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Vicinal diamides rest in the ground state in an anti-
parallel orientation with a small dipole moment; they
are able to bind metal ions like lanthanide** upon
which they change to a parallel orientation with high
dipole moments.

The development of molecular switches has be-
come of much recent interest in view of their
possible applications in synthetic allosteric sys-
tems, and potentially for information storage
and transmission. Several supramolecular sys-
tems have been described already in which oc-
cupation of one binding site leads to conforma-
tional changes at another complexation site,
with subsequent positive or negative cooperativ-
ity’?. Many molecular switches reported until
now are based on systems undergoing photoi-
somerism®. They have already shown impres-
sive progress in spite of problems with slow or
uncomplete interconversion/response, with life-
times of the states, particularly at higher temper-
ature, as well as with stabilities limited by pho-
todecomposition processes etc. An ideal molecu-
lar device, in particular for elements of
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“molecular computers”, should be distinguished
by [i] well defined, if possible two-state equilib-
ria, [ii] by sufficiently large barriers between the
different states with, [iii], still fast response, [iv]
sensitivity against external signals, and [v] high
stabilities after many turnovers.

As a simple, non-photochemical strategy to-
wards these goals we want to describe the use of
vicinal dipolar functions which can be either in a
parallel (pa) or antiparallel (ap) orientation (1,
Scheme 1). The ap orientation should be pre-
ferred* in the ground state due to attraction be-
tween the dipoles, and to repulsion in the pa
state. The latter can be populated by complex-
ation with suitable guest compounds at one or
both ends of the dipoles, by increasing the local
dielectric of the microenvironment, and in prin-
ciple also by strong external fields®.

In the present work we have investigated the
use of vicinal diamides as a first step. Binding of
cations to such diamides in protic solutions re-
quires at least the presence of two of the elec-
tronegative amide oxygen functions in a proper
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orientation towards the cation, leading to the de-
sired conversion from ap to pa states of the
switch. The binding of lanthanide ions has also
become of interest in view of the catalytic activ-
ities of such ions in the hydrolysis of phosphate
esters and of DNA or RNA®. Morrows et al.”
have recently shown that amide functions can
indeed efficiently contribute to binding of lan-

As starting point for such vicinal diamides we
choose derivatives either of o-phthalic acid 2, or
of trans-1,2-diaminocyclohexane 3. (Scheme 1).
Preliminary molecular mechanics calculations
with the CHARMm field show that indeed the
ap conformations dominate in the ground state,
with, however, small energy differences to pa
(e.g. by 0.13 kcal/mol with an dielectric constant

thanide ions.
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calculated total energies for the 1.3- and the 1.4
phtalic diamides are almost the same as the for
1.2 diamide, indicating that the interaction be-
tween the vicinal diamides is small. Perrin et al
have recently pointed out that large dipole mo-
ments of a molecule indeed do not necessarily
lead to smaller stability**. The CHARMm calcu-
lated barrier of interconversion between the two
states is with AG* = 2.7 kcal/mol also small.
Similar results are obtained with the cyclohexy-
ldiamides diamides 3.

Obviously, one should enhance both the
ground state differences as well as, if possible,
the barriers. As a first attempt to increase the
electrostatic effects responsible for the ap/pa dif-
ferences we prepared the diamide 4 by reaction
of o-phthaloyl dichloride with N-methylpipera-
zine. The permanent charges at the protonated
terminal nitrogen atoms can enhance the dipole
moments of the interacting parts, and hence the
ap/pa energy differences considerably. Other de-
rivatives, such as those obtained from the reac-
tion of trans-1,2 diaminocyclohexane and all 3
picolinic acids, were unfortunately not soluble
enough for further studies.

Preliminary measurements with the diamides
in methanol (ds;-methanol) showed NMR shift
changes below 0.003 ppm if eg. up to 0.2 M Zn**
salts were added, however substantial changes
of up to 0.4 ppm if La3 + salts were added. Sev-
eral lanthanide ions are well known to produce
NMR shifts as a consequence of shielding ten-
sors from the f electrons. It was secured, that the
shifts observed with the diamides 2 or 3 are not
due to this by comparison with the mono-amide
5, which showed shift changes below 0.003 ppm
even with 0.2 M Ln** salts. This experiment also
proves, that both amide oxygens are needed for
effective complexation of the metal ion. Hence,
the diamides indeed work as expected as swit-
chable systems.

The shift changes observed with the diamides
allowed to determine associations constants K
and the corresponding free energies AG with
several independent NMR signals. The titrations

were carried out in CD;0D, and evaluated with
usual protocols as described earlier. Figure 1
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FIGURE1 NMR Shift titrations with non-linear least squares
fit. Representative examples: 1a) 2, CH,-signal; 1b) 3, H3 signal;
1c) 4, H2 signal.
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TABLE1 NMR-Titration of 3 with LaCl; (CD,OD, 300 K)

Proton 3, CIS [ppm] K (10%) [I/mol] AG [K]/mol]
H, 4.096 0.450 0.80 11.0
H, 2458 0.450 1.10 1.8
Ho 2276 ~0.110 0.09 5.5
H, 1.840 0.162 1.60 128
CH, 2.431 0.196 0.90 11.3
K =09 G =105

shows typical titration curves; the non-linear
least square fit of these furnishes the corre-
sponding complexation induced shifts (CIS val-
ues) and equilibrium constants K (Tables I-I).

The phthaldiamide 2 showed large shift
changes at both the ArH and the NMe signals
{(aromatic signals were not separated even at 500
MHz). The K and AG values obtained from the
different signals were in sufficient aggrement,
and showed that these diamides can indeed
function as switchable acceptors for lanthanides.
The constants obtained by the same procedures
as with the cyclohexyldiaminoderivative 3 can
be based even on the evaluation of 4 signals,
yielding rather consistent K or AG values: only
the H2b signal for unknown reasons shows un-
expected deviations.

The piperazide 4 showed association con-
stants with La which are decreased compared to
the electroneutral 2. This is in line with an addi-
tional repulsion between the piperazine charges
in the metal-binding pa conformer. Addition of
dicarboxylates to the La complexes, aiming at
allosteric interactions, invariably was leading to
insoluble material in methanol or similar sol-

vents. This was observed with terephthalic acid
and even with less hydrophobic acids such as
tartrates, and thus prevented until now the
study of allosteric effects with these derivatives.

The results demonstrate that vicinal diamides
show appreciable binding and switching from
ap to pa conformations upon addition of e.g.
lanthanoide cations, thus demonstrating the
possibility to construct new and simple two
state switches. We plan to increase the efficiency
by modification of the isomerization centers, in-
cluding e.g. the amide function itself as rotors,
and by the use of longer “handles” in 1. Enlarg-
ing the handles can provide both for higher bar-
riers and for larger energy and dipole moment
differences between the two states. The principle
can be used with all systems featuring high and
tunable steric hindrance of rotation, such as with
1,8-disubstituted  naphthyl, 3,7-diaza-
bicyclo[3.3.1]nony18, bicyclo[2.1.1]heptyl- or
bicyclo[2.2.2]octyl’ derivatives and those of cy-
clohexane-1,2 dicarboxylic acids'’.

Support by INTAS, and in Saarbriicken by the
Deutsche Forschungsgemeinschaft is gratefully
acknowledged.

TABLE I NMR-Titration of 4 with LaCl, (CD,OD, 300 K)

roton o m mo mo.

P ) CIS [ppm] K (10?) [1/mol} AG [K]/mol]
H, 8.035 0.005 1.75 13.0
H, 7.927 0.009 1.19 12.0
H, 3.887 0.125 0.97 11.5
H, 4.261 0.171 0.54 10.0
Hs 2.966 0.206 1.47 12.6
H, 3.038 0.228 1.13 11.9
CH, 2.850 0.228 113 119

2K, =117 @AG =118




15:48 29 January 2011

Downl oaded At:

VICINAL DIAMIDES 229

TABLEIII NMR-Titration of 2 with LaCl, (CD,;0D, 300 K)

Proton 3, CIS [ppm] K (10%) {1/mol] AG [k]/mol]

Ar-H 81.60 0.140 5.9 161

CH, 35.31 0.155 3.0 14.4
@K = 4.45 DG =153
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