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Flexible Nucleobase Receptor
— Effect of Self-preorganization of Artificial Receptor—
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Abstract ; A new type flexible receptor which has two uracil moieties connected with a long alkyl chain
was synthesized and its molecular recognition ability toward adenine derivatives was investigated.
The present receptor shows equilibrium between two states, open and close forms. In contrast to the open
form, the closed form exhibits enthalpically less favorable but entropically more favorable molecular
recognition toward adenine derivatives. This observation is rationally explained by the effect of self-
preorganization of the present receptor.

Construction of artificial host molecules is one of the central themes in biomimetic chemistry
and various types of molecules have been successfully realized as artificial receptors which
show high molecular recognition ability.]) During the course of these studies, the concept of
"preorganization” has sometimes been playing important role,whether it has been intentional or
not.2) Thus the artificial hosts have been prepared based on relatively rigid molecules which
are designed so as to minimize conformational change during complex formation. However, it
is also clear that conformational (structural) change of a host molecule is inevitably necessary, if
the host is required to perform further functions after the molecular recognition process such as
catalyses of enzymes and signal transmission of receptors. This means rather flexible molecules
seem to be suitable for mimicking of natural host molecules. In order to satisfy these incompa-
tible requirements, rigidity for molecular recognition and flexibility for further functions, a new
guideline for design of artificial receptors should be developed. In this context, natural protein
molecules furnish an excellent example of the solution of the present problem, i.e., proteins in
so-called active forms are well organized and keep their low entropical states, even though they
basically consist of linear polypeptide chains which have extremely high motional freedom in
the original states. Such conversion of natural proteins from random to organized states is
sometimes spontaneous and at least partially reversible process, which allows further confor-
mational change from its first organized form. In this sense, such "self-preorganization” of
proteins is very important and strongly related to their functions.

We here report an example of self-preorganization of an artificial nucleobase receptor.
Although the present system is very simple and primitive, the results clearly indicate an
interesting effect of self-preorganization and is suggestive for designing and synthetizing of
more refined artificial receptors.

Our receptor is prepared by condensation of 2',3'-O-isopropylidene uridine with hexadecane-
dioic acid as shown in Scheme 1. After purification by means of HPLC, the product showed
satisfactory characteristics of IH NMR and FAB mass spectra as the expected structure of 1.3)
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Scheme 1.
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Since the compound 1 has only one kind of proton, uracil imino protons, which can form
hydrogen bonding, observation of those TH NMR signals is very informative for estimation of
the structure and/or conformation of 1.

First of all, it is noted that the uracil imino protons of 1 show strong dependence of chemical
shift on temperature in halo carbon solvents. On cooling from +60 to -60°C, these protons
showed the downfield shift of over 3.5 ppm and the observed temperature dependence was
clearly sigmoidal within the temperature range of -90 ~ +140°C as shown in Figure 1a. This
behavior was confirmed to be independent on the concentration of 1. These observations
strongly indicate that 1 forms intramolecular hydrogen bonds and exist in the equilibrium state
between two forms, 1-open and 1-closed, as shown in Figure 1b.
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Figure1 a) Temperature dependence of the chemical shift of uracil imino protons in 1. The data was
taken in CD;Cls (183- 273°K) and CDCILCDCl; (283 - 413°K), respectively.  The solid line is the theoretical
dependence calculated from thermodynamic parameters determined in this work (see text). b) The most
plausible intramolecular equilibrium between 1-open and 1-closed .
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154ppm Figure2 Plots of chemical shift
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The ability of 1 to recognize nucleobases was examined by using compunds 2-5 as guest
molecules (Scheme 1).4) Titration experiments with 1TH NMR demonstrate that only 2 exhibits
typical behavior of complex formation with 1 which also results in large downfield shift of
imino protons® and other nucleosides show no signs of complex formation. Based on these
results, we investigated the details of the present highly specific molecular recognition toward
adenine base by using a more sterically unhindered guest, 6. Thus, binding of 6 by 1 at various
temperatures was examined by the 1H NMR titration experiment. The results are summarized
in Figure 2. Assuming a three state equilibrium as shown in Scheme 2, whole data given in
Figure 1 and 2 was analyzed by a nonlinear least square method using enthalpy and entropy
changes (AH and AS) for K1 and K2 as optimization parameters.®) The thermodynamic
parameters thus optimized are also given in Scheme 2. The theoretical curves calculated from
this parameter set fit excellently with observed data which was collected under the wide range
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Scheme 2 Equilibrium of the system containing 1 and 9-EtAde.

of conditions of temperatures and concentrations of 6 (see Figure 1 and 2). The observed AH
value (17 kJ*mol1) for K1 is reasonable for the equilibrium which contains two hydrogen bonds
breaking as shown in Figure 2b.7) It should be noted that this K process accompanies large
entropy gain which indicates rigid characteristics of 1-closed compared with that of 1-open. The
most interesting aspect in the present equilibrium is that the K2 process, complex formation
between 1-closed and 6, shows further enthalpy gain and small entropy loss. These observations
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7~ R suggest that the most plausible form of the 1¢9-EtAde complex is
5:)_0\ the U.A.U type of the Hoogsteen base triplet (see left).8) Since this
H, H‘N'H’om type of complex contains four hydrogen bonds, the observed en-
NrN/H' X thalpy gain (-16 kJ- mol-1) is reasonably explained by further two
<N NJ hydrogen bond formation during the process from 1-closed to 1+9-

EtAde. Similarly, small entropy loss in this process is rationalized

by the fact that the most flexible alkyl chain of 1 is already fixed well in 1-closed and structural
flexibility of 1-closed and the present triplet type complex is not expected to be so different. The
observed value of entropy loss actually lies in the same range as that statistically expected for a
simple bimolecular process (RIn2). Thus, 1-closed may be considered as a "self-preorganized"”
form of the flexible receptor 1. The effect of this self-preorganization is clearly demonstrated by
comparison of K> and K3 ; i.e., for example, the values of K2 and K3 at 30 °C are 170 and 96 M-1
respectively ,which mean 1-closed is a better receptor for adenine base than 1-open.?) This
result is due to the fact that the K2 process is enthalpically unfavorable but entropically more
favorable compared with the K3 process.
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