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Abstract
Radical-radical interactions between viologen derivatives have been pivotal in
advancing molecular machines and interlocked architectures, being the subject of
numerous studies. Yet, the investigation of multitopic host-guest pairs has been
largely overlooked, despite such systems may lead to the formation of extended
polymeric structures. Here, we report the synthesis and electrochemical investi-
gation of ditopic molecules bearing either two blue-box macrocycles or two
viologen-based guests, connected via a polyethylene glycol spacer. We discovered
that both systems undergo intramolecular homodimerization upon reduction, a
process not previously described for similar macrocycles. Electrochemical studies
indicated that mixtures of hosts and guests comprising such multitopic architec-
tures can assemble to give short-lived non-equilibrium pseudorotaxanes, and
offered insights on the relaxation kinetics to the corresponding monomeric states.
The studied systems offer guidance to develop mechanically interlocked polymers
based on radical-radical interactions.
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1 | INTRODUCTION

Viologen redox chemistry has been extensively investi-
gated, particularly in the context of interlocked molecular
architectures.[1,2] The pioneering work of Stoddart and co-
workers introduced the so-called “blue box”,[3] a host
molecule comprising two face-to-face viologen units, which
exhibits high affinity for viologen-type guest molecules
upon reduction, thanks to radical-radical interactions.[4–7]

This key development has enabled significant advances in
the field of artificial molecular machines,[8] finding appli-
cation in switches,[9] molecular pumps,[10–19] and other
architectures.[20,21]

Despite substantial progress in the design and function-
alization of guest molecules,[7–16,18] structural modifications

to the blue box host have been limited, being rarely studied in
combination with radical-radical interactions.[22–25] In fact,
besides our own recent work,[26] we could identify only a few
studies where redox-powered pumping is realized using
diverse blue box macrocycles.[27,28] Specifically, Stoddart and
co-workers prepared molecule I⋅7PF6 (Figure 1a), which
bears at one end a blue-box macrocycle and on the other end a
“pump head” composed of 3,5-dimethylpyridinium and
bipyridinium units.[27] This structure, comprising both host
and guest in the same molecule, can be part of daisy-chain
architectures. Upon subsequent reduction and oxidation, the
authors used a combination of nuclear magnetic resonance
(NMR) techniques to reveal the formation of extended poly-
rotaxane structures, with an upper bound of 11 molecules
assembled.
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Daisy-chain structures offer the benefit of investigating a
single molecule, yet the intrinsic self-complementary posi-
tion of host and guest in the molecule facilitates the for-
mation of short oligomers, such as dimers and trimers.[20,21]

Having linear molecules with either two hosts or two guests
may help overcoming these limitations, offering design
flexibility. While threads with two pump heads at their ex-
tremity have been often employed,[13,15,29] molecules with
multiple pendant blue box macrocycles are relatively
rare,[30–32] with just one case of a ditopic molecule (II⋅8PF6,
Figure 1b) which was used in combination with nano-
particles, while its redox properties were not investigated.[31]

The alkyne-functionalized blue-box 1⋅4PF6 (Figure 2a), of
which we recently revisited the synthesis, is ideally suited to
prepare analogous ditopic architectures leveraging click
chemistry.[26]

In this work, we synthesized two homoditopic structures
where either two macrocyclic blue boxes or two viologen
units are connected by a poly(ethylene glycol) (PEG) spacer,
allowing for systematic electrochemical studies. The anal-
ysis revealed an unexpected intramolecular dimerization of
ditopic blue-box derivatives, which nevertheless allowed the
formation of pseudorotaxanes under reducing conditions.
The electrochemical analysis shed light on the kinetics of
host-guest interactions, indicating the occurrence of rapid
dethreading for most ditopic structures. These findings pro-
vide new insights for the development of interlocked poly-
meric structures.

2 | RESULTS AND DISCUSSION

2.1 | Design and synthesis of homoditopic
structures

Building on the optimized synthesis of 1⋅4PF6,[26] we
designed homoditopic structures having a PEG spacer linking
two functional units: either two macrocycles or two viologens,
affording 2⋅8PF6 and 5⋅6PF6, respectively (Figure 2a,b). Their

synthesis was achieved via click chemistry: to prepare 2⋅8PF6,
1⋅4PF6 was mixed with an azide-terminating PEG chain
(Mw = 1100, comprising ca. 22 repeating units), and Cu(I), in
the presence of tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]
amine (TBTA). Product formation was confirmed by 1H NMR
analysis, as evidenced by the appearance of a characteristic
triazole proton signal at ~7.60 ppm, and the deshielding of α-
and β-protons adjacent to the triazole ring within the PEG
chain (Supporting Information S1: Figures S12 and S13).
Product 2⋅8PF6 was isolated in 30% yield after reverse-phase
chromatography. Since the crude NMR indicated the presence
of product almost exclusively, the modest yield obtained is
attributed to the challenging purification. The analog homo-
ditopic structure bearing two terminal viologen units (56+,
Figure 2b) was prepared using the same approach. To this aim,
alkyne-functionalized 4⋅3PF6 (Figure 2b) was first prepared
by reacting 3⋅2PF6 with excess 4-bromo-1-butyne (Support-
ing Information S1: Figures S14 and S15). Then, 4⋅3PF6 was
reacted with the azide-terminating PEG precursor used pre-
viously. Also in this case, product formation was confirmed by
a characteristic triazole peak in the 1H NMR spectrum (Sup-
porting Information S1: Figures S16–S18). The crude mixture
was purified twice by reverse-phase chromatography, result-
ing in a 14% isolated yield. Model monotopic compounds
CBPQT⋅4PF6 (i.e., the blue box) and axle 6⋅3PF6 (Figure 2c)
were also prepared and used as references due to their well-
established behavior.[10,33] We independently confirmed
their redox-controlled self-assembly properties using cyclic
voltammetry (CV), differential pulse voltammetry (DPV;
Supporting Information S1: Figure S1a,b), and spectroelec-
trochemistry (SEC, Supporting Information S1: Figure S6).

2.2 | Analysis of individual components

To start with, we investigated the new molecules individu-
ally. The CV analysis of 2⋅8PF6 (0.5 mM, Figure 3a) in dry
acetonitrile revealed two consecutive redox processes with
half-wave potential at −0.29 and −0.72 V. To investigate the
reversibility of these processes, CVs were recorded at
different scan rates. Both anodic and cathodic peak currents
correlate linearly with the square root of the scan rates, with
similar slopes, confirming the quasi-reversibility of pro-
cesses (Supporting Information S1: Figures S4 and S5).
These results were corroborated by DPV analysis, which
provided values of −0.70 and −0.29 V (Supporting
Information S1: Figure S1d), in close agreement with CV
data. Thus, CV and DPV analysis indicate that the two
macrocycles contained in 28+ behave similarly.

The species formed upon the first reduction process was
also characterized spectroscopically, via SEC analysis. Upon
exhaustive reduction (5 min) at −0.5 V, a band at 610 nm
appears (Figure 3b). This band is indicative of radical viol-
ogen species,[35] and is observed also in the SEC of its similar
monotopic counterpart CBPQT⋅4PF6 (Supporting Informa-
tion S1: Figure S6).[36] In addition to this band, we also
detected a new band around 800 nm, which is not present in

F I GURE 1 State of the art for multitopic viologen structures.
(a) Ditopic structure consisting of one macrocycle and one viologen-
containing axle, I⋅7PF6. (b) Ditopic structures consisting of two
macrocycles, II⋅8PF6.
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F I GURE 2 Synthetic scheme for the synthesis of (a) 3⋅8PF6 and (b) 4⋅6PF6 via click chemistry. TBTA, tris(benzyltriazolylmethyl)amine. (c) Chemical
structures of the model components CBPQT⋅4PF6 and 6⋅3PF6. n ~22.

F I GURE 3 (a and b) CV analysis of 0.5 mM of 2⋅8PF6 and 5⋅6PF6 respectively in dry acetonitrile (ACN, 100 mM TEAPF6) at different scan rates.
E internally referenced to ferrocene (Fc+/Fc, E vs. SCE = 0.395 V).[34] (c and d) Spectroelectrochemistry analysis of 0.5 mM in dry ACN for 2⋅8PF6 and
5⋅6PF6 respectively. The UV-Vis-near IR spectrum was collected during an exhaustive reduction at E = −0.5 V for ~5 min. CV, cyclic voltammetry; SEC,
spectroelectrochemistry.
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monotopic CBPQT4+, indicating the formation of a new
species. The presence of two viologen units in the same
molecule can lead to the formation of homodimers (inter-
molecular or intramolecular), characterized by spectros-
copic features aligned with our observations.[37,38] The
concentration-dependent behavior of the absorption spectrum
may help distinguish between intra- and inter-molecular
dimerization: since the shape of spectra (Figure 3b,
λ > 500 nm) does not change as the color develops, we
tentatively attributed the observed band to the formation of
intramolecular homodimers. While homodimerization was
observed for molecules that incorporate viologen entities, we
are not aware of other reports of homodimerization in
structures incorporating blue-box subunits. To assess the
generality of this phenomenon, we prepared II⋅8PF6
(Figure 1) and investigated its electrochemical properties
(Supporting Information S1: Figures S10 and S11). Also in
this case the SEC analysis revealed the formation of a new
band at 870–880 nm under reducing conditions, which can be
assigned to macrocycle homodimerization.[6,39,40]

The same analysis was performed on compound 5⋅6PF6
(Figure 3c). We observed two consecutive redox processes
with half-wave potential at −0.31 and −0.72 V. A linear
correlation between the peak currents and the square root of
the scan rates was obtained for both redox processes (Sup-
porting Information S1: Figures S2 and S3), confirming the
quasi-reversible nature of both redox processes. DPV data
were in line with CV, affording reduction potentials of −0.71
and −0.28 V (Supporting Information S1: Figure S1c). Also
for this ditopic compound, CV and DPV analysis indicate that
the two functional units contained in 56+ behave similarly.

SEC was employed to investigate the possible homo-
dimerization of 56+. Under reducing conditions, besides the
classical band associated with viologen radicals (here at
605 nm), a second band appeared around 865 nm
(Figure 3d). The higher apparent absorption coefficient of
the homodimer band allowed us to perform concentration-
dependent SEC experiments, which showed a linear depen-
dence of absorbance on concentration, as one would expect
for an intramolecular process. Based on the acquired data
and the spectroscopic information available on structurally
related molecules, we interpreted this new band as indicative
of a predominantly intramolecular homodimer formation.

Overall, the individual analysis of 2⋅8PF6 and 5⋅6PF6
indicated that both these ditopic derivatives are electro-
chemically well-behaved, undergoing quasi-reversible redox
processes, and featuring electrochemical properties that
resemble those of their monotopic analogs, while presenting
a degree of homodimerization upon reduction.

2.3 | Mixture of CBPQT⋅4PF6 and
6⋅3PF6—Both monotopic

Having characterized the individual components, we then
investigated the self-assembly behavior of all possible
combinations of mono and ditopic compounds, to assess the

specific effects associated with homoditopicity. We started
from the investigation of the model compounds, which were
previously investigated, albeit only their bulk reduction and
oxidation cycle was presented.[10]

The CV of a 1 mM solution of CBPQT⋅4PF6 and 6⋅3PF6
in dry acetonitrile (Figure 4a) can be interpreted on the basis
of previous reports,[36,41] and it is useful to illustrate a few
key features associated with radical recognition. Despite the
fact that two different components are reduced, a single
reduction peak is observed at potentials around −0.3 V, both
in CV and DPV. This process corresponds to multiple
simultaneous reductions which afford the formation of a
trisradical tricationic complex, as confirmed by SEC analysis
(Figure 4b).[5] Another peculiar feature is the appearance of
a reduction process at −0.86 V, which is a value more
negative than any process observed for monotopic com-
pounds. This reduction can be tentatively attributed to the
reduction of the complex, which occurs at more negative
potentials since implies the loss of thermodynamic stabili-
zation initially provided by radical–radical interactions
within the complex.[36] A third feature indicative of complex
formation is observed in the re-oxidation scan, with a new
oxidation wave appearing at 0.005 V. Based on the analysis
of similar compounds,[41] we associate the underlying pro-
cess with the formation of high-energy pseudorotaxane
[63+ ⊂ CBPQT4+]. This process occurs at less negative
potentials compared to the other processes discussed,
because it generates a fully oxidized species, losing the
stabilization associated with radical-radical interactions.
This process can be observed also in DPV experiments on
the same mixture (Supporting Information S1: Figures S7a
and S8). Accordingly, a peak at −0.04 V is observed only
when performing an oxidative DPV scan, which allows
forming the complex in the reduced state before scanning the
relevant potential region. When performing a reductive DPV
(scanning the potential towards more negative values), no
additional peak is detected. Overall, the DPV data are in
good agreement with the CV data, being fully consistent
with the formation of a high-energy state following re-
oxidation, thanks to an energy ratchet mechanism.[42,43]

2.4 | Mixture of 2⋅8PF6 and 6⋅3PF6

We increased the level of complexity by replacing mono-
topic CBPQT⋅4PF6 with ditopic 2⋅8PF6. To maintain the
same number of viologen units, we mixed 1 mM 6⋅3PF6 with
0.5 mM 2⋅8PF6, since the latter has twice as much electro-
active moieties. The CV shares the key features observed
when analyzing monotopic compounds (Figure 4c). At low
scan rates it is possible to see both a reduction peak at
−0.88 V and a re-oxidation peak at ca. 0.02 V, which are
indicative of the formation of radical-radical interactions. At
high scan rates, these features become less evident. The DPV
analysis (Supporting Information S1: Figures S7b and S8) is
mostly consistent with CV data. However, no appreciable
peak was observed around 0 V, where the formation of a

4 of 8 - RESPONSIVE MATERIALS

 28348966, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/rpm

2.70066 by C
ochraneItalia, W

iley O
nline L

ibrary on [04/07/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



high-energy state is expected based on model compounds
analysis. This observation might be due to a slow association
kinetics in the reduced forms 24(+⋅) and 62(+⋅), or the fast
dissociation of the formed inclusion complex. The presence
of a DPV peak at −0.78 V (Supporting Information S1:
Figures S7b and S8) suggests that an inclusion complex of
the type [62(+⋅) ⊂ 24(+⋅)] is indeed forming, a possibility that
we investigated using SEC. The appearance of a new band at
1080 nm (Figure 4d) confirms the formation of such species.
Two important conclusions are that hetero-radical radical
interactions can be established in this system despite the
occurrence of intramolecular homo-dimerization, and that
the introduction of a PEG chain to connect two macrocyclic
moieties is non-innocent, as the dethreading kinetics is
impacted.[10] To gain insights on PEG chain role, we per-
formed a control experiment repeating the CV of
CBPQT⋅4PF6 and 6⋅3PF6 in the presence of an equimolar
amount of the azide-terminating PEG chain precursor
(Figure 2a). The presence of added PEG did not influence
the CV (Supporting Information S1: Figure S7e), implying
that PEG cannot act as an intermolecular catalyst for deth-
reading; the observed effect is thus attributed to an intra-
molecular effect.

2.5 | Mixture of CBPQT⋅4PF6 and 5⋅6PF6

In this case, with respect to the monotopic pair, axle 6⋅3PF6
is replaced with ditopic axle 5⋅6PF6 while keeping
CBPQT⋅4PF6 unchanged. We thus mixed 1 mM
CBPQT⋅4PF6 with 0.5 mM 5⋅6PF6. The CV (Figure 4e) and
DPV data for this pair are qualitatively in line with what

observed for the complementary pair formed by monotopic
guest 6⋅3PF6 and ditopic host 2⋅8PF6. Also in this case the
DPV (Supporting Information S1: Figures S7c and S8) does
not show any additional peak near 0 V, which refers to the
presence of the high energy complex. Only a little shoulder
appears overlapped with the first reduction peak, at −0.30 V.
However, the presence of a peak at −0.79 supports the for-
mation of the inclusion complex [52+2(+⋅) ⊂ CBPQT2(+⋅)].
This observation is further validated by SEC where the
characteristic inclusion complex band appears at 1080 nm
(Figure 4f). An important conclusion provided by the
investigation of mono-ditopic mixtures is that the formation
of the trisradical trication complex via heterodimerization
can be achieved despite the competing intramolecular
homodimerization process (Figure 4b,d,f).

2.6 | Mixture of 28+⋅8PF6 and 5⋅6PF6—Both
ditopic

Having characterized both mono-ditopic pairs, we moved to
the investigation of the ditopic-ditopic pair. We thus mixed at
0.5 mM 2⋅8PF6 and 5⋅6PF6. At a high scan rate (8 V/s) the
CV revealed two quasi-reversible processes featuring large
peak-to-peak separation (Figure 5a). In contrast with both
mono-ditopic pairs, no re-oxidation peak was observed near
0 V in the CV. Accordingly, also the DPV analysis lacked
any peak or shoulder near the indicative region, featuring
instead three peaks at −0.81, −0.68, and −0.27 V, which
appeared consistently in both reductive or oxidative DPV
scans (Supporting Information S1: Figures S7d and S8). A
possible explanation for the lack of any evidence of high-

F I GURE 4 Electrochemical analysis of mixture components. (a) CV and (b) SEC of 1 mM CBPQT⋅4PF6 and 1 mM 6⋅3PF6. (c) CV and (d) SEC of
0.5 mM 2⋅8PF6 and 1 mM 6⋅3PF6; the normalized SEC of 2⋅8PF6 alone is also reported as dotted line for reference. (e) CV and (f) SEC of 1 mM
CBPQT⋅4PF6 and 0.5 mM 5⋅6PF6. Conditions: dry ACN (100 mM TEAPF6); E internally referenced to ferrocene (Fc+/Fc, E vs. SCE = 0.395 V). CV,
cyclic voltammetry; SEC, spectroelectrochemistry.
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energy complex formation might be that the complex is not
formed at all (scenario 1), or the complex is formed but the
macrocycle dethreads quickly (scenario 2).[10,44] The pres-
ence of three distinct reduction peaks provides some support
for the formation of the trisradical trication complex, but this
evidence alone is not sufficient to confirm it.

To exclude the first scenario, we performed SEC anal-
ysis, which offered direct evidence of the formation of a tris-
radical complex. Indeed mixing 0.5 mM of both 2⋅8PF6 and
5⋅6PF6 in dry acetonitrile (ACN) and analyzing them upon
exhaustive reduction at −0.5 V revealed the formation of the
characteristic radical dimerization band around 1080 nm
(Figure 5b).[5] We further corroborated this data by per-
forming a bulk reduction experiment, mixing equimolar
amounts of 2⋅8PF6 and 5⋅6PF6 (1.3 mM), and adding acti-
vated Zn dust to them. UV-vis-NIR spectroscopy analysis
confirmed the formation of characteristic bands at 607, 800,
and 1080 nm (Supporting Information S1: Figure S19d).
Based on this spectroscopic data, we estimated a 55% yield
for complex formation under reducing conditions (see Sup-
porting Information S1: Section 7 for details). Oxidation of
this solution afforded the separated individual components.

These observations indicate that under CV, DPV, and
bulk redox experiments the disassembly process is faster
than the re-oxidation process. To investigate this aspect
further, we employed an adapted form of CV, which
enabled us to introduce a controlled delay at negative
potential (−0.7 to −0.8 V, at which radical-radical inter-
action are favored thermodynamically) before proceeding
with the re-oxidation scan (Supporting Information S1:
Figure S9). In such an experiment, by applying a fast scan
rate of 5 V/s, we observed the emergence of a new
oxidation process at ca. −0.07 V (Figure 5c). The intensity
of this new peak increases as the delay time at −0.8 V is
extended from 0 to 240 s. Significantly, this additional
oxidation wave was not detected when using a scan rate of
0.2 V/s, indicating a strong dependence on the timescale of
the electrochemical scan. The absence of the complex at
slower scan rates is coherent with the hypothesis that the
system has sufficient time to dissociate before detection,
whereas faster scans allow the complex to be probed

before significant dethreading occurs. Assuming a first-
order dethreading process, this behavior suggests a char-
acteristic lifetime between 0.2 and 5 s, since one has to
cover about 1 V in between the relevant processes
involved, that is, the re-oxidations of the isolated compo-
nents and the complex. Based on this time window, the
apparent rate constant for dethreading would be in the
range of 0.2–5 s−1.

Our observations indicate that PEG chains favor rapid
dethreading, a conclusion that has some degree of generality
since another literature report investigating systems struc-
turally similar to 6⋅3PF6 but containing a short PEG chain
(3 or 4 units), reported rapid dethreading after re-
oxidation.[10] In our case, the PEG chain is significantly
longer and axle 5⋅6PF6 is notably different, as it lacks a
bulky stopper. Additionally, 2⋅8PF6 features another PEG
chain of similar length, further facilitating fast dethreading.
We posit that these combined effects contribute to the rapid
relaxation of the high-energy pseudorotaxane to equilibrium.
Overall, these data suggest that using a shorter PEG chain in
combination with multitopic monomers (rather than ditopic
ones) may be helpful to kinetically trap high-energy species
within extended networks.

3 | CONCLUSION

In this study, we successfully synthesized and characterized
ditopic viologen derivatives, revealing their distinctive elec-
trochemical properties through CV, DPV and SEC, as well as
tailored electrochemical sequences. We discovered that both
homoditopic compounds (2⋅8PF6 and 5⋅6PF6) form intra-
molecular radical homodimers under reducing conditions. We
are not aware of previous studies reporting homodimerization
of blue box derivatives. Despite the occurrence of intra-
molecular dimerization, all the investigated host-guest pairs
formed pseudorotaxanes thanks to radical-radical in-
teractions. The electrochemical analysis indicated the for-
mation of high-energy states—albeit short-lived—upon
cycles of reduction and oxidation. Our findings indicate that
PEG spacers influence the kinetics of self-assembly,

F I GURE 5 Electrochemical analysis of 0.5 mM of both 2⋅8PF6 and 5⋅6PF6 in dry ACN (100 mM TEAPF6). (a) CV of 0.5 mM of 2⋅8PF6 and 5⋅6PF6.
(b) SEC of 0.5 mM of 2⋅8PF6 and 5⋅6PF6. UV spectrum was taken during an exhaustive reduction potential of −0.7 V for few minutes. (c) Adapted CV
(scan rate = 5 V/s) with incremental time delay (0–240 s). The delay happened at −0.5 V and the oxidation resume its scan in the oxidation direction
afterward. E internally referenced to ferrocene (Fc+/Fc, E vs. SCE = 0.395 V). CV, cyclic voltammetry; SEC, spectroelectrochemistry.
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contributing to variations in redox behavior and leading to
rapid disassembly. Overall, this investigation complements
previous studies on kinetic aspects of electrochemically-
controlled interlocked systems,[45,46] offering new insights
into the electrochemical properties of blue box derivatives, as
well as fresh guidelines for designing their integration into
functional polymeric structures and materials.

4 | EXPERIMENTAL SECTION

4.1 | Synthetic procedures

2⋅8PF6. A solution of 1⋅4PF6 (58 mg, 0.013 mmol) and pol-
yoxyethylene bis(azide) (23 mg, 0.021 mmol) in dry acetone
(3 mL) was degassed for 20 min followed by the addition of
tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine (TBTA)
(7.14 mg, 0.013 mmol) and Cu(MeCN)4PF6 (5 mg,
0.049 mmol). The reaction mixture was stirred at 40°C for
2 days, monitoring it by thin layer chromatography using
Dragendorff's reagent stain, which revealed the disappear-
ance of PEG starting material. The reaction mixture was
concentrated using a rotavapor, resulting in brown crude oil.
This oil crude was purified twice via reversed-phase column
chromatography (CH3CN/H2O = 10:7) to eliminate excess
14+. The fractions containing the product were concentrated
by rotary evaporation, obtaining 2⋅8PF6 as a brown solid
(14 mg, 30%). 19F NMR was used to confirm and quantify the
presence of PF6

− as counterion. 1H NMR (500 MHz, CD3CN)
δ 9.15–8.87 (m, 16H), 8.50–8.02 (m, 19H), 7.75–7.49 (m,
11H), 6.17 (s, 4H), 5.85 (s, 4H), 5.78 (d, J = 4.1 Hz, 8H), 5.49
(s, 4H), 4.58 (t, J = 4.9 Hz, 3H), 3.91 (t, J = 4.9 Hz, 3H),
3.64–3.47. 19F NMR (376.5 MHz, CD3CN) δ −71.86 to
−73.36. Electrospray ionization - high resolution mass
spectrometry (ESI-HRMS) m/z calculated for
[M-4PF6]4+ = 285.843; found m/z = 286.859.

4⋅3PF6. A solution of 3⋅2PF6 (400 mg, 0.69 mmol) and
4-bromo but-1-yne (0.914 g, 6.9 mmol) in dry dime-
thylformamide (8.8 mL) was stirred at 110°C for 3 days. The
reaction mixture is then poured into 50 mL of dry acetone.
The precipitate is collected, washed with acetonitrile and
then dried under vacuum. The solid was then dissolved in
minimal amount of water to which a saturated NH4PF6
aqueous solution was added until no further precipitation
was observed. The precipitate was collected, and washed
with water and ether, affording 4⋅3PF6 as a pale-yellow solid
(382 mg, 71%). 1H NMR (500 MHz, CD3CN) δ 8.99–8.95
(m, 2H), 8.82–8.79 (m, 2H), 8.47–8.40 (m, 4H), 8.33 (s, 2H),
8.27 (s, 1H), 5.15 (t, J = 6.5 Hz, 2H), 5.00 (t, J = 6.5 Hz,
2H), 4.78 (t, J = 6.4 Hz, 2H), 2.99 (td, J = 6.4, 2.7 Hz, 2H),
2.49 (s, 6H), 2.46 (t, J = 2.6 Hz, 1H). 13C NMR (126 MHz,
CD3CN) δ 152.75, 151.51, 149.94, 147.56, 147.40, 143.18,
141.49, 129.49, 128.65, 79.29, 75.41, 61.47, 61.42, 60.82,
22.11, 18.90. ESI-HRMS: m/z calculated for [M-3PF6]3+:
114.737; found: 114.737.

5⋅6PF6. A solution of 4⋅3PF6 (180 mg, 0.23 mmol) and
polyoxyethylene bis(azide) (101 mg, 0.10 mmol) in dry

acetone (8 mL) was degassed for 20 min followed by
the addition of tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]
amine (TBTA, 33.4 mg, 0.063 mmol) and Cu(MeCN)4PF6
(23.5 mg, 0.063 mmol). The reaction mixture was stirred at
40°C for 2 days. The reaction mixture was dried under
reduced pressure, resulting in a gray solid. This solid was
purified twice via reversed-phase column chromatography
(CH3CN/H2O = 10:7) to eliminate excess 43+. The frac-
tions containing the product were concentrated by rotary
evaporation, to afford 5⋅6PF6 as a brown solid (85 mg,
14%). 19F NMR was used to confirm and quantify the
presence of PF6

− as counterion. 1H NMR (500 MHz,
CD3CN) δ 8.87 (th, J = 7.5, 1.7 Hz, 8H), 8.50 (ttq, J = 5.2,
2.7, 1.2 Hz, 4H), 8.42–8.36 (m, 8H), 8.27 (s, 2H), 7.68
(s, 2H), 5.18 (t, J = 6.9 Hz, 4H), 5.01 (dt, J = 13.4, 6.7 Hz,
8H), 4.45 (dd, J = 5.5, 4.6 Hz, 4H), 3.76 (t, J = 5.0 Hz,
4H), 3.58–3.47 (m, 89H), 3.45 (t, J = 6.6 Hz, 4H), 2.49
(s, 12H). 13C NMR (126 MHz, CD3CN) δ 150.96, 149.83,
147.68, 147.54, 143.32, 142.77, 141.37, 141.37, 141.36,
141.36, 131.27, 131.22, 129.37, 128.41, 125.23, 71.47,
71.46, 71.45, 71.44, 71.43, 71.42, 71.40, 71.39, 71.33,
71.26, 70.32, 62.75, 61.30, 60.77, 51.26, 28.24, 28.22,
18.93. 19F NMR (376.5 MHz, CD3CN) δ −72.02 to −73.52.
ESI-HRMS m/z calculated for [M-4PF6]4+ = 514.761;
found m/z = 514.781.
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