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An iterative synthetic route to organic-soluble ureido-naphthyridine oligomers has been developed. Use of this protocol allowed synthesis of
a short ureido-naphthyridine oligomer, which presents a self-complementary DDAADDAA hydrogen bonding array (D = hydrogen bond donor,
A = hydrogen bond acceptor). Strong self-association via eight hydrogen bonds was observed in organic solution.

We recently suggestéthat oligo- or polymeric ureas of 2,7-  both the synthesis oR, a mono-protected and soluble
diamino-1,8-naphthyridine1j might form either helical analogue ofl, and its conversion t8, which can form a

folded structures or hydrogen bonded shédtadel studies linear duplex containing eight hydrogen bonds.
on simple substructures showed that intramolecular hydrogen

bonds would break to form sheets with between three and R

six intermolecular hydrogen bond#ttempts to synthesize PN S

longer oligomers or polymers, however, were thwarted by L PP

the low solubility of 1 and longer oligoureas derived from HNT N 1 N© NFz HNT N 2 N Hn

it. Given our interest in these compounds as well as the recent OCH;

. . R = CgH4O(CH,),CsHs(t-Bu),
use of amides of for supramolecular chemistfy5 there e e

was a clear need for soluble analogue&.dfierein we report

- - The synthesis 02 (Scheme 1) began with the amidation
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Scheme 1. Synthesis of a Trifunctionalized 1,8-Naphthyridine Scheme 3. Synthesis of the Ureido Terminus
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The preparation of monoprotected diaminonaphthyridine
able 38% vyield o#4 could be obtained on a 68 g scale, but was accomplished in a one-pot, two-step process by reaction
the reaction was somewhat unreliable, with one run giving of the halogenated mixtur@a®b with p-methoxybenzyl-
only a 5% yield. Elaboration of naphthyridodén a manner amine. Thus, nucleophilic deacetylation was followed by
similar to that reported by Brovinprovided 6 with three nucleophilic aromatic substitution with a second equivalent
distinct sites for further functionalization. Demethylation of of p-methoxybenzylamine. The bromide reacted more
6 provided phenol in good yield. The product, however, smoothly than the chloride, and as a result, from most
was found to consist of a ca. 1:1 mixture&tand7b. Rather preparations o2 some N-deacetylate2h was also isolated.
than separating the mixture, we carriéa and7b forward To preparell, the ureido terminus of target oligom@r
together. 2 was treated witn-butylisocyanate, affording the desired

Although in principle any number of solubilizing groups urealOin 83% yield. The remainder of the product consisted
could be readily attached to pheglincluding simple linear  of the regioisomeric urea (8%) and the bis-urea (9%). The
alkyl halides, we chose to use tosyl&e It combined a p-methoxybenzyl group irl0 was readily removed upon
convenient and distinctivBH NMR signature with a balance  treatment with TFA11 being isolated in 95% yield.
of flexibility and a bulky aromatic substituent that was The synthesis of naphthyridyl termind®, outlined in
expected to resist packing. The synthesis8pbutlined in Scheme 4, began with deacylat@dwhich was obtained as
Scheme 2, involved a five-step homologation that began with the main byproduct in the synthesis &f(vide supra). By

Scheme 2. Synthesis of a Solubilizing Group Scheme 4. Synthesis of the Naphthyridyl Terminus
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NBS bromination and cyanide displacement. Hydrolysis,
reduction, and tosylation affordeglin a 33% overall yield.
Tosylate8 and the mixture of7fa and 7b were reacted t-Bu
under basic conditions to providga and 9b (Scheme 3). oH o
(4) (a) Li, X.-Q.; Feng, D.-J.; Jiang, X.-K.; Li, Z.-Tletrahedron2004, 8, Ko,CO4, DMF, 1t
60, 8275. (b) Zhao, X.; Wang, X.-Z.; Jiang, X.-K.; Chen, Y.-Q.; Li, Z.-T; _—
Chen, G.-JJ. Am. Chem. So2003,125, 15128. (c) Wang, X.-Z.; Li, X.- N 20 h, 53% X
Q.; Shao, X.-B.; Zhao, X.; Deng, P.; Jiang, X.-K.; Li, Z.-T.; Chen, Y.-Q. | |
Chem. Eur. J2003,9, 2904. HoN N/ N/ HoN N/ N/
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carefully monitoring the reaction, hydrogenolysis of de-
acylatedé was accomplished in high yield without reduction
of the naphthyridine nucleus. Demethylationl@&with BBr3
producedl4, which was reacted witB to provide 2-ami-
nonaphthyridinel 2.

room temperature from 50M to 50 mM, 13 exhibited NMR
spectral shifts that were independent of concentration.
Further evidence for a strong dimer with eight hydrogen
bonds came from a difference NOE study, the results of
which are summarized in Figure 2. Most notably, a key NOE

With the ureido {1) and the naphthyridyllQ) termini in
hand, coupling of the two in a urea-forming reaction was _
investigated. Typically, the formation of an unsymmetrical
bis-heteroaryl urea is not trividllt was found that treatment
of 12 with p-nitrophenylchloroformafg(p-NPCF) followed
by reaction with11 did produce a sufficient quantity of
compound3 for study (Scheme 5).

Scheme 5. Coupling of the Ureido and Naphthyridyl Termini
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doubly folded conformations fd8 place H, proximal to H

(Scheme 6). Taken together, thé NMR data are consistent
H NMR was shown to be an excellent method for With the unfolded, antiparallel dimer (3)

establishing pairing. Intramolecularly hydrogen bonded py-

ridyl and naphthyridinyl ureas often exhibit broad NH || NG

resonances due to slow conformational dynamics with the Scheme 6. Possible Folded Forms &

non-hydrogen bonded NH groups appearing upfield (typical R

aryl urea NH resonances~6.4—7.2 ppm). For example,
the spectrum ofl1 in chloroform-d exhibits broad NH
resonances whereas the spectrum in DM@ sharp (see
Supporting Information). In chloroforrd; the spectrum of

3 is very sharp with the aryl urea NH groups resonating

downfield até 13.22, 13.02, and 11.72 ppm (Figure 1). The
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Figure 1. *H NMR of 3 in CDCl; showing aromatic region and
urea NH protons. See Figure 2 for labeling.
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To assess the stability of dimer ¢3NMR dilution
experiments were performed in chlorofo®MSO mix-
tures. From 423M to 13.5 mM in 10% (v/v) DMSO-g-
CDCl;, the *H NMR spectra of (3) were unchanged,
allowing a lower limit to be placed on the dimerization
constant Kassocd 4.5 x 10° M1 Considering that DMSO
is a strongly competitive solvent for hydrogen bonded
complexes, this represents quite a stable dimer. However,
in 20% (v/v) DMSO#ds—CDCl;, the self-association was
dramatically reduced ({ner = 40 M™1).

Attempts to crystalliz& were unsuccessful, so its structure
and that of dimer3J), were examined computationally. As
seen in Figure 3a, the monomer is planar but has a very
distinctive crescent shape as a result of steric interactions
between the urea carbonyl group and the ortho protons on
the naphthyridine ring (60O---H—C). There are three
limiting ways in which3 may dimerize. First, if the planarity

aliphatic urea NH group appears@®.35 ppm, suggesting

(7) L'abbe G. Synthesid1987, 525.
(8) Choy, N.; Moon, K. Y.; Park, C.; Son, Y. C.; Jung, W. H.; Choi, H;
Lee, C. S.; Kim, C. R.; Kim, S. C.; Yoon, HOrg. Prep. Proced. Int1996,

that the terminal NH group is also paired. Importantly, at 28, 173.
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guences, 72 unique complexes can be formed, assuming full
pairing without mismatches. Of the 72 complexes, eight are
homodimers and 64 are heterodimers.

Which arrangements of donor and acceptor groups are
best? The (3)dimer is considerably stronger than the dimer
reported by Leung (fner = 3.4 x 10?7 in CDClg).¢ It is
tempting to attribute some of this difference to the two net
attractive secondary interactions present in the (DDAAD-
DAA), array as opposed to the (ADADADABR)dimer
possessing a total of 16 repulsive secondary electrostatic
interactionst® However, the availability of stable folded
structures and geometrical issues such as the curvature in
the donor—acceptor array seen in Figure 3a complicate the
picture. Indeed, we recently reported that extending a
heterocomplex from three to four hydrogen bonds decreased
its stability due to a similar curvature of the dor@cceptor
array!t

In summary, the synthesis of a 2,7-diamino-1,8-naph-
thyridine subunit containing an organic solubilizing sub-
Figure 3. Structure of (a3 and (b) (3). Minimization using the ~  stjituent has been developed. This enhanced solubility should
e e eerned 4S9 1€ increase urther the utity of ths important modie in

supramolecular science. As shown herein, it has allowed
extension of our previously described ureidonaphthyridine
oligomers to a very stable duplex containing eight hydrogen
bonds. With2, 11, and12 in hand, a number of iterative
syntheses can be envisioned providing access to custom
lengths of DDAA hydrogen bonding arrays.

is maintained with a shortening of the already close
CdO---H—C contact, then the curvature seen in Figure 3a
can be reduced or eliminated. Alternatively, four to six central
hydrogen bonds may form, leaving the terminal urea and
naphthyridine units to stack with little or no hydrogen
bonding. Finally, as seen in Figure 3b, the docking of
compound 3 with itself leads to an energy-minimized
structure containing a substantial end-to-end twist, allowing
eight good hydrogen bonds.

Of the numerous abiotic, oligomeric duplexes that form
by interstrand hydrogen bondiig? 3 is the second wherein
a linear array of donor and acceptor groups pairs with
formation of eight hydrogen bonds. It is the first containing
the DDAADDAA hydrogen bonding motif, the other,
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