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Abstract—A naphthyridine-based charge neutral receptor has been designed and synthesized. Its complexation with a series of
carboxylic acids involved in the Krebs cycle has been studied by '"H NMR, UV-vis and fluorescence methods. The receptor
shows strong binding to citric acid (K, = 1.60 x 10° M~') and is also able to distinguish diastercomeric maleic acid from fumaric

acid by fluorescence.
© 2007 Elsevier Ltd. All rights reserved.

The design and synthesis of molecular receptors that can
interact and sense biologically relevant carboxylic acids
through an optical response is an active area of molecu-
lar recognition research. In the last decade, considerable
effort has been devoted to the synthesis of various types
of artificial fluorescent receptors for both mono and
dicarboxylic acids and their derivatives.! As part of this
area of research, we have recently focused on the recog-
nition and sensing of both mono and dicarboxylic acids
through hydrogen bonding interactions.!®? Given the
importance of carboxylic acids in biology,* interest in
selective sensors that are able to discriminate one sub-
strate amongst others intervening in a metabolic route
is very appealing. Citric acid, in this regard, is a tricar-
boxylic acid that plays an important role in Krebs cycle
to provide the vast majority of energy used by aerobic
cells in human beings. Maleic acid is a well-known
inhibitor of this cycle and its implication in different kid-
ney diseases has been widely described.* Several groups
have focused on various artificial receptors for recogni-
tion of citrate.> Many of these are based on positively
charged, hydrogen bond groups or unsaturated metal
centers coordinated to 1,3,5-trialkylbenzene scaffolds
which adopt a ‘fly-trap’ conformation. Another ap-
proach that employs the indicator displacement method
was elegantly demonstrated by Anslyn and co-workers.®

In this Letter, we report on new molecular structure 1
that shows strong binding of citric acid by exhibiting a
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change in the photophysical behavior of the naphthyr-
idine units.
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The synthesis of 1 is outlined in Scheme 1. Coupling of 2-
acetylamino-7-chloro-1,8-naphthyridine, obtained by a
known method,” with 2-hydroxymethylpyridine in dry
THF in the presence of NaH and a catalytic amount of
Cu,0O gave compound 2 which on amide cleavage under
alkaline conditions furnished the intermediate amine 3.
In addition, 2-butyrlamino-7-chloro-1,8-naphthyridine
was coupled with 2-hydroxymethylpyridine, under the
same reaction conditions to give amine 3 as the sole
product. Reaction of amine 3 with 5-octyloxyisophtha-
loyl diacid chloride gave receptor 1% in 20% yield. Amine
3 was characterized by X-ray analysis (Fig. 1).°
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Scheme 1. Synthesis of receptor 1.

Figure 1. SCHAKAL plot of 3.

The carboxylic acid binding properties of 1 were investi-
gated by observing the changes in fluorescence emission,
absorption spectra in CHCl; and by "H NMR in CDCls.
Our initial experimentation to evaluate the potential of 1
as a receptor for citric acid began with a study of the '"H
NMR spectra of 1 in the presence of citric acid in dry
CDCl;. Upon addition of citric acid to a solution of 1
in CDCl;, a complexation-induced downfield shift of
the amide NH (Ad = 1.6 ppm) and well resolved peaks
of the naphthyridine ring protons were observed. This
large downfield shift indicated strong complexation.
The ability of receptor 1 to provide a highly preorga-
nized pocket-like environment in binding citric acid
was further supported by molecular modeling (Fig. 2;
Ein = 72.62 kcal/mol)!'® where each naphthyridine ring
nitrogen is involved in bifurcated hydrogen bonds with
the hydroxyl and carboxylic acid protons. One of the
pendant pyridine rings in 1 binds the carboxylic acid
involving a single point hydrogen bond interaction.

To ascertain the selectivity and sensitivity of 1 with citric
and other acids involved in the Krebs cycle, UV-vis
titration experiments were conducted in CHCl;. Upon
addition of the acids (citric, malic, succinic, maleic,
and fumaric) the characteristic absorption peak of 1 at
343 nm gradually decreased without producing any
other observable changes. Figure 2 shows the absorp-
tion spectra of 1 upon addition of citric acid. The mea-
sured absorbance [4y/(4o—A)] at 343 nm as a function
of the inverse of citric acid concentration fits with a lin-
ear relationship, indicating the 1:1 stoichiometry of the
1/citric acid complex (Fig. 3; inset).!! The ratio for the

in dry CH,Cl,, Et,N, 15%

Figure 2. Energy minimized hydrogen-bonded complex of citric acid
with 1.

intercept versus slope gave the association constant K,
of 1.60x 10° M ",

The 1:1 stoichiometry was also determined from the
break of the titration curve at [G}/[H]=1 in Figure 4.
In a similar way, malic acid (having an additional OH
group) was shown to interact only moderately. The
association constant values are collected in Table 1.
From Table 1, we can see that receptor 1 has strong
affinity and good selectivity for citric acid. This is due
to the location of the naphthyridine rings with respect
to the isophthaloyl spacer which converges all the
hydrogen bonding groups to citric acid in a cooperative
fashion as shown in Figure 2. These secondary hydrogen
bonding interactions in naphthyridine-based receptors
are well documented.!? In this context, it is important



K. Ghosh et al. | Tetrahedron Letters 48 (2007) 2935-2938 2937

0.5+

D
<
=
= /
=
=3
172}
=
< : : : : :
200000 400000 600000 800000 1000000
1/[GlinM™"
0.0+ . . : —
300 350 400

Wavelength (nm)

Figure 3. Absorption spectra of 1 (¢ = 0.42 x 107> M) in CHCl; upon
addition of citric acid. Inset: The plot of [Ao/(A4o—A)] versus 1/[G].
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Figure 4. UV—vis titration curves ([Guest]/[Host] vs change in absor-
bance) for 1 (measured at 343 nm) with various acids.

Table 1. Association constants (K,) in M™! for 1 with the acid guests

Guest acids K, by UV-vis method K, by fluorescence method

Citric 1.60 x 10° 9.31 x 10*
rac-Malic ~ 7.93 x 10* 531 x 10*
Succinic 2.77 x 10* 1.45%x10*
Maleic 1.97 x 10* 8.50x 10°
Fumaric 1.69 x 10* 2.60 x 10

to mention that receptor 1, in the present case, binds
p-(—)-tartaric acid (K, = 1.26 x 10° M~') more strongly
than the previously reported value.!3 Other guest acids
with the exception of citric acid (Table 1), show rela-
tively weak binding, possibly due to formation of fewer
hydrogen bonds with the naphthyridine ring nitrogens.

Figure 5 explains the hydrogen bond induced fluores-
cence changes of receptor 1 in CHCI; upon addition
of citric acid (dissolved in CHCIl; containing 0.6%
DMSO). Upon addition of the acid, the characteristic
emission spectrum of monomeric naphthyridine gradu-
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Figure 5. Fluorescence spectra of 1 (¢=2.10x 107> M) in CHCl,
upon addition of citric acid (Aex = 320 nm).

ally increased to different extents. During the course of
titration there was no other spectral change in the emis-
sion spectra. In this context, the negligible change in
fluorescence emission with fumaric acid (Fig. 6) is worth
mentioning in the discrimination between diastereo-
meric maleic and fumaric acids although in the ground
state their binding selectivity is poor. The association
constants (Table 1) determined by fluorescence titra-
tions!!' indicated similar trends in selectivity as shown
by the UV-vis method.

In conclusion, we have developed a new fluorescent
chemosensor 1, which is simple in design, shows strong
binding and good selectivity for citric acid and is also
able to distinguish diastereomeric maleic versus fumaric
acids by fluorescence. The selectivity arises from partic-
ipation of the naphthyridine motifs in the formation of
cooperative hydrogen bonds with the guest acids. Fur-
ther studies along this direction are under progress in
our laboratory.
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Figure 6. Relative change in fluorescence of 1 (¢ =2.10x 107> M) in
CHCI; upon addition of guest acids.
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