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dimer (ensemblé). For instance, in chloroforrd; a solvent
expected to favor A-U associatihand the formation of
ensembld, the uridine N-H protons ofl are found to resonate
at far lower field § = 14.68 ppm) than the corresponding
signals in2 and3 (6 = 9.22 and 9.30 ppm, respectively). On
the other hand, this significant downfield shik§ = 5.4 ppm)
is not seen in DMSQl. In this solvent, which is expected to
disrupt any putative hydrogen bonding interactions present in
I,2dthe chemical shifts of all three compounds are virtually the
same ¢ = 11.60, 11.74, and 11.98 ppm fdr, 2, and 3,

DNA provides a time-honored paradigm for how comple- respectively). Under these DMS@-solvated conditions, the
mentary functionality may be used to induce spontaneous monomeric specie$, rather than presumably dominates.
assembly in complex supramolecules. In recent years, many The self-associated form df (ensemblel) remains intact
seIf-compIementary structures cap_able of undergoing assémbly \yhen up to 30% (v/v) DMSQs is added to the initial CDGI
have been designed and synthesized. Few of these, howevergg tion. However, it is completely dissociated by the time the
have made use of DNA-like complementary purine-pyrimiding o|atjye DMSOsds concentration reaches 60%. In the regime
base pairing to effe_ct the critical recognition proce§se‘|’sh|s where the DMSQds concentration in CDGlis between 35%
seeming unpopularity could reflect the fact that adenosine (A)- and 50% viv, two different signals of \H resonance are
thymidine (T) [or A-uridine (U)] interactions are too weakKy( observed (Fig,ure 1). Based on what is seen in pure GBX@
~ 102 M~%in CDCl’) and that cytosine (C) and guanine (G), 2:3 CDCBE/DMSO-d .one signal at 14.6 ppm is ascribed to the
which do have high affinities for complementary association h. drogen bonded Znsemldl while thé other at 11.6 bom is
(Ka” 10* M~1in CHCI324:324  are notoriously difficult to work yarog £ ; o pp

d attributed to the unbound monomeric species

with. In spite of these limitations, we feel that nucleic aci ; )
base (“nucleobase”) derived systems could provide important  The fact that two separate signals are seen in'th&lIMR

chemical and biochemical insight into fundamental base-pairing SPectrum is consistent with exchange between mondnaed
processes. Accordingly, we report here a “duplex-like” en- dimer | being slow on the NMR time scale. Such slow
semblel, that assembles spontaneously from the correspondingexchange is usually observed in the case of very tightly bound
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“artificial dinucleotide” 1 under appropriate solution phase complexe$'and leads us to infer that self-associatiori.og

conditions.
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Previous attemptd to make duplex-like systems (e.dl,)
based on the C/G containing dinucleotides failed to produce
much in the way obona 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.
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Based on the above, the synthesis of rigid systems was

considered desirable. Accordingly, compouhdas selected

as a target. It uses 1,8-diethynylanthracene as the spacer angl;

complementary A/U base pairing entities as the recognition
elements. The synthesis tfis summarized in Scheme®1it
takes advantage of two successive palladium-catalyzed coupling
involving 4% and5’ and2 and6,”:8 respectively. Two control
compounds are also obtaine#:as an intermediate arRlas a
byproduct.

Proton NMR studies provided initial evidence that the self-
complementary molecutkassociates to give the corresponding

favorable not only in CDGlbut also under these mixed solvent
conditions.

In 45% (v/iv) DMSOds/CDCl;, the two uridine N-H peaks
(ascribed to monomet and dimerl, 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 specigsndl. With a knowledge
of the total amount of starting ligard(3.94 x 10-2 molar), a
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Figure 1. Stacked plots derived from aftH NMR spectroscopic
titration of . The solvent composition from bottom to top: 10% DMSO-
ds in CDCls; 20% DMSOds; 30% DMSOds; 35% DMSOds; 38%
DMSO-ds; 40% DMSOds; 42% DMSOds; 45% DMSOds; 48%
DMSO-ds; 50% DMSOss; 60% DMSOd.

self-association constant of 355 M1, corresponding to the
formation ofl, could thus be calculated direcfly.
Further evidence that the self-assembled fornh izf stable

a My, value of 2210+ 45 (from three independent measure-
ments) was obtained fdr This value agrees with the one of
2168 calculated for a molecular equivalent of dirheontaining
two CICHCH,CI molecules within its boxlike core.

That | 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 establishied
NMR spectroscopic studies and elemental analysis. When
compoundl (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
| (Ca'Cd for (Q9H43 N7015)2'(02H4C|2)2: C, 56.5; H, 4.37; N,
9.05; Cl, 6.46). ThéH NMR spectrum (in CDG) of this same
recrystallized material also showed the exact integral ratio
expected for a bis-1,2-dichloroethane compiéx.

Currently we are working to define further the nature of the
interactions between ensembleand various small molecule
guests'® 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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The average molecular weight bfwas also determined in
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Supporting Information Available: Details of synthesis of, 2,
3; binding constant calculations and quantification of DMSO solvation;
and NOESY spectrum of in CDCl; (6 pages). See any current

solution using vapor pressure osmometry (VPO). Here, 1,2- masthead page for ordering and Internet access instructions.
dichloroethane was selected as the solvent and 4,5%bis(5 JA9618457

ethynyl-2',3",5"tri-(O-acetyl)uridine)dibenzofurdfwas used

as the molecular weight standard. From these measurements, (13) Sessler, J. L.; Wang, R., unpublished results.

(11) Four equiv of DMSO are involved in the equilibrium (cf. supporting

information). The calculated equilibrium constant is thus an effective one

relevant under these particular solvation conditions.

(14) Peak assignments for CIQEH,CI were made by adding extra 1,2-
dichloroethane into the sample solution.

(15) Further support for the idea that ensemblan interact strongly
with small organic molecules came from a microanalysis of compdund

(12) High resolution mass spectrometric analysis of this signal proved recrystallized from a mixture of §&ls/CH,Cl,. The following specifically

consistent with the proposed chemical formula (calcd f@gHgeN14032:
Mw = 1970.5533; found 1970.5520).

was found: C, 62.07; H, 4.65; N, 9.17. This corresponds to the bis-benzene
adduct ofl (calcd for (GgHaaN7016)2°(CsHg)2: C, 62.09; H, 4.64; N, 9.21).



