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There is a continuing challenge to develop a diverse set of
molecular subunits for supramolecular asseniblglong these
lines, we have a long-standing interest in heterocycles capable
of forming robust hydrogen-bonded complexes in solufidfhe
use of heterocycles in this manner can, however, be complicated
by prototropy? Although undesirable protomers are often con-
verted to the desired form by complexation, the observed assoc-
iation constantsKasso) are lowered, and the information content
can be compromised. For example, comple containing an
AAA -DDD (A, D = hydrogen-bond acceptor and donor) motif,
is the strongest, neutral triply hydrogen-bonded complex krigwn.
However, its stability is lowered because in addition to the desired
1,4-dihydro form B), a significant portion of the dihydropyridine
monomer exists as the noncomplementary 3,4-dihydro f&m (
in chloroformd (CDCly).22
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Interestingly, prototropy does not compromise the ability of
all heterocycles to self-associate. For example, 2-pyridone can
dimerize in its lactam4) or lactim () form8 and form heter-
odimer4-5.” The spatial disposition of the R groups is similar
in both homodimers, but a different arrangement is seeh5n
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Herein we describe a new heterocyc® (esigned to contain a
self-complementary AADD hydrogen-bonding array irrespective
of its protomeric form and to maintain a similar spatial arrange-
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ment of an alkyl substituent in both homo- and heterodimers (i.e.,
Scheme 1§. Urea6 was prepared by heating 2-aminb-pyrido-
(2,3d)pyrimidin-4-one, available in two steps from commercially
available 2,4-diamino-6-hydroxypyrimidirfé? with butylisocy-
anate. Contrary to its precurso&was soluble in nonpolar or-
ganic solvents, which suggested that the polar hydrogen-bonding
groups were protected by dimerization.

IH NMR spectra in toluenels were consistent with the for-
mation of6-6, 7-7, and6-7. All NH signals were downfield and
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Figure 1. *H NMR (NH region) spectrum of (AB(7) in tolueneds at
—30°C: a,6:6;1,7-7; @, 6-7; x, 8:8. (B) Complex9(10)-11in toluene-
dg at 25°C.

in the region expected for hydrogen-bonded dintérg minor
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binding studies were carried out in 5% (v/v) DMSCDCl;.
Contrary to spectra obtained in more nonpolar solvents, there were
only two sets of NH signals (six peaks) at room temperature in
5% DMSOds/CDCl;. Upon cooling these signals could be
resolved into three sets of peaks corresponding-&p 7-7, and

6-7 which suggested that the signals 6in 6-6 and6-7, as well

as for7 in 7-7 and 6-7, were averaged at room temperature.
Protomerization, however, remained slow on the NMR time scale
at ambient temperature. Upon dilution (20 mM to g8, 25

°C) the NH signals moved upfield, and the protomeric ratio shifted
from approximately 5:2 to 9:26(7). The chemical shift data for
the major protomer fit reasonably well to a 1:1 binding isotHérm
(Kgimer = 1100 M%) and indicated that th&gimer Values for the
major homodimer,6-6, and heterodimer6-7, are similar.
Moreover, the change in protomeric ratio observed upon dilution
implied that theKgimer for 7-7 is slightly largert*

Protomers6 and 7 may also exist as noncomplementary
conformers9 and 10.® To examine this potential equilibrium,
11 was synthesized because its DAAD hydrogen-bonding motif
is complementary to the ADDA array fiand10.1%¢ Addition
of a small excess dfl to a toluenedg or CDC} solution of the
dimers of6 and 7 caused the robust dimers to fully dissociate,
and a complex withl1 was observed (Figure 1Bj. Enhance-

set of peaks has been tentatively attributed to a small amountments (NOE) of the amide and heterocyclic urea NH signals were

(ca. 2%) 0f8-8.12 Most interestingly, at room temperature there
were 12 major NH signals with concentration independent (20
mM to 48uM) chemical shifts. These signals were fully resolved
at —30 °C (Figure 1A), and three signals were attributed to each
homodimer and six to heterodim@+7. Tentative assignments of
the dimers were made with difference NOE’s. For studies carried
out on a 20 mM solution o6 in tolueneds (room temperature),
irradiation of thes-methylene protons led to an enhancement (ca.
2%) of the H-7 signal 06 corresponding to the minor homodimer.
Thus, the ratios of dimers in toluemg-are tentatively given in
Scheme 1, and those in CQGre given parenthetically.

Because hydrogen-bonded complexes have been traditionally

studied in chloroform, dimerization was probed in CRCIn
fact, CDC} spectra were similar to those obtained in toluene.
The downfield NH chemical shifts were again indicative of

dimerization, although the peaks were not as well resolved. There

was no apparent change in protomeric ratio or chemical shifts
across a broad concentration range (40 mM ta2 in dilution

studies performed on a 750 MHz spectrometer. Because thel-2 had aKassoc>

observed when irradiating the pyrimidinone NH and are indicative
of the hydrogen-bond pattern @10)-11. In addition, a titration
study carried out under conditions where dimerizatior6(f)

and 11 were minimal gaveKassoc= 3033 M (5% DMSOdy/
CDCly). That complex9(10)-11 is as robust as the aforemen-
tioned dimers is unexpected when solely considering secondary
hydrogen-bond interactiorid® This finding could indicate a
preference for conformer® and 10 or that there are inherently
stronger primary interactions i@-11 and 10-11. Preliminary
computational studies support the latter.

In conclusion, ureab(7) was designed to contain a self-
complimentary hydrogen-bonding array irrespective of its pro-
tomeric form. Indeed6 and 7 associate forming exceedingly
robust quadruply hydrogen-bonded hetero- and homodimers where
the alkyl substituents maintain similar spatial arrangements. By
inducing a conformational switci,1 forms an even more stable
complex with9(10). In comparison, we previously found that

10° M1 in CDCl; and aKassoc0f 201 M1 in

chemical shifts did not change and no new peaks appeared, only>?6 DMSOd¢/CDCL. In both cases, the observed association

a lower limit to the dimerization constangime: > 10" M1, could
be estimated. This is among the largest stability constants
reported to date for a neutral, hydrogen-bonded spééies.

To further assess dimer strength, a Cp&dllution of6 (5 mM)
was titrated with DMSQds.  This study along with qualitative
dilution studies suggested th&and7 dimerize in polar solvent
mixtures containing up te-50% (v/v) DMSO4ds. Quantitative
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(12) Establishing the protomeric forms is difficult because the standard
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constantsKqp9 Were lower than the actu#l,ssocvalues because

of a required protomeric shift prior to complexatidihe excep-
tional strength of the hydrogen-bonded complexes reported herein
and the ready availability of botb and 11 make them ideal
building blocks for the preparation of supramolecular oligomers
and polymers. Efforts in this area will be reported in due course.
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