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Considerable effort has been focused on the preparation of
supramolecular host systems with the capability of recognizing r&?_‘_: P
specific chemical species through weak, noncovalent interactions. s el
The incorporation of redox-active components into host molecules PP S -
is one means of enhancing the guest recognition process via, e.g.,
increased donefacceptor interactions. In this context, the use of -"O
tetrathiafulvaleng&(TTF) appears particularly attractive. To date, a T

number of TTF-containing systems have been synthesized to study
host-guest binding event? However, in almost all cases only
weak interactions were observed with neutral guests.

Herein, we report the synthesis of the first tetra-TTF calix[4]-
pyrrole 2. This system acts as an effective receptor for neutral
electron acceptors, such as 1,3,5-trinitrobenz&)etétrafluoro-
p-benzoquinoned4), tetrachlorop-benzoquinones), andp-benzo- Figure 1. View illustrating the H-bonding interactions (dashed lines)
quinone 6), in CH,Cl, solution and in the case 8f 4, and MeCO, between2 and3 in the 1:2 complex:(3)2.
also in the solid state. This neutral substrate recognition process
can be blocked by the addition of chloride anion. Prior to this work,

Scheme 1. Synthesis of the Tetra-TTF Calix[4]pyrrole 2

few reports of neutral substrate binding by calix[4]pyrroles had PFS;HSSM
appeared.System2 has been designed to take advantage of the SIIS
fact that calix[4]pyrroles generally exist in the 1,3-alternate Me,CO / TFA
conformation in the absence of anionis this conformation, each PS_s s CHxCly/21h PS_s s s s_SPr
pair of identical TTF electron donors is expected to hold an electron- p,sIs:(s T 18% p,sﬁsz‘s s lspr
deficient guest in a sandwichlike fashion via charge transfer (CT) 1
interactions. Additional stabilization is also expected to be provided ) sﬂs
by the pyrrole NH hydrogen bond donors. s’s

The synthesis of the tetra-TTF calix[4]pyrrokeis outlined in P sPr

Scheme 1. Treating the monopyrrolo-TTFwith an excess of TFA
in a mixture of CHCIl, and MeCO gave the tetra-TTF calix[4]-  between2 and MeCO and betweei2 and 4 were also obtained
pyrrole2 as a yellow solid in 18% yield. It was fully characterized and found to be similar to that @(3), (cf. Supporting Information).
(cf. Supporting Information). The interactions between hdsand the electron-deficient guests
Initial evidence for the interaction betwe@end3 came from 3—6 were studied in ChLCl, solution using UV~vis spectroscopy.
X-ray crystallography. Diffraction-grade crystals were grown by None of these substrates gave rise to any notable visible absorption
slow diffusion of a pentane layer into a @El, solution containing bands af > 500 nm. Addition of 2 equiv 08 to a CHCl, solution
2 and3in a 1:2 ratio. The resulting structural analysis (Figure 1) of 2 resulted in an immediate color change from yellow to green
revealed a solid-state structure containing two different tetra-TTF and the appearance (see Figure 2) of a CT absorption band centered
calix[4]pyrrole2 units. Each of these complexes contains two guest at = 677 nm ¢ = 477 M1 cm2) in the UV—vis spectrum. This
molecules §) sandwiched between each pair of TTF “arms”, thus observation is thought to reflect the presence of CT interactions
forming two different 1:2 CT complexes. In the first of these between the donor and the acceptor units preserz and 3,
complexes, the guest molecul@have two of their nitro groups  respectively.
pointing toward the NH protons and are involved in hydrogen-  Addition of an anion to calix[4]pyrrole shifted the equilibrium
bonding interactions in the solid state. In the second complex, one from the 1,3-alternate to the corresponding cone conformation.
guest molecule has two of its nitro groups oriented toward the NH aqqition of 5 equiv of tetrabutylamonium chloride (TBACI) to a
protons, whereas the second guest has only one nitro group orienteQ:HzCl2 solution containing-(3), gave rise to a color change from
tqward the NH protons. In both of.th.ese complexes, the interplanargreen back to yellow and the disappearance (Figure 2) of the CT
distance between pairs of TTFs is in the range of ?.'8(10 A absorption band centered/at= 677 nm in the UV-vis spectrum.
Single-crystal X-ray diffraction structures of the 1:2 complexes Addition of chloride ions to the solution a+(3), resulted in a
t The University of Texas at Austin. competition between the (_:hlo.ride ion_s and _the electron-deficient
#University of Southern Denmark. guests for hydrogen-bonding interactions with the NH protons of
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—— (&) Tetra-TTF calixj4)pyrrole

== (b) + 2 equiv. 1,3 5-trinitrobenzens
----- (c) + 5 equiv. TBACI

—-=— {(d) After washing with HoO
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Figure 2. Absorption spectra (C¥l, 25°C) of (a)2 (1.0 mM), (b)2 +
2 equiv of 3, (c) 2 + 2 equiv of 3 + 5 equiv of TBACI, and (d) after
washing with HO.

Scheme 2. Cartoon Representation lllustrating the Change in
Conformation Associated with the Addition/Removal of Chloride
Anion to a CHCl, Solution of the Tetra-TTF Calix[4]pyrrole 2 and
the Electron-Deficient Guest 3 (represented by the distorted
rectangle)?

==

1,3-Alternate Conformation

2 The shaded ellipse is meant to denote the TTF substituents on the
[S-pyrrolic positions of the calix[4]pyrrole.

[&]
Cone Confoermation

2 and therefore a competition between the 1,3-alternate conforma-
tion and the cone conformation. However, because of the high
binding constant betweehand chloride ion$the equilibrium was
largely shifted in favor of the cone conformation. This, in turn, led
to the release (Scheme 2) of the electron-deficient gBesihce

the cavities present i in its 1,3-alternate conformation were no
longer available for binding. Extracting the TBACI salt from the
organic CHCI, phase by washing with # regenerated the CT
complex2-(3),, and as a consequence, the green color of thg CH
Cl; solution was reestablished. Addition of 2 equiv4eb, or 6 to

a CHCI; solution of2 also resulted in an immediate color change,
an effect that was reversed upon addition of chloride ions.
Presumably, the formation of the hegfuest comple®-(3), in the

approximately 0.6, thus indicating thaforms a 1:2 complex with

3. A similar stoichiometry was seen betwe2and4. Monitoring

the changes in the chemical shift for the signal associated with the
NH protons upon the addition of increasing amount$ afr 4 to

the receptoR at 298 K, allowed the associated binding constants
to be determined (see Supporting Information). Boand 4 the

first binding constant is low{; = 20 M~1 in both cases) compared

to the second binding constaiit,(= 900 and 3500 M! for 3 and

4, respectively). This is consistent with a change in geomet& of
being caused by the binding of a first guest that presumably results
in a better fit for the second guest. The binding constants tord

6 were low, being ca. 60 and 40 M respectively.

In conclusion, we have demonstrated the first example of a calix-
[4]pyrrole incorporating four appended TTF units. This calix[4]-
pyrrole acts as a sandwichlike host molecule for electron-deficient
guests in its 1,3-alternate conformation. Addition of chloride ions,
however, serves to effect release of these guests. The dynamic
nature of receptoR makes it a potentially versatile scaffold for
studying donor and acceptor interactions between TTF and planar
electron-deficient guests within a well-defined unimolecular system.
Tests of this possibility are underway using a variety of methods,
including electrochemical means.
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