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ABSTRACT: The development of semiquinone-based resorcin[4]arene cavitands expands the
toolbox of switchable molecular grippers by introducing the first paramagnetic representatives.
The semiquinone (SQ) states were generated electrochemically, chemically, and
photochemically. We analyzed their electronic, conformational, and binding properties by cyclic
voltammetry, UV/Vis spectroelectrochemistry, EPR and transient absorption spectroscopy, in
conjunction with DFT calculations. The utility of UV/Vis spectroelectrochemistry and EPR
spectroscopy in evaluating the conformational features of resorcin[4]arene cavitands is
demonstrated. Guest binding properties were found to be enhanced in the SQ state as compared
to the quinone (Q) or the hydroquinone (HQ) states of the cavitands. Thus, these paramagnetic
SQ intermediates open the way to six-state redox switches provided by two conformations (open
and closed) in three redox states (Q, SQ, and HQ) possessing distinct binding ability. The
switchable magnetic properties of these molecular grippers and their responsiveness to electrical

stimuli has the potential for development of efficient molecular devices.

TOC GRAPHICS

KEYWORDS supramolecular chemistry, photoredox switch, host—guest chemistry,

semiquinones, cavitands, molecular grippers.
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Nanodevices that are able to perform controlled motion,'” such as molecular grippers,*® are of
particular interest due to their ability to expand and contract in response to external stimuli. This
behavior renders them promising for applications as transporters,”®  sensors,’™"

14,16-21

nanoreactors, or elements in nanorobotics.”’**** Resorcin[4]arenes are suitable platforms

for the development of molecular grippers, owing to their capability to adopt bistable, open (kite)

42425

and closed (vase) conformations. The vase—kite equilibrium can be influenced by various

02" temperature,” pH,” metal-ion concentration,” or redox

stimuli, such as solvent choice,
processes.”**?' The development of cavitands that can respond to electrical or electromagnetic
stimuli is required for future applications of resorcin[4]arene-based molecular grippers.” This
prerequisite imposes demand for novel methodologies to design and study conformational and
binding properties, which until now were mainly investigated by NMR™ or UV/Vis

spectroscopy.”  The usage of electric potential or light™*

to trigger the switching of
resorcine[4]arene-based molecular grippers, however, remains largely unexplored, despite their
capacity to act as multi-state switches that can be of great interest in the design of various
molecular devices, such as logic gates, sensors, actuators, and pumps.***

Herein, we report electronic, conformational, and binding properties of the quinone-based
resorcin[4]arene cavitands 1 and 2 in their semiquinone (SQ) redox states. While their
quinone (Q) and hydroquinone (HQ) states (Figure 1, blue and green) have already been
investigated,”' the generation and investigation of the SQ states (Figure 1, red) remained a
challenge. Access to the SQ intermediates could pave the way towards cavitands with properties
that can be controlled by voltage or light. A system that can be reversibly interconverted

between its Q, SQ, or HQ states and exhibits two different conformations (vase or kite) with

distinctive binding properties, would represent a rare example of a six-state redox switch.*®
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We report the generation of the SQ radical anions of cavitands 1 and 2 (i) electrochemically
by cyclic voltammetry, (ii) chemically by reduction with CoCp,, and (iii) photochemically using

photoreduction with a catalytic amount of [Ru(bpy),]**

as a photoreductant and Et;N as a
sacrificial electron donor, and describe their electronic, conformational, and binding properties.

Model compounds 3-5, representing individual cavitand walls, were also investigated (for their

synthesis, see Section S1, Supporting Information).

Figure 1. Top: Redox interconversion of cavitand systems 1-2. Bottom: Model compounds 3-5

employed in this study.

In the electrochemical study, we used cyclic voltammetry (CV) to generate and investigate the
SQ state of cavitands 1-2. The analysis of the voltammograms in CH,Cl, revealed a three-step
reduction of both cavitands, with reduction potentials of -1.10V, -1.62 V, and -2.19 V
(E,, values versus Fc*/Fc as an internal potential reference, E,, (Fc*/Fc) = 0.66 V vs. NHE) for

cavitand 1, and -0.88 V,-1.55V, and -2.22 V for cavitand 2, respectively (Figure 2a-b).
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Rotating disc voltammetry (RDV) showed that each reduction step occurs as a two-electron
process with the first step being fully reversible (for details, see Section S4, Supporting
Information). This reversible two-electron process can in principle result in the formation of two
different semiquinone species (Figure 2d): a diamagnetic bis-SQ dianion in the singlet spin state
S (S = 0) or a paramagnetic bis-SQ dianion in the triplet spin state 7T (S=1). DFT calculations at
the B3LYP/6-31G(d) level of theory indicate that the bis-SQ dianion in the triplet spin state is

favored for doubly reduced cavitands 1-2 (for details, see Section S9, Supporting Information).

2e”

2e”

05 10 A15 20 25 30
Vout / NOrmM.u.— *

-1. -0.5 345 347 349 351 353

-25 =20 5 -10
E/V vs. Fc'/Fc — By / mT —

Figure 2. Cyclic voltammograms of cavitands (a) 1 and (b) 2 (0.5 mM) recorded in
n-Bu,NBF,/CH,Cl, (0.1 M) at ambient temperature using a standard three-electrode
electrochemical cell with glassy carbon working electrode at a scan rate of 100 mVs™.

Ferrocene (Fc*/Fc) was used as an internal potential reference. Both reduction waves are two-
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electron transfer processes (RDV, Section S4.2, Supporting Information). (c) Top, black line:
ED EPR spectrum of reduced 2 in CD,Cl, at 80 K obtained using the #,—7 - 2z,— 7 —echo
sequence with 7, =24 ns and 7 = 150 ns; bottom, black line: the corresponding first derivative
spectrum. Red dotted lines show the simulations of the triplet bis-SQ-2 dianion spectrum using
spin Hamiltonian parameters from Table 1. Inset shows electron spin nutation spectra (red and
purple) obtained at field position marked by the arrows (color corresponds to the spin nutation

spectra) in the ED-EPR spectrum. The ratio of the nutation frequencies (v,,,) of 1.41 is in good

agreement with V2, expected for v,,,(S = 1)/ v,,(S = %), confirming the presence of the triplet
bis-SQ-2 dianion (S = 1, red) and a SQ-2 monoanion (S = %2; purple), a minor component that
forms by disproportionation of the bis-SQ dianion species in solution.*'* ED = echo-detected;
CW= continuous wave. (d) Potential semiquinone products resulting from the two-electron
reduction of cavitands 1-2 in the Q state: triplet bis-SQ T (S = 1) and singlet bis-SQ S (S =0).
The monoanion D (S = %) commonly forms by disproportionation of the bis-SQ dianion species

in solution.”* R' R? are defined in Figure 1.

The electronic state of the reduced species was further experimentally analyzed by pulsed
EPR spectroscopy (for details, see Section S5, Supporting Information).***® The electron spin
echo detected (ED) EPR spectrum of cavitand 2 reduced in CD,Cl; by an excess of cobaltocene
(CoCp,) i1s shown in Figure 2¢ (black line). The EPR spectrum shows spectral contributions
from two paramagnetic species. The dominant one exhibits a characteristic fine structure
resulting from the dipole-dipole interaction of the two unpaired electron spins in the triplet spin
state T (S=1) and is assigned to the bis-SQ-2 dianion (red arrow in Figure 2d). The signal of
the minor paramagnetic species appears close to the center of the spectrum (By=348.5 mT,

purple arrow in Figure 2c¢). This signal is ascribed to the SQ-2 monoanion in the doublet spin
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state D (S = 2), which is typically formed by the disproportionation reactions of bis-SQ species

in solution.*'™

The spectral contribution assigned to the bis-SQ-2 dianion can be well
reproduced in a simulation (Figure 2c, red dotted line) using the spin Hamiltonian parameters
summarized in Table 1. The analysis of the triplet bis-SQ-1 (see Section S5, Supporting
Information) and bis-SQ-2 dianions reveals rhombic g tensors with canonical values that agree
well with those typically observed for semiquinone radicals, and rhombic Zero Field Splitting

(ZFS) tensors with similar D and E parameters of 78 MHz and 3 MHz, respectively.*'**™°

Table 1. Spin Hamiltonian parameters used to simulate the spectra of the triplet bis-SQ dianions

g factor ZFS distance

8 8y &) D/MHz® E/MHz® r/A°
bis-SQ-1* 2.0070,2.0052,2.0025 77.8 3.1 10.0
bis-SQ-2> 2.0074,2.0056,2.0026 78.1 3.1 10.0

*+0.0001; *+4 MHz; °+0.5 A; ZFS = Zero Field Splitting
The spin state of a paramagnetic species under study can be additionally confirmed by the
electron spin echo nutation experiment (see Section S5, Supporting Information, for details).* ¢
Here, a preparation microwave pulse of variable duration is inserted in the pulse sequence before
the Hahn echo detection (ED) block and the oscillation (nutation) of the echo signal is monitored
as a function of the preparation pulse length. The frequency of the EPR signal oscillation with

increasing preparation pulse length (nutation frequency, v,,) is related to the spin quantum

numbers (S, m,) of the excited EPR transition according to the equation

2w

Wp =27V = =, @ =+/S(S+1)—m (m, =1)

nut

where w,, is the corresponding nutation angular frequency and T,, its period, w, is the

microwave field strength in angular frequency units, and the a factors describing the transitions
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in the S =% and S = 1 spin manifolds are a = 1 and a = V2, respectively. The spin state of the
species under study can thus be determined by comparing the nutation frequency (v,,) of the
measured EPR signal with that of a reference with known spin state.***® The nutation spectra

for the two signals present in the ED EPR spectrum of reduced cavitand 2 are shown as inset in

Figure 2c. The nutation frequency of the dominant signal is 1.41(+/2) times higher than that
observed for the minor signal, as expected for the triplet T (S = 1) and the doublet D (S = )
species (Figure 2c). The results of the nutation experiments thus support the assignment of the
dominant signal to the triplet bis-SQ-2 (S = 1) dianion and the minor signal to the monoanionic
SQ-2 species (S =1%)."""* Comparable EPR spectra with the same assignments were obtained
for cavitand 1 (for details, see Section S5, Supporting Information). Thus, the EPR experiments
verified the formation of the paramagnetic bis-SQ species in the triplet spin state upon two-
electron reduction of the cavitands 1-2.

Thereafter, our goal was to achieve the photochemical generation of triplet bis-SQ dianion
states, which could pave the way for the development of photoredox-switchable molecular
grippers. First, we tested the photoreduction conditions on compounds 3 and § (Figure 1), which
represent models for individual quinone cavitand walls and require one-electron transfer for the
formation of the SQ state. Photoreduction was performed in CH,Cl, via excitation of catalytic
amounts (0.1 mol%) of [Ru(bpy);]** in the presence of Et;N as sacrificial donor. Liquid solution
continuous wave (CW) EPR spectra of the photochemically-generated SQ-3 and SQ-5 matched
well with those obtained chemically (see Section S5, Supporting Information), suggesting that
both conditions lead to the formation of the same species. Moreover, in order to compare these
species to those obtained electrochemically, the formation of the SQ intermediates was further

investigated by UV/Vis spectroelectrochemistry (SEC). SEC experiments identified the
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characteristic absorption bands in the 400-500 nm region originating from the SOMO-LUMO
transitions in the SQ state (Figure 3a, SQ band),” "' while the band in the 300-350 nm domain
originated from the quinoxaline wall absorption (Figure 3a, Qx band).” The SQ spectroscopic
fingerprint was found for both model compounds SQ-3 and SQ-5, as well as the bis-SQ
cavitands 1 and 2 (for details, see Section S6, Supporting Information). Since the absorption in
the 400-500 nm domain serves as evidence for the formation of the desired SQ species, we were
able to monitor the photoreduction process by transient absorption spectroscopy and compare the
transient absorption spectra (TAS) recorded upon photoreduction to the results of UV/Vis SEC.
Both TAS (Figure 3b) and UV/Vis SEC (Figure 3a) featured the same spectroscopic indicators of
the SQ formation with the absorption maxima in the 400-500 nm domain, identifying the
photoreduction products as the target SQ intermediates (for details, see Sections S6-S7,
Supporting Information).

Timescales of molecular processes can have a significant impact on the molecular

function.>™>*

In order to obtain the basis for the analysis of the conformational and binding
properties, we estimated the photoreduction rates and the SQ lifetimes. The timescale of the
cavitand conformational change should be slower than the photoreduction to occur as a
secondary process in the SQ state, and lifetimes of the generated species should be in the order
of minutes to enable the study of their gripping abilities. We performed luminescence lifetime
measurements to determine the photoreduction rates (for details, see Section S7.1, Supporting

Information).”' >’

Stern-Volmer analysis revealed that the reduction occurs at a much faster
rate (2.3 x 10° M's™ for cavitand 1 and 3.3 x 10° M's™" for cavitand 2) than the conformational

change, which takes place on the us scale.”*” Furthermore, lifetimes of the SQ species were

estimated to be in the order of several hours under an inert argon atmosphere, as both transient
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absorption and EPR spectra confirmed their presence hours after the reduction. However, apart

from having a long lived intermediate that can be obtained by a fast reduction process, the

reversibility of the SQ—Q equilibrium was a prerequisite to exploiting the SQ intermediates as

molecular devices. The SQ-Q equilibrium was thereby assessed by using UV/Vis

spectroelectrochemistry over several reduction-oxidation cycles.

The evolution of the two

characteristic absorption maxima in the UV/Vis spectrum (Qx and SQ; Figure 3a) demonstrated

reversibility over several cycles (Figure 3c), revealing potential utility of these SQ-based

molecular switches.

0.4+ a 2
——bis-SQ-2
0.2
Qx
SQ
0.0 T T T T T T T T
300 350 400 450 500
Al nm—
b) ——bis-SQ-2
T 0.2
)
*
<<’:] 0.1
0.0

T T T T T T T T
300 350 400 450 500
Al nm—

0.1+

C) A =430 nm,~ A = 342 nm

Cycles—

Figure 3. (a) UV/Vis spectra of the Q and the bis-SQ states of cavitand 2 (1 mM) in n-

Bu,NBF,/CH,Cl, (0.2 M) recorded during the controlled potential reduction at —1.15 V vs. Fc¢'/Fc
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as an internal potential reference. Absorption maximum in the 400—500 nm region indicates the
SQ formation (SQ band), whereas the 300—350 nm domain originates mainly from quinoxaline
wall absorption (Qx band), as confirmed by the UV/Vis spectroscopy of model 4 (see Figure 4
and Section 6, Supporting Information). (b) Transient absorption spectrum of cavitand bis-SQ-2
(0.94 mm) generated via photoreduction of 2 with [Ru(bpy),]** (3.1 x 10~ M) in degassed CH,Cl,
solution under Ar atmosphere in presence of Et;N (0.1 M) after a time delay of 2 ms. The data is
time averaged over 20 scans after excitation at 532 nm with laser pulses of ~10 ns width (see
Section S7, Supporting Information). The absorption in the 400—500 nm region indicates the SQ
formation, whereas below 350 nm the optical density of the solution was too high to permit
detection of any spectral changes associated with the photoexcitation. (c) Evolution of the
absorption maxima in the UV/Vis spectrum presented in (a) over several switching cycles

demonstrates the reversibility of the SQ—Q equilibrium.

The control and monitoring of the vase-kite equilibrium of cavitands is essential to their
applicability as molecular grippers. Therefore, having methods to generate and identify the SQ
intermediates at hand, we focused on the analysis of their conformational properties.
Conformational equilibria between the vase and kite forms of cavitands 1-2 in their Q and HQ
states were previously studied by "H NMR spectroscopy.” Despite being a powerful technique
for evaluating conformations of resorcin[4]arene cavitands, NMR spectroscopy cannot be used to
characterize the radical SQ states, since the electron-induced fast relaxation leads to line
broadening and disappearance of NMR signals.”®* An alternative technique that can provide
information about the cavitand conformation is UV/Vis spectroscopy,” with spectroscopic
indication of the cavitand conformation originating from the quinoxaline flap absorption in the

300-350 nm region. We verified the origin of the absorption in this domain by UV/Vis

ACS Paragon Plus Environment
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spectroscopy of quinoxaline model 4, which corresponds to a single quinoxaline cavitand wall.
Moreover, we demonstrated that quinone-quinoxaline-based cavitands 1 and 2 in either the Q or
HQ state exhibit similar UV/Vis spectral features in the quinoxaline absorption domain (for
details, see Section 6, Supporting Information). In order to identify the kite and vase
conformations in the Q state by UV/Vis spectroscopy, we utilized the solvent and temperature
influence on the vase—kite equilibrium. The stabilization of the kite conformation was shown to
be dominant in chlorinated solvents, such as CH,Cl, and CHCIl,, whereas the vase conformation
is stabilized in polar or aromatic solvents, such as tetrahydrofuran (THF) or benzene at ambient
temperatures, which was confirmed by NMR spectroscopy.****”' Lower temperatures are known
to favor the kite conformation, while elevated temperatures shift the equilibrium towards the
vase form.**** We identified the kite conformation of cavitands 1 and 2 in their Q state to feature

two absorption maxima at 344 nm and 332 nm in CH,Cl,, whereas the kite-to-vase conversion

correlated with a ~15 nm hypsochromic shift of these absorption bands in THF (Figure 4a).

Such effects were not evident in the case of model compounds 3-5, whose UV/Vis spectra in
CH,CI, and THF were superimposable (for model 4, see Figure 4b; for other species, see Section
S6.1, Supporting Information). The hypsochromic shift of the quinoxaline UV/Vis absorption
can thereby serve as indicator for the conformational changes in the cavitand systems.

With the advantage of wusing UV/Vis spectroscopy in monitoring the vase—kite
interconversion, we analyzed the conformational properties of the cavitand systems 1 and 2 in
the bis-SQ state by UV/Vis spectroelectrochemistry. While the change of solvent or temperature
did not affect the SQ absorption in the 400—500 nm range, the quinoxaline absorption domain
between 300 nm and 350 nm revealed conformational changes of the cavitands. The SQ states

in THF at ambient temperature directly corresponded to the vase conformations of the Q state,

ACS Paragon Plus Environment
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with two absorption maxima at 329 nm and 320 nm (Figure 4c). However, the UV/Vis spectrum

in CH,Cl, at ambient temperature demonstrated a =10 nm hypsochromic shift indicative of the

kite-to-vase conversion (Figure 4d). Such spectral changes were less pronounced at lower
temperatures in CH,Cl, (for details see Section S6.2, Supporting Information). The equilibrium
shift towards the vase-like conformation in CH,Cl, at ambient temperature could stem from the
charge redistribution inside the cavitand backbone resulting from the SQ radical anion
formation, which could lead to its stabilization through electrostatic interactions with the
neighboring quinoxaline flaps. A similar effect can result from the noncovalent interactions with

the solvent molecules that bind to the cavity and therefore stabilize the vase conformation.****

a) b)o.s

—THF —THF
1ol — CH,Cl, o —CH,Cl,
CH,Cl, '
T THF % T 03 )
) 4
= Q Q < -
0.5
0.0 :
300 350 400 450 500
Al nm—
c)
2¢”
1.04 p——
' sQ
< E/Vvs. Fc'IFc
0.5 -0.25
I— -1.25
— -0.25
0oL THF
' 300 350 400 450 500 ’ 300 350 400 450 500

A/ nm— A/ nm—

Figure 4. (a) UV/Vis spectra of cavitand 2 in the Q state in CH,Cl, (kite form) and THF (vase
form, as verified by the '"H NMR spectroscopy’') with a schematic of a solvent-induced

conformational switch between the kite and vase forms in the Q state. Kite-to-vase conversion

correlates with a =15 nm hypsochromic shift of the absorption bands in THF. (b) UV/Vis
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spectra of model 4 in CH,Cl, and THF, which are essentially superimposable due to the lack of
conformational transitions. Model 4 is represented by its crystal structure (for details see
Section S3, Supporting Information). (c) UV/Vis spectroelectrochemistry of cavitand 2 (1 mm)
in n-Bu,NBF, /THF (0.2 M) with a schematic of a redox switch between the bis-SQ (red) and the
Q (blue) state in the vase forms. Two absorption maxima at 329 nm and 320 nm correspond to
the vase conformation, as demonstrated in (a) and verified by 'H NMR spectroscopy.”
(d) UV/Vis spectroelectrochemistry of cavitand 2 (1 mMm) in n-Bu,NBF,/CH,Cl, (0.2 M) with a
schematic of a redox switch between the Q (blue) in the kite form and the bis-SQ (red) state in

the kite and vase forms. The kite—vase equilibrium shift towards the vase conformation in the

bis-SQ state is indicated by the ~10 nm hypsochromic shift of the absorption in the 300-350 nm

domain and verified by EPR spectroscopy (for details, see Section S5, Supporting Information).
The spectra correspond to the potentials indicated by colored lines in the legend.

THF = tetrahydrofuran.

The conformational analysis of triplet bis-SQ cavitands 1-2 can be supported by their unique
paramagnetic behavior, which acts as a powerful tool in the evaluation of their geometry. Triplet
organic bi-radicals behave as nanomagnets, demonstrating Zero Field Splitting (ZFS) in absence
of an external magnetic field.****** This is the result of an additional splitting of the energy
levels induced by the anisotropic dipolar interactions of the magnetic moments of the two

electrons, and can be characterized by the D and E parameters.**®

Since the D parameter is
dependent on the distance between the triplet radical sites, it offers a unique indicator for
differentiating between the cavitand conformations. The ZFS tensor of the triplet bis-SQ-2

dianion in CH,Cl, is characterized by a D value of 78.1 MHz and an E/D ratio of 0.04 (Table 1).

Assuming a dominantly dipolar character of the ZFS tensor and using the point dipole

ACS Paragon Plus Environment
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495 enables us to estimate a distance of 10.0 £ 0.5 A between the sites of the two

approximation
unpaired electrons, which is in excellent agreement with the distance between the two Q walls in
the vase conformation of the cavitand (Figure 5a). The structure of the neutral cavitand
optimized by DFT calculations at the B3LYP/6-31G(d) level of theory shows a distance of
9.9 A, matching well the distance observed in the cavitand’s crystal structure featuring 1,4-
dithiane as guest encapsulated in the vase form (Figure Sc; for details, see Section S3,

Supporting Information).*”'

For the triplet bis-SQ-2 state, the Coulombic repulsion of the two
charged semiquinones resulted in a slightly larger distance of 11 A (Figure 5b; for details, see
Sections S9, Supporting Information). Nevertheless, both values are in agreement with the
experiment within the level of uncertainty for distance determination by EPR spectroscopy,

providing verification of the kite—vase equilibrium shift towards the vase geometry in the triplet

bis-SQ state of cavitands 1 and 2 (for details, see Section S5, Supporting Information).
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Figure 5. Optimized geometries (DFT B3LYP/6-31G(d)) of the vase conformations of
cavitand 2 in the (a) Q and (b) SQ redox states. Hexyl chains are substituted by methyl groups.
(c) Crystal structure of cavitand 2 in the Q state with a guest molecule (G = 1,4-dithiane) inside
the cavity (2cG). Side (left) and top (right) views are represented with distances between the

redox-active quinone walls.

Another indicator of the conformational preference of the cavitands is their gripping ability.
Binding properties of the quinone-based cavitands were already shown to be enhanced in the
presence of triptycene units, particularly under conditions of a favored vase conformation, as

242531

upon binding the cavitand adopts a closed (vase) form (Figure 5c). Moreover, six-

membered cyclic molecules were verified as suitable neutral guests for quinone-quinoxaline-

ACS Paragon Plus Environment
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based cavitand hosts.” Relying on these known cavitand features, we compared binding
properties of triptycene cavitand 2 in three different redox states with several representative
guest molecules (cyclohexane, 1,4-dioxane, 1,4-dithiane, piperazine, and 1,4-cyclohexadione; for
details see Section S8, Supporting Information). Binding constants in reduced HQ and oxidized
Q states were evaluated by "H NMR spectroscopy in mesitylene-d,, as a non-competing solvent
at room temperature,” whereas studies in the intermediary SQ state were performed by CV and
square wave voltammetry (SWV) in CH,CL,."® We analyzed the binding properties of the SQ
state in CH,Cl,, despite its role as a competing solvent that can bind to the cavity in the vase
form and thereby result in lower values of the obtained binding constants. Remarkably, not only
were the binding constants higher in the SQ state under these conditions, but each of the three
redox states (Q, SQ, and HQ) demonstrated different binding properties (Table 2). This
behavior of the cavitand 2 in the SQ state highlights its potential ability to act as a redox-
switchable molecular gripper.

Table 2. Binding constants of 2 in Q (K%, M), HQ (K,"®, M™), and SQ (K,°?, M) states for

different guests at 293 K.
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‘K, values were determined by integration of the '"H NMR resonances of the relevant species in
mesitylene-d,,, relative to 1,3,5-trimethoxybenzene as an internal standard. Errors in K, values
are estimated to be roughly 20%.”' °K, values were determined by cyclic voltammetry or square-
wave voltammetry of the relevant species in CH,Cl, relying on the shift of the redox potential
and the square electrochemical scheme in accordance with previously reported experimental
procedures. ™ “In these cases, simulation is recommended to quantify the K, with more
certainty since binding constants are in the same order as in the oxidized states.”® “Influence of
hydrogen bonding on the shift of the redox potentials cannot be directly excluded in the
evaluation of the binding constant.

In summary, this work reports the electronic, conformational, and binding properties of redox-
active cavitand systems 1-2 in the paramagnetic semiquinone dianion (SQ) state that were
evaluated using electrochemistry, UV/Vis spectroelectrochemistry, EPR and transient absorption
spectroscopy, DFT calculations, and the analysis of model systems. Three redox states of the
triptycene-based cavitand 2 (Q, SQ, and HQ) were shown to exhibit different binding properties
in their vase conformation, and complexation was particularly pronounced for the paramagnetic
SQ intermediate. The reversibility of SQ—Q equilibrium, long lifetimes of the SQ species under
inert conditions, their switchable magnetic and binding properties, as well as responsiveness to
electrical stimuli, render them promising for future applications in molecular engineering.
Ongoing work is focused on further exploiting their potential applicability as photoredox-

switchable molecular devices.
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