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New fluorescent molecular sensors for 9-alkylguanines were constructed by conjugation of 2-acetamido-
1,8-naphthyridine witiN-Boc-pyrrole,N-Boc-pyreno[2,1b]pyrrole, or acetanilide moieties via an ethynyl
bridge. In combination with the triple hydrogen-bonding motif of 2-acetamidonaphthyridine toward
alkylguanine, an additional binding site was provided by the substituent properly located on the pyrrole
or aniline ring to enhance the affinity of these receptor molecules. Besides thedViSSanalyses, the
binding events were readily monitored by the absorption and fluorescence changes in the visible region.

Introduction

Adenine (A), guanine (G), cytosine (C), thymine (T), and
uracil (U) are the nitrogenous bases of DNA and RNA that play
vital roles in the storage and transfer of genetic information.
The Watsonr-Crick double helical structure of DNA is a result
of the delicate interplay of the hydrogen bondings and the
stacking of these nitrogenous basésydrogen bonds between
purine and pyrimidine bases of the two strands, e.g=TAnd
G=C pairs, are in complementary fashion to each other. Bulged
and mismatch structures in nucleic acids arising from the

nitrogenous bases that are not fully complementary to each othe

often lead to mutagenesighese irregular DNA structures have
been investigated theoretically and experimentally with the
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assistance of many artificial receptor molecifieds.Among
them, 2-amino-1,8-naphthyridine derivatives have been shown
to bind effectively with guanine derivatives via triple hydrogen
bondings®—8 To achieve high binding activity in a high selective
fashion, the hydrogen-bonding sites in the receptor should be
complementary with those in the guest molecules. Furthermore,
2-amino-1,8-naphthyridine in its dimeric and tetrameric forms
is used to detect the guaninguanine mismatches in DNA and
guanine quartet in telomeres of chromosorfiésSuch detec-
tions are essential for identifying single nucleotide polymor-
phism and genetic mutations.

In the previous studies,characterizations of the binding

'events with guanine derivatives heavily relied on the measure-
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()) Dohno, C.; Saito, IChemBioChem2005 6, 1075-1081.

J. Org. Chem2007, 72, 117-122 117



Lu et al.

JOC Article

S
1 G0 A
0P NN NP 0PN
yo: £ H
! E o
O N _N. 2 R=H
sz H 2-Boc R=COOBu!
N
NG T,
N (alkylguanine) )\
R 0N

o
o represents, e.g. Y'N Vs

FIGURE 1. Putative 2-acetamido-1,8-naphthyridine derivatives having ) o . )
extended chromophore for quadruple hydrogen bondings with guanine. FIGURE 2. Receptor molecules designed for binding guanine with
multiple hydrogen bondings.

3-Ac R=COCH; R
3-Me R=CHs

©
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ment of double helix melting temperature, #&NMR analysis ~ Puild & chromophore that provides spectral changes preferably
in solution, and the surface plasma resonance detection ofin the visible region for the real time detection of the binding

immobilized substrate on the gold surface. In some exaniples, event. .
the binding of 2-amino-7-methylnaphthyridine (and its deriva- WI:' have prev:ouslly riportled the puhq?]ulllénrcf)lecgles, %.'g.,
tives) with the target nitrogenous base at an abasic site in DNA 2N7l;l :js_-é];l}-r:jyrro 2thy ?Et _3|/_ny -1t,r£]3-na|p1 t8 yr Ih?ﬁm X d?ﬁ’iY- IS
duplex has been shown by the changes of fluorescence intensity.[ N-di(2-hydroxyethylanilinolethynyl-1,8-naphthyridirigav-

. ) " .~ “ing the core structure of naphthyridine conjugated with pyrrole
Fluorescence spectroscopy is a highly sensitive real time

detection tool that has b tensivelV utilized i lecul or aniline moieties via ethynyl bridges. With the elongated
etection tool that has been extensively utiized in molecular conjugation, these receptor molecules are utilized to detect
recognition and biological research. Along this line, new

o . monosaccharides and mercury ion by the absorption and
naphthyridine-type fluorescent molecular sensors (Figure 1) canfjyorescence changes in the visible region. We thus considered

be designed for the guest molecule of guanine to address twogn gpproach to design guanine receptors (Figure 2) by incor-

major issues: (i) to incorporate an additional binding site into
the existing triple hydrogen-bonding motif of 2-amino-1,8-
naphthyridine to intensify the binding affinity and (ii) to extend
the conjugation of the 2-amino-1,8-naphthyridine structure to

(3) (a) Feibush, B.; Saha, M.; Onan, K.; Karger, B.; Giese,JRAm.
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Thiessen, P. AAngew. Chem.Int. Ed. Engl.1995 34, 2163-2165. (e)
Murray, T. J.; Zimmerman, S. (etrahedron Lett1995 36, 7627-7630.
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Lett. 2005 15, 827-831. (m) Peng, T.; Murase, T.; Goto, Y.; Kobori, A.;
Nakatani, K.Bioorg. Med. Chem. LetR005 15, 259-262.

(5) (a) Nakatani, K.; Kobori, A.; Kumasawa, H.; SaitoBlioorg. Med.
Chem. Lett2004 14, 1105-1108. (b) Nakatani, K.; Kobori, A.; Kumasawa,
H.; Goto, Y.; Saito, |.Bioorg. Med. Chem2004 12, 3117-3123.
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poration of 2-acetamido-1,8-naphthyridine with an ethynyl
linkage terminated by either pyrrole or aniline moieties. The
idea is that coupling of pyrrole (or aniline) with 2-acetamido-
1,8-naphthyridine via an ethynyl linkage would result in an
extended conjugation to cause the desired spectral red shifts,
and the pyrrole (or aniline) moiety might act as an additional
binding site for the C2 amino group of guanine. Upon binding
with an incoming ligand of guanine, the receptor molecule might
undergo conformational changes, so that the intramolecular
charge transfer (ICT) at the excited state along with the
rigidification effect of the receptetligand complex would cause
significant spectroscopic changes.

The synthesis of the ethynyl-linked pyrrelaaphthyridine
and aniline-naphthyridine molecules was straightforward. The
Sonogashira coupling reaction of 2-acetamido-7-chloro-1,8-
naphthyridiné® with 1-(tert-butoxycarbonyl)-2-ethynylpyrrole
was carried out, using Pd(PER#Cl,, Cul, and EN as the
promoters, to afford compourtBocin 52% yield. The Boc
group in1-Bocwas removed by heating at 12Q in DMF to
give a 78% yield of compound. The receptor molecule®
and2-Bocwere similarly synthesized, using a highly fluorescent

(7) (@) Liao, J.-H.; Chen, C.-T.; Chou, H.-C.; Cheng, C.-C.; Chou,
P.-T.; Fang, J.-M.; Slanina, Z.; Chow, T. Qrg. Lett. 2002 4, 3107
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P.-T.J. Am. Chem. So2004 126, 3559-3566.
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Chem. Soc2001, 123 10475-10488.
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Wavelength (nm) FIGURE 4. Fluorescence titration of receptar(1 x 107> M) upon

addition of 9-octylguanine (4 10-2 M) in CH,Cl, solution. Excitation
FIGURE 3. UV—uvis titration of receptofl (1 x 105 M) upon addition wavelength: 385 nm.
of 9-octylguanine (4x 10-3 M) in CH,ClI, solution.

spectra with the maxima at 378,49 and 424 nmAem) in CH,-
chromophore of pyreno[2,kilpyrrole!! to replace the pyrrole  Cl, solution. The titration ofi-Bocwith 9-octylguanine showed
unit. On the other hand, the Sonogashira coupling reaction of the characteristic UVvis and fluorescence spectral changes,
2-acetamido-7-chloro-1,8-naphthyridine with 2-ethynylaniline i.e., the recepterguanine complexation causing a red shift of
and 2-ethynyN-methylaniline afforded respectively the ethynyl- absorption wavelength and a decrease of fluorescence intensity

linked aniline-naphthyridine molecule8 and 3-Me in 75% (see the Supporting Information). The absorption isosbestic point
and 47% yields. Treatment & with Ac,O in EN gave the occurred at 384 nm throughout the titration, supporting the
analogue3-Ac. formation of a 1:1 complex. The binding constant for the (

Compoundsl showed the absorption maximum at 382 nm Boc)-octylguanine complex was determined to be 13800800
in CH.CI, solution, and the fluorescence emission maximum M~1in CH,Cl, solution (Table 1), about 2.5 times stronger than
at 460 nm upon excitation at 385 nm. The large Stokes’ shift the association of-octylguanine complex.

(A4 = 72 nm) might be attributable to the ICT procéss,e., The pyreno[2,1s]pyrrole moiety further extended the con-
the n,7-electrons delocalization from the electron-donating jugation in molecules2 and 2-Boc, so that their oscillator
pyrrole moiety to the electron-withdrawing naphthyridine center strengths increased to cause remarkable bathochromic shifts
along the ethynyl bridge. Thus, the acidity of pyrrole and (~100 nm) of fluorescence, in comparison with molecules
basicity of naphthyridine could be enhanced by the prominent and1-Boc respectively. Upon addition of 9-octylguaninezo
ICT at the excited stat&.Upon titration of1 with 9-octylguanine and 2-Boc in CHCI, solutions, the fluorescence intensity
in CH,Cl, solution, the resultingl-alkylguanine complex decreased without change of the emission wavelengths &t
exhibited only a slight red shift in the absorption spectra with 549 and 522 nm, see the Supporting Information). The associa-
Amaxat 388 nm (Figure 3). An isosbestic point in the absorption tion constants for the 1:1 complexes®bctylguanine and2-
spectra supported that the equilibrium between the free receptorBoc)-octylguanine were determined to be 217801800 and
and the complex existed throughout the titration. While the 63600 = 3800 M™%, respectively (Table 1). The receptor
emission wavelength did not show a considerable change duringmolecules1-Boc and 2-Boc bearing thetert-butoxycarbonyl

the titration, the fluorescence intensity did decrease gradually group showed consistently higher affinity-2.5-fold) toward

as the increments of octylguanine were added (Figure 4). Onalkylguanine than the Boc-free receptdrsand 2, indicating

the basis of the changes of the fluorescence intensity, thethe Boc group might lend itself to an additional hydrogen
association constant in GBI, solution was determined to be  bonding with the 2-NH group of guanine. The molecular
57004 200 M1 at 298 K for the 1:1 complex df-octylguanine computation with the PM3 semiempirical method indicated that
by means of the nonlinear least-squares curve fitting méthod the 1-octylguanine complex contained triple hydrogen bondings
(Table 1). The decreased fluorescence intensity might result fromwith reasonable distances of 1:79.85 A between the 2-ac-
the energy loss in the relaxation process of the hydrogen-bondedetamino-1,8-naphthyridine moiety of recepfoand the GO
1-alkylguanine complex as that depicted in Figure 1. and NH groups of the guanine molecule (see the Supporting

By attachment of an electron-withdrawiteyt-butoxycarbo- Information). The molecular modeling for thel-Boo)-
nyl group to the pyrrole moiety, the tendency for donating -octylguanine complex also showed an additional hydrogen
electrons from Boc-pyrrole to the ethyryhaphthyridine moiety bonding exerted by the Boc group bBocand the 2-NH group
would be reduced. In comparison with compoundl-Boc of guanine with a distance of 1.86 A €€----H—N), in
showed hypsochromic shifts in the absorption and emission agreement with the higher binding strength dif-Eoc)-
-octylguanine complex ovet-octylguanine complex.

According to the fluorescence titrations, the receptor mol-
ecules2 and 2-Boc also exhibited stronger affinity~4-fold)
overlandl-Bocin binding with alkylguanine. This result might
be attributable to the more effective conjugatior2iand2-Boc

(11) Selvi, S.; Pu, S.-C.; Cheng, Y.-M.; Fang, J.-M.; Chou, PJ-Drg.
Chem.2004 69, 6674-6678.

(12) Chou, P. T.; Wu, G. R.; Wei, C. Y.; Cheng, C. C.; Chang, C. P;
Hung, F. T.J. Phys. Chem. R00Q 104, 7818-7829.

(13) Connors, K. ABinding ConstantsWiley: New York, 1987.
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TABLE 1. Absorption, Fluorescence, and Binding Constants of Receptors and the Alkylguanine Complexes

receptor Aabs(NmMy Aem (NMY complex Aabs(NMP Aem (NMY Kass(M~1)P
1 382 460 1-octylguanine 388 460 5708 200
1-Boc 378 424 (-Bog-octylguanine 387 424 138G6 1300
2 429 549 2-octylguanine 431 549 217008 1800
2-Boc 422 522 R-Bog-octylguanine 425 522 63608 3800
3-Ac 370 407 8-Ac)-decylguanine 368 407 642203800
3-Me 399 518 8-Me)-decylguanine 402 535 910@0 6000
5 401 527 5-octylguanine 410 527 6608 300

aThe maximum in CHCI, solution.? The binding constant measured in &Hp solution at 298 K.

to cause a higher acidity at the pyreno[B]pyrrole moiety and
a higher basicity at the naphthyridine moiety.
The ethynyl-linked aniline-naphthyridine molecule3,3-Ac

Solvent: CH.CI,

and 3-Me exhibited the absorption maxima at 377, 370, and 3-Me 10°M
399 nm, respectively, in the GBI, solutions. In comparison G-10 10°M
with 3, the electron-withdrawing acetyl group in molecGlé&c _3;'“" .

. . — 1 equiv.
caused a small hypsochromic shifA = 7 nm), whereas the = —— 2 equiv.
electron-donating methyl group in molecu8eMe induced a s —— 3equiv.
considerable bathochromic shifAf = 22 nm). While com- w — ;:g:::

pound3 was not fluorescenB-Ac and 3-Me emitted fluores- i & equiv.
cence in CHCI; solutions respectively ainax407 (@ = 0.078) % —— 8equiv.
and 518 nm ¢ = 0.005). The quantum yields®) were 2 10 equiv.
measured by using a standard of 2,3,6,7,10,11-hexahydro-
1H,5H-cyclopenta[3,4][1]benzopyrano[6,7igguinolizin-12-
(9H)-one, known as coumarin 106. The emission spectBaiAd 0= v T T T T T T
and 3-Me were also solvent sensitive. The fluorescence o0 °00 590 500 50 700
wavelengths of3-Me increased as the polarity of solvents Wavelength (nm)

increased, i.e., the emission maxima occurring at 500, 518, 544,¢\GURE 5. Fluorescence titration of recept8fMe (1 x 1075 M)
556, 558, and 565 nm, respectively, in THF, £&Hp, EtOH, upon addition of 9-decylguanine (& 1072 M) in CH.Cl, solution.
MeOH, MeCN, and DMSO solutions. The fluorescence peak Excitation wavelength: 417 nm.

of 3-Ac also underwent bathochromic shifts as the polarity of

the aprotic solvents increased, i.e., the emission maxima 020 l

occurring at 393, 397, 407, 427, and 428 nm, respectively, in 018
EtOAc, THF, CHCIl,, MeCN, and DMSO solutions. It was
noticed that molecul&-Ac in MeOH showed the emission

Solvent: CH,CI,

: ; ) 3-Me 10°M
maximum at 436 nm, even more red shift than in MeCN and , " 10 107M
DMSO with larger polarity scale¥. This phenomenon might § 0.12 —3-Me
be attributable to the external hydrogen bonding interactions 5 0104 — 1 equiv.
of the protic solvent with the solufé:*4 2 — Zequiv.

L . . < 008 — 3 equiv.
The binding of molecule3 with 9-decylguanine was very —— dequiv.
weak; no apparent change in the bVis and fluorescence 006 —— 5 equiv.
spectra was observed even with addition of excess amounts ol 0044 :eqﬂx-
decylguanine (e.g., 15 equiv). In contrast, compoBié& and 0.02 4 —_ ::uw:
3-Me showed significant changes in the fluorescence spectra 1
i i H i 0.00 ¥ T ¥ T ¥ T T v 1
upon addition of 9-decylguanine in GEl. solution. Upon 300 380 400 450 500 550

addition of decylguanine t8-Ac, the fluorescence wavelength
at 407 nm did not change; however, the formation 3AC)-
-decylguanine complex caused a substantial decrease of the~IGURE 6. UV—uvis titration of recepto-Me (1 x 1075 M) upon
fluorescence intensity (see the Supporting Information). On the addition of 9-decylguanine (¥ 10-2 M) in CH,Cl, solution.

other hand, the fluorescence maximum of the free rec&hde
occurring at 518 nm was gradually shifted to 535 nm upon
addition of decylguanine (Figure 5). On the basis of 1:1 . L .
stoichiometry, the apparent binding constants for B@- gﬂgﬁﬁgence red shift and the enhanced affinity with alkyl-
;gf;?’rllgeléa%neb : ngﬁhéléi-dgscg(l)gu;}n(;nglcé)orgleéggowewrel de- The UV-vis titration spectra of recept@-Me with 9-de-

respectively, from the fluorescence titrations at 298 K (Table _cylguanlne in CHCI, solution showed isoshestic points, indicat-

1). The quadruple hydrogen-bonded mode for tBeA()- ing the equilibrium between the free receptor and the complex

] . _existed throughout the titration (Figure 6). The formation of
decylguanine complex was supported by a molecular computa the receptoralkylguanine 1:1 complexe84Ac)-decylguanine

(14) (a) Grabowski, Z. R.; Rotkiewicz, K.; Rettig, \them. Re. 2003 and G-Me)-de_cylguanlne was Conﬂrmed by the . ESNS
103 3899-4031. (b) Sun, Y.-Y.; Liao, J.-H.; Fang, J-M.; Chou, P.-T.; ~analyses, which showed the desired molecular ionsn/at
Shen, C.-H.; Hsu, C.-W.; Chen, L.-Qrg. Lett.2006 8, 3713-3716. 636.3328 and 608.3450 for the protonated complexes (see the

Wavelength (nm)

tion (see the Supporting Information). The electron-donating
N-methylaniline moiety irB-Me might be accounted for by the
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Supporting Information). The Job’s plots based on the absorptionthe proposed multiple hydrogen-bonded model. In addition to

changes in the titration curves also supported the 1:1 stoichi-

ometry in the 8-Ac)-decylguanine and3(Me)-decylguanine

complexes (see the Supporting Information), though the some-

what visual offset from a mole fraction of 50% might be due to
the solubility and aggregation of the receptor and alkylguanine.
The 'H NMR studies were also attempted to obtain more
evidence to support the proposed binding model (Figure 1).
However, the NMR titrations failed (e.g., usir®gMe at 1 x
1073 M) due to the partial precipitation of decylguanine at higher
concentrations (e.gx>5 x 1072 M). We then prepared the
analogous host and guest molecuel-Bog 5, and 9-decy-
ladenine for comparison studies.

R [e) X NH.
2
| A 2 )J\ l AN 2
HOONT N N N7ONTONT NN
N h Y
=
N NN
s NMe, C1oHz1
4 R=H 9-Decyladenine

4-Boc R =COOBU

Unlike alkylguanine, the addition of 9-decyladenine to the
CH,CI, solution of 3-Ac or 3-Me did not cause substantial
changes in the U¥vis and fluorescence spectra. This result
indicated that the ethynyl-linked anilir@aphthyridine mol-
ecules3-Ac and3-Me could not form complexes with adenine
effectively via multiple hydrogen bonds. The conjugated pyr-
role—naphthyridine molecule$and4-Bog without the 2-acet-
amido group, were found to be insensitive to 9-octylguanine in
the UV—vis and fluorescence titrations. Thus, the 2-acetami-
donaphthyridine motif, which did not exist #or 4-Bog acted
as an essential part to provide the triple hydrogen bonding
interactions with guanine (Figure 1).

Upon titration with 9-octylguanine in Cil, solution, the
ethynyl-linked aniline-naphthyridine moleculés showed a
decrease of fluorescence intensity, albeit in a relatively small
degree. By monitoring the fluorescence changes at 527/ (
in the titration, the association constant for hectylguanine
complex was determined to be 6680300 M1, about 16-
14-fold weaker than those 08{Ac)-octylguanine and3-Me)-
-octylguanine complexes. While molecutehad a dimethyl-
amino group at the remote para position, the acetamido an
methylamino substituents at the ortho positions in molecules
3-Ac and 3-Me would be favorable to exert an additional
interaction, synergistically with the triple hydrogen-bonding
motif of the 2-acetamidonaphthyridine moiety, to enhance the
binding with alkylguanine.

Conclusion

We have devised the guanine-binding molecules, &:89¢
2-Bog 3-Ac, and3-Me, based on the ethynyl-linked (pyreno)-
pyrrole—naphthyridine and anilirenaphthyridine scaffolds. The

acetamidonaphthyridine moiety in these receptor molecules

provided the hydrogen doneeacceptotacceptor (DAA) motif
to bind the guanine molecule with the complementary ADD
motif of O=Cs—N;H—N,H (Figure 1). The Boc and Ac groups

in these receptor molecules likely exerted an additional interac-

tion with the 2-NH group of guanine to enhance the formation

the ESFMS analyses, the binding events were readily moni-
tored by the UV-vis and fluorescence spectroscopy. The
extended conjugation of the ethynyl-linked (pyreno)pyrtole
naphthyridine and anilinrenaphthyridine receptor molecules
rendered sensitive and convenient fluorescence detection in the
visible region. In comparison with the previously reported
guanine-binding moleculés?® the ethynyl-linked (pyreno)-
pyrrole—naphthyridine and anilinenaphthyridine molecules
showed comparable or better affinity toward guanine derivatives.
The synthesis 08-Ac and3-Me was straightforward. Modifica-
tion of the receptor molecules by introduction of other binding
elements, preferably with hydrophilic property, to the acetyl and
methyl groups should be doable. The ditopic receptor molecules
prepared as such can be tested for sensing the biologically
important guanine derivatives, e.g., nucleosides and nucleotides,
in the physiologically compatible media. We are currently
engaged in this endeavor.

Experimental Section

2-Acetamido-7-(1tert-butoxycarbonylpyrrol-2-yl)ethynyl-1,8-
naphthyridine (1-Boc). To a solution of 2-acetamido-7-chloro-
1,8-naphthyridin® (221 mg, 1 mmol) in anhydrous THF (5 mL)
was added EN (1.73 mL) followed by addition of Pd(PRRCI,
(27.8 mg) and Cul (7.8 mg) under Ar at room temperature. The
resulting mixture was left to stand at room temperature for 10 min,
and then 2-ethynylpyrrole-1-carboxylic adiert-butyl estef (190
mg, 1 mmol) in THF (5 mL) was added dropwise. The resulting
solution was stirred at room temperature for 24 h. The volatiles
were removed under reduced pressure. The residue was dissolved
in CH,Cl,, passed through a short plug of Celite, and washed with
EtOAc. The organic phase was evaporated to dryness, and then
purified by flash column chromatography on silica gel with elution
of MeOH/CH,CI, (1:19) to give 196 mg of compouridBoc (52%
yield).

Co1HooN4O3: UV —vis lmax (CH2C|2) 378 nm é =29 000 M1
cm™1); FL Amax (CH:Cl2) 424 nm;*H NMR (CDCl;, 400 MHz) 6
9.16 (1 H, brs), 8.49 (1 H, d = 8.0 Hz), 8.13 (1 H, dJ = 8.0
Hz), 8.05 (1 H, dJ = 8.0 Hz), 7.55 (1 H, d) = 8.0 Hz), 7.35 (1
H, dd,J = 2.8, 1.6 Hz), 6.77 (1 H, dd] = 1.6, 1.2 Hz), 6.21 (1
H, m), 2.29 (3 H, s), 1.63 (9 H, s}3C NMR (CDCk, 100 MHz)

dé 169.3, 154.1, 153.8, 146.8, 145.0, 138.6, 136.8, 123.7, 122.9,

122.4,118.7,114.7,112.6, 111.4, 92.6, 84.6, 82.7, 246, (34.3;
FAB—MS calcd for GiH21N4O5 377.2 (M+ H)*, foundm/z 377.2,;
HRMS calcd for GH21N4O3 377.1614 (M+ H)*, found nv/z
377.2003.

2-Acetamido-7-(H-pyrrol-2-yl)ethynyl-1,8-naphthyridine (1).
Compoundl-Boc (119 mg, 0.3 mmol) was dissolved in DMF (5
mL), then the solution was heated at I’tDfor 5 h. The solution
was cooled, poured into water, then extracted with EtOAc. The
organic layer was washed with water, dried over$@&, and
concentrated in vacuo. The crude material was purified by column
chromatography with MeOH/Ci€I, (1:19) to afford compound
(65 mg, 78% vyield).

CieH12N4O: UV—Vis Amax (CH:Cly) 382 nm ¢ = 45 000 M
cm™1); FL Amax (CH:Cl2) 460 nm;*H NMR (CDCl;, 400 MHz)
8.91 (1 H, brs),8.76 (L H,s), 847 (LH,d~=8.0Hz), 812 (1
H, d,J=28.0 Hz), 8.05 (1 H, dJ = 8.0 Hz), 7.48 (1 H, d) = 8.0
Hz), 6.88 (1 H, ddJ = 2.8, 1.6 Hz), 6.69 (1 H, dd] = 1.6, 1.2
Hz), 6.25 (1 H, m), 2.28 (3 H, s}3C NMR (CDCk, 100 MHz) 6
170.0, 154.5, 154.4, 145.9, 139.0, 137.2,122.9,122.0, 118.8, 116.6,

of the quadruple hydrogen-bonded complexes. In contrast, the114 7 1102, 90.8, 85.2, 24.3: HRMS calcd forgdN,O

ethynyl-linked pyrrole-naphthyridine molecule4 and 4-Boc
lacked the 2-acetamido group for an effective binding with
alkylguanine. The higher affinity of alkylguanine over alkylad-
enine in binding with3-Ac and 3-Me was in agreement with

277.1089 (M+ H)*, foundmvz 277.1030.
2-Acetamido-7-(2-aminophenyl)ethynyl-1,8-naphthyridine (3).

A Sonogashira coupling reaction of 2-acetamido-7-chloro-1,8-

naphthyridine (612 mg, 2.8 mmol) with 2-ethynylaniline (320 mg,
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2.7 mmol) in DMF solution was carried out, by a procedure similar Hz), 6.58 (1 H, d,J = 8.0 Hz), 2.91 (3 H, s), 2.34 (3 H, s)°C

to that for1-Bog to give compound (609 mg) in 75% yield.
C18H14N4O: yellowish solid recrystallized from MeOHA®, mp
258°C; TLC (MeOH/CHCI; (1:99)) R; 0.15; UV—ViS Amax (CH,-
Cly) 377 nm € = 24 700 Mt cm™); Amax (DMSQO) 386 nm é =
14900 Mt cm1), 353 nm € = 11 800 Mt cmY); IR (KBr) 3450,
2194, 1710, 1613 cnt; *H NMR (CD3COCDs, 400 MHz)6 10.00
(1H,s),848 (1 H,dJ)=28.0Hz),8.34 (2 H,t)=28.0Hz), 7.69
(1H,d,J=8.0Hz),7.38 (1 H,dJ=80Hz),7.17 (L H,tJ=
8.0 Hz), 6.83 (1 H, d) = 8.0 Hz), 6.63 (1 H, tJ = 8.0 Hz), 5.42
(2 H, s, ArNH,), 2.29 (3 H, s)1C NMR (CDsCOCD;, 100 MHz)

NMR (CDCl;, 100 MHz)6 169.7, 154.1, 153.9, 150.2, 146.2, 138.5,
136.1, 132.4,131.0, 123.4, 119.1, 115.7, 115.5, 108.8, 105.0, 95.0,
89.0, 30.4, 25.4; HRMS calcd for@H:7N,O 317.1397 (M+ H) T,
found m/z 317.1462.

UV—Vis Titration Studies. The stock solutions of receptor
compound (e.g3-Me, 1 x 10-5M) and 9-alkylguanine (x 102
M) were prepared by using spectroscopic grade dichloromethane.
The stock solution (2 mL) of receptor compound was placed in a
quartz cell (1 cm length), and the absorption spectrum was recorded
at 298 K. The stock solution of alkylguanine was introduced in an

0 169.9, 155.1, 154.9, 150.8, 146.8, 139.1, 137.4, 132.7, 131.2,incremental fashion (2L corresponds to 1.0 equiv); the mixture
123.8, 119.8, 116.7, 115.3, 114.6, 105.2, 94.9, 89.1, 24.7; HRMS was shaken well, and the corresponding -tis curves were

calcd for GgH1sN4O 303.1240 (M+ H)™, found m/z 303.1219.

Anal. Calcd: C, 71.51; H, 4.67; N, 18.53. Found: C, 71.17; H,

4.88; N, 18.80.
2-Acetamido-7-(2-acetamidophenyl)ethynyl-1,8-naphthyri-
dine (3-Ac). Compound3 (50 mg, 0.2 mmol) was treated with
acetic anhydride (15 mL) and & (15 mL) at 25°C for 8 h. The

solid products were filtered and rinsed with,Gtto give3-Ac (49
mg) in 86% vyield.

CooH16N4O2: colorless solid, mp 246C; TLC (MeOH/CHCI,
(2.5:97.5))R; 0.12; UV-Vis Amax (CHCl3) 370 nm € = 30 100
M~1 cm™1), 356 nm € = 29 000 Mt cm™); Amax (DMSO) 370
nm (€ = 35200 M cm™), 358 nm € = 34100 M1 cm™Y);
fluorescencelmax (CH2Cl) 407 nm; Amax (DMSO) 428 nm; IR
(KBr) 2209, 1680, 1579 cmt; 'H NMR (CDCl;, 400 MHz)6 8.73
(1H,s),853(1H,dJ)=28.0Hz),842(1H,d)=8.0Hz),8.17
(2 H, m), 8.13 (1 H, dJ = 8.0 Hz), 7.56 (2 H, ddJ = 8.0 Hz),
7.41(1H,tJ=8.0Hz),7.09 (1 H,tJ=8.0Hz),2.31 (3 H,s),
2.30 (3 H, s)13C NMR (CDCk, 100 MHz)¢6 168.9, 168.3, 154.0,

recorded.

Fluorescent Titration Studies. The fluorescence spectra were
taken by using the same samples employed in the-U¥ study,
i.e., transferring the same cuvette from the t\'s spectropho-
tometer to the fluorescence spectrophotometer for each incremental
addition. The fluorescence spectra, obtained by excitation at the
absorption isosbestic point, were taken as a function of the
concentrations of alkylguanine.

On the basis of the 1:1 stoichiometry of the complex, the binding
constant was calculated according to the following equation, and
determined by the nonlinear least-squares curve fitting method.

y="f+[(d— DK™ +c+x—[(K+c+x°— 4cX>%}

wherec is the receptor concentratiodhjs the maximum change of
fluorescence intensity at saturatiohjs the initial fluorescence

intensity,K is the association constantjs the substrate concentra-
tion, andy is the fluorescence intensity.

(2x), 115.4, 110.4, 95.5, 86.6, 25.4 X2 HRMS calcd for
CooH17N4O; 345.1346 (M+ H)*, found m/z 345.1468.
2-Acetamido-7-[2-(methylamino)phenyl]ethynyl-1,8-naphthy-

ridine (3-Me). A Sonogashira coupling reaction of 2-acetamido-

7-chloro-1,8-naphthyridine (836 mg, 3.8 mmol) with 2-ethyhyl-

methylaniline (390 mg, 3.0 mmol) in DMF solution was carried

out, by a procedure similar to that farBoc to give compound
3-Me (440 mg) in 47% vyield.

CioH16N4O:  yellowish solid recrystallized from acetone, mp

227.4°C; TLC (MeOH/CHCI; (1:99)) R 0.15; Amax (CH2Cl,) 399
nm (€ = 17 500 M1 cm™1), 350 nm € = 18 100 Mt cm™Y); Amax
(DMSO0) 402 nm ¢ = 23900 Mt cmY), 353 nm ¢ = 22 400
M~1cm™b); fluorescencé max (CH2Cl,) 518 nm;Amax (DMSO) 565
nm; IR (KBr) 2200, 1691, 1612 cm; *H NMR (CDCl, 400 MHz)
$9.96 (1L H,s), 851 (LH,d=80Hz),8.12(1H,dJ=8.0
Hz), 8.03 (1 H, dJ=8.0 Hz), 7.50 (1 H, dJ = 8.0 Hz), 7.40 (1
H, d,J=8.0 Hz), 7.27 (L H, tJ = 8.0 Hz), 6.63 (L H, tJ = 8.0
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3-Me) and decylguanine in a 1:1 molar ratio was dissolved in-CH
Cl,, and the solvent was then removed under reduced pressure. The
residue was diluted to ca. M in aqueous CHCN (50%)
containing 0.15 equiv of HOAc, which was also used as the spray
solvent for MS analysis.
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