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A new triptycene-based macrotricyclic host containing two dibenzo-30 crown-10 moieties (1) has
been synthesized. It could form a 1:2 stable complex 1 3 32 with (9-anthracylmethyl)benzylammonium
salt (3) in both solution and solid state, in which the 9-anthracyl groups were selectively positioned
inside the cavity of the host.Moreover, the complexation and disassociation of complex 1 3 32 could be
chemically controlled by the addition of base and acid. It was also found that Ba2þ ion could
considerably induce the fluorescence enhancement of complex 1 3 32, whichmight thus be utilized as a
selective supramolecular fluorescence probe for Ba2þ ion. Fluorescence and 1H NMR spectroscopic
titrations further showed that the complexation between complex 1 3 32 and barium ions underwent a
two-step process.

Introduction

In host-guest chemistry, a permanent and challenging topic
is to develop novel macrocyclic hosts with the capability of
binding substrate species strongly and selectively.1,2 Since
Stoddart et al.3 first reported that the dibenzo-24-crown-8

ether (DB24C8) could form 1:1 stable [2]pseudorotaxane-type
complexes with secondary dialkylammonium ions in 1995,
various DB24C8-based supramolecular systems with specific
structures and properties have thus been developed.4

(1) (a) Cram, D. J.; Cram, J. M. In Container Molecules and their Guests;
Stoddart, J. F., Ed.; RSC: Cambridge, UK, 1994. (b) Lehn, J. M. Supramo-
lecular Chemistry; VCH Publishers: New York, 1995. (c) Gibson, H. W. In
Large Ring Molecules; Semlyen, J. A., Ed.; John Wiley & Sons: New York,
1996.

(2) Some recent examples: (a) Huang, F.; Zakharov, L. N.; Rheingold,
A. L.; Ashraf-Khorassani, M.; Gibson, H. W. J. Org. Chem. 2005, 70, 809–
813. (b)Yen,M.L.; Li,W. S.; Lai, C.C.; Chao, I.; Chiu, S.H.Org. Lett. 2006,
8, 3223–3226. (c) P�erez, E.M.; S�anchez, L.; Fern�andez, G.;Martı́n,N. J. Am.
Chem. Soc. 2006, 128, 7172–7173. (d) Li, Y. J.; Flood, A. H. Angew. Chem.,
Int. Ed. 2008, 47, 2649–2652. (e) Xue,M.; Chen, C.-F.Chem. Commun. 2008,
6128–6130. (f) Xue,M.; Chen, C.-F.Org. Lett. 2009, 11, 5294–5297. (g) Tian,
X.-H.; Hao, X.; Liang, T.-L.; Chen, C.-F.Chem. Commun. 2009, 6771–6773.
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Recently, we have synthesized a novel triptycene-based
cylindrical macrotricyclic host 2 containing two dibenzo-24-
crown-8 moieties (Figure 1), and found that the host could
form stable complexes in different complexation modes with
different functional paraquat derivatives and secondary
ammonium salts.5 In particular, we interestingly found that
host 2 could form a 1:2 complexwith two 9-anthracylmethyl-
benzylammonium salts, in which the 9-anthracyl groups
were selectively positioned outside the lateral crown cavities.5c

Herein, we report the synthesis of a new triptycene-based
macrotricyclic host 1 containing two dibenzo-30-crown-10
moieties (Figure 1), and its complexation with guests 3 and 4

in solution and in the solid state. It was noteworthy that host
1 can selectively form a 1:2 stable complex 1 3 32 with two
guests of 3, and the 9-anthracyl groups in 1 3 32 are all
positioned inside the lateral crown cavities, which is different
from that of complex 2 3 32. It is also found that the complex-
ation and disassociation of the complex 1 3 32 can be chemi-
cally controlled by the addition of base and acid. Moreover,
Ba2þ ion can considerably induce the fluorescence enhance-
ment of complex 1 3 32, which might thus be utilized as a sele-
ctive supramolecular fluorescenceprobe forBa2þ ion.Although

some fluorescence sensors for Ba2þ were reported,6 to the
best of our knowledge, this is the first example of a host-
guest complex based fluorescence chemosensor for Ba2þ ion.

Results and Discussion

Synthesis ofHost 1. Synthesisofhost1 isdepicted inScheme1.
According to the same approach as described previously,5a host
1 as a white solid was conveniently synthesized in three steps
starting from the triptycene derivative 5. The structure of 1was
confirmed by 1H NMR, 13C NMR, MALDI-TOF MS, and
elemental analysis.7

Complexation Studies of Host 1 with Guests 3 and 4.

Complexation between host 1 and guest 3 was first studied
in solution by the 1HNMR spectroscopic method. As shown
in Figure 2, the 1HNMRspectrumof a 1:2mixture of 1 and 3
in CDCl3/CD3CN (1:1, v/v) showed only one set of signals,
and great differences from the separated host and guest,
which indicated that the complexation between 1 and 3was a
fast exchange process, and it was different from the slow
exchange process of complex 2 3 32.

5c The resonances of
complex 1 3 32 were assigned by its 1H-1H COSY and
ROESY 2D NMR spectroscopy.7 The ROESY spectrum
revealed the cross-peaks between proton He in the anthracyl
ring of guest 3 and protons in crown ether units of 1,
indicating the close contacts between these protons. It was
found that the proton Hi and Hh signals of 3 and the proton
H1 signal of 1 disappeared, which might be caused by
restricted molecular motion of the guests incorporated into
the host cavity and the strong shielding effect between the

FIGURE 1. The chemical structures and proton designations of the
macrocycles 1 and 2, and the guests 3 and 4.

FIGURE 2. Partial 1H NMR spectra (300 MHz, CDCl3/CD3CN=
1:1, v/v, 295 K) of (a) free host 1, (b) 1 and 2.0 equiv of 3, and (c) free
guest 3. [3]0 = 8.0 mM.

SCHEME 1. Synthesis of Host 1

(3) Ashton, P.R.; Campbell, P. J.; Chrystal, E. J. T.;Glink, P. T.;Menzer,
S.; Philip, D.; Spencer, N.; Stoddart, J. F.; Tasker, P. A.; Williams, D. J.
Angew. Chem., Int. Ed. 1995, 34, 1869–1871.

(4) For some recent examples, see: (a) Balzani, V.; Clemente-Le�on, M.;
Credi, A.; Lowe, J. N.; Badji�c, J. D.; Stoddart, J. F.; Williams, D. J.Chem.;
Eur. J. 2003, 9, 5348–5360. (b) Badji�c, J. D.; Balzani, V.; Credi, A.; Silvi, S.;
Stoddart, J. F. Science 2004, 303, 1845–1849. (c) Badji�c, J. D.; Balzani, V.;
Credi, A.; Lowe, J. N.; Silvi, S.; Stoddart, J. F. Chem.;Eur. J. 2004, 10,
1926–1935. (d) Zhu, X.-Z.; Chen, C.-F. J. Am. Chem. Soc. 2005, 127, 13158–
13159. (e) Williams, A. R.; Northrop, B. H.; Chang, T.; Stoddart, J. F.;
White, A. J. P.; Williams, D. J. Angew. Chem., Int. Ed. 2006, 45, 6665–6669.
(f) Zhu, X.-Z.; Chen, C.-F. Chem.;Eur. J. 2006, 12, 5603–5609. (g) Zhang,
C.; Liu, S.; Zhang, J.; Zhu, K.; Li, N.; Huang, F. Org. Lett. 2007, 9, 5553–
5556. (h) Chiu, C. W.; Lai, C. C.; Chiu, S. H. J. Am. Chem. Soc. 2007, 129,
3500–3501. (i) Liu, Y.; Zhang, X.; Klivansky, L. M.; Koshkakaryan, G.
Chem. Commun. 2007, 4773–4775. (j)Han, T.; Chen, C.-F.Org. Lett. 2007, 9,
4207–4210. (k) Han, T.; Zong, Q. S.; Chen, C. F. J. Org. Chem. 2007, 72,
3108–3111. (l) Wu, J. S.; Leung, K. C. F.; Benı́tez, D.; Han, J. Y.; Cantrill,
S. J.; Fang, L.; Stoddart, J. F. Angew. Chem., Int. Ed. 2008, 47, 7470–7474.
(m) Coutrot, F.; Romuald, C.; Busseron, E. Org. Lett. 2008, 10, 3741–3744.
(n) Chuang, C. J.; Li, W. S.; Lai, C. C.; Liu, Y. H.; Peng, S. M.; Chao, I.;
Chiu, S. H. Org. Lett. 2009, 11, 385–388. (o) Cao, J.; Jiang, Y.; Zhao, J.-M.;
Chen, C.-F. Chem. Commun. 2009, 1987–1989. (p) Cao, J.; Lu, H.-Y.; You,
X.-J.; Zheng, Q.-Y.; Chen, C.-F. Org. Lett. 2009, 11, 4446–4449.

(5) (a) Zong, Q.-S.; Chen, C.-F. Org. Lett. 2006, 8, 211–214. (b) Zong,
Q.-S.; Zhang, C.; Chen, C.-F.Org. Lett. 2006, 8, 1859–1862. (c) Zhao, J.-M.;
Zong, Q.-S.; Han, T.; Xiang, J.-F.; Chen, C.-F. J. Org. Chem. 2008, 73, 6800–
6806.

(6) For some selective fluorescence probes for Ba2þ ion, see: (a) Naka-
hara, Y.; Kida, T.; Nakatsuji, Y.; Akashi, M. Chem. Commun. 2004, 224–
225. (b) Callan, J. F.; Silva, A. P.; Magri, D. C. Tetrahedron 2005, 61, 8551–
8558. (c) Licchelli, M.; Biroli, A. O.; Poggi, A. Org. Lett. 2006, 8, 915–918. (7) See the Supporting Information for details.



5094 J. Org. Chem. Vol. 75, No. 15, 2010

JOCArticle Zhao et al.

host and the guests.8 The proton Hg signal of the anthracyl
ring shifted upfield significantly and broadened probably
due to the π 3 3 3π stackings between the two anthracyl rings
of the guests. However, the proton signals of anthracyl rings
in the complex 2 3 32 exhibited large downfield shifts, which
were probably attributed to hydrogen bonding interactions
and the deshielding effect of the aromatic rings in host 1.
Moreover, the protons H2 and H3 of host 1 showed large
upfield shifts compared to those of complex 2 3 32, which
might be affected by the shielding effect of anthracyl rings in
the cavities. It was also noteworthy that the 1H NMR
spectrum of complex 1 3 32 was nearly unchanged after four
months in the dark.7 These observations suggested that host
1 and guest 3 formed a stable complex in solution. Further-
more, 1H NMR spectroscopic titrations were carried out by
monitoring the chemical shift of the proton Ha0 of guest 3.
Consequently, the stoichiometry of the complex was deter-
mined to be 1:2 by a mole ratio plot,7,9 and the average
association constantKav for the complexwas calculated to be
6.8((0.2)�103 M-1 by the Scatchard plot.7,10

We also obtained the light yellow single crystals of com-
plex 1 3 32 suitable for X-ray diffraction analysis by vapor
diffusion of diisopropyl ether into a solution of 1 and 3 in

CHCl3 and CH3CN (1:1, v/v). As shown in Figure 3, two
ammonium guests were threaded symmetrically through the
lateral crown cavities of host 1. Interestingly, it was found
that the two anthracyl groups were selectively positioned
inside the crown cavities, which is completely different
from the case of complex 2 3 32 with the anthracyl groups
outside the cavities.5c There existed multiple N-H 3 3 3O and
C-H 3 3 3O hydrogen bonds between the host and the guests.
Moreover, a pair of C-H 3 3 3π interactions between the pro-
tons of the anthracyl group and the phenyl rings of the
triptycene subunits with a distance of 2.73 Å (a) and a pair of
π 3 3 3π interactions between the anthracyl rings and the phenyl
rings of the triptycene subunits with a distance of 3.37 Å (b)
were also observed. In particular, it was found that the two
anthracyl rings were almost parallel, and a pair of π 3 3 3π
interactions between them with a distance of 3.35 Å (c) was
shown. These multiple noncovalent interactions resulted in the
selective formation of the stable 1:2 complex 1 3 32.

Similar to the case of complex 1 3 32,we found that host 1 and
guest 4 could also form a 1:2 stable complex in solution.
Consequently, the 1H NMR spectrum of a 1:2 mixture of 1
and 4 recorded in CDCl3/CD3CN (1:1, v/v) showed one new
set of signals,7 which indicated that the complexation between
1 and 4was also a fast exchange process. The stoichiometry of
the complex betweenhost 1 andguest 4was further determined
to be 1:2 in solution by mole ratio plot.7 The average associa-
tion constant (Kav) of the 1:2 complex 1 3 42was calculated to be
1.9((0.1)�103M-1 by the 1HNMR spectroscopic titrations,

FIGURE 3. Top view (a) and side view (b) of the crystal structure of
complex 1 3 32. Blue lines denote the noncovalent interactions be-
tween the host and the guests. Solventmolecules, PF6

- counterions,
and hydrogen atoms not involved in the noncovalent interactions
are omitted for clarity. FIGURE 4. Top view (a) and side view (b) of the crystal structure of

complex 1 3 42. Blue lines denote the noncovalent interactions be-
tween the host and the guests. PF6

- counterions and hydrogen
atoms not involved in the noncovalent interactions are omitted for
clarity.

(8) (a) Murakami, Y.; Kikuchi, J.; Ohno, T.; Hirayama, T.; Hisaeda, Y.;
Nishimura, H.; Snyder, J. P.; Steliou, K. J. Am. Chem. Soc. 1991, 113, 8229–
8242. (b) Jiang, Y.; Cao, J.; Zhao, J.-M.; Xiang, J.-F.; Chen, C.-F. J. Org.
Chem. 2010, 75, 1767–1770.

(9) Tsukube, H.; Furuta, H.; Odani, A.; Takeda, Y.; Kudo, Y.; Inoue, Y.;
Liu, Y.; Sakamoto, H.; Kimura, K. In Comprehensive Supramolecular
Chemistry; Atwood, J. L., Davies, J. E. D., MacNicol, D. D., Vogtle, F.,
Lehn, J. M., Eds.; Elsevier: New York, 1996.

(10) (a) Connors, K. A.Binding Constants; J. Wiley and Sons: NewYork,
1987. (b) Han, T.; Chen, C.-F. Org. Lett. 2006, 8, 1859–1862.
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which is less than one-third of that of complex 1 3 32. This result
implied that the positive cooperativity of the interactions
between the anthracene moieties of the two guests in 1 3 32
may play an important role in the stability of the complex.
Moreover, we obtained the single crystals suitable for X-ray
analysis by vapor diffusion of diethyl ether into a 1:2 mixture
solution of 1 and 4 in CHCl3/CH3CN (1:1, v/v). The crystal
structure showed that two guest molecules thread through the
lateral crown ether cavities to form a [3]pseudorotaxane-type
complex (Figure 4). Interestingly, it was found that two
acetonitrile molecules were also included in the central cavity
of host1, which couldact as abridge to connect the guest and the
host. There also existed multiple C-H 3 3 3N and C-H 3 3 3O
hydrogen bonding interactions between the host and the guests.
Moreover, a pair of C-H 3 3 3π interactions between the aro-
matic protons of guest 4 and the phenyl rings of the triptycene
subunits in host 1 were also shown. However, no face-to-face
π 3 3 3π stacking interactions between the aromatic rings of the
two guests in complex 1 3 42 were observed, which is different
from those of complexes 2 3 42 and 1 3 32.

The electrospray ionization mass spectra (ESI MS) pro-
vided more evidence for formation of the 1:2 stable com-
plexes 1 3 32 and 1 3 42. Consequently, the strong peaks at m/z
960.7 for [1 3 32-2PF6

-]2þ and 861.2 for [1 3 42-2PF6
-]2þ were

observed, respectively.7

The complexation between host 1 and guest 3 was also
investigated by the fluorescence emission experiments.When
it was excited at 294 nm, it was found that the fluorescence of
the anthracene unit in both complexes quenched up to 80%
compared with the value when guest 3 was excited alone.7

Moreover, a comparison between the emission spectra of the
complexes 1 3 32 and 2 3 32 was made to provide further
evidence for their different complexation modes. As shown
in Figure 5, a new broad band from 470 to 650 nm was
observed in the spectrum of complex 1 3 32, which is consistent
with the excimer11 formation in a specific cavity.However, this

broad band was not observed in the spectra of the complexes
2 3 32 and DB30C10 3 3,

12 which might be mainly attributed to
the different location of the anthracene unit relative to the
hosts.

Chemically Controlled Binding and Releasing of Guest 3 in

Complex 1 3 32. We further examined the chemically con-
trolled binding and releasing of guest 3 in complex 1 3 32.
Consequently, a series of 1H NMR experiments were per-
formed. As shown in Figure 6, when 2.0 μL of tributylamine
was added into the solution of complex 1 3 32, the proton
signals of the complex disappeared, while the proton signals
of the deprotonated guest 3 and host 1were observed. When
1.0 μL of trifluoroacetic acid was added into the above
system, it was found that the proton signals of complex
1 3 32 recovered, which suggested that complex 1 3 32 formed
again.

The above switchable process also could be monitored by
the fluorescence spectra.7 Upon the addition of 2 equiv of
tributylamine into the CHCl3/CH3CN (1:1, v/v) solution of
complex 1 3 32, it was found that the fluorescence intensity of
the anthracene unit of 3 dramatically decreased, while the
broad band also disappeared, which implied that guest 3was
deprotonated,13 while the complex thus disassociated.When
excess trifluoroacetic acid was added into the abovemixture,
the fluorescence of the anthracene unit almost recovered,
while the broad band appeared but could not totally come
back to the original level. This reversible process could be
performed repeatedly over more than five cycles, indicating
the complexation and decomplexation of the complex could
be efficiently controlled by addition of the acid and the base.

Complexation Studies of Host 1 and Complex 1 3 32 with

Ba2þ Ion. It was known that crown ethers could bind certain
metal ions, which inspired us to test the presence of special
metal ions by inspecting the change of fluorescence intensity
of complex 1 3 32 in the presence of metal ions. Consequently,

FIGURE 5. The comparison of fluorescence emission spectra of
1 3 32 and 2 3 32 (CHCl3/CH3CN=1:1, v/v, 295K), excitation at 294nm.
[3]0 = 1.0� 10-4 M.

FIGURE 6. Partial 1H NMR spectra (300 MHz, CDCl3/CD3CN =
1:1, v/v, 295K) of (a) free host 1, (b) 1 and 2.0 equiv of 3, (c) to the
solution of b was added 2.0 μL tributylamine, (d) to the solution
of c was added 1.0 μL trifluoroacetic acid, and (e) free guest 3. [3]0 =
8.0 mM.

(11) (a) Zhang, X. Y.; Sasaki, K.; Kuroda, Y. J. Org. Chem. 2006, 71,
4872–4877. (b) Nishimura, G.;Maehara, H.; Shiraishi, Y.; Hirai, T.Chem.;
Eur. J. 2008, 14, 259–271. (c) Lekha, P. K.; Prasad, E. Chem.;Eur. J. 2010,
16, 3699–3706. (d) Shirtcliff, L. D.; Xu, H.; Diederich, F. Eur. J. Org. Chem.
2010, 846–855.

(12) Ashton, P. R.; Ballardini, R.; Balzani, V.; G�omez-L�opez, M.;
Lawrence, S. E.; Martı́nez-Dı́az, M. V.; Montalti, M.; Piersanti, A.; Prodi,
L.; Stoddart, J. F.;Williams,D. J. J.Am.Chem. Soc. 1997, 119, 10641–10651.

(13) (a) Lehn, J. M. Supramolecular Chemistry: Concepts and Perspec-
tives; VCH: Weinheim, Germany, 1995. (b) Murov, S. L.; Carmichael, I.;
Hug, G. L. Handbook of Photochemistry; Dekker: New York, 1993.
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it was found that upon addition of 1 equiv of Ba2þ ion to the
CHCl3/CH3CN (1:1, v/v) solution of 1 3 32, the fluorescence
intensity dramatically increased.7 However, under the same
conditions, no obvious changes were observed for other
widely tested metal ions.7 These results suggested that Ba2þ

ions might bind much stronger with host 1 than those of
other tested metal ions (Figure 7). Thus, complex 1 3 32 could
act as a Ba2þ selective supramolecular fluorescence probe.

To gain insight into the recognition behavior of host 1 and
Ba2þ ion, the fluorescence emission spectral experiments
were carried out.7 Consequently, it was found that upon
the addition of Ba2þ ion to host 1, the emission band at
319 nm gradually increased when the ion concentrations were
below 1 equiv of the host. But when the titrations proceeded
with the concentration of Ba2þ ionmore than 1 equiv of host
1, the intensity of emission band at 319 nm decreased with
concomitance of the emerging of a new band at 589 nm.
These observations indicated that host 1may bind two Ba2þ

ions through two steps. To further confirm the stepwise
binding behavior, 1H NMR spectroscopic titrations were
also conducted.7 It was found that the proton signals of host

1 and 1 3Ba
2þ overlap each other partially in the period of the

first binding step, but proton H1 signals in two species were
discernible. Thus, formation of 1 3Ba

2þ could be evidenced
by the emergence and increase of a new signal at 6.90 ppm
accompanied by a decrease of the signal at 6.91 ppm. In the
second binding step, the proton H1 and the bridgehead
methyl proton signals could be used to distinguish 1 3Ba

2þ

and 1 3 2Ba
2þ.Moreover, on the basis of fluorescence emission

titrations, theassociationconstants for the1:1and1:2 complexes

FIGURE 7. Fluorescence enhancement ratio of a solution of 1 3 32
in CHCl3/CH3CN (1:1, v/v) in the presence of equimolarmetal ions.
[1 3 32]0 = 5.0� 10-5 M. Perchlorate salts were used, except KPF6.

Excitationwasperformedat294nm;emissionwasmonitoredat421nm.

FIGURE 8. (a) Top view and (b) side view of the crystal structure of
complex 1 3 2Ba

2þ. ClO4
- counterions, hydrogen atoms, and solvent

molecules not involved in the interactions are omitted for clarity.

FIGURE 9. Fluorescence emission spectra of 1 3 32 in the presence
of Ba2þ in CHCl3/CH3CN (1:1, v/v) at 295K. Excitation at 294 nm,
[1 3 32]0 = 5.0 � 10-5 M. (a) The concentration of Ba2þ (from
bottom to top) are 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0� 10-5

M; (b) the concentrations of Ba2þ (from top to bottom) are 5.5, 6.0,
6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 10.0, 10.5�10-5 M.

FIGURE 10. Graphic representation of the displacement of guest 3
in 1 3 32 by Ba2þ ion.
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of host 1 andBa2þwere calculated to be 1.6((0.2)� 105M-1

forK1 and 3.3((0.2)� 104M-1 forK2, respectively, by using
a Hyperquad 2003 program. Moreover, ESI MS spectrum
showed a base peak at m/z 401.1 for 1 3 2Ba

2þ, which also
suggested formation of the complex 1 3 2Ba

2þ.
Fortunately, we obtained the colorless single crystal of

1 3 2Ba
2þ suitable for X-ray diffraction analysis by vapor

diffusionofdiisopropyl ether intoa solutionof1andBa(ClO4)2
in a 1:1 chloroform/acetonitrile solution.As shown inFigure 8,
the crystal structure showed that all ten oxygen atoms of each
crown ether unit of host 1 coordinated to the center of two
barium ions, respectively. The bond lengths between oxygen
atoms and barium ions ranged from 2.82 to 3.06 Å, which is
similar to the reported values.14 Interestingly, an acetonitrile
molecule located outside the cavity of host 1 was bound to the
Ba2þ ion as the eleventh ligand. Moreover, it was found that
the distance between the parallel phenyl rings of the triptycene
subunits is 5.14 Å for A-A and 7.57 Å for B-B, respectively,
which are much shorter than the corresponding distances in
complexes 1 3 32 (A-A: 10.09 Å; B-B: 10.33 Å) and 1 3 42
(A-A: 11.09 Å; B-B: 13.20 Å). Thus, the cavity of host 1 in
complex 1 3 2Ba

2þ is much smaller than those of 1 3 32 and 1 3 42,
whichmakes the limited cavity no longer able to accommodate
other molecules inside.

To explore the recognition property of complex 1 3 32 to
Ba2þ ions, we have also carried out fluorescence titration
experiments. As shown in Figure 9a, upon the addition of
Ba2þ into the solution of complex 1 3 32 in CHCl3/CH3CN
(1:1, v/v), the emission band in the region of 495-600 nm
decreased, while the emission at 421 nm gradually increased.

The fluorescence emission intensity arrived at maximum
when the ratio of barium ions to complex 1 3 32 was changed
to 1:1. Then, with the continuous increase of the concentra-
tion of Ba2þ ion, the emission at 421 nm gradually decreased
(Figure 9b). After the addition of 2 equiv of Ba2þ ions, the
fluorescence did not decrease any more when Ba2þ ions were
continuously added. Additionally, we have also proved that
the Ba2þ ion could not quench the fluorescence of guest 3.7

Thus, the decrease of fluorescence was probably ascribed to
the formation of complex 1 3 2Ba

2þ, which was further evi-
denced by the fluorescence titrations of 3 in the presence of
1 3 2Ba

2þ. Consequently, it was found that the fluorescence
intensity of guest 3 gradually decreased with the increase of
the additional complex 1 3 2Ba

2þ, which indicated that simi-
lar to that of host 1, complex 1 3 2Ba

2þ could also expectedly
quench the fluorescence of guest 3.7 These observations
suggested that the displacement of guest 3 could undergo a
two-step binding process (Figure 10).

We further investigated the interaction between complex
1 3 32 andBa

2þ by 1HNMRspectroscopic titrations. As shown
in Figure 11, upon the addition of Ba2þ into a solution of
complex 1 3 32 inCDCl3/CD3CN (1:1, v/v), a new signal at 1.89
ppmassigned to the bridgeheadmethyl group of the triptycene
unit in 1 3 3 3Ba

2þ emerged upfield compared to the corres-
ponding signal in 1 3 32. With the increase of the concentration
of Ba2þ ion, protonH1 signal of host 1 appearedwhile protons
H2 andH3 split into two set of signals, respectively, which also
suggested the formation of an unsymmetric ternary complex
1 3 3 3Ba

2þ. After the ratio of Ba2þ ion and host reached 1:1, the
proton signals of guest 3 and 1 3 2Ba

2þ appeared, and then
increased as the proton signals of 1 3 3 3Ba

2þ decreased gradu-
ally. When the ratio reached 1:2, only the proton signals of
guest 3 and 1 3 2Ba

2þ were shown. These observations further

FIGURE 11. Partial 1H NMR spectra (300 MHz, CDCl3/CD3CN=1:1, v/v, 295 K) of 1 3 32 in the presence of Ba2þ. [3]0=8.0 mM. The
asterisk denotes the residue signals of CH2Cl2. (Black circles) protonH1 signals of 1 in 1 3 32; (blue triangles) protonH1 signals of 1 in 1 3 3 3Ba

2þ;
(red squares) proton signals at bridgehead methyl of 1 in 1 3 2Ba

2þ.

(14) (a) Li, Z.-Q.; Xu, H.-W.; Wang, X.-W.; Fan, Y.-P. Chin. J. Struct.
Chem. 1989, 8, 273–277. (b) Masci, B.; Thu�ery, P.Cryst. Eng. Chem. 2007, 9,
582–590.
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indicated that the complexation between complex 1 3 32 and
barium ions underwent a two-step process, which is in agree-
ment with the results of the fluorescence titrations.

Conclusion

In conclusion, we have synthesized a newmacrotricyclic host
containing two dibenzo-30-crown-10moieties, and proved that
the host could selectively bind two (9-anthracylmethyl)benzyl-
ammonium ions to form a 1:2 stable complex 1 3 32 in both
solution and solid state, in which the two 9-anthracyl groups
were all positioned inside the cavity. Moreover, the complexa-
tion and disassociation of complex 1 3 32 also could be chemi-
cally controlled by the addition of base and acid. We further
found that Ba2þ ion could considerably induce the fluorescence
enhancement of complex 1 3 32,whichmight thus be utilized as a
selective supramolecular fluorescence probe for Ba2þ ion.
Fluorescence and 1H NMR spectroscopic titrations showed
that the complexation between complex 1 3 32 and barium ions
underwent a two-stepprocess.The results presentedherewill be
helpful in developing new supramolecular systemswith specific
structures and properties, which is underway in our laboratory.

Experimental Section

The guests 312 and 4,3 and compound 55a were prepared
according to the published procedures.

Compound 6. To a stirred solution of 5 (2.5 g, 7.2 mmol) and
tetra(ethylene glycol) monotosylate (11.1 g, 31.8 mmol) in dried
CH3CN (120 mL) was added K2CO3 (7.9 g, 57.6 mmol). The
reactionmixture was stirred at reflux for 40 h, cooled to ambient
temperature, and then filtered. The filtrate was concentrated
under reduced pressure. The residue was dissolved in dried
CH2Cl2 (80 mL) and TsCl (6.7 g, 35.0 mmol), Et3N (4.8 g,
47.7 mmol), and DMAP (77 mg, 0.64 mmol) were added. The
reaction mixture was stirred at reflux for 12 h. CH2Cl2 (60 mL)
was added and the solution was washed with diluted HCl and
dried over anhydrous sodium sulfate. Evaporation of the sol-
vent followed by column chromatography (SiO2: 3:1 EtOAc/
CH2Cl2) yielded 6 (7.4 g, 61%) as a pale yellow oil.Mp 73-74 �C;

1H NMR (300 MHz, CDCl3) δ 2.29 (s, 6H), 2.41 (s, 12H),
3.54-3.68 (m, 40H), 3.74-3.78 (m, 8H), 4.07-4.14 (m, 16H),
6.94 (s, 4H), 6.98-7.00 (m, 2H), 7.26-7.32 (m, 10H), 7.77 (d, J=
8.0 Hz, 8H); 13C NMR (75MHz, CDCl3) δ 13.8, 21.6, 47.9, 68.6,
69.3, 69.7, 69.9, 70.5, 70.6, 70.7 109.9, 120.0, 124.6, 128.0, 129.9,
132.9, 142.4, 144.8, 145.8, 148.8; MALDI-TOF MS m/z 1666.5
(Mþ). Anal. Calcd for C82H106O28S4: C 59.05, H 6.41. Found: C
58.81, H 6.40.

Compound 1.Asuspensionof cesiumcarbonate (3.9 g, 12mmol)
in anhydrousDMF (70mL) under argon atmospherewas stirred
vigorously for 10 min and then heated to 100 �C. To the mixture
was added dropwise a solution of 5 (519 mg, 1.5 mmol) and 6

(2.5 g, 1.5 mmol) in anhydrous DMF (80 mL) over 12 h. The
reaction mixture was stirred at 100 �C for another 3 d. After
cooling to ambient temperature, the mixture was filtered and
washed with CH2Cl2 (100 mL). The filtrate was concentrated
under reduced pressure, then the residue was dissolved in CH2Cl2
(250 mL) and washed with diluted HCl. The organic layer was
driedover anhydrous sodiumsulfate.After removal of the solvent,
the resulting oil was subjected to successive column chromato-
graphy (SiO2: 60:1 CH2Cl2/MeOH) to yield 1 (198 mg, 10%) as a
white solid.Mp>300 �C; 1HNMR (300MHz, CDCl3) δ 2.29 (s,
12H), 3.59-3.65 (m, 32H), 3.72-3.75 (m, 16H), 4.02-4.12 (m,
16H), 6.91 (s, 8H), 6.98-7.01 (m, 4H), 7.27-7.29 (m, 4H); 13C
NMR (75MHz, CDCl3) δ 13.8, 47.9, 69.7, 69.8, 70.8, 70.9, 109.5,
120.0, 124.6, 142.4, 145.7, 148.7; MALDI-TOF MS m/z 1324.5
(Mþ). Anal. Calcd for C76H92O20: C 68.86, H 7.00. Found: C
68.51, H 7.00.
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