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ABSTRACT

A novel triptycene-based bis(crown ether) host (1) incorporating two dibenzo-24-crown-8 ether moieties has been synthesized. It can form not
only a new bis[2]pseudorotaxane with dibenzylammonium salts but also stable clip-shaped complexes with paraquat derivatives. Moreover,
the complexation process between 1 and the two classes of guests can be chemically controlled.

Since Stoddart et al. first reported the complexation of supramolecular systems with unique structures and proper-
paraquat by the bisparaphenylene-34-crown-10 in the lateties® Inspired by the fact that dibenzo-24-crown-8 (DB24C8)
1980s! paraquatsN,N'-dialkyl-4,4-bipyridinium salts) have  can be threaded by secondary ammonium ions to form [2]-
been extensively studied as guests in hggtest chemistry.  pseudorotaxanésye recently reported that the complexation
In particular, a variety of interlocked molecules, such as of a triptycene-based homotritopic host with dibenzylam-
pseudorotaxanes, rotaxanes, and catenanes, have been con-
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monium salts formed a tris[2]pseudorotaxane that could due to charge transfer between the electron-rich aromatic
further be transferred into [4]pseudocatenahétere, we rings of the hostl and the electron-poor pyridinium rings
report a novel triptycene-based host containing two of the gues®. Similarly, the mixed solution of and3 also
DB24C8 moieties, which show the complexation not only showed typical charge-transfer features but the color is
with dibenzylammonium salts to result in a bis[2]pseudo- yellow. As shown in Figure 2, thtH NMR spectrum of a
rotaxane but also with paraguéts form stable clip-shaped
complexes in solution and in the solid state (Figure 1).
Moreover, the complexation process betwdeand guests

3 and4 can be chemically controlled. ()
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Figure 2. Partial'H NMR spectra (300 MHz, CECN, 295 K) of
(a) free hostl, (b) free guest, and (c)1 and 1.0 equiv of2.
[1]o = 2 mM.

Figure 1. Structure and proton designations of the Hoshd guests
2—4. 1:1 mixture of1 and2 in CDsCN showed a great difference
with those for hostl and gues®. Consequently, the proton
H; of paraquat ring showed a significant upfield shift
(Ao = 0.901 ppm), which may be due to the strong shielding
effect of the aromatic rings ih. Similarly, the H—Hs proton
_ signals ofl also shifted upfield. In contrast, a considerable
X downfield shift of the methyl protons in gue& was
Scheme 1. Synthesis of Host observed, which is attributed to the hydrogen bond interac-

tions and its position in the deshielding region of the aromatic
rings of 1. These observations suggested that a stable
©: Ts oL A complex betweerl and gues® was formed. Furthermore,
o< ‘\/0 0§ OTs DMF, “OwF, 100°C 'H NMR spectroscopic titrations afforded a quantitative
6

46 % estimate for the complex of and 2 by monitoring the
changes of the chemical shift of the protopikithe paraquat
ring. The results showed that a 1:1 comple was formed
by a mole ratio plot® Accordingly, the apparent association
constant betweed and paraqua was calculated to be
Kaexp,t2 = 1.63(£0.3)x 10* M~ Similarly, 1 and the
paraquat derivativg also formed a 1:1 complex, and the
apparent association constatt xp,t3) was determined to
be 136 (+£22) M. The bigKaexp difference betweer-2
and 1-3 presumably results from the different bonding
(5) () Ma, J. C.; Dougherty, D. AChem. Rev1997,97, 1303—1324. manner of hosl with guests2 and3. For complexl-2, there
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Synthesis of host is depicted in Scheme 1. Reaction of
the triptycene derivativé®® and 2 equiv of 1,2-bis[2-[2-(2-

tosyloxyethoxy)ethoxy]ethoxy]benzeBéunder high dilution
conditions afforded. in 46% yield. Hostl was characterized
by 'H NMR, *C NMR, MALDI-TOF MS, and elemental
analysis’

When hostl and paraqua2 (2 mM each) were mixed in
acetonitrile, they gave a deep orange solution immediately
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of the host. However, such short distance contacts were no
observed for complet-3 under the same conditiofis.
The electrospray ionization mass spectrum (ESI MS) (c¢)

H

Y{u)
provided more evidence for the formation of complexes /
1-2 and 1-3? As a result, a strong peak at/z 604.8 for Hio (o) u\}t
[1-2 — 2PRKs]?" was observed, which indicated that the 1:1 AN
stable complex betweehand gues® formed. Forl-3, the (b)

relevant peak was observedmatz632.5, corresponding to
[1-3 — 2PR]?
Further support for formation of the compldx2 came

from its X-ray diffraction result$? As shown in Figure 3, @ /HY
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Figure 4. Partial'H NMR spectra (300 MHz, CECN, 295 K) of
(a) free hostl, (b) free gues#, and (c)1 and 2.0 equiv ofd.
[1]o =5 mM.

acetonitrile solution were determined to be 72080 and
77 £ 22 M1, respectively. These values suggested fhat
binds to the dibenzylammonium salts with a similar strength
as the DB24C8 doéd.Formation of the compleg-4, was
further confirmed by its ESI MS. As a result, two relevant
peaks were observed far4d, atm/z619.9 (100) for L-4, —
PR~ + H3tOJ?* and 709.7 (91%) for [1-A4— 2PR]%".°
It was known that the association and disassociation of
the complex between DB24C8 and secondary ammonium
salts could be chemically controlled by pH, which inspired
us to further examine the competitive bonding ability of the
host1 toward different guests. Consequently, a seried-of
Figure 3. Top view (a) and side view (b) of the crystal structure NMR experiments were carried out. As shown in Figure 5b,
of the complexl-2. Hydrogen atoms not involved in the interac-  the hostl and 1 equiv of the gue8tformed a stable complex
tions, and counterions are omitted for clarity. 1-3. When 2 equiv of the guedtwas added into the solution
of 1-3in CD3sCN, proton H of guest3 shifted downfield
) ) o . almost to the original position (Figure 5c), which indicates
in the solid state the paraquat is included in the center of {nat the complexl-3 disassociated. Meanwhile, the more
the hostl while the twoN-methyl groups are positioned in  gahle compled-4, formed. To the above solution was added
the two DB24C8 cavities, which results in a pseudorotaxane- 1.6 uL of tributylaminel® and it was found that protons on
like structure. Due to multiple CH+-O hydrogen bonds guest4 were peeled off, which showed that the complex
between thé\-methyl protons and protondtf the paraquat 4, gisassociated whilé-3 recovered (Figure 5d). Further-
unit and ether oxygen atoms ih, and the face to face more, when 1.QuL of trifluoroacetic acid was added, the
mr-stacking interactions between paraquat ring and aromatlccomp|exl.3 disassociated while the compléx4, formed
rings of the crown units, the compleb2 exhibits a high  4gain (Figure 5e). These observations suggested that the host
stability. This result is consistent with that 2 in solution. 1 exhibited a pH-controllable guest-exchange process.
Complexation between hosand dibenzylammonium salt In summary, we have synthesized a novel triptycene-based

4 was studied byH NMR spectroscopic titrations (Figure  pigcrown ether) and demonstrated that it could form not only
4). As expected, the hostbinds two of the guest to form bis[2]pseudorotaxane-type complex with dibenzylammonium
a bis[2]pseudorotaxane-type compléx4,, and the com-

plexation of4 with h_OSt 1 O_C_Curs under a slow e_XChange (13) Elizarov, A. M.; Chiu, S. H.; Glink, P. T.; Stoddart, J.®tg. Lett.
process. When the ion-pairing effect was considered, the2002,4, 679-682.

inti . ; (14) When PE~ counterion was considered, the asscociation constant
association constatsfor 1-4, Kapi and Kgpz in an for the 1:1 complex between DB24C8 addvas determined to be 568

60 M~1in CDCIl/CDsCN (3/2).

(12) Crystal data for complek-2: GyoHgaF12N2:O16P2, My = 1499.33, (15) Tributylamine was usually used as a base to deprotonate the NH
triclinic, space grougP-1,a =15.069(3) A b =24.790(6) A,c=25.460(6) center. See: Ashton, P. R.; Ballardine, R.; Balzani, V.; Baxter, |.; Credi,
A; 0. =114.553(4)° 5 = 91.187(4)°,y = 102.178 (5)°V = 8393 (3) &, A.; Fyfe, M. C. T.; Gandolfi, M. T.; Gbmez-L6pez, M.; Martinez-Diaz, M.
Z=4,T=294(2) K,R; = 0.2371, wR = 0.3210 (all data)R; = 0.1056, V.; Piersanti, A.; Spencer, N.; Stoddart, J. F.; Venturi, M.; White, A. J. P.;
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Figure 5. Partial'H NMR spectra (300 MHz, CECN, 295 K) of
(a) [3lo (5 mM), (b) [1]d/[3]o = 5 MM/5 mM, (c)[1]o/[4]o/[3]o =
5 mM/10 mM/5 mM, (d) to the solution of ¢ was added LI6 of
tributylamine, and (e) to the solution of d was addedll of
trifluoroacetic acid.

salts but also clip-shaped complexes with paraquat deriva-
tives in solution and in the solid state. Moreover, we found
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that the complex processes between Homid the guest’
and4 could be controlled by changing the solution pH, which
would be useful for the design of chemically controlled
molecular machines, such as molecular mustézirther
work on the fabrication of a rotaxane-based molecular muscle
is being done.
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