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ABSTRACT: Designing light-switchable heteroditopic receptors
is challenging because it necessitates simultaneous (de)activation
of two separate binding sites. Herein, we present the first pho-
toswitchable heteroditopic ion pair receptor in which both cation
and anion binding sites are simultaneously and reversibly switched
OFF and ON by a single photoswitch. Our receptor is simple, low
molecular weight, and readily synthesized from commercially
available precursors. Single-crystal X-ray structures and NMR
spectroscopic titrations support ion pair binding to the receptor both
in the solid state and in solution, with strong positive cooperativity
between the cation and anion binding. The receptor can be com-
pletely switched OFF by UV light-triggered photoisomerization of
an acylhydrazone C=N double bond and remains kinetically stable
in the deactivated form due to an intramolecular hydrogen bond. Its
re-activation could be achieved by light irradiation or, more effec-
tively, by fast acid-catalyzed back-isomerization. Our simple pho-
toswitchable ion pair receptor may serve as a blueprint for the de-
sign of new generations of switchable receptors, transporters, soft
materials, and self-assembled systems, where incorporation of a
functional heteroditopic ON/OFF photoswitch has been challeng-
ing up to now.

Irradiation by light is one of the most attractive ways to control
the properties of a chemical system. It has been utilized in a number
of photoresponsive host-guest systems,! supramolecular assem-
blies?3 and molecular devices,*° with applications in catalysis,®®
materials chemistry®1? and cargo delivery,'>!? just to name a few.
Photoswitchable receptors’®1 are an important class of the inves-
tigated systems because they facilitate the photo-controlled catch
and release of chemical species. Due to the biological, environmen-
tal and industrial importance of charged species, receptors for cati-
ons,'>17 anions,'®24 and ion pairs?®>3! have been actively investi-
gated. In particular, the ion pair receptors offer distinct advantages
over single ion receptors in terms of affinity and selectivity due to
cooperative effects.3>-3* However, while photo-switching functions
have been frequently utilized in cation recognition,'**7 studies on
photoswitchable anion recognition are far less common+35-41 and
photoswitchable ion pair receptors have not been reported yet. This
may be due to the heteroditopic nature of ion pair receptors, which
makes simultaneous (de)activation of two different binding sites
challenging. Nevertheless, various binding/release strategies have

been already successfully implemented in ion pair receptors, in-
cluding ion metathesis, pH, and redox control.*24

To address the challenge of photoswitching in ion pair receptors,
we have considered a recently recognized, widely tunable, yet un-
derexploited class of photoswitches — acylhydrazones.*® Acylhy-
drazones are versatile dynamic systems that operate under light,*
thermal,*® pH*"8 and even redox*® control. In particular, acylhy-
drazones derived from pyridine 2-aldehyde possess potential anion
and cation binding sites (i.e. hydrogen bond donors and electron
lone pairs) that form an intramolecular hydrogen bond upon light-
induced E/Z photoisomerisation of a C=N double bond.*%%5 Thus,
in the Z form the two recognition elements effectively cancel out
each other from interactions with other species. This feature of 2-
pyridyl acylhydrazones has already been exploited in photoswitch-
able molecular shuttles,> enantioselective catalysts” and supramo-
lecular assemblies.“® This led us to the idea that incorporating a 2-
pyridyl acylhydrazone switch into the ion pair receptor could ena-
ble the simultaneous photo-induced disruption of both cation and
anion binding. Furthermore, acylhydrazones have often been used
in cation and anion recognition,*”:505354 although their light trig-
gered catch/release functionality has rarely been exploited.*6

Herein, we present the first example of a photoswitchable heter-
oditopic ion pair receptor, E-1 (Scheme 1). E-1 is composed of the
2-pyridyl acylhydrazone photoswitch and 2,6-pyridine bis- amide
— a privileged anion recognition motif.18-2355 |n contrast to the ma-
jority of ion pair receptors,>2¢ E-1 is a simple, low molecular
weight receptor and could be prepared in three simple steps from
commercially available precursors (Scheme S1). Upon UV light ir-
radiation E-1 readily transforms into the Z-1 isomer, which is re-
markably stable and can be easily isolated by column chromatog-

raphy.
Scheme 1. The design and working principle of E-1
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Figure 1. Single crystal X-ray structures of E-1, Z-1, and complexes of E-1 with LiClO4, Nal, KI, and NH4Br.

The X-ray crystal structure of E-1 shows a pre-organized anion
binding site with two amide groups adopting a syn-syn confor-
mation (Figure 1). On the other hand, the 2-pyridyl nitrogen atom
points away from the cation binding site, possibly due to lone pairs
repulsion. Five X-ray crystal structures of ion pair complexes of E-
1 were also obtained (Figure 1, see Sl). All of them support the
proposed general binding mode and show cations and anions in
their respective binding sites depicted in Scheme 1. Anions are
bound to E-1 by two N-H--A~ hydrogen bonds and exhibit also
short C-H--A~ contacts. On the other hand, the cation binding site
shows two binding modes; O,N,N coordination of the 2-pyridyl
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Figure 2. Equilibria included in the ion pair binding model used
for fitting titration data and *H NMR spectra of E-1 and Z-1 in the
absence and in the presence of various salts (2 mM, acetonitrile-ds,
5 equiv. of each salt). The chemical shift changes suggest strong
cooperative binding of LiBr to E-1 and only very weak interaction
with Z-1 (see Sl for details).

acylhydrazone moiety to alkali metal cations® and, in a similar
fashion, hydrogen bonding to the ammonium cation. The ability of
E-1 to bind anions and cations of various geometries is of general
interest because of potential incorporation in a broader range of su-
pramolecular systems. Finally, the X-ray structure of Z-1 shows the
receptor in the ‘closed’ form, in which the 2-pyridine side arm oc-
cupies the anion binding site.

Initial evidence of ion pair binding to E-1 in solution was ob-
tained from *H NMR spectra in acetonitrile-ds (Figure 2). In the
presence of TBABr (5 equiv.), significant downfield shifts were
observed for both NH and imine CH protons (Ad = +1 ppm) due to
anion binding, as could be anticipated from X-ray crystal struc-
tures. On the contrary, with LiBPhs these protons moved only
slightly, while significant change was observed for the 2-pyridyl 3-
H proton (Ad ~—0.2 ppm). This was attributed to the rotation of the
2-pyridyl ring, as evident from the crystal structures and further
supported by 2D ROESY measurements (Figures S14, S15). In the
presence of LiBr, however, much more pronounced shifts were ob-
served for all signals sensitive to both anion and cation binding (Ad
<2.3 ppm and Ad = 0.3 ppm, respectively), as compared to TBABr
and LiBPha. This is highly indicative of LiBr ion pair binding to E-
1. In striking contrast, the Z-1 isomer exhibits only very small
chemical shifts changes in the presence of LiBr (Ad < 0.08 ppm),
suggesting very weak interactions with the salt.

To investigate the ion pair binding to E-1 in more detail, we per-
formed *H NMR spectroscopic titrations with model alkali metal
halide salts (LiCl, LiBr, Lil, NaBr, Nal, Kl), as permitted by their
solubility in acetonitrile-ds. Due to the irreducible complexity of
ion pair binding equilibria,??2 all individual cation, anion, and ion
pair binding equilibria as well as the competing ion pairing equi-
libria were included in the ion pair binding model (Figure 2, see
also SI).56

Titrations of E-1 with individual anions and cations (as TBA*
and BPhs salts, respectively) in acetonitrile-ds show excellent fits
to the simple 1:1 binding model (Figure S20). The equilibrium con-
stants obtained for anion binding follow the order of decreasing
charge densities: ClI-> Br- > | (Table 1). Similarly, the observed
trend of Li* > Na* > K* comes from stronger coordination of E-1
to smaller cations with higher charge densities. This agrees also



Table 1. The equilibrium constants® (logK or logg) and co-
operativity factors («)® for anion, cation and ion pair bind-
ing to E-1 in acetonitrile-da.

logK or logg ()

PhsB- cr Br I-
TBA* - 2.80 1.96 <1
Li* 2.08 6.24(23)  550(29)  4.24(15)
Na* 154 /© 4.86 (26) 3.43(8)
K* 1.28 /© /© 3.20 (9)

@ average values from two experiments. Estimated errors < 10 %.
® ¢ = B/ (KaxKc). For iodide, Ka was set as 10 ML, even though
experiments suggest it to be lower. Therefore, the values of coop-
erativity factors « for iodide salts are lower estimates only. © solu-
bility issues did not permit titration studies.

with the solid state structures (Figure 1), where the bond lengths
between cations and E-1 follow the order Li* < Na* < K*.

The titration experiments performed in the presence of both hal-
ide anions and alkali metal cations revealed strong and highly co-
operative®>-3* binding of ion pairs to E-1 (Table 1, Figure 3) The
observed cooperativity is unusually high for halide salts binding to
receptors in acetonitrile solution.?”-57-%0 Larger cooperativity fac-
tors were obtained in less competitive, chlorinated solvent sys-
tems.3334 Given the rigid, fairly planar structure of E-1, the ob-
served cooperativity is more likely due to electrostatic, rather than
allosteric*®6! interactions.

In contrast to E-1, the titration of Z-1 with LiBr, Lil and Nal re-
vealed extremely weak interactions, presumably with the cation,
which could not be properly fit to any model due to a very small
range of chemical shifts changes (Figures S94-99). These observa-
tions show that indeed the E-1 and Z-1 represent the binding and
non-binding forms, respectively, in accord with the working prin-
ciple proposed in Scheme 1.

UV-Vis spectra also indicated the ion pair interactions with E-1
(Figure S105). The E-1 and Z-1 spectra in acetonitrile (1 mM)
feature absorptions with maxima at 304 and 318 nm, respectively,
in agreement with UV-Vis spectra for similar acylhydrazones.® In
the presence of TBABr (20 equiv.), only a small blue shift from
304 to 300 nm was observed for the E-1 due to anion binding, as
supported by NMR spectroscopic titrations. In the presence of an
excess of LiBr (20 equiv.), a fully bound E-1-LiBr is expected to
dominate and, accordingly, the E-1 absorption red shifted from 304
to 315 nm. No spectral changes were observed for Z-1 in the
presence of LiBr (20 equiv.), indicating negligible interactions
(Figure S105).

Reversible switching between the ion pair binding (E-1) and
non-binding (Z-1) forms was attempted both by irradiation with
light of two different wavelengths and by light-triggered E to Z
isomerization followed by acid catalyzed back-isomerization. An
acetonitrile-ds solution of E-1 (2 mM) containing an excess of LiBr
(5 equiv.) provided photostationary states (PSS) of 58 % and 81 %
Z-1 after a few minutes of irradiation with 365 and 315 nm UV
light, respectively (Figure S101). Once formed, the Z-1 is very sta-
ble in this solution, as shown by the lack of any changes in the'H
NMR spectra even after several days of standing in the dark (Figure
S18).

Thus, thermal and ion-induced back-isomerization are negligible
under these conditions.® Switching cycles obtained by alternating
irradiation with the two wavelengths of UV light provided only
modest changes in the PSS (Figure 4a), supporting nevertheless the
possibility of light-induced switching in more carefully optimized
systems.*
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Figure 3. Chemical shift changes of (a) amide proton and (b) 3-H
proton of the 2-pyridyl moiety during *H NMR spectroscopic titra-
tions of E-1 and Z-1 (2 mM, acetonitrile-ds) with LiBr, showing
their sensitivity towards anion and cation binding, respectively.
The data indicate cooperative binding of Li*and Br-to E-1 and very
weak interactions with Z-1. Data for Br- and Li* (as TBA* and
PhsB™ salts, respectively) are shown for comparison.

The amplitude of switching cycles was greatly improved by al-
ternating UV irradiation with an acid treatment followed by neu-
tralization with a base*®52 (Figure 4b). The back-isomerization of
Z-1 to E-1 was nearly quantitative within a few minutes of triflic
acid addition (1 equiv.). After neutralization with DIPEA, the bind-
ing of LiBr to E-1 was restored (Scheme S21, Figure S103; DIPEA
triflate is not appreciably bound to E-1 in acetonitrile). This orthog-
onality of the external stimuli (i.e. photo and chemical) can be very
useful in the design of functional supramolecular systems,1063-65
Nevertheless, using the orthogonal photo and chemical stimuli in
flipping the configuration of hydrazone photoswitches is very
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Figure 4. Switching between E-1 and Z-1 in acetonitrile-ds (2 mM)
containing 5 equiv. of LiBr, using (a) different wavelengths of UV
light; (b) UV irradiation and triflic acid/DIPEA addition (1 equiv.).



rare.*64962 Moreover, such approach to the iterative catch and re-
lease of a guest molecule is, to the best of our knowledge, unprec-
edented.

In summary, this work presents the first ON/OFF photoswitcha-
ble heteroditopic ion pair receptor 1, with a simple and modular
design based on the acylhydrazone photoswitch. Despite its simple
structure, E-1 effectively binds various alkali metal salts in acetoni-
trile and shows strong cooperativity between the cation and anion
binding. The receptor exhibits two very stable configurational iso-
mers, E-1 and Z-1, which represent binding and non-binding forms,
respectively. The proposed modes of binding were unambiguously
characterized by X-ray structures and NMR spectroscopic investi-
gations. The E-1 was found to bind anions, cations and ion pairs of
different geometries. The photoswitching between the ON and OFF
modes was successfully achieved through cycles of UV light irra-
diation with different wavelengths and, more effectively, by alter-
nating UV light irradiation with acid/base treatment. Furthermore,
the simple modular synthesis and versatile ion binding properties
of E-1 may allow its easy incorporation in a broad range of supra-
molecular systems. Potential applications may include ion
transport,?? soft materials,% or stimuli-responsive systems,?3 where
the photo-induced catch and release of ions, or system (dis)assem-
bly, are highly desirable. In such systems, the incorporation of a
photoresponsive heteroditopic ON/OFF switch is still unprece-
dented.

ASSOCIATED CONTENT

Supporting Information

The Supporting Information is available free of charge on the ACS
Publications website at DOI: XXXXXXXXXXXX

General information, synthetic procedures, spectroscopic charac-
terization, titration data, photoisomerization details (PDF)

X-ray structure of E-1 (CIF)

X-ray structure of E-1-LiC104 (CIF)

X-ray structure of E-1-Nal (CIF)

X-ray structure of E-1-KI (CIF)

X-ray structure of E-1-NH4Br (CIF)

X-ray structure of E-1-NHal (CIF)

X-ray structure of Z-1 (CIF)

AUTHOR INFORMATION

Corresponding Authors

E-mail: zkokan@irb.hr, mchmielewski@chem.uw.edu.pl
Notes
The authors declare no competing financial interests.

ACKNOWLEDGMENT

MCh gratefully acknowledges financial support from the Founda-
tion for Polish Science and European Economic Area through
Homing Programme.

REFERENCES

(1) Qu, D.-H.; Wang, Q.-C.; Zhang, Q.-W.; Ma, X.; Tian, H.
Photoresponsive Host—-Guest Functional Systems. Chem. Rev. 2015,
115 (15), 7543-7588.

(2) Yagai, S.; Kitamura, A. Recent Advances in Photoresponsive
Supramolecular Self-Assemblies. Chem. Soc. Rev. 2008, 37 (8),
1520.

(3) Yao, X Li, T.; Wang, J.; Ma, X.; Tian, H. Recent Progress in
Photoswitchable Supramolecular Self-Assembling Systems. Adv.
Opt. Mater. 2016, 4 (9), 1322-1349.

(4) Saha, S.; Stoddart, J. F. Photo-Driven Molecular Devices. Chem.
Soc. Rev. 2007, 36 (1), 77-92.

(5) Erbas-Cakmak, S.; Leigh, D. A.; McTernan, C. T.; Nussbaumer, A.
L. Artificial Molecular Machines. Chem. Rev. 2015, 115 (18),

(6)

Q]

®)
©)
(10)

(1)

(12)
(13)
(14)
(15)

(16)

an

(18)

(19)

(20)

@1
(22)
(23)
(24)
(25)
(26)

@n

(28)

(29)

(30)

(©)

(32

(33)

10081-10206.

Berryman, O. B.; Sather, A. C.; Lledd, A.; Rebek, J. Switchable
Catalysis with a Light-Responsive Cavitand. Angew. Chemie Int. Ed.
2011, 50 (40), 9400-9403.

De Bo, G.; Leigh, D. A; McTernan, C. T.; Wang, S. A
Complementary ~ Pair ~ of  Enantioselective  Switchable
Organocatalysts. Chem. Sci. 2017, 8 (10), 7077-7081.

Blanco, V.; Leigh, D. A.; Marcos, V. Artificial Switchable Catalysts.
Chem. Soc. Rev. 2015, 44 (15), 5341-5370.

Russew, M.-M.; Hecht, S. Photoswitches: From Molecules to
Materials. Adv. Mater. 2010, 22 (31), 3348-3360.

Yang, Y.-W.,; Sun, Y.-L.; Song, N. Switchable Host-Guest Systems
on Surfaces. Acc. Chem. Res. 2014, 47 (7), 1950-1960.

Karimi, M.; Sahandi Zangabad, P.; Baghaee-Ravari, S.; Ghazadeh,
M.; Mirshekari, H.; Hamblin, M. R. Smart Nanostructures for Cargo
Delivery: Uncaging and Activating by Light. J. Am. Chem. Soc.
2017, 139 (13), 4584-4610.

Diaz-Moscoso, A.; Ballester, P. Light-Responsive Molecular
Containers. Chem. Commun. 2017, 53 (34), 4635-4652.

Natali, M.; Giordani, S. Molecular Switches as Photocontrollable
“Smart” Receptors. Chem. Soc. Rev. 2012, 41 (10), 4010.

Lee, S.; Flood, A. H. Photoresponsive Receptors for Binding and
Releasing Anions. J. Phys. Org. Chem. 2013, 26 (2), 79-86.

Valeur, B. Design Principles of Fluorescent Molecular Sensors for
Cation Recognition. Coord. Chem. Rev. 2000, 205 (1), 3-40.
Takeuchi, M.; Ikeda, M.; Sugasaki, A.; Shinkai, S. Molecular Design
of Artificial Molecular and lon Recognition Systems with Allosteric
Guest Responses. Acc. Chem. Res. 2001, 34 (11), 865-873.

Mulder, A.; Jukovic, A.; Lucas, L. N.; van Esch, J.; Feringa, B. L;
Huskens, J.; Reinhoudt, D. N. A Dithienylethene-Tethered -
Cyclodextrin Dimer as a Photoswitchable Host. Chem. Commun.
2002, No. 22, 2734-2735.

Gale, P. A;; Howe, E. N. W.; Wu, X. Anion Receptor Chemistry.
Chem 2016, 1 (3), 351-422,

Busschaert, N.; Caltagirone, C.; Van Rossom, W.; Gale, P. A.
Applications of Supramolecular Anion Recognition. Chem. Rev.
2015, 115 (15), 8038-8155.

Evans, N. H.; Beer, P. D. Advances in Anion Supramolecular
Chemistry: From Recognition to Chemical Applications. Angew.
Chemie Int. Ed. 2014, 53 (44), 11716-11754.

Antonisse, M. M. G.; Reinhoudt, D. N. Neutral Anion Receptors:
Design and Application. Chem. Commun. 1998, No. 4, 443-448.
Gale, P. A. From Anion Receptors to Transporters. Acc. Chem. Res.
2011, 44 (3), 216-226.

He, Q.; Tu, P.; Sessler, J. L. Supramolecular Chemistry of Anionic
Dimers, Trimers, Tetramers, and Clusters. Chem 2018, 4 (1), 46-93.
Steed, J. W. Coordination and Organometallic Compounds as Anion
Receptors and Sensors. Chem. Soc. Rev. 2009, 38 (2), 506-519.
Kim, S. K.; Sessler, J. L. lon Pair Receptors. Chem. Soc. Rev. 2010,
39 (10), 3784.

McConnell, A. J.; Beer, P. D. Heteroditopic Receptors for lon-Pair
Recognition. Angew. Chemie Int. Ed. 2012, 51 (21), 5052-5061.
Zakrzewski, M.; Kwietniewska, N.; Walczak, W.; Piatek, P. A Non-
Multimacrocyclic Heteroditopic Receptor That Cooperatively Binds
and Effectively Extracts KAcO Salt. Chem. Commun. 2018, 54 (51),
7018-7021.

Tepper, R.; Schulze, B.; Bellstedt, P.; Heidler, J.; Gorls, H.; Jager,
M.; Schubert, U. S. Halogen-Bond-Based Cooperative lon-Pair
Recognition by a Crown-Ether-Embedded 5-lodo-1,2,3-Triazole.
Chem. Commun. 2017, 53 (14), 2260-2263.

Shin, J.; Hong, J.-H.; Ko, M.-S.; Cho, D.-G. Fluorescent and
Cooperative lon Pair Receptor Based on Tolan for Na + (or Li +)
and HSO 4 —: Logic AND Gate. Chem. Commun. 2017, 53 (83),
11414-11417.

Karbarz, M.; Romanski, J. Dual Sensing by Simple Heteroditopic
Salt Receptors Containing an Anthraquinone Unit. Inorg. Chem.
2016, 55 (7), 3616-3623.

Jagleniec, D.; Siennicka, S.; Dobrzycki, L.; Karbarz, M.; Romanski,
J. Recognition and Extraction of Sodium Chloride by a Squaramide-
Based lon Pair Receptor. Inorg. Chem. 2018, 57 (20), 12941-12952.
Ercolani, G. Assessment of Cooperativity in Self-Assembly. J. Am.
Chem. Soc. 2003, 125 (51), 16097-16103.

Howe, E. N. W.; Bhadbhade, M.; Thordarson, P. Cooperativity and
Complexity in the Binding of Anions and Cations to a Tetratopic lon-
Pair Host. J. Am. Chem. Soc. 2014, 136 (20), 7505-7516.



(34)

(35)

(36)

@7

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

4n

(48)

(49)

Qiao, B.; Sengupta, A.; Liu, Y.; McDonald, K. P.; Pink, M,;
Anderson, J. R.; Raghavachari, K.; Flood, A. H. Electrostatic and
Allosteric Cooperativity in lon-Pair Binding: A Quantitative and
Coupled Experiment-Theory Study with Aryl-Triazole—Ether
Macrocycles. J. Am. Chem. Soc. 2015, 137 (30), 9746-9757.

Hua, Y., Flood, A. H. Flipping the Switch on Chloride
Concentrations with a Light-Active Foldamer. J. Am. Chem. Soc.
2010, 132 (37), 12838-12840.

Wang, Y.; Bie, F.; Jiang, H. Controlling Binding Affinities for
Anions by a Photoswitchable Foldamer. Org. Lett. 2010, 12 (16),
3630-3633.

Han, M.; Michel, R.; He, B.; Chen, Y.-S.; Stalke, D.; John, M.;
Clever, G. H. Light-Triggered Guest Uptake and Release by a
Photochromic Coordination Cage. Angew. Chemie Int. Ed. 2013, 52
(4), 1319-1323.

Dabrowa, K.; Niedbata, P.; Jurczak, J. Anion-Tunable Control of
Thermal Z—E Isomerisation in Basic Azobenzene Receptors. Chem.
Commun. 2014, 50 (99), 15748-15751.

Wezenberg, S. J.; Vlatkovi¢, M.; Kistemaker, J. C. M.; Feringa, B.
L. Multi-State Regulation of the Dihydrogen Phosphate Binding
Affinity to a Light- and Heat-Responsive Bis-Urea Receptor. J. Am.
Chem. Soc. 2014, 136 (48), 16784-16787.

Vlatkovi¢, M.; Feringa, B. L.; Wezenberg, S. J. Dynamic Inversion
of Stereoselective Phosphate Binding to a Bisurea Receptor
Controlled by Light and Heat. Angew. Chemie Int. Ed. 2016, 55 (3),
1001-1004.

Wezenberg, S. J.; Feringa, B. L. Supramolecularly Directed Rotary
Motion in a Photoresponsive Receptor. Nat. Commun. 2018, 9 (1),
1984.

Kim, S. K.; Vargas-Zuiiiga, G. I.; Hay, B. P.; Young, N. J.; Delmau,
L. H.; Masselin, C.; Lee, C.-H.; Kim, J. S.; Lynch, V. M.; Moyer, B.
A.; et al. Controlling Cesium Cation Recognition via Cation
Metathesis within an lon Pair Receptor. J. Am. Chem. Soc. 2012, 134
(3), 1782-1792.

Kim, S. K.; Hay, B. P.; Kim, J. S.; Moyer, B. A.; Sessler, J. L.
Capture and Metathesis-Based Release of Potassium Salts by a
Multitopic lon Receptor. Chem. Commun. 2013, 49 (21), 2112.
Kim, D. S.; Chang, J.; Leem, S.; Park, J. S.; Thordarson, P.; Sessler,
J. L. Redox- and PH-Responsive Orthogonal Supramolecular Self-
Assembly: An  Ensemble Displaying Molecular Switching
Characteristics. J. Am. Chem. Soc. 2015, 137 (51), 16038-16042.
van Dijken, D. J.; Kovaficek, P.; Thrig, S. P.; Hecht, S.
Acylhydrazones as Widely Tunable Photoswitches. J. Am. Chem.
Soc. 2015, 137 (47), 14982-14991.

Vantomme, G.; Lehn, J.-M. Photo- and Thermoresponsive
Supramolecular Assemblies: Reversible Photorelease of K + lons
and Constitutional Dynamics. Angew. Chemie Int. Ed. 2013, 52 (14),
3940-3943.

Aprahamian, . Hydrazone Switches and Things in Between. Chem.
Commun. 2017, 53 (50), 6674-6684.

Landge, S. M.; Aprahamian, I. A PH Activated Configurational
Rotary Switch: Controlling the E/Z Isomerization in Hydrazones. J.
Am. Chem. Soc. 2009, 131 (51), 18269-18271.

Curtila, I.; Fanlo-Virgods, H.; Schaeffer, G.; Monreal Santiago, G.;
Otto, S. Redox Control over Acyl Hydrazone Photoswitches. J. Am.

(50)

(61)

(52)

(83)

(54)

(55)

(56)

(67)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

(65)

(66)

Chem. Soc. 2017, 139 (36), 12459-12465.

Su, X.; Aprahamian, |. Hydrazone-Based Switches, Metallo-
Assemblies and Sensors. Chem. Soc. Rev. 2014, 43 (6), 1963.
Chaur, M. N.; Collado, D.; Lehn, J. Configurational and
Constitutional Information Storage: Multiple Dynamics in Systems
Based on Pyridyl and Acyl Hydrazones. Chem. - A Eur. J. 2011, 17
(1), 248-258.

Leigh, D. A.; Marcos, V.; Nalbantoglu, T.; Vitorica-Yrezabal, I. J.;
Yasar, F. T.; Zhu, X. Pyridyl-Acyl Hydrazone Rotaxanes and
Molecular Shuttles. J. Am. Chem. Soc. 2017, 139 (20), 7104-7109.
Zha, D.; You, L. Multiresponsive Dynamic Covalent Assemblies for
the Selective Sensing of Both Cu 2+ and CN — in Water. ACS Appl.
Mater. Interfaces 2016, 8 (3), 2399-2405.

Stadler, A.; Harrowfield, J. Bis-Acyl-/Aroyl-Hydrazones as
Multidentate Ligands. Inorganica Chim. Acta 2009, 362 (12), 4298
4314.

Kavallieratos, K.; de Gala, S. R.; Austin, D. J.; Crabtree, R. H. A
Readily Available Non-Preorganized Neutral Acyclic Halide
Receptor with an Unusual Nonplanar Binding Conformation. J. Am.
Chem. Soc. 1997, 119 (9), 2325-2326.

Frassineti, C.; Ghelli, S.; Gans, P.; Sabatini, A.; Moruzzi, M. S.;
Vacca, A. Nuclear Magnetic Resonance as a Tool for Determining
Protonation Constants of Natural Polyprotic Bases in Solution. Anal.
Biochem. 1995, 231 (2), 374-382.

Picot, S. C.; Mullaney, B. R.; Beer, P. D. lon-Pair Recognition by a
Heteroditopic Triazole-Containing Receptor. Chem. - A Eur. J. 2012,
18 (20), 6230-6237.

Lankshear, M. D.; Cowley, A. R.; Beer, P. D. Cooperative AND
Receptor for lon-Pairs. Chem. Commun. 2006, 6 (6), 612.

Shukla, R.; Kida, T.; Smith, B. D. Effect of Competing Alkali Metal
Cations on Neutral Host’s Anion Binding Ability. Org. Lett. 2000, 2
(20), 3099-3102.

Beer, P. D.; Cooper, J. B. Alkali Metal Cation Cooperative lodide
Anion Recognition by New Heteroditopic Bis(Calix[4]Arene)
Rhenium(l) Bipyridyl Receptor Molecules. Chem. Commun. 1998,
No. 1, 129-130.

Kremer, C.; Liitzen, A. Artificial Allosteric Receptors. Chem. - A
Eur. J. 2013, 19 (20), 6162—6196.

Qian, H.; Pramanik, S.; Aprahamian, I. Photochromic Hydrazone
Switches with Extremely Long Thermal Half-Lives. J. Am. Chem.
Soc. 2017, 139 (27), 9140-9143.

Saha, M. L.; De, S.; Pramanik, S.; Schmittel, M. Orthogonality in
Discrete Self-Assembly — Survey of Current Concepts. Chem. Soc.
Rev. 2013, 42 (16), 6860.

Hu, X.-Y.; Xiao, T.; Lin, C.; Huang, F.; Wang, L. Dynamic
Supramolecular Complexes Constructed by Orthogonal Self-
Assembly. Acc. Chem. Res. 2014, 47 (7), 2041-2051.

Wei, P.; Yan, X.; Huang, F. Supramolecular Polymers Constructed
by Orthogonal Self-Assembly Based on Host-Guest and Metal-
Ligand Interactions. Chem. Soc. Rev. 2015, 44 (3), 815-832.

Ji, X.; Wu, R.-T,; Long, L.; Guo, C.; Khashab, N. M.; Huang, F.;
Sessler, J. L. Physical Removal of Anions from Aqueous Media by
Means of a Macrocycle-Containing Polymeric Network. J. Am.
Chem. Soc. 2018, 140 (8), 2777-2780.






