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Triptycene-based cylindrical macrotricyclic polyettiehas

Note

ternary saltéwere usually used as herbicides and have played
an important role in various biological systems, which also made
them some of the most common guests and caused then to be
studied intensively in numerous inclusion compleXédéthough

the controlled binding and release of diquaternary salts as guests
would be very useful both in biological and in supramolecular
chemistry, little is so far known about their complexes which
could be switched between the complex states and uncomplex
states by chemical or other external stimuli.

Recently, wé became interested in the development of new
supramolecular systems based on triptycene with unique three-
dimensional rigid structure and electron-rich cavifys a result,

a novel triptycene-based cylindrical macrotricyclic polyetifér

has been synthesized and proved to be a powerful host for the
complexation with paraquat derivatives. Herein we report the
efficient complexation of hostl toward diquat2 and the
diquaternary salt of phenanthroliBgFigure 1) in solution and

in the solid state. Moreover, since there are two dibenzo[24]-
crown-8 moieties in the host molecule, we reasoned that the
well-established cationcrown interaction could dissociate the
host-guest complexes. Consequently, the binding and release
of guest2 and3 in the complexes can be easily controlled by
adding and removing the potassium ions.

First, we investigated the complexation between triptycene-
based hosl and diquaternary guesfsand3 in solution. As a
result, it was found that when hakiand diqua® (2 mM each)
were mixed in 1:1 chloroform/acetonitrile solution at room
temperature, they gave an orange solution immediately due to
charge transfer between the electron-rich aromatic rings of host
1 and the electron-poor pyridinium rings of gu@stSimilarly,

been proved to be an efficient host for the complexation with the mixed solution ofL and 3 also showed a typical charge-
diquaternary salts in solution and in the solid state. Moreover, transfer feature but the color was deep red. In #HeNMR
it was also found that binding and release of the guest spectrum of a 1:1 mixture (2 mM each) dfand 2 in 1:1

molecules could be easily controlled by the addition and
removal of potassium ions.

Host-guest complexek,in particular, those in which the
binding to substrate could be switched “on” or “off” by external
stimuli, have attracted great interest due to their extensive
potential applications not only in the construction of artificial

chloroform/acetonitrile, only one set of peaks was found, which
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molecular machines but also in the development of sensing andX. Chem. Ber.1996 129, 33-38. (d) Fuke, C.Drugs and Poisons in

controllable drug-delivery systemg.It was known that diqua-
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1 FIGURE 3. Top view (a) and side view (b) of the crystal structure of
the complext-2. The distances of the noncovalent interactions between
FIGURE 1. The structures and proton designations of the hastd the complexi-2 and the solvents are the followingt = 2.34 A b =
guests2 and 3. 2.45 A,c=2.23 A for O-H---0;d = 2.43 A for C-H--0; e = 2.58
A for C—H-++N; f = 2.59 A for C—H-+-z. Two PR~ counterions, other

¢ Hy H, solvent molecules, and hydrogen atoms not involved in the noncovalent

He W, H H, Hs N\ interactions are omitted for clarity.
__J_Lu_J
b ;) complexes were calculated to be 325(3) x 10° and 4.6¢-0.4)

T Ak' x 10® M1, respectively, by the Scatchard plétsAs we can

A |‘ ,\° see thaKy.3 is slightly bigger tharK4., this is probably due

/. . o9 %
a H, to the strongerr—sr stacking |nteract|on'between the host and
H, HJ/ guest3. The 2D-NMR spectrum technique was also used to
) investigate the noncovalent interaction between the host and

the guests. As a result, NOE effects betwdémethylene
protons and crown ether protons were all observed in the ROSY

o0 .0 70 6.0 50 spectra of the complexés2 and1-3.8 Moreover, NOE effects
_ between the aromatic protons of phenanthroline and crown ether
FIGURE 2. Partial'H NMR spectra (300 MHz, CBEN:CDCk 1:1, protons could also be observed, which might indicate that the

295 K) of (a) free host, (b) free gues?, and (c)1 plus 1.0 equiv of

2 [o =2 mM. phenanthroline ring is adjacent to the crown ether moieties of

the host molecule.

d The electrospray ionization mass spectra (ESI MS) provided
more evidence for the formation of the 1:1 complekes.
Consequently, the strongest peakét 666.5 for [L-2—2PF]2"

was found by using the solution dfand?2 in 1:1 chloroform
and acetonitrile. Similarly, the peak atz 678.6 for [L-3—
2PFR~]%" was also observed at the same condition.

Further support for the formation of the compl&2 came
from its X-ray diffraction results. It was noted that the structural
feature of the comple®-2 was quite different from those of
paraquat-based complexes we reported previddghg. shown
in Figure 3, the diquat molecule threaded the cavity from the
central ring of the cylindrical macrotricyclic host and the two
pyridinium rings of the guest were non-coplanar with the
dihedral angle of 19.19 Moreover, the proton kHof the diquat
molecule extend out of the shielding region of the triptycene
aromatic ring, which is consistent with the result in solution. It
was further found that there existed not only multipl=-H---

O hydrogen bonding interactions between the hydrogen atoms
of the guest and polyether oxygen atoms, but also-ar

(8) See the Supporting Information. stacking (... = 3.26 A for B) and G-H---x interactions

(9) Tsukube, H.; Furuta, H.; Odani, A.; Takeda, Y.; Kudo, Y.; Inoue, (Gh--z = 2.71 Afor A, 2.81 A for C, and 2.75 A for D) between
Y.; Liu, Y.; Sakamoto, H.; Kimura, K. IComprehensie Supramolecular the host and the guest. These multiple noncovalent interactions

Chemistry Atwood, J. L., Davies, J. E. D., MacNicol, D. D.,gte, F., ; ; h
Lehn, J. M., Eds.: Elsevier: New York, 1996, played an important role in the stability of the complex.

(10) The complexation between the host and guests was determined to
be not concentration dependéimgicating that the complexes are essentially (11) Connors, K. ABinding Constants]. Wiley and Sons: New York,
ion pairedsc 1987.

indicated the fast-exchange complexation between the host an
the guest. As shown in Figure 2c, the, HHp, and H proton
signals of the pyridinium ring and the;Hpbroton signal ofl
showed significant upfield shifts, which might be due to the
strong shielding effect of the aromatic rings. In addition, a slight
downfield shift of the proton Hwas observed, which might be
attributed to the deshielding effect of the host’s aromatic rings.
These observations suggested that a new compigxwas
formed. Similarly, hosi could also form a stable complex with
guest3, which has been confirmed by tHel NMR spectral
studies of a 1:1 mixture of hodtand guesB8.8

The stoichiometries of these complexes were determined to
be 1:1 in solution by mole ratio ptvith use of proton NMR
data, which is different from that of a 1:2 complex between
dibenzo[24]-crown-8 and diquat in acetone solufidhFur-
thermore !H NMR spectroscopic titrations afforded a quantita-
tive estimate for the apparent association constgt ¢f the
two complexes® ConsequentlyKq.2 and Ky.3 for the 1:1

J. Org. ChemVol. 72, No. 8, 2007 3109
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FIGURE 5. Partial'H NMR spectra (300 MHz, CECN:CDCk 1:1,

. . . 295 K) of (a) free hosl, (b) free guess, (c) 1 plus 1.0 equiv of3, (d
FIGURE 4. Top view (a) and side view (b) of t_he cr_ystal structure of the m?xtur(e)obtained af(te)r addi%g KE’(E'4)equiv) to thg solutio(n )in
the complex1-3. The C-H-+-O hydrogen-bonding distances (A) are part ¢, and (e) the mixture obtained after adding 18-crown-6 (6 equiv)
the following: a= 2.48;b = 2.53;c = 2.57;d = 2.51;e = 2.54; and to the solution in part d.1Jo = 2 mM

f=2.62. Two Pk~ counterions, the solvent molecules, and hydrogen o '
atoms not involved in the noncovalent interactions are omitted for

clarity. with formation of the 1:1 complek-3. When excess KRFsalts

were added to the above solution, it was found that the proton
Interestingly, we also found that a water molecule and an signals of the comple%-3 totally disappeared, while the proton

acetonitrile were included in the cavity of hdstwhich acted ~ Signals of guesB shifted downfield almost to the original

as a noncovalent force bridge to connect the diquat and the hostPOSitions (Figure 5d). Moreover, the aromatic proton signals
We also obtained the single crystals of comple® suitable of host molecule had a little downfield shift while the peak shape

for X-ray analysis. As shown in Figure 4, it was found that _of t_he crown ether region h_ad a_big change. These observations
guest3 positioned in almost the center of the cavity of host indicated that the potassium ions bond to the crown ether
molecule, which is different from that of compléx2, and the moieties, which resulted in the release of the giesom the
host molecule had a big distortion to maximize the face-to- Cavity of the host molecule probably due to the extra electrostatic
face 7—ax interactions. There existed multiple-&---O hy- repellent_ force. When 18-crown-6 was addgd into the above
drogen bonds between aromatic hydrogen atoms in the guesgyStem, itwas fU(ther found thgt the proton signals of complex
molecule and oxygen atoms in the polyether chains of host ~ 1-3 recovered (Figure 5e), which suggested that the complex
Moreover,w—x stacking interactions between the phenanthro- 1:3 formed again. Thus, the ion-controlled binding and release
line ring and the aromatic rings of the host with the distances ©f the gues8 could be easily performed by adding and removing
of 3.37 (A), 3.31 (B), and 3.35 A (D), and a-&i--x interaction the potassium ions. Similarly, it was found that the blp(_:llng and
between theN-methylene proton and the aromatic ring of the release of the gue&tin the complexi-2 could also be efficiently
host with the distance of 2.74 A (C) were also observed. These controlled by the potassium iofis.
multiple noncovalent interactions resulted in the stable complex In conclusion, the triptycene-based cylindrical macrotricyclic
1-3, which is consistent with that in solution. polyether has been proved to be an efficient host for the
Since hostl contains two dibenzo[24]-crown-8 moieties, we complexation with the diquaternary salts. They could form 1:1
speculated that it could form a complex with cations, and the stable complexes in solution and in the solid state, in which
consequent complexation of cations would introduce extra the multiple noncovalent interactions played an important role
electrostatic repellent force to the cationic diquaternary guest in the stabilities of the complexes. Moreover, it was also found
molecules and dissociate the previously formed hgsiest that the binding and release of the diquaternary salts could be
complex. It was found that a solution bfind 2 equiva of KP§ easily controlled by adding and removing the potassium ions,
showed a single strong peak at'z 613.8 in the ESI-MS which would have many potential applications in the develop-
spectrun® which indicated that two potassium ions could bind ment of controllable drug-delivery systems or complicated
to the crown ether moieties to form the compl&2KPFe. switchable supramolecular systems.
Moreover, 18-crown-6 is known to be a very strong sequestering
ggen%? for potassium_ ionz which encour_aggd us to further Experimental Section
investigate the potassium ion-controlled binding and release of
the guest molecules in the above compleieSonsequently, a Materials. Host moleculel was synthesized according to the
series of'fH NMR experiments were carried out. As shown in previous publicatiof? Diquaternary bromic salt® and 3 were
Figure 5c, the'H NMR spectrum of a 1:1 mixture of and prepared according to the literatdfeand the corresponding
guest3 showed a well-defined resonance, which was consistent

(13) More reasons why the potassium ion was used are (1) the cavity

(12) (a) Pedersen, C. J. Am. Chem. Sod 967, 89, 2495-2496. (b) size of dibenzo[24]-crown-8 is known to be appropriate for the cesium ion,
Pedersen, C. J. Am. Chem. Sod. 967 89, 7017-7036. (c) Inoue, Y.; and the potassium ion has a similar radius as that of the cesiurRionry
Liu, Y.; Tong, L.-H; Ouchi, M.; Hakushi, TJ. Chem. SocPerkin Trans. 1.33 A, Reet = 1.67 A), and (2) the potassium hexafluorophosphate used
21993 1947-1950. in the experiments has good solubility in acetonitrile.
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hexafluorophosphate salts were obtained by ion exchange within a 1:1 CHCYCH;CN solution. Crystallographic data fdr2-

saturated agueous NPIF. 5.25CHCN-H,0: Cyg5H105.7412N7.26017P>, FW 1857.01, mono-
Complexation Studies by Proton NMR. Since hostl could clinic, space grouf21/c, a = 20.2750(10) Ab = 19.9664(8) A,

not dissolve in acetonitrile and gueg&sand 3 could not dissolve c=24.5497(10) Ap = 114.0130(10), V = 9077.4(7) R, =4,

in chloroform, a 1:1 chloroform/acetonitrile solution was chosen d= 1.359 g cm?3, T = 113(2) K,u = 0.143 mnT%. R; = 0.0880,

as the NMR solvent to dissolve the host and guests. In the NMR wR, = 0.2006 (all data)R; = 0.0681,wR, = 0.1824 [ > 20(1)].

measurements, the deuteriated acetonitrile TN was used as Crystallographic data fot+3:6CH;CN: CgsH10dF12NgO16P2, FW

the lock, while the TMS was employed as the internal standard. 1893.81, monoclinic, space grol21/c, a = 17.996(3) A,b =

Chemical shifts were reported in parts per million (ppf) NMR 18.364(3) A,c = 28.784(3) A8 = 91.452(7y, V = 9509(2) &,

characterization was done on solutions with a constajtdnd Z=4,d=1.323gcm3 T=113(2) K,u = 0.137 mmL R, =

varied ], or [3]o. All solutions were prepared as follows. Precisely 0.1534,wR, = 0.3444 (all data)R; = 0.1259,wR, = 0.3263 [ >

weighted amounts of dried host and guests were added into separat@o(l)].

screw cap vials. The NMR solvents were added with to-deliver

volumetric pipets. Then specific volumes of each fresh solution  Acknowledgment. We thank the National Natural Science
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