evident from the structure and quantitatively assessed
by its smaller solvent accessible surface area (SASA) (Fig. 1e, right),

Chem. Sci.

posing a steric obstacle that could undermine the electronically
harnessed pathway to lactamization.®>*

With the computational rationale in hand, we evaluated the
substrate scope with minimal modification to the reaction
conditions optimized for the lactonization,*” using 5 mol% di-
selenide 1 (Fig. 2a). The enantioselective lactamization of
aliphatic N-(fluorosulfonyl)amides 3 proceeded in good yields
and high enantioselectivities, tolerating primary and secondary
alkyl (5a-5i), as well as benzyl (5j-5n) groups at the y-position,
although a small amount of O-cyclized iminolactones was
observed in the crude mixtures. One limitation was the use of y-
t-alkyl amides which underwent O-cyclization exclusively (data
not shown), highlighting the importance of steric factors in
achieving N/O selectivity.

In the further substrate evaluation, we encountered lower
enantioselectivities with y-aryl-substituted carboxamides 4. It
was concluded that the poorer enantioselectivity was caused by
two factors: first, the formation of a desilylated catalyst which is
still catalytically active but favors the opposite enantiomer (see

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Selenium-catalyzed enantioselective lactamization. Yields are isolated yields. Reactions are performed on 0.1 mmol scale. (a) Aliphatic

substrate scope. (b) Aromatic substrate scope. “Acetonitrile as solvent.

9Performed on 1.0 mmol scale with 3 mol% 2.

the SI), and second, the gradual racemization of the more acidic
product. The longer reaction times required for the full conver-
sion of aromatic substrates exacerbated these issues. In light of
these challenges, we re-optimized the reaction conditions (see
the SI), making them applicable to various aromatic substrates
(Fig. 2b). Key modifications were the use of more desilylation-
resistant, TIPS-substituted catalyst 2, TMSOAc as the non-basic
fluoride scavenger and CH3;CN/H,O as the solvent. Under these
optimized reaction conditions, unsaturated lactams 6a-6n were
obtained in high yields and enantioselectivities, regardless of
their substituent patterns or electronic properties. In case of
aromatic substrates, O-cyclized products were not detected in the

© 2025 The Author(s). Published by the Royal Society of Chemistry

bperformed with 5 mol% ent-1. SCFzsCO,TMS (2.0 eq.) as additive.

crude NMR, contributing to higher product yields. Notably, a tri-
substituted alkene also participated in this lactamization, form-
ing a tetra-substituted stereocenter with 78% ee (60). Finally, the
reaction was scaled up to 1 mmol, yielding 6a in 91% yield and
91% ee under 3 mol% of diselenide 2

With the sufficient supply of enantioenriched unsaturated
lactam 6a, we next explored its derivatization. A 1,4-addition of
an organocuprate reagent proceeded smoothly, giving 4,5-trans-
disubstituted y-lactam 7 in 95% yield (Fig. 3a). Although the C5
stereocenter of y-lactam 6a is prone to base-mediated racemi-
zation, its enantioselectivity was retained throughout the
transformation. A Giese radical alkylation was also applicable to

Chem. Sci.
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Fig. 3 Synthetic applications of selenium-catalyzed enantioselective lactamization. (a) Cu-mediated conjugate addition. (b) Photochemical
Giese reaction. (c) Derivatization of unprotected y-lactam. (d) Derivatization to unprotected pyrrolidine. (e) Total synthesis of diaporisoindole A.

lactam 6a,* enabling the installation of a bulky ¢-butyl group on
the B-position (Fig. 3b). The N-fluorosulfonyl group of 8 was
readily removed by sequential treatment with acid and base
(Fig. 3c). Moreover, LiAlH,-mediated reduction of 8 furnished
the corresponding N-H free pyrrolidine without opening the
ring structure (Fig. 3d). These deprotection protocols further
highlight the advantage of using the N-fluorosulfonyl group
over the N-tosyl group.*”

We next sought to demonstrate the feasibility of our selenium-
catalyzed lactamization, and product derivatization and depro-
tection protocols in a more complex context—the enantio-
selective total synthesis of diaporisoindole A (Fig. 3e).** This
natural product was chosen due to our particular interest in
exploring a Diels-Alder reaction, capitalizing on the strongly
electron-deficient nature of our unsaturated lactam products.®
Literature reports indicate that successful Diels-Alder reactions
of a,B-unsaturated y-lactams typically require a low-lying LUMO
on the lactam, presenting a significant challenge for this
transformation.®** The lactamization precursor 11 was synthe-
sized from cresol in enantioenriched form (see the SI), and was
then subjected to our selenium catalysis, affording the key

Chem. Sci.

unsaturated lactam 12 in 71% yield with 84:16 dr. We next
investigated the Diels-Alder reaction, identifying electron-rich
1,3-bis-silyloxybutadiene 13 which reacted efficiently with 12 to
furnish bicyclic compound 14 with the concurrent installation of
the prenyl group. The relative stereochemical relationship of this
Diels-Alder reaction was tentatively assigned as shown in the
scheme, based on SCXRD of a model compound (see the SI). Our
attempt to deprotect the N-fluorosulfonyl group as described in
Fig. 3c did not result in the formation of the N-H free lactam in
satisfactory yield. To address this issue, we employed a single-
electron reduction of the fluorosulfonyl group by SmI, which
cleanly provided the N-H free lactam 15 without compromising
the molecule's structural integrity.”® Redox manipulation of this
bicyclic intermediate led to diaporisoindole A 17, which matched
the reported NMR data and optical rotation. Notably, the
synthesized quantity of diaporisoindole A allowed us to charac-
terize a broad '*C peak at C8 that was unassigned in the original
isolation research (see the SI).

Finally, to gain preliminary insight into the utility of N-
fluorosulfonyl carboxamides in other electrophilic lactamiza-
tions, we examined racemic iodo- and hydro-lactamization using

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 lodo- and hydro-lactamizations of unsaturated N-(fluoro-
sulfonyl)carboxamides. (a) exo-lodolactamization. (b) endo-lodo-
lactamization. (c) Hydrolactamization. ?1,4-Dioxane as solvent.

selected N-fluorosulfonyl carboxamides (Fig. 4).”* Exo- and endo-
iodolactamizations using molecular iodine provided the corre-
sponding lactams in moderate to good yields, along with minor
amounts of iminolactones (Fig. 4a and b). Hydrolactamization
catalyzed by H,SO, proceeded cleanly to give 21 in nearly quan-
titative yield (Fig. 4c). These results would provide a basis for
developing catalytic enantioselective variants.”>” It should be
noted that we observed the conversion of the initially formed
iminolactone into the lactam in the hydrolactamization, but not
in the seleno- or iodo-lactamizations, indicating the reversibility
of this acid-catalyzed process and its thermodynamic preference
for lactam formation.

Conclusions

The synthetic community has recognized the difficulty of
achieving electrophilic lactamization since the 1950s.”* While
pre-functionalization of amides has addressed this issue in
stoichiometric contexts, the challenge continues to persist in
asymmetric catalysis, widening the gap in progress between
enantioselective electrophilic lactonization and lactamization.
In this work, we demonstrated that N-(fluorosulfonyl)amides
serve as effective substrates for chiral selenium-catalyzed elec-
trophilic lactamization, a reactivity unattainable with other
amides. The practicality of this method is underscored by the
straightforward derivatization of the lactam products, including
the enantioselective total synthesis of diaporisoindole A. This
strategy also proved applicable to racemic iodo- and hydro-
lactamizations, paving the way for the future development of
enantioselective variants.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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