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Molecular Signal Transduction through
Conformational Transmission of a
Perhydroanthracene Transducer**

Rolf Krauss, Hans-Georg Weinig, Matthias Seydack,
Jiirgen Bendig, and Ulrich Koert*

Signal transduction plays an important role in biological
systems.l!l. While many processes in biological signal trans-
duction>3! use the diffusion of a “second messenger” to the
effector site, a molecular transducer linking the receptor and
the effector site offers the advantages of a predictable signal
distance and signal direction.! Herein we show how con-
formational transmissionl> % can be used to design a synthetic
transducer.’”! Novel biconformational perhydroanthracene
derivatives!®! were synthesized and successfully used as signal
transducers in which conformational transmission occurs via a
triple ring flip.”!

Molecular signal transduction via conformational trans-
mission leads, upon a signal stimulus, to a conformational
change at the receptor site (Figure 1a). This motion is
transmitted by the transducer to the effector site and a
second conformational change results in a measurable effect.
A good transducer should show a two-state conformational
behavior: Binding of the molecular signal should lead to a
switching from one conformational state to the other.''3 The
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Figure 1. Molecular signal transduction via conformational transmission. a) The signal causes a conforma-
tional change at the receptor site, which is carried to the effector site. b) General structure of a
tetrasubstituted perhydroanthracene transducer 1 with two receptor sites (red) and two effector sites (blue).
The all-chair conformer 2 is converted, upon binding of the signal compound via a triple ring flip, to the all-
chair conformer 3. The equatorial to axial change of the effector substitutents leads to a measurable

as effectors as two pyrene substitu-
ents in the equatorial position form
an excimer.['” This excimer exhibits
a fluorescence signal at 480 nm. In
contrast, two pyrenes positioned
axially are sufficiently remote to
give only a monomer fluorescence
signal at 380 nm.

Different compounds with equa-
torially and axially located pyrene
effectors were synthesized and ana-
lyzed spectroscopically. The choice
of the linker between the perhy-
droanthracene transducer and the
pyrene effector was found to be

response.

two all-chair conformers of biconformational™ 3l cis-anti-cis-
perhydroanthracene interconvert by a triple ring flip.;] A
tetra-substituted® cis-anti-cis-perhydroanthracene of type 1
with two receptor substituents (red) and two effector sub-
stituents (blue) was chosen as a transducer (Figure 1b). In
conformer 2 the receptor substituents are positioned axially
and the effector substituents equatorially. Binding of the
signal compound in a chelation mode enforces the conforma-
tional switching 2 —3. In conformer 3 the receptor substitu-
ents have exchanged to equatorial positions and the effector
substituents are now at axial positions. Recently, we have
shown by X-ray crystal structural analysis that a covalently
induced triple ring flip 2 —3 is possible.’)

In compound 4, two 2,2'-bipyridine groups,!'” fixed by an
ether linkage to the perhydroanthracene, were chosen as
receptor substituents (Figure 2). Pyrene groups were selected

0
¥ ) 7
N - () () O
° —> PN _N= o}
@ 0 > 380 nm
o) monomer

LI

(o]
N
N © ) o
g Q @,
o 0@ ©
5 “ 6 RO
O 480 nm
excimer
Figure 2. Structure of the perhydroanthracene transducer 4 featuring a
bipyridine receptor and a pyrene effector. In solution, compound 4 has the
conformation 5 (axial bipyridine substituents, equatorial pyrene side-
chains). Upon complexation of a zinc(il) ion, a triple ring flip of the
transducer occurs and compound 4 has the conformation 6. The former
equatorial pyrene groups (excimer fluorescence at 480 nm) have switched
to axial positions (monomer fluorescence around 380 nm).

1836 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

crucial. An E olefin spacer and an
ester group is suited to suppress, to a
large extent, excimer formation in
the bisaxial conformer. The synthesis of 4 and the reference
compounds were based on earlier work” (synthetic details
and spectroscopic characterization of 4 are given in the
Supplementary Information).

NMR spectroscopy of uncomplexed 4 revealed conformer 5§
as the only detectable species. The only proton signal of the
perhydroanthracene skeleton of 5§ with three large coupling
constants of /=12 Hz is now H(1),. The two equatorial protons
of 5 H(6) and H(7) show three small %J coupling constants of
3-4 Hz. The emission fluorescence spectrum of uncomplexed
4 displayed the expected weak pyrene monomer band at
around 380 nm and the strong excimer band at 480 nm
(Figure 3). Zinc(11) ions and bis-2,2"-bipyridyl ether ligands

6
equiv Zn(OTf),
57 —0
——0.25
] 4 ——0.375
——0.50
——0.75
I31 ——1.00
——1.25
2 —1.50
——1.75
1 ——2.00
1 ——225

0 T T T
350 400 450 500 550 600 650
Alnm ——

Figure 3. Photoresponse of 4 to the signal (presence of zinc(i)). Fluo-
rescence spectrum®! of 4 in acetonitrile/chloroform (1/1) as a function of
added zinc() triflate (A,=343nm, ¢=5.6 10°molL"!, T=298 K).
Fluorescence spectra were normalized to the monomer peak (A.,=
380 nm).

form a chelating complex with the zinc(11) ion coordinated to
two bidentate bipyridyl groups and two monodentate ether
oxygen atoms.'¥) An NMR analysis of the zinc(i) complex of 4
indicated conformational switching['®! from 5 to 6: The only
proton signal of the perhydroanthracene skeleton of 6 with
three large coupling constants of J =12 Hz is H,-C(8) and the
two axial protons of 6 H-C(6) and H-C(7) show two large and
one small 3/ coupling constants. Addition of zinc(II) ions to
compound 4 resulted in a distinct decrease of the excimer
band at 480 nm relative to the pyrene monomer fluorescence
band at 380 nm (Figure 3).
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The zinc signal causes a conformational axial to equatorial
change at the receptor site, which is transduced via a triple
ring flip of the perhydroanthracene moiety to the pyrene
effector site, where the induced equatorial to axial flip yields
the observed fluorescence photosignal. A UV/Vis titration["]
was used to determine the receptor binding energy necessary
to induce the triple ring flip. To avoid spectral overlap due to
the pyrene chromophore, compound 7 was studied as a model

system (Figure 4a). From a UV/Vis titration of 7 with zinc(11)
triflate (Figure 4b) a binding energy of AG =7.1 kcalmol~! in
acetonitrile/choroform for the complex [Zn"-7]**(OTf), was
derived. The triple ring flip of 7 upon addition of zinc(i1) was
demonstrated by a 'H NMR titration of 7 with zinc(t) triflate
(Figure 4c).

a) 0.4
equiv Zn(OTf),

0.31

T

A 0.2

0.1

250 275 300 325 350 375

Figure 4. Analysis of the complexation-induced triple ring flip. a) UV/Vis
titration of 7 with zinc(t1) triflate (acetonitrile/chloroform (1/1), c=8.1 x
10°molL-, T=298 K). c¢) 'H NMR titration of 7 with zinc(u) triflate
(acetonitrile/chloroform (1/1), ¢ =2.9 x 1072 mol L'). Zinc(t) triflate quan-
tity: A=0,B=0.3, C=0.6, D=0.9, E=1.1 equiv.
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It is important for functional signal transduction to be
reversible: The process needs both an on and off switch.
Addition of chelating agents (2,2’-bipyridine or ethylenedi-
aminetetraacetic acid) to the solution of the zinc complex 6
resulted in a distinct increase of the pyrene excimer emission
relative to the monomer fluorescence. This is the expected
photoresponse for the off switch (6 —5).

In the above example, molecular signal transduction by
conformational transmission was demonstrated with a partic-
ular receptor—effector pair. One can imagine a variety of
stimuli at the receptor site such as photoisomerization or a
redox process. An interesting topic of investigation will be the
induced dissociation of an ion or ligand at the effector side.
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