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Receied January 19, 2000 Figure 1. (a) CHARMm optimized structure of bis-prophyrdrcomplex
with AMP. Hydrogens are omitted for clarity. The nucleobase is wedged
parallel between the two porphyrin units and is making van der Waals

The complexation of nucleic acid components by synthetic contacts with the one of the porphyrin unitb{da., = 3.65 A). (b) CPK
receptors is an important target of supramolecular chemligtry.  model).
most cases the complexation is predominantly based on ion pairing
with phosphate groupsgomplexes with neutral nucleosides or
with nucleobasésely on stacking interactions on hydrogen bonds,
or on both, and are usually weaker as well as most often restricted
to the use of lipophilic solvents. We wish to report on a new
host compound, which allows for the first time to compheoth
natural nucleosides and nucleotides and does so in water with
hitherto unknown large affinities with both biologically important
substrate classes.

Porphyrins, which have the advantage to provide a sensitive
optical signal also for sensors, have been used before also for
nucleotide complexatidit however with usually rather low
affinities; furthermore, they were not suitable for an effective
complexation of electroneutral nucleosides. The new receptor
is based on porphyrin units, which are made watersoluble by six
pyridinium units, and are held together in cleft-like manner by
ano-dioxymethylphenyl unit, thus allowing stacking with nucleo-
bases and Coulombic interactions with phosphate residues.
Preliminary gas-phase simulations with the CHARRMuorce field
helped to design the host with a rather optimal fit to nulceic acid
derivatives (Figure 1). The-dioxymethylphenyl spacer holds the
two porphyrin units apart and prevents self-stacking (collapse)
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Figure 3. UV/vis titration of differerent nucleosides and nucleotides with
the porphyrin dimed: nonlinear least-squares fit with adenosheand
the nucleotidesAMP, ATP, andGTP.

Table 1. Logarithm of Association Constants for the Dimeric
Porphyrin1 with Nucleotide3

without buffer with 0.3 M buffer

ligands logk AiZ(nm) AA logK AiA(hm) AA
adenosine 4.59 3 0.10 4.25 3 0.16
2-dA 4.96 2 0.06
AMPZ 4.80 8 0.30 4.82 8 0.15
dAMP?- 4.70 6 0.38 5.09 5 0.14
ADP3~ 5.25 8 049 477 3 0.12
ATP4 5.30 7 0.39 447 4 0.26
dGMP~ 4.83 6 0.32 4.58 2 0.15
GTP+ 5.63 6 0.44 317 2 0.20
thymidine 3.35 1 0.1 4.69 2 0.12
dTMP?~ 431 3 0.23 4.82 1 0.11
cytidine 5.42 4 0.09 4.69 1 0.10
dCMP~ 3.73 3 0.27 477 1 0.10
(2-5)CpG  4.13 5 0.41
dumMP?- 4.49 3 0.17 4.78 1 0.17
TpT 4.10 3 0.14

aMeasured by UV-visible titration of 1 and 2 with nucleotides in
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measured in the presence of usual buffer concentrations were for
nucleotides with more charges than two distinctly smaller than
those measured without buffer (the pH in these cases were
checked by and kept constant by adding very dilute acids or bases
if necessary). The differencélog K (without—with buffer)
increased, for example, frolAMP (inverse,+0.02) to ADP
(0.48) to ATP (0.83) and reaches 2.46 witTP. Thus,
traditionally used buffers can change association constants by
orders of magnitudes, which can be explained by the competition
of the buffer anions against the ligands to be bound, an effect
which must increase with the contribution of charges and therefore
Coulombic interactions in the complex&blowever, the size of

this salt effect varies considerably, as seen in tkleg K
differences betweeAMP , dAMP, dGMP, dTMP, anddUMP,
ranging from—0.52 units {TMP) to +0.02 (AMP) . Noticeably,
deoxy mononucleotides tend to bitetter in the presence of
buffer, with the exception ddlGMP. This is in line with the small
Coulombic effects in these nevertheless doubly charged systems,
and with the predominance of stacking effects in all these cases
as borne out by the similarly large affinities with the electroneutral
nucleosides. Dinucleotides are not complexed significantly better
than mononucleotides, indicating that the essential binding
contribution is the enclosure of one nucleoside moiety in the cleft
of receptorl.

The results demonstrate, that open chain cleft compounds hold
much promise for highly effective complexation of nucleic acid
components. Such host units may by incorporated in polydentate
artificial receptors, containing also hydrogen binding uhitsys
achieving extremely high affinities and base selectivities by
Watson-Crick base pairing. The strikingly small affinity differ-
ences observed between nucleosides and nucleotides emphasize
the paramount importance of stacking forces for nucleic acid
components, which recently has been also found to dominate
formation of double-stranded nucleic acifi#\s earlier investiga-
tions of porphyrin complexes have shown that non-aromatic
moieties in the bound ligands show little, if any, binding
contribution!! stacking as opposed to general hydrophobic
interactions are believed to be the essential non-covalent forces
in such associations.

Acknowledgment. Our work is supported by the Deutsche For-

water in the absence and in the presence of 0.3 M phosphate bufferschungsgemeinschaft, Bonn, and the Fonds der Chemischen Industrie,

(pH 7.9 &£ 0.2) at 25°C. Titrations were carried out by adding
concentrated stock solutions of nucleotides ([nucleotie]l0 mM)
containing also &M 1 to 2 uM solutions of porphyrinl in a 10 mm
cuvette. Error limits (from repetitions): log + 5%.

Frankfurt. We also thank the A.-von Humboltd foundation for a stipend
for M.S.

JA000208K

(7) For other cases of dominating stacking interactions in nucleotide

The new receptot shows unprecedented large affinities even complexes see: (a) Constant, J. F.; Fahy, J.; Lhomme, J.; Anderson, J. E.

with electroneutral nucleosides, reachiigvalues of up to
270 000 Mt with cytidine (Table 1), or 430 000 M with GTP.

Stacking interactions with the large porphyrin surfaces represent

the dominant binding forées is obvious from the relatively small

affinity differences between nucleosides and nucleotides. Absence

of the hydrophilic 20H group as in 2-deoxyadenosined#MP

Tetrahedron Lett1987,28, 1777. (b) Zinic, M.; Tomig, V.; Simeon, V.;
Vigneron, J.-P.; Lehn, J.-Ml. Chem. Soc., Chem. Comm@895 1073. (c)
Lorente, A.; Fernandez-Saiz, M.; Lehn, J.-M.; Vigneron, JFetrahedron
Lett. 1995 36, 8279. (d) Baudoin, O.; Teulade-Fichou, M.-P.; Vigneron, J.-
P.; Lehn, J.-M.J. Org. Chem1997, 62, 5458.

(8) Sirish, M.; Schneider, H.-Lhem. Commur00Q 23.

(9) For an early model system, see: ref 7a.

(10) Matray, T. J.; Kool, E. TJ. Am. Chem. S0d.998 120, 6191.

also seems to enhance the affinity. The association constants (11) Schneider, H.-J.; Wang, M. Org. Chem1994 59, 7464.



