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A hallmark of living systems, either through intelligence or NG_CN

instinct, is an ability to differentiate between different pathways SSIS S - ON NO,
and outcomes based on environmental chahd®sch stimulus- HN T e 3
. . . . = NO2 Me
based branching is also a key feature of advanced logic de¥ices, AN =) -
T

which produce different outputs based on a specific discrimination PS5, S~=Xnu Il
between different inputsWhile essential for life and a predicate P8
to effecting artificial intelligence design, achieving this level of 1
sophistication at the fundamental chemical level has proved
exceptionally challengirfgsince it requires the development of
systems that effect the differential recognition of various substrates.
To date, such recognition and triggering have been demonstrated
in multisite rotaxane,molecular grid$, self-regulating systents,

and certain elementary logic devicesy name a few. However,

we are unaware of any examples where differential selection
between highly disparate substrates is controlled via an anionic
triggering element. In this communication, we describe (Figure 1)
a snake-like trinitrodicyanomethylene-fluorengsqTNDCF-Cso,

2) derivative that can bind to a tetrathiafulvalene (TTF)-modified
calix[4]pyrrole derivativé® 1 via two limiting recognition modes.
The choice of these modes is determined by the presence or absenc
of added chloride anion and is correlated withg switching in

the conformation of the calix[4]pyrrolg, (ii) the formation of two
different charge transfer (CT) complexes, aiiig @& change in the
optical signature of the system as a whole. Since these latter
substrate-dependent changes may be monitored both by the nakec
eye and more quantitatively by flash photolysis studies, this system ) ) ]
functions as an environmentally responsive supramolecular “switch- gi’%“er ﬁsildnall_l:]:prirsaxtna%io%f -;:g'gagg‘t‘ggﬁ”ggrlésgxgﬂin?; ﬁ?s Trg_e'
|ng_ device”, Wher.em “on” and *off” are Contl_’olled_by the chloride alternate conformation, andyline drawings of TNDCky @, MTNDCM73,
anion concentration, the “leads” are the bifunctional subsate  anq NMF4 and their corresponding cartoon representations.

and the effect of onoff switching is manifested in the observable

changes in the spectroscopic properties.

As is true for most other calix[4]pyrroles, recepfol exists constant K,) as high as 2.5< 10° M~* has been reportét‘* for
predominantly in the 1,3-alternate conformation in the absence of the complexation ofl with chloride ions in CICHCH,CI at 298
anions (Figure 13° In this conformation, the receptdr binds K—leading it to adopt a cone conformation (Figure 2ACI7). In
preferentially near-planar electron-deficient aromatic géegtat this cone conformation, the receptarCl~ binds preferentially

are capable of forming stabilizing CT and hydrogen bonding electron-deficient spherical guests, such as fullef@iby, encap-
interactions with the receptor by forming a sandwich-like complex  gyjating the guest in a 2:1 ratio. These anion-triggered differences
with a receptor/guest stoichiometry of P2However, in haloge- j sejectivity are reflected in easy-to-visualize color differences.
nated solvents] binds chloride anions very tightiya binding This has led us to consider that receptaould function as a kind

of rudimentary anion-dependent supramolecular switching device.

T University of Southern Denmark.

*Universita Erlangen-Nunberg. In an effort to explore this possibility, the bifunctional TNDCF-
» niversidad A'Y']ggé' Herfadez. Ceo SUbstrate? was preparef . This system contains two different
TThe University of Texas at Austin. binding motifs, a spherical fullerene head and a near-planar aromatic
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Figure 2. (A) Mechanistic scheme illustrating the proposed binding of
the bifunctional substrat2to, and partial release from, receplioobserved
in the absence and presence of chloride anions (studied as the tetrabuty-

lammonium salt), respectively, under conditions where the substrate/receptor.

ratio is 2:1. (B) Absorption spectra recorded in4CH at 298 K. (C) Pictures
of CH,Cl, solutions of receptol (0.133 mM), gues® (0.267 mM), the
complex2,cC1, and the comple2c(1-Cl7),.

TNDCEF tail; it was thus expected to interact with receptan a
chloride anion dependent manner.

The interactions between receptbrand, separately, the dyad
TNDCF-G 2 and the two reference compounds (Figure 1), methyl
2,5,7-trinitrodicyanomethylene-fluorene-4-carboxyAgdd TNDCM,

3) andN-methylfullero-pyrrolidiné® (NMF, 4), were investigated
in solution using absorptioAH NMR, and emission spectroscopies.

The absorption spectra (Figure 2B) of receptom its 1,3-
alternate conformation recorded in @&, did not reveal any visible
absorption bands &t > 550 nm, and the solution appears yellow
(Figure 2C). TNDCF-G, 2 showed (Figure 2B) absorptions in the
region from 400 to 800 nri dilute CHCI, solutions of this
compound thus appear light brown (Figure 2C). Addition of 2 equiv
of the guest2 to a CHCI, solution of 1 in its 1,3-alternate
conformation resulted in an immediate color change from yellow
to dark brown (Figure 2C), a change ascribed to the formation of
2,C1. The absorption spectrum (Figure 2B) of this solution showed
a strong CT bande(= 2500 M~ cm™?) centered aflnax = 1216
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Figure 3. (A) Mechanistic scheme of the proposed complexation events
involving receptoil and guest8 and4 observed in the absence and presence
of chloride anions, respectively. (B) Absorption spectra recorded i¥OGH

at 298 K. (C) Pictures of C¥Cl, solutions of receptot (0.4 mM), guest

3 (0.8 mM), guest (0.2 mM), the comple,c1, the complexdc(1-Cl7),,

the complex3,C1 after washing with water, and finally the complex
4c(1-ClI7), after the addition of a second aliquot of chloride anion.

the TNDCF part of2 is no longer encapsulated “within” receptor

1, itis still held in close proximity to the TTF unitsby the glycol
linker—and this side-by-side interaction, it is believdjives rise

to the pronounced CT band centeredigty = 1239 nm. Since
such putative secondary effects do not affect the visible portion of
the spectrum, the dramatic change in response to subgt(ate,
binding of the Gy head rather than the TNDCF tail) elicited by
Cl~ may be followed easily by monitoring the change in color of
the solution. Further support for the proposed switching events came
from ™H NMR spectroscopic analysés.

In order to investigate the effect of the individual chemical
“leads”, namely, the TNDCF andggsubunits present i, an
experiment was carried out wherein this bifunctional substeate
was replaced by a combination of MTNDCI@ and NMF 4.
Specifically, addition of 2.0 molar equiv &and 0.5 equiv ofl to
a CHCI, solution of receptorl (Figure 3A) resulted in an

nm corresponding to the CT interactions expected to occur betweenimmediate color change from yellow to brown (Figure 3B,C). Such

the electron-rich TTF units in receptirand the electron-deficient
TNDCF moiety of gues within 2,C1. The addition of 2 equiv of
tetrabutylammonium chloride (TBACI) to a solution of the complex
2,C1results in a chloride-mediated conformational change (Figure
2A) of the receptol into its cone conformatiof-Cl~. This change

a change is consistent with the formation of a compi&x1,
wherein receptorl is in its 1,3-alternate conformation. The
absorption spectrum of this presumed complex displayed CT bands
centered afimax = 525, 720, and 1220 nnx (= 3700, 2000, and
2800 Mt cm™1, respectively) and is thus in agreement with what

in conformation happens essentially instantaneously and is observeds seen in the case @c1 (cf. Figure 2). Addition of 2 equiv of

as a color change from dark brown to a more greenish color (Figure
2C). The absorption spectrum (Figure 2B) showed an increase in
the absorption for the CT band centerediaty = 757 nm?®
corresponding to the complexation of thgy@oiety of the guest

2 by 2 equiv of receptod in its cone conformation (i.e1-Cl™)

and the formation of the supramolecular compRx(1-Cl7),. A
small intensity increase and a bathochromic shift in the band
corresponding to the CT interactiofnfax = 1239 nm,e = 2800

M~ cm™!, Figure 2B) between the receptrand the TNDCF
moiety of the bidentate recept®iare also noteworthy. Even though

chloride anions to this solution results in a conformational change
of the receptorl from the 1,3-alternate to its cone conformation
1-ClI~. As a consequence, the 2:1 comp&x 1 breaks up and is
replaced by the 1:2 compleic (1-ClI~), (Figure 3A). This switching
event is readily observed as a color change (Figure 3C) from brown
to green. In more quantitative terms, the absorption spectrum (Figure
3B) reveals a huge decrease in the three absorption bapgs<

525, 720, and 1220 nm) associated waffc 1 and a concomitant
appearance of an absorption bandat= 735 nm (Figure 3B}?
corresponding to the 1:2 compleéx(1-Cl7),.
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To show that the conformation of the receptor can be controlled the G head is preferred, whereas complexation of the TNDCF
via the presence or absence of a chloride anion, thgQGHbhase tail is dominant in the absence of this anion. This differential binding
containing a mixture ofl, 3, and4 was washed with water. Such  process is reflected in easy-to-visualize color changes and may be
a washing serves to remove the chloride anions fdanil-Cl-), followed readily by both static and time-resolved absorption
and shift the conformation of the receptbrfrom the cone-like spectroscopy. Systerh thus shows the essential features of an
form back to the corresponding 1,3-alternate conformation. As a environmentally responsive, supramolecular switching device.
result, the complex3,C1 is re-established in preference to )
4c(1-Cl-),, a conversion that is reflected in an observable change ~Acknowledgment. This work was supported by Lundbeck-
in the absorption spectrum (Figure 3B). Addition of a new aliquot fonden, the Strateglc_ Research Council in Denmark (Project #2117-
of chloride anions to the CJ€l, phase serves to regenerate the 09-0115), the Spanish Government (CICYT, Grant MAT2005-
green color, as would be expected given the presumed re-formation?7369-C03-02), the European Commission, Sixth Framework
of the bischloride fullerene compledc(1-CI-), (cf. Figure 3B). Programme, the National Science Found_atlon (Grant No. CHE
These experiments thus provide additional support for the notion 0515670), the Deutsche Forschungsgemeinschaft (SFB 583), FCI,
that the differential recognition properties of receplocan be and the Office of Basic Energy Sciences of the U.S. Department
controlled by adding or removing chioride anions and that the ©f Energy (NDRL 4759).
specific chemical “lead” (i.e., the nature of the guest) has a
demonstrable effect on the optical “output” from the overall
“device” (i.e., the color of the solutiory.

Using standard absorption-based titration techniques, the binding
constants (K; andKy) for the 2:1 complex betweehCl~ and the

Supporting Information Available: Spectroscopic characterization
data. This material is available free of charge via the Internet at http://
pubs.acs.org.
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