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Effect of a hydroxyl group in an anthracene-labelled pyridine
amide receptor in molecular recognition of a-keto and

hydroxy monocarboxylic acids
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Abstract—To ascertain the role of a hydroxyl group in carboxylic acid recognition, anthracene-labelled pyridine amide sensor 1 was
designed and synthesized. The sensor functions as an ‘off–on’ fluorescence switch for a-keto and hydroxy acids. The binding prop-
erties were studied using 1H NMR, fluorescence and UV–vis spectroscopic methods. Sensor 1 is selective for pyruvic acid.
� 2006 Elsevier Ltd. All rights reserved.
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The development of chemosensors for biologically
important species has recently emerged as a key research
area in supramolecular chemistry.1 In this regard, the
transduction of recognition events into a fluorescent sig-
nal is of great importance. Over the past few years, con-
siderable effort has been focused on the development of
photoinduced electron transfer (PET) sensory systems
for various guest species.2 In designing such systems,
the use of amide N–H,3 urea/thiourea,4 sulfonamides,5

etc. as binding groups along with particular fluoro-
phores is well documented. In this respect, a hydroxyl
group as binding motif has been less studied6 although
a steroidal skeleton bearing a hydroxyl group,7 urethane
N–Hs and hydroxyl groups8 and amino-alcohols6c were
found to be promising in recognition of substrates rang-
ing in nature from charged to neutral.

During the course of our ongoing program to develop
receptors for molecular recognition of neutral sub-
strates,9 we report here the synthesis and photophysical
behaviour of anthracene-labelled receptor 1 to examine
the cooperative hydrogen bonding effect of the hydroxyl
group in recognition of a-keto and hydroxy acids.

Receptor 1, in which one anthracene substituent and a
pyridine amide subunit are appended through –CH2–
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spacers to the nitrogen atom of an ethanolamine, has
been synthesized according to Scheme 1 and character-
ized by 1H NMR, 13C NMR, and mass analysis.10

In receptor 1, hydrogen bond donors (D) and acceptors
(A) are arranged in a DAAD fashion and covalently
linked to the 9-anthranilic position in order to generate
the photoinduced electron transfer signal via the methyl-
ene (–CH2–) bridge from the electron donor to electron
acceptor (Fig. 1a). Molecular modelling11a revealed that
receptor 1 (Fig. 1b; E = 41.78 kcal/mol) provides an
open cavity into which the pyridine amide and alcoholic
OH hydrogen bonding groups are well disposed for
complexation.

The binding behaviour of 1 for benzoic, pyruvic, (R)-
mandelic and 2-furoic acids was examined by 1H
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Scheme 1. Synthesis of receptor 1.
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Figure 1. (a) Possible hydrogen bonding sites of 1 (A = hydrogen bond
acceptor, D = hydrogen bond donor) and (b) energy minimized
structure of 1.

Figure 2a. 1H NMR spectra on titration of 1 with (R)-mandelic acid in
CDCl3: (a) 1 (c = 8.09 · 10�3 M) only; (b) [G]/[H] = 0.29; (c) [G]/
[H] = 0.57 and (d) [G]/[H] = 1.

Figure 2b. 1H NMR spectra on titration of 1 with pyruvic acid in
CDCl3: (a) 1 (c = 7.77 · 10�3 M) only; (b) [G]/[H] = 0.35; (c) [G]/
[H] = 0.7 and (d) [G]/[H] = 1.
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NMR titration, fluorescence and UV–vis methods. In
dry CDCl3 the signals of the OH and amide protons,
which are D2O exchangeable, appeared at 1.60 and
7.85 ppm, respectively (see Supplementary data). These
two signals underwent significant downfield shifts upon
addition of pyruvic, (R)-mandelic and 2-furoic acids
suggesting that the hydroxyl group, along with the pyr-
idine amide, serve as binding sites in complexation. The
relatively smaller downfield shift of the amide proton
compared to the hydroxyl proton is due to the steric nat-
ure of the pivaloyl group. As shown in Figures 2a and 2b,
upon addition of pyruvic and (R)-mandelic acids, large
changes in the chemical shift value of the OH protons
(Dd = 0.66 ppm for pyruvic and 1.79 ppm for (R)-man-
delic acids in their 1:1 complexes) were observed in the
1H NMR spectra of 1, while the signal of the amide
proton shifted downfield by a smaller amount
(Dd = 0.36 ppm for pyruvic and 0.49 ppm for (R)-man-
delic acid in their 1:1 complexes). During complexation
the –CH2– protons adjacent to the aliphatic nitrogen
(a–d; see Fig. 3) also showed significant downfield shifts
(Table 1) and suggest participation of the aliphatic
nitrogen in complexation either in mode A or mode B
as shown in Figure 3. Both forms A and B may exist
in solution, in equilibrium, but we suggest that form A
is more likely due to the six-centered hydrogen bonded
structure as constituted by the carboxylic acid and alco-
holic OH groups. The large downfield shift of the OH
signal supports this proposition. During complexation
in dry CDCl3, the possibility of protonation of both
the ring and aliphatic 3� nitrogens was neglected. This
was proved by running 1H NMR spectra in CDCl3,
but in the presence of the stronger acid HCl, which
showed easy protonation by the appearance of a signal
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Figure 3. Possible structures of the hydrogen bonded complex.

Table 1. Change in chemical shift values in the 1:1 complexes

Guest acid Dd for ‘a’
Protons

Dd for ‘b’
Protons

Dd for ‘c’
Protons

Dd for ‘d’
Protons

Pyruvic 0.13 0.09 0.09 0.08
(R)-Mandelic 0.05 0.04 0.03 0.04
2-Furoic 0.04 0.05 0.04 0.05
Benzoic 0.01 0.02 0.01 0.02
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at 10.02 ppm for the protonated pyridinium
group.9c,d,11b The ammonium proton was difficult to
identify due to significant broadening of the signals in
the aromatic region (7–9 ppm). The absence of a signal
at 10.02 ppm for the acids studied thus ruled out the
case of protonation. Quantitative assessments of the
binding affinities11c of 1 towards benzoic, pyruvic,
2-furoic and (R)-mandelic acids in dry CDCl3 (Table
2) revealed that 1 is selective and effective in forming
1:1 complexes with monocarboxylic acids having hetero
atom substituents at the a-position. In this regard, 1 is
selective for pyruvic acid among the other acids studied.
The stoichiometries were determined from the break of
the titration curves (Dd vs [G]/[H]).

With the ability of the OH group as a donor of hydro-
gen bonds established, the fluorescence behaviour of 1
was examined in CH3CN in the presence of the acids
as mentioned in Table 2. In this context, it is of note that
the fluorescence intensity of 1 was stable with time there-
by neglecting the intermolecular photodimerisation of
anthracene (see Supplementary data).12c Upon addition
of pyruvic, 2-furoic and (R)-mandelic acids, the struc-
tured emission bands at 395, 412 and 440 nm assigned
to anthracene monomer emission were significantly
Table 2. Binding constants based on NMR and fluorescence analyses

Guest acid Sensor 1 (Ka in M�1) by
1H NMRa in CDCl3

Pyruvic 1.62 · 102

(R)-Mandelic 1.09 · 102

2-Furoic 0.79 · 102

Benzoic 0.44 · 102

a Binding constant values were determined by considering the shift of the –O
enhanced. As shown in Figure 4, 1 exhibits a large
increase in emission intensity in the presence of pyruvic
acid without producing any other spectral change (i.e.
either exiplex or excimer formation). Benzoic acid did
not induce any significant fluorescence change (Fig. 5).
Concurrent study of the absorption spectra of 1 (peaks
of the anthracene moiety) showed a very minor change
(for example, see Fig. 4: inset) indicating the insulating
role of the –CH2– spacer, which minimizes the ground
state interactions between the fluorophore and carbox-
ylic acid binding sites. This reveals that 1 behaves as
an ideal PET sensor. The same experiments in CHCl3
exhibited a similar behaviour. The fluorescence enhance-
ment in the presence of the acids, therefore, is associated
with cooperative hydrogen bonding interactions in
forming the receptor—carboxylic acid complexes. The
complexation inhibits the PET process either from the
receptor sites to excited anthracene (described as 1�

PET) or the reverse (2� PET) resulting in an increase
in the fluorescence of 1. In this regard, our previous
report on sensor 2 is relevant where compromisation
of 1� and 2� PET processes resulted in the ‘on–off’
switching behaviour9d of 2 in the presence of monocarb-
oxylic acids. The present example, in contrast, shows the
reverse switching mode. This could be attributed pre-
sumably to a hydrophobic and hydrophilic balance in
receptor 1, which has a role in regulating the PET pro-
cess during complexation. Table 2 summarizes the 1:1
receptor-acid binding constants from fluorescence titra-
tions,12 which show a similar trend to that observed in
the NMR titrations. Thus both the fluorescence and
the NMR experiments undoubtedly demonstrate that
the chemosensor 1 can discriminate the a-heteroatom
substituted keto- and hydroxy-monocarboxylic acids
Sensor 1 (log b) by
fluorescence in CH3CN

Sensor 1 (log b) by
fluorescence in CHCl3

4.89 4.67
4.49 4.22
3.27 3.24
2.98 2.20

H proton.
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Figure 4. Fluorescence emission spectra of 1 (7.25 · 10�5 M) in
CH3CN with pyruvic acid and the change in the UV–vis spectra of 1

(6.34 · 10�6 M) (inset) upon addition of pyruvic acid.
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Figure 5. Change in fluorescence emission of 1 in CH3CN with
increasing guest (G) concentration: (a) pyruvic; (b) (R)- mandelic; (c)
2-furoic and (d) benzoic acids.
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from monocarboxylic acids and selectively binds to
pyruvic acid in the present case.

In conclusion, we have demonstrated that a simple sen-
sor 1 bearing a hydroxyl group shows significant a-keto
acid binding ability in both CH3CN and CHCl3. The
hydroxyl group of the sensor acts as a hydrogen bond
donor in cooperative hydrogen bonding to the carbox-
ylic acid. This information will certainly help in building
up chiral sensors from chiral amino alcohols for chiral
recognition. Work along this direction is in progress in
our laboratory.
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