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The incorporation of hydrogen bonding motifs surrounding a central cyclic scaffold has proven to be an effective method in

the design of synthetic anion transpoters. Herein, we report a novel and synthetically accessible architecture centred around

an oxadiazole ring. The series was found to effectively mediate the perturbation of liposomal pH gradients at micromolar

concentrations via a H*/Cl- transport mechanism and a wide range of cytotoxicities were exhibited against cancerous and

normal cell lines.

Introduction

Supramolecular scaffolds that facilitate anion transmembrane
transport have demonstrated their therapeutical application as
potential anticancer agents, due to their ability to strategically
perturb cellular ionic and pH levels.13

Over the last two decades, anion receptors have developed to
encompass a wide variety of architectures to create the ideal
environment for host-guest interactions.*12 Anionophoric
scaffolds using simple cyclic hydrocarbon or aromatic
frameworks have become popular due to their synthetic
availability and integral lipophilicity.13-20 However, increasing
the complexity of scaffold design can often be accompanied by
long and arduous synthetic pathways.2! As the field of anion
recognition and transmembrane transport progresses towards
potential therapeutic applications, there is a growing desire to
create effective anionophoric scaffolds that are synthetically
accessible.??

1,2-Hydrogen bonding motifs centred around cyclic structures
have proven to be highly potent anion carriers, but the anion
binding and transport ability of these derivatives based around
a five-membered ring is relatively The
croconamide series provided the first example of an anion

unknown.23-25

receptor employing an ortho-hydrogen bonding arrangement
around a five-membered scaffold.26 However, Jolliffe and co-
workers highlighted that the potential application of these
systems was hindered by the receptor’s facile deprotonation,
even in the absence of basic species.?’

To investigate this gap in the architectural chemical space, we
chose to implement a 1,2,5-oxadiazole (furazan) ring as a
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central scaffold for a series of urea-based transporters.
Furazans are a class of highly polarised aromatic heterocycles
that have been exploited to act as planar, aromatic linkers
which can position pharmacologically active substituents into
appropriate orientations.28-30 Their highly inductive nature is
comparable to that of a trifluoromethyl group, which has found
extensive use in both anion receptor chemistry and
transmembrane transport due to its effect on hydrogen bond
strength.3132 We anticipated that the geometry of the five-
membered ring scaffold, in addition to furazan’s unique physical
and electronic properties, would offer new insight into the
influence of these properties on transmembrane transport.
Herein, we describe the synthesis of nine furazan-based
anionophores (1-9), each functionalised with a variety of
electron-withdrawing substituents to compare the effects of
both lipophilicity and hydrogen bond donor strength on
transport activity. Single crystal X-ray diffraction highlighted a
network of internal hydrogen bonds between the central
scaffold and the urea motifs. The moderate binding affinity of
the series to CI- compared to similar dual-urea scaffolds was
attributed to these competitive interactions. Each receptor
demonstrated the ability to mediate H*/CI- transport in both
potentiometric- and fluorescence-based liposomal assays.
Moreover, treatment of the receptors to cancerous and normal
cell lines was found to elicit a range of cytotoxicity.

Results and discussion
Synthesis

The furazan series (1-9) was afforded through a one- or two-
step synthetic pathway, typically initiated with commercially
available 3,4-diaminofurazan (Scheme 1). Compounds 1-6 were
synthesised by the addition of the respective isocyanates to 3,4-
diaminofurazan in CH3CN. The yields of the urea formation
varied depended on the degree of fluorination to the peripheral
aryl rings, whereby the highly fluorinated moieties typically
returned the lowest yields. This was attributed to the increased
acidity of the urea motifs, which complicated their purification
via chromatographic techniques.
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Scheme 1 Synthesis of furazan-centred bis-ureas (1-9): i) CH5CN, 80 °C; ii) triphosgene,
toluene, triethylamine, 70 °C; iii) DMSO, 50 °C.

Compounds 7 and 8 were synthesised from a procedure
reported by Gale and co-workers.33 Triphosgene in dry toluene
was treated with the respective aniline (10 or 11), and the in-
situ generated isocyanate was subsequently added in one
portion to 3,4-diamino furazan in CHsCN affording both 7 and 8
in a moderate and good yield, respectively. Due to the difficulty
associated with its isolation, an alternate approach was used for
the synthesis of 9. It was found that DMSO at a lower
temperature was the most reliable method to afford 9, which
was obtained low vyield (31%). Detailed synthetic
procedures and full characterisation can be found within the
ESI.

in a

X-ray crystallography

Crystals of compound 1 suitable for X-ray diffraction were
obtained by slow evaporation of a saturated solution of the
receptor in either CH3CN or DMSO. Receptor 1 was crystallised
as a DMSO solvate (CCDC 2279691, Figure 1a) which contained
a network of internal hydrogen bonding interactions. Firstly, the
DMSO was shown to be bound to the outwardly facing urea
nitrogen donors (N29 and N31) via the 012 sulfoxide acceptor
(N-O distances 2.727(3)-2.809(3) A, N—H---O angles 155.0(2)°—
159.7(2)°). The solvent was not bound in the proposed central
cavity, possibly due to an additional hydrogen bond of the free
urea blocking the binding site. The formation of a pseudocyclic
six-membered ring was observed between the outermost urea
nitrogen donor, N27, and the furazan nitrogen acceptor N33 (N—
N distance 2.731(3) A, N-H---N angle 139.3(2)°). Within the
same urea, the innermost nitrogen, N24, was positioned into
the originally proposed cavity, whereby another hydrogen bond
is formed between the urea carbonyl acceptor 022 forming a
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pseudocyclic seven-membered ring (N-O distance 2.726(2) A,
N—H---O angle 148.7(2)°).

Crystallisation in a less competitive solvent elicited a new
conformer of receptor 1. In CH3CN, compound 1 was crystallised
as the free receptor (CCDC 2279693, Figure 1b) and again was
shown to possess a series of internal hydrogen bonds from both
of the outermost urea nitrogen donors, N5 and N24, and the
nitrogen acceptors of the furazan scaffold, N7 and N26, (N-N
distances 2.705(3) A, N=H---N angles 138.6(2)°). The formation
of the pseudocyclic six membered rings caused the receptor to
adopt an anti—anti conformation. While the conformation is not
preorganised for anion binding, we have previously shown
through DFT calculations that intramolecular hydrogen bonds
can weaken the NH proton acidity of the anti—anti orientation.34
Hence, the conformers are less able to bind to anions, but can
more efficiently partition into the lipid bilayer, resulting in an
increase in transmembrane transport ability. Additionally, the
intramolecular bond between the NH protons and the furazan
ring alters the solvent accessibility of the receptor. The
decreased interaction with the solvent may shield the highly
polar scaffold in solution, enhancing the lipophilicity of the
scaffold. This conformational change may help strike the
balance between solubility in both the aqueous solution and the
lipid bilayer.

Anion binding studies

Proton NMR titrations for the series of furazan bis-ureas (1-9)
were performed with CI- to obtain their respective association
constants (K,). Significant downfield shifts in the resonances
attributed to the urea NH protons was observed for all

Figure 1 a) Crystal structure of 1 as a DMSO solvate, highlighting the formation of six-
and seven-membered pseudocyclic rings directed by internal hydrogen bonds (dashed
lines) of the ureas and the furazan scaffold.; b) X-ray crystal structure of 1 in CH;CN,
forming two symmetrical six-membered pseudocyclic rings dictated by internal
hydrogen bonding (dashed lines).
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receptors upon the addition of tetrabutylammonium chloride
(TBACI) (Figure S30-S541). Proton NMR titrations for the series
of furazan bis-ureas (1-9) were performed with chloride to
obtain their respective association constants (K,). Significant
downfield shifts in the resonances attributed to the urea NH
protons was observed for all receptors upon the addition of
tetrabutylammonium chloride (TBACI). It should be noted that
the K, for receptor 6 could not be reliably determined due to
significant broadening of the NH resonances in the presence of
increased concentrations of the anion (Figure S457). K, values
for the remaining receptors were obtained by global fitting of
the two urea NH resonances to various receptor:anion binding
models using the Bindfit applet.3>3% Fitting to a 1:1
receptor:guest model resulted in a poor fit for the majority of
the receptors and significantly better fitting was observed when
a 1:2 receptor:guest model was used. The Fcovs: was calculated
for each of the receptors and the covariance of fit of the 1:2
binding model was found to be at least eight times greater for
all receptors, with the exception of receptor 1 which showed no
preference for either model. The association constants for all
binding models and Fcovsi; are shown in Table 1.

The assessment of the K11 values showed that all the receptors
exhibited weak to moderate binding towards chloride. Due to
the observed 1:2 binding mode, the anion binding affinity of the
library was assessed using the calculated product of the K31 and
K12 values (overall stability constant, B). Hammett constants (op)
are a good descriptor in quantifying electron-withdrawing
effects, and in general, the receptors with the strongest
electron-withdrawing substituents on the peripheral phenyl
ring demonstrated the highest binding.3?” The parent phenyl
receptor 1, with no electron withdrawing substituents,
displayed the weakest binding. Enhancements in the binding
ability were observed through the addition of fluorinated motifs
shown by receptors 4 and 8. Higher stability constants were
determined for receptor 7 over compounds 2, 5, and 3. The
strongest binding was shown by receptor 9, which was
appended with highly electron-withdrawing bis-trifluoromethyl
groups, that can greatly enhance the hydrogen bond strength,

Table 1 Apparent association constants for receptors 1-9 with CI- (as its TBA salt)
in DMS0O-ds/0.5% H,0

Compound K11 K12 B® Op ae Fcovit

1 42 2 89 0.00¢ 0.21 1
2 219 4 876 0.54¢ 0.08 58
3 196 5 1062 0.78¢ 0.11 10
4 85 3 270 0.06¢ 0.15

5 206 5 1033 0.66¢ 0.10

7 211 5 1142 0.61°¢ 0.10 24
8 156 3 529 0.35¢ 0.09 19
9 220 7 1581 0.85¢ 0.13 12

o (M-1) All errors <8% and calculated using a 1:2 binding model from the online
BindFit applet. ? Overall stability constant (B) is given by B (M~2) = K1;Ky,. € Value
taken from reference [20].37 ¢ Values taken from reference [21], calculated from
the pKa of 3,5-bis-CF3 benzoic acid.38 ¢ The interaction parameter (a) calculated by
multiplying K»; by 4 and dividing by Ki;. A value of a < 1 is indicative of negative
cooperativity. f Factor of covariance of fit (Fcov;) calculated by dividing covfit 1:2
with covfit 1:1; a value greater than 5 indicates a favoured 1:2 binding model.
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enabling the strongest interactions with Cl-. The rotational
flexibility of the ureido motif around the furazan scaffold allows
for different conformations. We initially theorised that the free
receptor was unlikely to exist in the syn—syn conformation due
to the electrostatic repulsion between the lone pairs of the
carbonyl groups and the nitrogen atoms on the furazan ring.
However, 2D NOESY 'H NMR experiments conducted with
receptors 1-9 revealed NOE cross-peaks between the
resonances attributed to both NH urea protons (Figure S73—
S90t), indicating a dominant syn—syn conformation of the free
receptors in solution (Figure 2). In the presence of an anion, it
was anticipated that the receptors would continue to adopt the
observed syn—syn conformation where all four urea NH protons
form a convergent hydrogen bonding array towards the anion,
maximising anion-receptor interactions. However, the crystal
structures of receptor 1 highlighted an anti—anti conformation
of both the free and DMSO-solvated receptor. Both solid-state
structures demonstrated an internal hydrogen bonding
network which fixed the ureas in a conformation detrimental to
intermolecular binding with an anionic guest. Two NH urea
protons can be found below the furazan scaffold in the anti—anti
conformation (highlighted in red in Figure 2); however, this
unique orientation and high convergence of the NH protons
may not provide a suitable geometric match to spherical anionic
guests when compared to a single urea motif.3° Further
evidence of the binding conformation was evaluated using the
1H NMR spectra of the titrations with CI-. Both sets of urea NH
resonance signals were found to shift downfield, indicating that
each NH proton on the same urea is involved in the same
binding event. If the anti—anti conformation displayed by the
free receptor was the favoured binding conformation,
perturbation of one NH resonance per urea (highlighted in red
in Figure 2) would be observed on the 'H NMR spectra. Further
assessment of the IH NMR spectra showed that a single binding
species was maintained throughout the titration, and no
complex species of a higher order were observed up to the
addition of 150 equiv. of TBACI and led to the proposed
symmetrical 1:2 binding mode of [9-2Cl]2~ (Figure 2).

The interaction parameter (a) values were less than one for all
receptors, indicating that the 1:1 complex is heavily favoured
over the 1:2 complex.3® This can be explained through the two
conformational changes required for the second complexation
of CI-. To free the second binding site, a ‘flip’ of the free binding
motif ([9-Cl]-, shown in blue Figure 2) is required to present both
NH protons into an outward-facing orientation. Secondly, both
ureas must rotate away from each other to minimise the lone
pair repulsion between the two carbonyl groups and steric
encumberment between the bis-trifluoromethyl moieties
([9-2Cl]%-, Figure 2). Furthermore, the receptor is not large
enough or geometrically tailored to satisfy the additional
anionic charge from the second binding event. Taken together
with the increase in free energy needed to generate the optimal
binding conformation, this offers a rationalisation of the
moderate CI~ binding demonstrated by the furazan bis-ureas.
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Figure 2 General schematic of the proposed binding modes of the furazan bis-ureas, using receptor 9 as an example. Dashed lines represent hydrogen bonds.

Anion transport studies
Cationophore coupled transport assay

Confirmation of the anion binding capabilities using the five-
membered scaffold prompted an investigation into the
anionophoric ability of the library. The transport mechanism
facilitated by the furazan bis-ureas was assessed using the
cationophore coupled assay (Figure 3). The assay utilises natural
ionophores valinomycin (a strict K* uniporter) and monensin (a
K*/H* antiporter).
phosphocholine (POPC) large unilamellar vesicles (LUVs, 200
nm) were loaded with KCI (300 mM) and buffered to pH 7.2
using phosphate salts.
suspended in potassium gluconate (KGlu, 300 mM), similarly
buffered to pH 7.2 using phosphate salts. Gluconate is a large,
highly polar, and hydrophilic anion that cannot be transported
across the membrane by an anionophore. Therefore, the

1-Palmitoyl-2-oleoyl-sn-glycero-3-

The vesicles were subsequently

addition of the anionophore alone will not initiate CI- transport
as there is no counterflow to alleviate the build-up of negative
charge.
transporter (CI- uniport), the addition of valinomycin will

If the anionophore functions as an electrogenic

increase the rate of transport as the back transport of K* by the
cationophore can dissipate the electrochemical gradient
generated by CI- efflux (Figure 3a). Conversely, the addition of
monensin will increase the transport rate for an electroneutral
transporter (H*/Cl- symport or equivalent CI-/OH- antiport) as
the K*/H* antiport allows the back transport of protons,
dissipating the built-up pH gradient (Figure 3b).

The cationophores were added as a 0.1 mol% (with respect to
lipid concentration) loading at t =— 30 s which allowed for their
homogenous distribution. The transporters were added as a
DMSO solution (10 pL) at t = 0 s to initiate efflux, and the
increase in ClI- concentrations in the external solution was
measured using a ClI~ ion selective electrode (ISE). The vesicles
were treated with Triton X-100 at t = 300 s to lyse all contents
into the external solution and calibrate the 100% Cl- efflux
value.

Enhanced CI- efflux was observed in the presence of monensin
for all receptors. In general, most of the receptors exhibited no
coupling to valinomycin. For highly fluorinated compounds 6
and 7, a discernible increase in CI- efflux was observed in the
presence of valinomycin, indicating the facilitation of
electrogenic and electroneutral CIl- transport (Figure 4).
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However, the observed magnitude of electrogenic transport
was far smaller than the corresponding electroneutral
transport, revealing a preference for H*/Cl- cotransport. An
electroneutral transport mechanism was observed for the
remaining receptors, where little to no coupling to valinomycin
was observed (Figure 4).

Lipophilicity has proven to be a crucial component in the design
of synthetic anion transporters. 324042 |t js widely recognised
that highly fluorinated receptors possess a greater lipophilicity
than their non-fluorinated counterparts.

a)

KCl (300 mM)
Phosphate buffer (5 mM)
pH7.2

KGlu (300 mM)
Phosphate buffer (5 mM)
pH7.2

KCI (300 mM) H
Phosphate buffer (5 mM)
pH7.2

KGlu (300 mM)
Phosphate buffer (5 mM)
pH7.2

®= Transporter ®= Valinomycin @ = Monensin

Figure 3 Schematic of the cationophore coupled assay, monitored by chloride-ISE. POPC
vesicles were loaded with phosphate buffered KCl (300 mM) and then suspended in
phosphate buffered KGlu (300 mM) adjusted to pH 7.2. Diagrams show (a) overall KCI
efflux induced by valinomycin’s (V) electrogenic K* transport coupled to the
anionophore’s electrogenic Cl-transport resulting in an overall electroneutral KCl efflux
and (b) overall KCI efflux induced by monensin’s (M) electroneutral K*/H* exchange and
the transporter’s H*/Cl- cotransport (or equivalent Cl-/OH-exchange).

This journal is © The Royal Society of Chemistry 20xx
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Figure 5 The CI- efflux facilitated by a) 5 (10 mol%) and b) 6 (10 mol%) in POPC vesicles

loaded with KCI (300 mM) and suspended in an isotonic external solution containing KGlu

(300 mM) in the presence of 0.1 mol% monensin (green), 0.1 mol% valinomycin (red)

and alone (blue).

Calculated octanol/water partition coefficients (ClogP) values
are used to measure the degree of lipophilicity, receptors with
a lower ClogP indicate a higher lipophilicity. The ClogP values
were calculated for receptors 1-9 using the CADD software,
Flare, developed by Cresset Group (Table 2). The peripheral
phenyl rings of 6 and 7 possessed the highest degrees of
fluorination and were found to be the most lipophilic in the
series through their respective calculated ClogP values.
Anionophores that facilitate electrogenic transport must be
able to passively diffuse back across the membrane as a neutral
receptor after the release of Cl-. This key mechanistic step
allows for continual membrane depolarisation as the
transporter is regenerated at the top of the Cl- concentration
gradient. The increased lipophilicity was theorised to enhance
the facile translocation of the uncomplexed forms of 6 and 7
across the lipid membrane and, consequently, improve their
rates of electrogenic transport.

This journal is © The Royal Society of Chemistry 20xx
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Fluorescence-based H*/CI- transport assay

The H*/Cl- cotransport ability of receptors 1-9 was further
evaluated through the 8-hydroxypyrene-1,3,6-trisulfonate
(HPTS) fluorescence-based assay (Figure 5).43 POPC LUVs (200
nm) were loaded with the pH-responsive fluorophore (HPTS) (1
mM) and N-methyl-D-glucamine (NMDG) chloride (100 mM),
buffered with HEPES (10 mM) to pH 7.0 with HCI. The vesicles
were suspended in an external solution composed of the same
NMDG-CI solution. A pH gradient was initiated for each
experiment through the addition of an NMDG base pulse (5
mM) which basified the external solution to pH 8.0, followed by
the addition of the transporter as a DMSO solution (5 pL) at t =
0 s. The ability of a transporter to dissipate the pH gradient
through H*/Cl-symport (or equivalent OH-/CI- antiport) was
determined through the change in the fluorescence emission
spectra of HPTS. Efflux was measured for 210 s and treated with
Triton X-100 to lyse the contents of the vesicle into the external
solution and calibrate the 100% CI- efflux value. Detailed
experimental methods, efflux plots and Hill fittings for each
receptor can be found in the ESI. The ECso values, Hill
coefficients (n) and ClogP are displayed in Table 2.

In general, the transport activity agreed with the expected trend
whereby the receptors that possessed the strongest electron-
withdrawing substituents (higher Hammett constants)
facilitated the highest degree of CI- efflux. The lipophilicity of
the receptors did not fully correlate with transport activity,
presumably due to the simplistic level of calculation which could
which could not consider the internal hydrogen bonding
network.** The parent phenyl receptor 1 demonstrated the
lowest activity and was found to be 65-times less active than
compound 3, which proved to be the most active transporter of
the series with a calculated ECsg value of 0.05 mol% (Figure 6).
Receptor 5 was shown to efficiently dissipate the pH gradient
through H*/CI- transport. Cyano groups are an effective
appendage in the design of anion transporters due to their high
0p. While the electron-withdrawing effects are similar to 3, its
lower transport ability may be governed by its lower

NMDG-CI (100mM) :

HPTS (1mM)
HEPES (10 mM +
i (1omm) 4y

NMDG-CI (100mM)
HEPES (10 mM)
pH8

®= Transporter

Figure 4 Schematic of the HPTS fluorescence-based assay. POPC vesicles were loaded
with HEPES (10 mM) buffered NMDG-Cl (100 mM) with HPTS (1 mM) and suspended in
HEPES (10 mM) buffered NMDG-CI (100 mM) and adjusted to pH 7. To start the
experiment a base pulse of NMDG (0.5 M) was added to increase the external to pH 8.
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Table 2 ECs, values, Hill coefficients (n) and ClogP values for 1-9 in the NMDG-CI

assay
Compound ECso? n ClogP®

1 3.23 0.8 2.8

2 0.24 0.5 4.8

3 0.05 0.9 3.4

4 0.51 11 3.6

5 0.07 1.3 2.5

6 0.55 1.2 6.9

7 0.38 0.9 8.1

8 1.05 11 4.6

9 0.13 0.7 6.8

9 Effective concentration needed to obtain 50% Cl- efflux (ECsp) at t = 200 s, reported in
lipid to molar ratio (mol%). ® Average ClogP values calculated using Flare (Cresset Group).

lipophilicity. Receptors with a high degree of fluorination also
exhibited high activity. The presence of two bis-trifluoromethyl
groups within compound 9 was found to increase the CI-
transport ability over receptors 2 and 7.In addition to its higher
binding affinity, compound 9 was hypothesised to sit in an
optimal region of lipophilicity, whereby the calculated ClogP
value of receptor 9 (ClogP = 6.8) was found to lie between that
of 2 and 7 (ClogP = 4.8 and 8.1, respectively). Receptors 4 and 6
demonstrated comparable transport activity when compared to
8, mirroring the results observed from the binding studies.

Due to the lack of anionophores constructed around a five-
membered ring scaffold, the calculated ECso values of the
furazan library were compared against scaffolds of differing
geometries. It should be noted that the ECso values of the
compared scaffolds have been scaled to account for the
difference in lipid concentration between different assays to
allow for a general comparison. The two most active furazan-
based transporters, 3 and 5, were found to be 10-times less
active than the potent ortho-phenylene bis-urea 12 and
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Figure 7 Dose response studies for receptor 3 using the HPTS fluorescence-based assay.
Each data point is the average of three repeats with error bars to show standard
deviation.
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Figure 6 ortho-Hydrogen bonding scaffolds. Furazan bis-urea 3 developed in this work,
ortho-phenylene bis urea 12, and squaramide 13.

squaramide 13 (Figure 7), which has previously shown to induce
apoptosis in cancerous cells.1:2425 Further comparison revealed
the furazan bis-ureas to be comparable to that of the commonly
used isophthalamide scaffold.*>

The Hill coefficient quantifies the stoichiometry of the transport
process where a value > 1 indicates a higher-order complex
formation. If a transporter mediates Cl~ transport as a mobile
carrier, a value close to 1 is expected. This implies that one
transporter binds to an anion in a 1:1 fashion and permits the
translocation of the species across the lipid bilayer. Across all
tested receptors, Hill coefficients were found to be = 1,

indicating the 1:1 mobile carrier process.
Cell studies
Generally, furazan-containing compounds in medicinal

chemistry inhibit enzymes that regulate cellular processes to
disrupt function. This had led to their consideration as
antibacterial, antiparasitic, antiviral and anticancer agents.*6-50
It should be noted that the furazan motif is typically not the
pharmacophore, but its high electronegativity and multiple
hydrogen bond acceptors are used to further enhance activity
or selectivity relative to other heterocycles or bioisosteres.30
Synthetic anion transporters have been proposed as a novel
strategy for the treatment of cancer, therefore, taken together
with the previously explored bioactivity of furazan containing
compounds, cell viability studies of anionophores 1-9 were
conducted.

The cytotoxicity of the library was assessed using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
cell viability assay against a normal cell line, human embryo
kidney cells (HEK293), and a triple-negative mouse breast (4T1)
cancer cell line (Table 3). After 24 h of incubation, only receptor
5 was shown to be non-toxic towards both cell lines. The
remaining anionophores showed potency to both cell lines with
varying degrees of cytotoxicity. No notable discrimination in
cytotoxicity was observed between the normal and cancerous
cell lines as was expected due to the simple nature of the
receptors. In cancerous cells, the most active transporters were
generally shown to exhibit the highest toxicities. In addition, a
comparison of the Hammett constants against the ICso values
revealed a strong trend in cytotoxicity, evidence that the high
electron-withdrawing strength of the peripheral phenyl rings,

This journal is © The Royal Society of Chemistry 20xx



Table 3 Half maximum inhibitory concentration (ICso, tM) values upon incubation of 1-
9 in human embryo kidney cells (HEK293) and triple-negative mouse breast cancer cells
(4T1) for 24 h.

Compound 1Cso (HEK293) @ ICso (4T1) 2
1 37.6 99.4
2 46.5 25.0
3 41.0 13.9
4 32.5 64.4
5 >200 >200
6 28.3 56.0
7 16.8 19.2
8 47.4 14.0
9 12.7 10.3

2half maximum inhibitory concentration (ICso, uM) values

and their effect on NH acidity, are important components in
eliciting a physiological response. Receptor 9 showed the
highest potency, followed by compounds 3, 8, and 7. It was
found that the receptors with a lower degree of fluorination
exhibited a less significant effect on the toxicity in the cancerous
cell line.

The trends were less prevalent in the normal cell line. Receptor
9 was shown again to possess the highest cytotoxicity, with
similar activity to the cancerous cell line. Fluorinated
compounds 7, 6, and 4 were also found to exhibit moderately
high antiproliferative activity, indicating that the lipophilicity of
the receptor may also play a role in the toxicity of the bis-urea.
With the exception of compound 5, the remaining receptors
demonstrated reasonable and
towards the normal cell line.

comparable cytotoxicities

Conclusions

A series of nine bis-ureas were prepared using a novel central
scaffold through synthetically accessible one- or two-step
procedures. It was proposed that the receptors exist in a syn—
syn conformation in the solution state. However, upon anion
coordination a conformation switch occurs to form the anti—
anti orientation, driven by a network of internal hydrogen
bonds which added complexity to the assessment of
lipophilicity. The preorganised nature of the ureas through
intramolecular hydrogen bonding was attributed to the modest
Cl- binding affinity. the
transporters to function predominantly as H*/Cl- cotransporters

Mechanistic studies revealed
which perturbed pH gradients in a liposomal fluorescence-
based assay. Almost all transporters demonstrated cytotoxicity
towards HEK293 and 4T1 cell lines after 24 h. Additionally,
anionophores with the strongest electron-withdrawing
substituents generally exhibited the highest cytotoxicity in the
cancerous 4T1 cell line. Despite the challenges posed by the
distinctive preorganized geometry of the furazan scaffold, its
for the further
exploration of synthetically accessible novel architectures that
can effectively facilitate anion transport.

anionophoric capability shows potential
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