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DNA provides a time-honored paradigm for how comple-
mentary functionality may be used to induce spontaneous
assembly in complex supramolecules. In recent years, many
self-complementary structures capable of undergoing assembly1

have been designed and synthesized. Few of these, however,
have made use of DNA-like complementary purine-pyrimidine
base pairing to effect the critical recognition processes.2 This
seeming unpopularity could reflect the fact that adenosine (A)-
thymidine (T) [or A-uridine (U)] interactions are too weak (Ka

≈ 102 M-1 in CDCl33) and that cytosine (C) and guanine (G),
which do have high affinities for complementary association
(Ka≈ 104 M-1 in CHCl32d,3b,4), are notoriously difficult to work
with. In spite of these limitations, we feel that nucleic acid
base (“nucleobase”) derived systems could provide important
chemical and biochemical insight into fundamental base-pairing
processes. Accordingly, we report here a “duplex-like” en-
sembleI , that assembles spontaneously from the corresponding
“artificial dinucleotide” 1 under appropriate solution phase
conditions.

Previous attempts2d to make duplex-like systems (e.g.,II )
based on the C/G containing dinucleotides failed to produce
much in the way ofbona fide“dimer”. While the reasons for
this remain obscure, it is likely that this failure reflects both
the considerable conformational flexibility of the system and
the poor solubility of the starting components.

Based on the above, the synthesis of rigid systems was
considered desirable. Accordingly, compound1 was selected
as a target. It uses 1,8-diethynylanthracene as the spacer and
complementary A/U base pairing entities as the recognition
elements. The synthesis of1 is summarized in Scheme 1.5 It
takes advantage of two successive palladium-catalyzed couplings
involving 46 and57 and2 and6,7,8 respectively. Two control
compounds are also obtained:2 as an intermediate and3 as a
byproduct.
Proton NMR studies provided initial evidence that the self-

complementary molecule1 associates to give the corresponding

dimer (ensembleI ). For instance, in chloroform-d, a solvent
expected to favor A-U association3b and the formation of
ensembleI , the uridine N-H protons of1 are found to resonate
at far lower field (δ ) 14.68 ppm) than the corresponding
signals in2 and3 (δ ) 9.22 and 9.30 ppm, respectively). On
the other hand, this significant downfield shift (∆δ ) 5.4 ppm)
is not seen in DMSO-d6. In this solvent, which is expected to
disrupt any putative hydrogen bonding interactions present in
I ,2d the chemical shifts of all three compounds are virtually the
same (δ ) 11.60, 11.74, and 11.98 ppm for1, 2, and 3,
respectively). Under these DMSO-d6 solvated conditions, the
monomeric species1, rather thanI presumably dominates.
The self-associated form of1 (ensembleI) remains intact

when up to 30% (v/v) DMSO-d6 is added to the initial CDCl3
solution. However, it is completely dissociated by the time the
relative DMSO-d6 concentration reaches 60%. In the regime
where the DMSO-d6 concentration in CDCl3 is between 35%
and 50% v/v, two different signals of N-H resonance are
observed (Figure 1). Based on what is seen in pure CDCl3 and
2:3 CDCl3/DMSO-d6, one signal at 14.6 ppm is ascribed to the
hydrogen bonded ensembleI , while the other at 11.6 ppm is
attributed to the unbound monomeric species1.
The fact that two separate signals are seen in the1H NMR

spectrum is consistent with exchange between monomer1 and
dimer I being slow on the NMR time scale. Such slow
exchange is usually observed in the case of very tightly bound
complexes9,10 and leads us to infer that self-association of1 is
favorable not only in CDCl3 but also under these mixed solvent
conditions.
In 45% (v/v) DMSO-d6/CDCl3, the two uridine N-H peaks

(ascribed to monomer1 and dimerI , respectively) are suf-
ficiently similar in size that their areas may be determined
accurately by integration. After accounting for stoichiometry,
this gives the relative ratio of species1 andI . With a knowledge
of the total amount of starting ligand1 (3.94× 10-2 molar), a
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self-association constant of 35( 5 M-1, corresponding to the
formation of I , could thus be calculated directly.11

Further evidence that the self-assembled form ofI is stable
came from fast atom bombardment mass spectrometric (FABMS)
experiments. In these studies, not only was a peak atm/z )
985 amu (corresponding to the monomeric species1) observed,
but also a peak atm/z) 1970 amu attributable to the dimerI
was seen.12

The average molecular weight ofI was also determined in
solution using vapor pressure osmometry (VPO). Here, 1,2-
dichloroethane was selected as the solvent and 4,5-bis(5′-
ethynyl-2′′,3′′,5′′tri-(O-acetyl)uridine)dibenzofuran13 was used
as the molecular weight standard. From these measurements,

a Mw value of 2210( 45 (from three independent measure-
ments) was obtained forI . This value agrees with the one of
2168 calculated for a molecular equivalent of dimerI containing
two ClCH2CH2Cl molecules within its boxlike core.
That I can bind 2 equiv of 1,2-dichloroethane either by

inclusion or in the form of a clathrate complex (the available
data do not permit a distinction) was further establishedVia
NMR spectroscopic studies and elemental analysis. When
compound1 (I ) was recrystallized from 1,2-dichloroethane, it
gave the following analysis: C, 56.51; H, 4.43; N, 8.94; Cl,
6.59. This corresponds to the bis-1,2-dichloroethane adduct of
I (calcd for (C49H43 N7O16)2‚(C2H4Cl2)2: C, 56.5; H, 4.37; N,
9.05; Cl, 6.46). The1H NMR spectrum (in CDCl3) of this same
recrystallized material also showed the exact integral ratio
expected for a bis-1,2-dichloroethane complex.14

Currently we are working to define further the nature of the
interactions between ensembleI and various small molecule
guests.15 We are also working to extend the chemistry of these
“artificial oligonucleotides” by preparing systems with other
rigid spacers (e.g., dibenzofuran) and other recognition units
(e.g., C and G). Progress along these lines will be reported
when warranted.
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Scheme 1.Synthesis of1

Figure 1. Stacked plots derived from an1H NMR spectroscopic
titration of I . The solvent composition from bottom to top: 10% DMSO-
d6 in CDCl3; 20% DMSO-d6; 30% DMSO-d6; 35% DMSO-d6; 38%
DMSO-d6; 40% DMSO-d6; 42% DMSO-d6; 45% DMSO-d6; 48%
DMSO-d6; 50% DMSO-d6; 60% DMSO-d6.
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