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tropisomerism on triazole and
triazolium frameworks: a breathing axle with
divergent adaptivity

Ryoga Nambu,†a Jun Kikuchi, †*a Arimasa Matsumoto *b

and Naohiko Yoshikai *a

Atropisomerism around a carbon–iodine(III) bond represents a rare form of chirality centered on a long,

polarizable hypervalent linkage. Embedding this C–I(III) bond into an inherently asymmetric,

diadamantylated triazole scaffold creates a vivid platform that reveals how such a bond responds to

steric and electronic perturbations. Neutral triazole- and cationic triazolium–benziodoxoles display

similarly high atropostability (racemization half-lives of several years at 25 °C), arising from opposing

effects introduced by N-methylation: electronic weakening of the C–I bond versus steric buttressing

that restricts rotation. Under acidic conditions, however, their behaviors diverge; the triazole derivative

undergoes accelerated rotation, whereas the triazolium analogue retains substantial configurational

stability. The CF3 groups of the benziodoxole ring serve as sensitive 19F NMR reporters for two

complementary modes of chiral recognition. The neutral triazole engages BINOL through directional

hydrogen bonding, whereas the triazolium derivative binds phosphate anions via halogen bonding and

electrostatic interaction. Together, these results establish the hypervalent C–I(III) bond as

a stereoelectronically tunable rotational element—an axle that enables molecular rotors combining well-

defined rotational dynamics with switchable recognition behavior.
Introduction

Molecular motion is an inherent feature of chemical systems.
Achieving control over such motion, even at the level of internal
bond rotation, is a central objective in the design of functional
molecules. From biphenyl rotors once used to gauge steric
bulk1,2 to the dynamic kinetic asymmetric transformations of
congurationally uxional biaryls3–5 to the modern realm of
molecular machines,6,7 chemists have exploited and rened the
control of restricted bond rotations through steric, electronic,
acid–base, coordination, and even photoresponsive effects,
thereby establishing hindered single bonds as design elements
for functional molecular systems. These principles have been
elaborated mainly for classical C–C and C–N atropisomers, and
more recently for N–N, C–O, and C–B derivatives,8 in which
short, rigid bonds impose well-dened rotational barriers. Even
simple yet fundamental stimuli—Brønsted and Lewis acid–base
interactions—have inspired diverse molecular rotors,
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exemplied by a quinolyl imide,9 a diarylamine,10 and an aryl-
borane, whose rotational dynamics are modulated by proton-
ation or Lewis base coordination (Fig. 1a).11 Extending the
external stimuli-assisted control of bond rotation to heavier
elements, whose bonds are intrinsically longer, more polariz-
able, and oen associated with multiple accessible valence
states, remains an unexplored area of stereochemical design.
Atropisomerism about a C–S bond bearing moderately bulky
aryl groups, whose asymmetry originates from sterically distinct
ortho substituents (tBu and Me), was reported to display race-
mization half-lives from minutes to several days depending on
the internal sulfur valence state, i.e., sulde, sulfoxide, and
sulfone (Fig. 1b);12 however, this behavior arises from changes
in intrinsic valence rather than from external chemical stimuli.
Consequently, systematic strategies for achieving a high level of
congurational stability together with externally controllable
rotation of such and other classes of long bonds by deliberate
ligand design remain in their infancy.13 Beyond stereodynamic
control, such chiral molecular systems—particularly those
incorporating heavier elements, from the fourth row onward—
may also offer access to unique properties and functions that
originate from heavy-atom effects, including strong spin–orbit
coupling, high polarizability, and pronounced anisotropy in
noncovalent interactions.

The carbon–iodine(III) bond represents a distinctive case
among atropisomeric systems, as it is markedly longer and
Chem. Sci., 2026, 17, 6109–6115 | 6109
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Fig. 1 Design space of atropisomers. (a) General concept and representative examples based on lighter elements, in which molecular asym-
metry originates from different peripheral substituents. (b) C–S bond-based atropisomers relying on steric differentiation of ortho-substituents.
(c) C–I(III) atropisomers enabled by an extremely bulky and unsymmetrical aryl group (previous work) and by decoupling molecular asymmetry
from steric bulk, which opens channels for covalent and noncovalent modifications (this work).
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View Article Online
more polar than the carbon–element bonds typically encoun-
tered in classical atropisomers.14 Moreover, unlike ordinary two-
center covalent bonds, its bond length and strength depend on
both the carbon substituent and the trans ligand within the
three-center four-electron hypervalent bonding framework.15

Herein, we show that embedding this bond within an inherently
asymmetric 1,2,3-triazole framework, supported by a benziod-
oxole (BX) scaffold, enables modulation of the rotational barrier
and the stimuli-responsiveness of the C–I bond between the
triazole ring and the trivalent iodine center through covalent
modication of the triazole ring (Fig. 1c).

Flanked by twin adamantyl groups, both a neutral triazole
and its cationic N-methyl triazolium form exhibit comparable
levels of congurational stability at room temperature, as
a result of opposing electronic and steric effects associated with
N-methylation. The less electron-donating triazolium ligand
leads to an elongated C–I bond, whereas the N-methyl group
sterically enforces proximity of the adamantyl ank to the C–I
bond. Under acidic conditions, however, their behaviors diverge
markedly. The triazole derivative loses congurational stability
by several orders of magnitude, whereas the triazolium
analogue retains a signicant rotational barrier. In addition to
congurational stability and rotational dynamics, the two
scaffolds exhibit complementary modes of chiral recognition.
The neutral triazole-BX binds chiral donors such as BINOL via
hydrogen bonding, whereas the cationic triazolium-BX recog-
nizes chiral anions through halogen bonding at iodine.16–19

Twin CF3 groups in the BX scaffold serve as 19F NMR probes,20

enabling direct observation of these diastereomeric interactions
as distinct sets of quartet signals. Collectively, these results
demonstrate that the hypervalent C–I(III) bond serves as
a stereoelectronically tunable axis,‡ enabling the design of
6110 | Chem. Sci., 2026, 17, 6109–6115
heavy-atom atropisomers that integrate well-dened rotational
dynamics with differentiated response and recognition
behaviors.
Results and discussion

The realization of congurationally stable C–I atropisomerism
is fundamentally difficult with common aryl frameworks, as in
lighter-atom atropisomers (Fig. 1a and b). Indeed, in our
previous study, an ortho-disubstituted aryl-BX bearing tri-
isopropylsilyl and CF3 substituents displayed a racemization
half-life of only ca. 5 h, underscoring the intrinsic insufficiency
of conventional aryl steric shielding around the C–I(III) axis.14

This limitation was rst overcome by extending the strategy of
kinetic stabilization through extreme steric congestion to the
atropisomeric C–I(III) bond. In this context, the exceptionally
bulky Rind (1,1,3,3,5,5,7,7-octa-R-substituted s-hydrindacenyl)
scaffold—originally developed to stabilize highly reactive main-
group and organometallic species21—proved uniquely effective,
enabling the synthesis and isolation of congurationally stable
atropisomers such as 3 (Fig. 1c). This design, featuring sterically
demanding yet structurally distinct groups on both ortho posi-
tions, was indispensable for effectively suppressing carbon–
iodine(III) bond rotation while imparting chirality to the entire
molecule. While effective, this strategy, which inherently
couples steric bulk with molecular asymmetry, required multi-
step synthesis of each ligand, rendering systematic variation of
steric demand and rotational barriers labor-intensive. More-
over, the scaffold does not readily permit post-functionalization
or modulation by external chemical inputs. While the trans
ligand, i.e., benziodoxole oxygen, was demonstrated to function
as a site for hydrogen-bond interaction to accelerate C–I bond
© 2026 The Author(s). Published by the Royal Society of Chemistry
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rotation and to enable chiral molecular recognition, the
chemical inertness of the Rind ligand precluded systematic
incorporation of additional covalent modications or external
stimuli into the atropisomeric framework. We therefore sought
an alternative ligand framework that not only decouples
molecular asymmetry from steric bulk but also offers a site for
covalent and noncovalent modications. The 1,2,3-triazole ring,
readily accessible via Cu-catalyzed azide–alkyne cycloaddition
(CuAAC),22 was identied as a suitable platform to meet these
criteria.

The synthesis of triazole-based benziodoxoles (1a–1c) was
accomplished in a straightforward manner by CuAAC, lith-
iation, and trapping with chlorobenziodoxole (CBX) as the
iodine(III) electrophile (Scheme 1). The three derivatives, with
distinct steric environments at N(1) and C(4) (1a: N–Cy/C–
C8H17; 1b: N–Ad/C–TBS; 1c: N–Ad/C–Ad), provided a simple
series for probing the impact of substituent bulk on congu-
rational stability. As anticipated, rotation about the C–I(III)
bond—quantied by the rotational free-energy barrier
(DG‡

rot) and the corresponding racemization half-life (t1/2 rac) at
25 °C—was fastest for 1a (17.8 kcal mol−1, 1.2 s) and progres-
sively slowed for 1b (25.9 kcal mol−1, 12.5 days) and 1c
(29.0 kcal mol−1, 6.4 years). According to LaPlante's widely used
classication23,24—Class 1 (<minutes), Class 2 (hours–days), and
Class 3 (>years)—these three members of the series fall cleanly
into Class 1, Class 2, and Class 3, respectively. This explicitly
demonstrates that the triazole framework, despite its synthetic
simplicity, spans the full spectrum of atropisomeric behavior
dened by LaPlante. The pseudosymmetric, doubly adamanty-
lated species 1c, in particular, attains a level of stability
comparable to Rind scaffolds such as 3, demonstrating the
effectiveness of the ligand design strategy that decouples skel-
etal asymmetry from steric bulk imposed by peripheral
substituents. Attempts to install other benziodoxol(on)e scaf-
folds into the bulkiest triazole framework did not yield
Scheme 1 Synthesis of triazole-BXs 1a–1c and triazolium-BX 2c and
(DMSO-d6 for 1a, CH2Cl2 for 1b, toluene for 1c and 3, chlorobenzene
measurements.

© 2026 The Author(s). Published by the Royal Society of Chemistry
atropisomers amenable to optical resolution, consistent with
our recent observation of the unique stability of the
bis(triuoromethyl)-based BX scaffold.25

Encouraged by the high congurational stability of the
doubly adamantylated triazole-BX 1c, we introduced an elec-
tronic perturbation to this rigid framework. Methylation of the
triazole nitrogen with methyl triate cleanly furnished the cor-
responding triazolium-BX 2c in excellent yield (Scheme 1).
Despite the positive charge introduced onto the triazole ring, 2c
retained nearly identical congurational stability to 1c (DG‡

rot =

29.0 kcal mol−1; t1/2 rac (25 °C) = 6.4 years). This parity in
atropostability between the neutral and cationic states cannot
be accounted for solely by the well-known buttress effect in
atropisomeric systems, as the N-methyl group of 2c would be
expected to push the C(4)-adamantyl substituent toward the C–I
bond, thereby increasing the rotational barrier.

Despite their nearly identical rotational barriers, the crystal
structures of 1c and 2c revealed important structural differences
around the C–I(III) bond of these atropisomers (Fig. 2). Neutral
1c crystallizes in a pseudo-symmetric, disordered form, its tri-
azole ring occupying two opposite orientations with equal
probability—an expression of its near-perfect steric symmetry.
This disorder arises from the near-equivalence of its two ada-
mantyl anks and does not obscure the identity of the iodine-
bearing carbon, yet it limits the precision with which internal
ring metrics can be interpreted. The most reliable indicators—
the apical bond lengths—show a typical l3-iodane geometry (C–
I = 2.13 Å, I–O = 2.25 Å). Upon N-methylation, this pseudo-
symmetry is broken, yielding a single, ordered structure in
which the triazolium ring exerts a distinct electronic and steric
inuence. The C–I bond elongates (2.19 Å), while the trans I–O
bond shortens (2.19 Å), reecting the trans inuence:15,26,27 the
cationic triazolium carbon donates less to iodine, and the
benziodoxole oxygen compensates by drawing closer. Mean-
while, the newly installed N-methyl group presses against the
determination of their rotational barriers and racemization half-lives
for 2c). See the SI for the details of synthetic procedures and kinetic

Chem. Sci., 2026, 17, 6109–6115 | 6111
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Fig. 2 ORTEP diagrams of (a) rac-1c and (b) rac-2c with thermal
ellipsoids set to 50% probability. A single molecule is extracted from
the unit cell, and solvent molecules and OTf anion (for rac-2c) are
omitted for clarity. See the SI for the details of the disorder of rac-1c.

Fig. 3 DFT calculations (M06-2X(SMD,toluene)/6-311+G(2df,2p)-
SDD(for I)//M06-2X/6-31+G(d,p) SDD(for I)). (a and b) Rotatory
behaviors of 1c and 2c and the summary of their ground-state struc-
tures. Activation free energies (in kcal mol−1) are given in parentheses.
Ad1/I and Ad2/I refer to the average of the two shortest H–I
distances of the respective adamantyl groups. (c) 3D structures of
TS1cL and TS2cL. (d) Summary of calculated structures and C–C
rotational barriers of triazole-phenyl and triazolium-phenyl species.

Chemical Science Edge Article

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

8 
Ja

nu
ar

y 
20

26
. D

ow
nl

oa
de

d 
on

 6
/1

3/
20

26
 1

2:
00

:4
5 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
adjacent adamantyl substituent, twisting the C(4)–Ad vector to
relieve an allylic-like 1,3-interaction. These structural features
indicate the coexistence of electronic weakening and steric
buttressing in the triazolium-BX 2c in the solid state.

Density functional theory (DFT) calculations were performed
to elucidate the enantiomerization pathway and the structural
factors governing the rotational barriers of 1c and 2c by evalu-
ating both clockwise and counterclockwise rotation around the
C–I bond, starting from the S-congured enantiomers (Fig. 3a
and b; see also Fig. S24). For both molecules, the counter-
clockwise pathway proved energetically favored, with calculated
activation free energies (DG‡ = 31.6 kcal mol−1 for 1c;
31.4 kcal mol−1 for 2c) in reasonable agreement with the
experimental values (29.0 kcal mol−1 for both). In all transition
states (TSs), the iodine(III) center exhibited a pronounced devi-
ation from the ideal T-shaped geometry. To alleviate steric
repulsion between the adamantyl substituents and the
benziodoxole (BX) aromatic ring, the C–I–C and adjacent I–C–X
(X = N or C) angles expanded signicantly and the C–I bond
underwent elongation by up to 10%, thereby generating
substantial strain energy that elevates the rotational barrier—
behavior reminiscent of that previously observed in the Rind-BX
system (Fig. 3c).14 This angular deformation inevitably drags the
“remote” adamantyl substituent toward the iodine center, so
that both substituents become sterically engaged in the TS even
along the apparently more open pathway. Notably, 1c displayed
a distinct asymmetry between the two rotational pathways. The
clockwise rotation (TS1cR), in which the C(4)-adamantyl group
sweeps across the BX ring, incurred a higher barrier (DG‡ =

36.8 kcal mol−1) than the counterclockwise counterpart (TS1cL,
6112 | Chem. Sci., 2026, 17, 6109–6115
31.6 kcal mol−1), reecting the greater dihedral distortion (see
Fig. S24). This energetic imbalance implies that racemization of
1c proceeds effectively through a single, lower-energy half-
rotation—rendering the molecule a pendulum-type rotor rather
than a free one. In contrast, 2c exhibited nearly degenerate
pathways (DG‡ = 31.4 and 32.0 kcal mol−1), pointing to a rotary-
type racemization prole. Consistent with the inference from X-
ray analysis, N-methylation elongates the C–I bond in both the
ground state and TS, while widening the N(3)–C(4)–Ad angle.
The latter introduces a buttressing effect,28–30 wherein steric
repulsion between themethyl and adamantyl groups pushes the
latter toward the iodine center. This additional steric rein-
forcement counterbalances the nominal barrier-lowering effect
of C–I(III) bond elongation and thereby maintains the high
barrier of 2c. These calculations clarify how steric buttressing
and C–I bond elongation are manifested differently in the
enantiomerization dynamics of 1c and 2c.

To delineate the unique behavior of the hypervalent C–I
bond as a rotating axis, we performed parallel calculations on
© 2026 The Author(s). Published by the Royal Society of Chemistry
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the corresponding C–C analogues (Tz-Ph, HTz+-Ph, and MeTz+-
Ph), in which the benziodoxole moiety was replaced by a phenyl
group (Fig. 3d). In these reference systems, the triazole–phenyl
and triazolium–phenyl bonds exhibited nearly identical C–C
distances in both the ground and transition states (1.48–1.49 Å)
and showed little response to either N-protonation or N-meth-
ylation. Yet their rotational proles diverged sharply: neutral Tz-
Ph and protonated HTz+-Ph exhibited comparable barriers of
23–24 kcal mol−1, whereas the methylated MeTz+-Ph required
a markedly higher barrier of 36.2 kcal mol−1. This steep rise
reects the buttress effect of the N-methyl group, which cannot
be mitigated within the rigid C–C framework. By contrast, the
C–I bond and the surrounding bond angles in the BX systems
act collectively as a exible joint, lengthening and bending
signicantly between the ground and transition states as well as
between neutral and cationic forms (shortest in 1c at 2.15 Å;
longest in TS2cL at 2.44 Å) to alleviate steric repulsion. Such
exibility enables dynamic compensation between electronic
withdrawal (by N-methylation) and steric reinforcement (by the
methyl group). The comparable atropostability 1c and 2c is
therefore not coincidental but emerges from the elastic nature
of hypervalent bonding, a feature that is largely absent in two-
center covalent bonds.

The congurational stability of 1c and 2c was next examined
under acidic conditions (Fig. 4). Enantioenriched 1c displayed
essentially equal atropostability in non-protic or coordinating
media such as toluene, chlorobenzene, THF, and triethylamine
(DG‡

rot z 29 kcal mol−1), but underwent rapid racemization
upon exposure to acids (Fig. 4a). In acetic acid, the barrier fell to
25.3 kcal mol−1 (t1/2 rac (25 °C) = 4.5 days), and addition of 1
equiv TFA in toluene further reduced it to 23.6 kcal mol−1 (t1/2
rac (25 °C) < 7 h). In sharp contrast, 2c showed only muted
responses under the same acidic conditions (DG‡

rot z 27.5–
Fig. 4 Response of 1c, 2c, and 3 to acids. (a) Comparison of racemi-
zation half-lives (at 25 °C) of these compounds under different
conditions on a log scale. Above each bar are shown the half-life in
a convenient timescale and the activation energy in kcal mol−1. (b)
Schematic rationale for the compound-characteristic acid response.

© 2026 The Author(s). Published by the Royal Society of Chemistry
28.7 kcal mol−1, t1/2 rac (25 °C) z 0.51–3.9 years). Comparison
with the Rind-BX benchmark 3 claries this divergence.
Compound 3 displays a pronounced drop in barrier (DDG‡ >
6 kcal mol−1) when moving from toluene (28.4 kcal mol−1) to
acetic acid (22.2 kcal mol−1) or to TFA-containing media
(21.9 kcal mol−1). This behavior reects O-activation: hydrogen
bonding to the BX oxygen weakens the I–O interaction and
enhances the conformational exibility of the hypervalent
scaffold, allowing the C–I–C angle and the aryl–iodine axis to
undergo the required transition-state deformations with
reduced distortion energy (Fig. 4b).14 In 1c, however, the pattern
differs. It shows a moderate response to acetic acid (DDG‡ z
3.7 kcal mol−1) but a drop comparable to 3 upon TFA addition
(DDG‡ z 5.4 kcal mol−1). This split behavior suggests a distinct
mode of accelerated rotation. Rather than O-activation, the
rotation of 1c would be accelerated via N-activation of the tri-
azole, wherein hydrogen bonding or partial protonation at N(3)
electronically elongates the C–I bond (Fig. S25). This acid-
strength-dependent elasticity may reect a graded response of
the rotational barrier to protonic strength. Meanwhile, the acid-
resistant congurational stability of 2c may be ascribed to two
plausible reasons. In nonpolar PhCl, 2c forms a contact ion pair
in which the triate anion occupies the s-hole region opposite
iodine (as also seen crystallographically; Fig. S7), electrostati-
cally blocking the BX oxygen toward protonic activation by TFA.
In acetic acid, the ion pair is expected to loosen into a solvent-
separated ion pair due to triate solvation; however, the
cationic triazolium unit pulls the BX oxygen toward iodine,
rendering it less basic and preventing the O–H hydrogen
bonding that would increase the conformational exibility of
the hypervalent scaffold. Thus, acids inuence the rotational
behavior of the C–I(III) bond through different mechanisms—O-
activation for 3, N-activation for 1c, and electrostatic shield for
2c—highlighting the electronic susceptibility of the C–I(III) axis
as a design element of molecular rotors.

The divergent electronic structures of 1c and 2c give rise to
distinct modes of chiral molecular recognition, reected in the
19F NMR response of the CF3 groups of the BX moiety (Fig. 5).20

When (R)-BINOL was added to racemic 1c in toluene-d8, the CF3
quartet of the BX ring split into two discrete sets, indicating the
formation of diastereomeric hydrogen-bonded adducts between
the neutral triazole-BX and the chiral alcohol. Enantioenriched
(+)- and (−)-1c each produced a single quartet pair at mirror-
related positions, and overlaying the two spectra reproduced
the pattern of the racemic mixture, conrming direct enantio-
differentiation of 1c through hydrogen-bond-mediated recog-
nition. By contrast, addition of (R)-BINOL to 2c resulted only in
minor broadening and slight splitting of the quartet pair
(Fig. S21), without the clear peak separation observed for 1c,
consistent with the diminished hydrogen-bond-accepting
ability of the triazolium unit. Notably, even the archetypal
Rind-BX 3, which is known to engage in hydrogen bonding,
showed only a faint signal perturbation under identical condi-
tions. This comparison highlights the uniquely effective
hydrogen-bond-acceptor character of the triazole unit in 1c,
where directional N(3) coordination is optimally coupled to the
congurationally rigid C–I(III) axis.
Chem. Sci., 2026, 17, 6109–6115 | 6113

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5sc09936f


Fig. 5 19F NMR spectra illustrating chiral recognition of triazole- and
triazolium-BXs: (a) 1c with (R)-BINOL and (b) 2c with (R)-CPA–Na.

Chemical Science Edge Article

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

8 
Ja

nu
ar

y 
20

26
. D

ow
nl

oa
de

d 
on

 6
/1

3/
20

26
 1

2:
00

:4
5 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
In contrast, the triazolium-BX 2c exhibited a distinct mode of
chiral recognition. Addition of the anionic (R)-CPA–Na salt
induced splitting of the 19F NMR signals, consistent with the
formation of diastereomeric ion-paired complexes. This recog-
nition originates from halogen bonding between the s-hole on
iodine(III) and the oxygen atoms of the phosphate anion, rein-
forced by coulombic attraction within the contact ion pair.
Under identical conditions, addition of (R)-CPA–Na to 1c caused
no discernible change in the CF3 quartet pattern, indicating the
absence of measurable chiral discrimination (Fig. S21). The
halogen-bonding ability of 2c was quantied by 31P NMR using
triethylphosphine oxide as a probe (Fig. S22).31 The pronounced
downeld shi observed for 2c (Dd = 19.6 ppm) far exceeded
those of 3 (0.22 ppm), 1c (0.60 ppm), and typical aryl iodides,
identifying 2c as a distinctly stronger halogen-bond donor.
Consistent with this enhanced s-hole character, 2c also di-
splayed modest activity in a halogen-bond-promoted quinoline
reduction with a Hantzsch ester (Table S3). Taken together with
the hydrogen-bond-mediated recognition observed for 1c, these
results demonstrate that neutral and cationic triazole-BX atro-
pisomers exhibit complementary modes of molecular recogni-
tion, arising from deliberate modication of the hypervalent C–
I(III) bond.
Conclusions

In conclusion, we have synthesized congurationally stable and
stimuli-responsive carbon–iodine(III) atropisomers in which
bulky, diadamantylated triazole and triazolium groups are
directly linked to a benziodoxole scaffold. Although the neutral
6114 | Chem. Sci., 2026, 17, 6109–6115
and cationic derivatives exhibit similarly high levels of atro-
postability, their responses to external stimuli diverge mark-
edly. Taken together, the pronounced elongation, polarity
modulation, and stimulus-dependent behavior of the hyper-
valent C–I(III) bond dene a “breathing” atropisomeric axis—
one whose structural and stereoelectronic parameters undergo
coordinated, reversible adjustment across multiple perturba-
tions. The neutral triazole derivative undergoes accelerated
rotation under protonic activation and engages in hydrogen-
bond-mediated recognition with BINOL, whereas the tri-
azolium analogue retains its congurational stability under
acidic conditions while recognizing anionic guests through
halogen bonding and electrostatic interaction. The comparable
thermal atropostability of the two systems can be rationalized
by a balance between opposing steric and electronic effects
acting on the hypervalent C–I(III) bond. N-methylation intro-
duces steric reinforcement while simultaneously elongating
and electronically weakening the C–I bond, leading to an
effective compensation of these effects. Such adaptive modu-
lation of bond length, polarity, and rotational resistance is not
observed in conventional atropisomers based on short, rigid,
two-center covalent bonds of lighter elements. Together, these
results demonstrate that the carbon–iodine(III) bond—tradi-
tionally employed either as a transient linkage in molecular
transformations or as a static s-hole donor in halogen
bonding32–35—can serve as a stereoelectronically tunable axle for
molecular rotors within a rationally designed hypervalent
framework. In the present study, bulky triazole groups are
established as effective design elements, alongside Rind
frameworks, for accessing otherwise challenging heavy-atom
atropisomers with tangible congurational stability. Beyond
the present C–I atropisomers, the inherently asymmetric and
synthetically modular triazole framework provides a general
platform for the construction of broader and more complex
atropisomeric architectures, including multiaxial systems
centered on carbon–iodine(III) bonds as well as extension to new
classes of heavy-atom atropisomers. These directions, enabled
by the decoupling of skeletal asymmetry from steric bulk, are
currently being pursued in our laboratories.
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