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A novel triptycene-derived bisparaphenylene-34-crown-
10 (1) has been synthesized, and shown to form 1:1 stable
complexes with both the paraquat G1-:2PFg and the
cyclobis(paraquat-p-phenylene) G2-4PF¢ in different
complexation modes in solution and solid state. More-
over, it was found that both the complexes 1-G1-2PFg
and 1-G2-4PF¢ were formed by charge transfer interac-
tions, and did not dissociate upon the first one-electron
reduction process of the bipyridinium ring.

Host—guest chemistry' has attracted much attention since
Pedersen first reported? the synthesis and cation-complexing
characteristics of crown ethers. As a member of crown
ethers,® the bisparaphenylene-34-crown-10 (BPP34C10)*
has found wide applications in host—guest chemistry, especially
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in the formation of a variety of interlocked assemblies.” On the
other hand, cyclobis(paraquat-p-phenylene) (CBPQT)** with
considerable binding affinity for s-donor systems has been
extensively utilized by Stoddart’s group and others in the
construction of various interlocked structures.®™® However,
until recently, only two examples’ of the CBPQT*" ring acting
as a guest in the formation of the complexes were reported.

During the past several years, we have proven that the
triptycene with unique 3D rigid structure could be utilized as
a useful building block for the synthesis of novel macrocyclic
hosts with specific structures and properties.® As part of our
continuing work, we herein report the synthesis and binding
properties of a novel triptycene-derived bisparaphenylene-
34-crown-10 (1, Figure 1). Due to its electron-rich cavity, 1
can form stable complexes with both the paraquat G1-2PFg
and the cyclobis(paraquat-p-phenylene) G2-4PFq in differ-
ent complexation modes in solution and solid state. Espe-
cially, itis interestingly found that both 1 and G2-4PFgact as
not only the host but also the guest in complex 1-G2-4PFg.
Moreover, it was also found that both complexes 1-G1-2PFq
and 1-G2-4PF¢ were formed by charge transfer interactions,
and did not dissociate upon the first one-electron reduction
process of the bipyridinium ring.

The synthesis of compound 1 is outlined in Scheme 1.
First, triptycene derivative 3 was synthesized in 69% yield by
the reaction of compound 5° with diethylene glycol mono-p-
toluenesulfonate 4 in CH;CN in the presence of K,COs. By
treatment of compound 3 with TsCl in CH,Cl, in the
presence of Et;N, compound 2 was obtained in 77% yield.
Finally, the target molecule 1 was produced in 17% yield by
the reaction of 2 and 3 in THF in the presence of NaH. All
new compounds were confirmed by '"H NMR, '°C NMR,
MS-TOF spectra, and elemental analysis.'
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FIGURE 1. Structures and the proton designations of triptycene-
derived BPP34C10 1, the paraquat G1-2PFg, and the CBPQT** salt
G2-4PF,.
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We first investigated the complexation between 1 and
G1:2PFg in solution. Consequently, when 1 and G1-2PF4
(1 mM each) were mixed in chloroform and acetonitrile (3:1),
a color change from colorless to yellow was immediately
shown, which could be due to the charge transfer interaction
between the electron-rich aromatic rings of 1 and the elec-
tron-poor bipyridinium ring of G1-2PFs.'” The "H NMR
spectrum of a 1:1 mixture of 1 and G1:2PF¢ in CDCl; and
CD;CN (3:1) also showed a great difference from those for 1
and G1-2PFg."° Especially, it was found that the protons Hs
and Hg of the pyridinium ring shifted significantly upfield,
which might be due to the strong shielding affect of the
aromatic rings of 1. These observations suggested that a new
complex 1-G1-2PFg was formed. The '"H NMR spectro-
scopic titrations further afforded a quantitative estimate for
the complexation between 1 and G1-2PF4 by monitoring the
changes of the chemical shift of the proton Hg of G1-2PFg.
The results showed that a 1:1 complex between 1 and
G1:2PF¢ was formed by a mole ratio plot. Accordingly,
the apparent dSSOCldthH constant K, exp) was calculated to be
2100(£100) M~ by the Scatchard plot.®,11
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FIGURE 2. Partial 'H NMR spectra (600 MHz, CDCly:CD;CN =
1:2) of (a) G2-4PFg at 298 K, (b) 1 and 1.0 equiv of G2-4PF¢ at
238K, (c)1at298 K, (d)1and 1.0 equiv of G2-4PFsat298 K .[1]y =
1 mM.

Similar to the case of 1 and G1:2PFg, mixing 1 and the
CBPQT*" ring (I mM each) in chloroform and acetonitrile
(1:2) also showed a swift color change from pale yellow to a
light red-brown, which might be due to the charge transfer
between the electron-rich aromatic rings of 1 and the bipyr-
idinium rings of G2-4PFg.'° In the '"H NMR spectrum of
a mixture of 1 and G2-4PFg in 1:2 CDCIl; and CD;CN at
298 K (Figure 2d), it was found that the Ho proton signal of
G2-4PFg shifted upfield, which might be due to the strong
shielding effect of the aromatic rings in 1. Meanwhile, an
obvious change in the chemical shift of the proton H;; (Ad =
0.43 ppm) of G2-4PF¢ was also observed. Except for Hyg and
Hy,, other aromatic proton signals almost disappeared at
298 K, which might be due to the effect of the swift exchange
process of the complex.'? To further study the complexation
between 1 and G2-4PFg in solution, the "H NMR experi-
ments of the complex in 1:2 CDCl; and CDs;CN at low
temperatures were then carried out.'® The results showed
that with lowering of the temperature, the aromatic proton
signals broadened gradually, and then split into complex
ones at 238 K (Figure 2b), which indicated that the exchange
of the complex slowed down at low temperatures, and
complex 1-G2-4PF¢ showed a highly asymmetric structure
in solution. Furthermore, a quantitative estimate for the
complexation between 1 and G2-4PFg was also obtained by
monitoring the changes of the chemical shift of the proton
Hy; of G2-4PF¢ at 298 K. The results showed that 1 and
G2-4PFg4 formed a 1:1 complex 1-G2-4PF¢. Accordingly,
the apparent association constant was calculated to be 1.93
(£0.07) x 10* M~ by the Scatchard plot.*,11

Formation of the 1:1 stable complexes 1-G1-2PF¢ and
1-G2-4PF4 was also evidenced by the electrospray ioniza-
tion mass spectra.'® As a result, the strong peaks at mj/z
537.38 for [1-G1-2PF4-2PF, **, and 518.13 for [1-G2-4PF¢-
3PFs > were observed, respectively.

Further support for formation of complexes 1-G1-2PF
and 1-G2-4PFgcame from their X-ray diffraction results. As
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FIGURE 3. Views of the crystal structures of (a, b) 1- G1-2PF¢, and
(c, d) 1-G2-4PF¢. Blue lines denote the noncovalent interactions
between the host and the guest. The C—H---O hydrogen bond
distances (A) for 1-G1:2PFg: a = 2.60; b = 2.66; ¢ = 2.70; d =
2.37. The C—H- - -O hydrogen bond distances (A) for 1-G2-4PFg:
g=269h=220;i=240;j =270,k = 2.55;1 = 2.47,m = 2.54;
n =2.57. Solvent molecules, PFs counterions, and hydrogen
atoms not involved in the noncovalent interactions are omitted
for clarity.

shown in Figure 3, it was found that 1 could adopt different
conformations to bind G1-2PF¢ or G2-4PF in the solid
state. In the complex 1-G1:2PF¢ (Figure 3a), the two
triptycene moieties in 1 were positioned in the different sides
of the crown ether, in which every benzene ring of one
triptycene paralleled with one benzene ring of another
triptycene. Meanwhile, the paraquat ring was positioned in
about a crystallographic center of symmetry, and formed a
pseudosandwiched structure with two triptycene moieties. In
the crystal structure of 1-G2-4PFg4 (Figure 3c), the two
triptycene moieties in 1 were positioned in the same side of
the crown ether to form a tweezer-like cavity, which is
completely different from that of 1-G1-2PF¢. Moreover, it
was interestingly found thatin 1-G2-4PFg not only is one of
the 4,4'-bipyridium rings of G2-4PFg included in the cavity
of the tweezer-like 1, but also one benzene ring of the
triptycene moieties was positioned inside the cavity of
G2-4PF¢. These results not only explained the reason for
the complexed 'H NMR spectra of 1-G2-4PFg at low
temperatures, but also indicated that 1 and G2-4PF¢ formed
a pseudoternary complex, in which the two receptors acted as
both the host and the guest.

As shown in Figure 3b, it was further found that there
existed multiple C—H- - -O hydrogen bonding interactions
between the polyether oxygen atoms of 1 and both the
aromatic protons and the methyl protons in G1-2PFg.
Moreover, a pair of m— stacking interactions with a dis-
tance of 3.27 A (f) between the paraquat ring and the
benzene rings of the triptycene moieties in 1, and a pair of
C—H-- -7 interactions between the aromatic protons in
G1:-2PF¢ and the benzene rings of the triptycene moieties
with a distance of 2.71 (A) (e) were observed. These multiple
noncovalent interactions played an important role in the
formation of the stable complex 1-G1-2PFg. Similarly, in
complex 1-G2-4PFg there also existed multiple C—H---O

]OCNote

104

-5

00 -02 04 06 -08 -1.0 1.2 -1.4
EV

FIGURE 4. CV curves for a solution of G2** (0.5 x 107> M) in
CH;CN:CHCl; (2:1, v/v) with (NBuy)PFg (0.1 M) as the supporting
electrolyte in the absence (black line) and the presence (red line) of 1
(1.0 x 1073 M). Working electrode: Pt. Scan rate: 0.1 Vs .

hydrogen bonding interactions between the polyether oxy-
gen atoms of 1 and the aromatic protons and the methylene
protons in G2-4PF4 Moreover, C—H-- -z interactions
between the aromatic protons in G2-4PF¢ and the benzene
rings of the triptycene moieties with distances of 2.66 (o),
2.81 (p), 2.84 (q), and 2.89 A (s), and r—x stacking interac-
tions between the benzene rings of the triptycenes in 1 and the
bipyridinium rings in G2-4PF¢ with distances of 3.39 (1),
3.34 (s), 3.36 (u), and 3.34 A (v) were also observed
(Figure 3d). In addition, due to the unique structural prop-
erty of the triptycene moieties, the adjacent molecules of 1
could further be connected with each other by complexation
with another 4,4'-bipyridinium ring of G2:4PF4, which
resulted in a 1D supramolecular polymer in the solid state.'”

Since both G1-2PFgand G2 -4PF¢ are well-known organic
redox-active molecules, their electrochemical behaviors in
the absence and presence of 1 were also studied. It was
known that the G1>" showed two one-electron reduction
processes'? corresponding to the successive reduction of the
4.4'-bipyridinium core. Upon the addition of 1 to the 2:1
CH;CN and CHCl; solution of G1-2PF, both the cathodic
and anodic peaks of the first one-electron reduction process
moved to the more negative values, and the peaks corre-
sponding to the second one-electron reduction process also
slightly moved to the more negative values,'® which sug-
gested that complex 1-G1-2PF¢ formed, and it did not
dissociate upon the first one-electron reduction process of
the bipyridinium ring. Similar to G1-2PF¢, G2-4PF also
showed two reversible two-electron redox processes with the
half-wave potential values at —0.591 and —1.031 V vs Ag/
AgNO;, respectively."* As shown in Figure 4, the CV
patterns for reduction of the G2** were remarkably affected
upon the addition of 1. The first reduction process of
G2-4PF4 displayed a splitting of 87 mV, and also the split
peaks moved to less negative potential, which was considered
the result of the mixing of the HOMO of the electron-donor
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(1) and the LUMO of the electron-acceptor (G2*") through
charge transfer interaction, whereas the peak corresponding to
the second reduction process shifted to the more negative
potential. These behaviors showed that the formation of the
adduct was caused by a CT interaction, and the adduct did not
dissociate upon the first one-electron reduction of G2*4."3

In summary, we have synthesized a novel triptycene-
derived bisparaphenylene-34-crown-10 (1), and demon-
strated that it could form 1:1 stable complexes with both
paraquat G1:2PFgs and cyclobis(paraquat-p-phenylene)
G2-4PF4 in different modes in solution and solid state.
Especially, it was found that 1 and G2-4PF¢ could form a
pseudoternary complex, in which the two molecules acted as
not only the host but also the guest. Moreover, we also found
that both complexes 1-G1:2PF¢ and 1-G2-4PF¢ were
formed by charge transfer interactions, and did not dissoci-
ate upon the first one-electron reduction process of the
bipyridinium ring.

Experimental Section

Compound 3. A mixture of 4 (2.49 g, 9.6 mmol), 5 (1.37 g, 4.8
mmol), and K,CO3 (2.76 g, 20 mmol) in dried CH3CN (150 mL)
was refluxed under N, atmosphere over 24 h. The reaction
mixture was cooled to room temperature, and then filtered. The
filtrate was concentrated to give a residue, which was purified by
silica gel column chromatography (eluant: 100:1 CH,Cl,/
methanol) to afford 3 (1.535 g, 69%) as a colorless solid. Mp:
145—146°C. "H NMR (300 MHz, CDCl5): 6 7.38—7.40 (m, 4H),
6.95—6.98 (m, 4H), 6.50 (s, 2H), 5.88 (s, 2H), 4.07—4.1 (m, 4H),
3.87—3.91 (m, 4H), 3.78—3.82 (m, 4H), 3.72—3.74 (m, 4H), 2.26
(s, 2H). *C NMR (75 MHz, CDCl3): ¢ 148.5, 145.6, 136.2,
125.0, 123.8, 111.2, 72.5, 69.9, 69.4, 61.9, 47.5. MALDI-TOF
MS: m/z 485.4 [M + Na]", 501.4 [M + K]*. Anal. Calcd for
C28H30061 C, 7271, H, 6.54. Found: C, 7250, H, 6.41.

Compound 2. To a solution of 3 (0.45 g, 0.97 mmol) in dried
dichloromethane (50 mL) in an ice bath was added TsCl (0.48 g,
2.5 mmol), EtzN (0.7 mL, 5 mmol), and DMAP (15 mg). After

(15) (a) Balzani, V.; Credi, A.; Mattersteig, G.; Matthews, O. A.; Raymo,
F. M.; Stoddart, J. F.; Venturi, M.; White, A. J. P.; Williams, D. J. J. Org.
Chem. 2000, 65, 1924-1936. (b) Ikeda, T.; Aprahamian, I.; Stoddart, J. F.
Org. Lett. 2007, 9, 1481-1484.
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being refluxed overnight, the filtrate was removed in vacuo. The
residue was purified by silica gel column chromatography
(eluant: 200:1 CH,Cl,/ methanol) to afford 2 (575 mg, 77%)
as a pale yellow solid. Mp: 146—147 °C. "H NMR (300 MHz,
CDCl3):07.80(d,J = 7.80 Hz, 4H), 7.34—7.37 (m, 4H), 7.25 (d,
J = 7.25Hz, 4H), 6.94—6.96 (m, 4H), 6.47 (s, 2H), 5.84 (s, 2H),
4.22—4.26 (m, 4H), 3.99—4.02 (m, 4H), 3.80—3.84 (m, 4H), 2.35
(s, 6H). '3C NMR (75 MHz, CDCly): 6 148.4, 145.6, 144.8,
136.3, 133.1, 129.8, 128.0, 125.0, 123.8, 111.4, 70.1, 69.5, 69.3,
68.9, 47.4,21.6. MALDI-TOF MS: m/z 793.6 [M + Na]*, 809.6
[M+K]". Anal. Caled for CyHyr010S2: C, 65.44; H, 5.49.
Found: C, 65.65; H, 5.29.

Compound 1. A solution of 2 (333 mg, 0.43 mmol) and 3 (200
mg, 0.43 mmol) in THF (50 mL) was added dropwise to a
suspension of NaH (200 mg, 8.3 mmol) in THF (50 mL) at 80 °C
under N, atmosphere. The reaction was continued for another
48 h. The reaction mixture was cooled to room temperature,
water was added, and then the solution was filtered. The filtrate
was concentrated under reduced pressure, and the residue was
purified by silica gel column chromatography (eluant: 100: 1
CH,Cl,/methanol) to afford 1 (65 mg, 17%). Mp: > 300 °C. 'H
NMR (300 MHz, CDCl5): ¢ 7.30—7.32 (m, 8H), 6.79—6.82 (m,
8H), 6.16 (s,4H), 5.81 (s, 4H), 3.84—3.87 (m, 8H), 3.72—3.77 (m,
24H). 3*C NMR (75 MHz, CDCls): 6 148.3, 145.6, 135.8, 124.8,
123.7, 111.4,77.4,77.2, 77.0, 76.6, 71.0, 70.9, 69.8, 69.4, 47.4.
MALDI-TOF MS: m/z911.8 [M + Na]*,927.8 [M 4 K]*. Anal.
Calced for CsgHs6040: C, 75.65; H, 6.35. Found: C, 75.41; H,
6.18.
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