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Triphenylamine-Based Pyridine /V-Oxide and Pyridinium Salts for
Size-Selective Recognition of Dicarboxylates
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Triphenylamine-based receptors 1-3 have been designed
and synthesized for the recognition of dicarboxylates. The
correct dispositions of the binding groups in both 1 and 2
under 4,4'-dicarbonyltriphenylamine spacer enable them to
bind aliphatic dicarboxylates of different chain lengths with
moderate binding constant values. In the binding event, tri-
phenylamine-based pyridinium salt 2 is found to be more ef-
fective than triphenylamine-based pyridine N-oxide 1 and
shows selectivity for long-chain pimelate. Binding takes

place at charged sites with concomitant PET-based (photo-
induced electron transfer) quenching of emission of tri-
phenylamine motif. The binding was monitored in DMSO
using 'H NMR, UV/Vis and fluorescence spectroscopic meth-
ods. Efficiency of pyridinium binding site over the others in
the present study has been rationalised by invoking theoreti-
cal results.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Introduction

The design and synthesis of fluorogenic chemosensors
for selective recognition of biologically important anions is
of current interest in the field of supramolecular chemis-
try.'! Dicarboxylates are among the most attractive targets
for anion recognition and sensing because of their consider-
able role in biological systems.[’! Various reports on sensing
of dicarboxylates involving different binding motifs such as
polyprotonated azacrown,’! guanidinium,™ polyammo-
nium,! imidazolium,[® urea/thioureal®®”! etc., appended to
suitable chromophores or fluorophores as signaling probes,
have been reported. However, the use of the pyridinium mo-
tif in the construction of a fluorescent receptor for dicar-
boxylates is less explored. Recently, Steed and co-workers
reported ureidopyridyl-based tripodal receptors for selec-
tive recognition of chloride ions.®! The use of a C-H-X
hydrogen bond as offered by the pyridinium motif in com-
plexing guest species is the key feature of pyridinium-based
receptors. The importance of C-H-+X bonds over the
strong N-H-*X and O-H-X (X = N, O) hydrogen bonds
is of current interest because C—H---X hydrogen bonds play
an important role in the stabilization of nucleobase quar-
tet,”] 'RNA structure,l') and many crystal structures.!'!]
Within the scope of our investigations on the development
of receptors for selective recognition of dicarboxylates, we
herein report our results on the synthesis and dicarboxylate
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anion binding behavior of new triphenylamine-labelled bis-
(pyridine N-oxide) and bis(pyridinium salt) receptors 1 and
2, respectively, where C—H-*O hydrogen bonds have been
taken into account to stabilize the complexes.
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Previously, we have reported for the first time on the use
of triphenylamine as a fluorescent probe in the construction
of receptors for dicarboxylic acids.'? For further explora-
tion we have introduced this motif as a fluorescent probe
in devising molecular receptors for selective binding of di-
carboxylate. So far there are no triphenylamine-based syn-
thetic receptors known in the literature for molecular re-
cognition studies on dicarboxylates. In order to get the new
receptors 1 and 2, we have installed amido pyridine N-oxide
and pyridinium motifs onto the triphenylamine motif as
binding sites. The complexation abilities of such motifs were
compared with the pyridinecarboxamide-based receptor 3.
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Results and Discussion

The syntheses of 1, 2 and 3 were accomplished according
to Scheme 1. Triphenylamine was formylated by using
POCI;/DMF to yield mono-, di- and tri-formylated prod-
ucts.['3] The desired 4,4'-diformyltriphenylamine 4a was iso-
lated in 57% yield, which on bromination followed by oxi-
dation of the aldehydic groups gave the compound 6. Sub-
sequent reaction of 6 with oxalyl chloride in dry CH,Cl,
yielded the diacid chloride 7 which on coupling with 3-ami-
nopyridine gave the receptor 3 in 68% yield as light yellow
powder. On oxidation with m-CPBA, receptor 3 gave 1 in
45% yield as a white solid. On the other hand, receptor 2
was obtained as a light green solid in 88% yield by the
reaction of 3 with benzyl bromide followed by anion ex-
change with NH4PFg4. All these compounds were charac-
terized by usual spectroscopic techniques.
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Scheme 1. Reagents and conditions: a: (i) POCl;, DMF, reflux, 8 h;
b: (i) NBS, dry CHCl;, reflux, 8 h; (iii) KMnO,, acetone/water,
reflux, 8 h; (iv) oxalyl chloride, DMF, dry CH,Cl,, room temp.,
9 h; (v) 3-aminopyridine, Et;N, dry THF, room temp., 18 h; (vi) m-
CPBA, dry CHCl;, reflux, 9 h; (vii) benzyl bromide, dry CH;CN,
reflux, 22 h; (viii) NH4PF4, methanol.

The acyclic receptors 1, 2 and 3 can exhibit different con-
formations depending on the orientation of the binding
sites. The required conformations were energy optimized in
gas phase to realize the cavity dimensions as well as orienta-
tion of the binding groups.'*! Figure 1 (a—¢) represents the
energy-optimized geometries of 1, 2 and 3, respectively.
Also, the optimization of receptor 2, for example, was done
with different dicarboxylates to realize their best fitting into
cavity of receptor 2 (see Supporting Information). Among
the dicarboxylates, long-chain pimelate formed a stable
complex with 2 in the gas phase.

The complexation abilities of receptors 1-3 towards ali-
phatic dicarboxylates of different chain lengths were investi-
gated by 'H NMR in [Dg]DMSO, fluorescence and UV/Vis
studies in DMSO.
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Figure 1. a: Energy- optrmrzed geometry of 1; En = 158.588
kcalmol™; dypa nia = 891 A, dio 1o = 9.28 A b Energy-opti-
mized geometry of 2; Enin = 135.269 kcalmol™!; dypa NHa =
9 45 A, diyo 1o = 11. 341 A. ¢: Energy- optimized geometry of 192;

Epin = 177.35 kcalmol™; dypa nta = 921 A diyo o = 10.64 A,

'H NMR Study

To investigate the hydrogen bonding interactions, we ini-
tially studied the '"H NMR spectrum of 1 in [Dg]DMSO
in the absence and presence of aliphatic dicarboxylates of
different chain lengths. Addition of aliphatic dicarboxylates
(malonate, succinate, glutarate, adipate, pimelate, suberate,
all of them as tetrabutylammonium salts) to a solution of
receptor 1 in [Dg]DMSO (as [H]/[G] = 1:1 composition) re-
sulted in large downfield shifts of H?, H” and NH, protons
owing to the formation of a receptor 1-dicarboxylate com-
plex. It is worthwhile to note that the signals for the H°, H?
and NH, protons in 1 significantly moved downfield, while
signals for H? and H™ protons underwent slight upfield-
shift (Ao = 0.07 ppm). The extent of change in chemical
shift of the protons (H°, H” and H,) was different for dif-
ferent dicarboxylates. Table 1 shows the change in chemical
shift of different protons of the pyridinecarboxamide motif
in 1 when equivalent amounts of different aliphatic dicarb-
oxylates were separately added to the [Dg]DMSO solution
of 1. It is evident from Table 1 that the change in chemical
shift is significant in case of long-chain dicarboxylates such
as pimelate and suberate. We suggest that such downfield
chemical shifts of both H? and H”, are due to the formation
of a weak C-H-+O hydrogen bond with the carboxylate
anion. Simultaneous involvement of amide proton (H,),
ring protons H? and H” of pyridine N-oxide motif in 1 sta-
bilizes the complex between 1 and carboxylate anion. Fig-
ure 2 shows the partial '"H NMR spectra of the 1:1 com-
plexes of 1 with pimelate and suberate. In relation to this,
two binding modes are possible; this assumption is sup-
ported by the significant 'H-NMR downfield shifts for the
H? and H? protons (see Table 1).

Forms A and B in Figure 3 illustrate the formation of 1:1
host-to-guest complex where possibilities of involvement of
both H? and H” in hydrogen bonding have been shown and
both the forms may remain in equilibrium in solution. In-
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Table 1. Change in chemical shift values of the participating pro-
tons of receptor 1 in 1:1 complexes with various anions.[#l

Guest ASfor NH, Adfor H A for H?  ASfor H”  AS for H”
[ppm] [ppm] [ppm] [ppm] [ppm]
Malonate 0.02 + 0.02 — 0.01 — 0.13 - 0.1 —
Succinate 0.03 + 0.01 + 0.02 + 0 0
Glutarate 1.10 + 0.08 + 0.09 + 0.09 — 0.07 —
Adipate 142 + 0.12 + 0.12 + 0.06 — 0.05 -
Pimelate 1.70 + 0.15 + 022 + 0.06 — 0.06 —
Suberate 1.40 + 0.11 + 0.14 + 0.07 — 0.06 —
[a] “+’ indicates downfield chemical shift; ‘-~ indicates upfield

chemical shift.
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Figure 2. Partial 'H NMR spectra of 1 (¢ = 2.64 X 1073 M) with
pimelate in [Dg]DMSO, (a) 1 only and (b) 1:1 complex with pimel-
ate (c) 1:1 complex with suberate.

volvement of the H? proton of one pyridine N-oxide and
H? proton of another pyridine N-oxide motif in the com-
plexation of dicarboxylate, although difficult to predict on
the NMR time scale, cannot be ignored (form C in Fig-
ure 3). Dicarboxylates which are unable to bridge the bind-
ing sites may form 1:2 host-to-guest complex (form D in
Figure 3).

Likewise, the change in chemical shift values of H?, H?
and NH, protons of 2 was noted in the presence of the
same dicarboxylates as taken for 1. It was found that
changes of chemical shift were much higher than that of 1
(Table 2). This is attributed to the greater acidity of H? and
H? protons of 2 as compared to that of receptor 1. The
amide signal in each case was difficult to detect accurately
due to significant broadening upon complexation.

It is also evident from Table 2 that greater changes in
chemical shift are observed for pimelate and suberate. Like
1 the possible modes of binding of 2 with the dicarboxylates
are suggested in Figure 4.

'"H NMR spectra of 2 and its 1:1 complexes with pimel-
ate and suberate are displayed in Figure 5. On the contrary,
receptor 3 did not show any complexation induced signifi-
cant change in chemical shift of both H and H” protons
as that of 1 and 2. Only the amide protons exhibited mea-
surable downfield chemical shift upon complexation. For
example, changes in chemical shift values for H°, H? and
amide NH in 3 are 0.14, 0.08 and 1.13 ppm, respectively,
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Figure 3. Possible modes of binding of 1 with dicarboxylates in
solution.

Table 2. Change in chemical shift values of the participating pro-
tons of receptor 2 in 1:1 complexes with various anions.[?

Guest Adfor NH, AdforH® Adfor H? A6 for H” AS for H”
[ppm] [ppm] [ppm] [ppm] [ppm]
Malonate a 0.10 + 0.14 + 0.03 — 0.03 —
Succinate a 0.09 + 0.11 + 0.03 — 0.03 —
Glutarate a 0.21 + 0.11 + 0.09 — 0.08 —
Adipate a 0.21 + 0.24 + 0.09 - 0.08 —
Pimelate a 022 + 025 + 0.13 - 0.11 -
Suberate a 022 + 025 + 0.10 — 0.09 —

<

[a] ‘+’ indicates downfield chemical shift; indicates upfield
chemical shift. ‘a’ indicates broadening of the amide signal for
which detection was difficult.

Br Br

Figure 4. Possible modes of binding of 2 with dicarboxylates in
solution.
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upon complexation of pimelate (1:1 stoichiometry). Negligi-
ble change in chemical shift of H? as well as H” protons of
3 indicated that the receptor 3 is less efficient in forming
more number of hydrogen bonds with dicarboxylates like 1
and 2 as suggested in Figures 3 and 4. After establishing
the binding sites that are interacting with dicarboxylates we
performed fluorescence and UV studies to determine the
binding potencies as well as selectivities.

E
B DI (12 |
@ _._.._A_/Lk._.)«_lmk__)u...._—_—

D E i A =-NHproton
B ¢ B = -Ho proton
" ._.g__m._._k_l‘ﬂu’t_,; C = Ho'proton
DE D= Hp proton
A B ¢ | * “ ‘ E = Hm proton
T T o1 T T T
" "W 9 B 7 13 5

Figure 5. Partial 'TH NMR spectra of 2 (¢ = 2.62X 103 M) with
pimelate and suberate in [Dg]DMSO, (a) 2 only and (b) 1:1 complex
with pimelate (c) 1:1 complex with suberate.

Fluorescence Study

Sensitivity and selectivity of these receptors towards a
series of dicarboxylates (malonate, succinate, glutarate,
adipate, pimelate and suberate as their tetrabutylammo-
nium salts) were evaluated by observing changes in their
fluorescence emission spectra in DMSO. In the absence of
dicarboxylates, 1 (¢ = 4.03 X 10~> M) showed a characteristic
emission band at 447 nm when excited at 355 nm. Upon
addition of increasing amounts of guests, intensity of the
emission band at 447 nm gradually decreased without pro-
ducing any other spectral change (i.e., no spectral shift or
formation of new emission band). Quenching of emission
varied irregularly with the chain lengths of the dicarboxyl-
ates as revealed from the Stern—Volmer plot (Figure 6). The
dicarboxylates of shorter chain lengths are more basic and
hence induce stronger quenching although they are weakly
complexed.
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Figure 6. Stern—Volmer plot of 1 measured at 447 nm.

As a representative example, the corresponding change
in emission spectra of 1 upon gradual addition of pimelate
is displayed in Figure 7. From fluorescence study, it is evi-
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dent that dicarboxylates of shorter chain lengths such as
malonate, succinate and glutarate quench the emission of 1
significantly as compared to long-chain dicarboxylates al-
though they do not exhibit remarkable changes in 'H NMR
spectroscopy. This may be either due to the increase in ionic
strength of the solution upon addition of large excess of
dicarboxylates or due to different binding modes for which
a change in dihedral angle around N-center of tri-
phenylamine moiety occurs. This variation of the dihedral
angle around N-center may have an effect on the excited
state of the triphenylamine motif.

1000+
800
600-|
400

2004

Fluorescence intensity (a.u.)

400 450 500 550 600 650
‘Wavelength (nm)

Figure 7. Change in fluorescence spectra of 1 (¢ = 4.03X 1073 m) in
DMSO upon addition of pimelate.

The stoichiometries of the complexes of 1 were deter-
mined by Job’s method,['>! where dicarboxylates of shorter
chain length such as malonate, succinate and glutarate form
1:2 (host:guest) complexes and adipate, pimelate, suberate
give rise to 1:1 (host:guest) complexes (Figure 8).

su"gi glutarate
2.4x10° adipate succinate
pimelate L
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1.8x10° 1
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<
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Figure 8. Fluoresence Job plot of 1 in presence of different guests.
[H] +[G] =4X 107 ™.

In the similar process, the excited state properties of 2
were investigated in the presence of the same anions. In this
case, receptor 2 (¢ = 4.03 X 107> M) in DMSO shows a sharp
emission band at 443 nm when excited at 355 nm. On grad-

Eur. J. Org. Chem. 2009, 4515-4524
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ual addition of the guest to the receptor solution of 2 the
fluorescence intensity is decreased like with 1. The Stern—
Volmer plot (Figure 9) explains the quenching phenomena.
Greater quenching is observed for long-chain dicarboxyl-
ates such as pimelate and suberate. This can be rationalised
by better fitting of pimelate and suberate into the cavity of
2. The nonlinear nature of the curves for 2 in Figure 9 (cf.
Figure 6) suggests an interplay of both static and dynamic
quenching. The change in emission of 2 upon increasing
amounts of tetrabutylammonium pimelate is represented in
Figure 10. Short-chain dicarboxylates such as malonate and
succinate initially show smaller changes in fluorescence but
in the presence of excess guest concentration, greater
quenching of emission can be observed (Figure 9). The stoi-
chiometry of the complexes was confirmed by fluorescence
Job plots. A fluorescence Job plot of the receptor 2 (Fig-
ure 11) shows that host-guest complex concentration ap-
proaches a maximum when the mol fraction of guest is 0.5,
which indicates 1:1 stoichiometry of the complex with the
receptor. Glutarate, adipate, pimelate and suberate formed
1:1 complexes whereas short chain dicarboxylates such as
malonate and succinate formed 1:2 (host/guest) complexes.

3.0+
2.8
2.6
244

with pimelate with suberate

with adipate

with succinate

with glutarate
with malonate

. T T T T T T T T 1
00  50x10° 1.0x10* 1.5x10* 2.0x10* 2.5x10*
[GIM

Figure 9. Fluorescence Stern—Volmer plot of 2 (¢ = 4.03 X 107> m)
measured at 447 nm.
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Figure 10. Change in fluorescence spectra of 2 (¢ = 4.03 X 1075 m)
in DMSO upon addition of pimelate.

In comparison, receptor 3 (¢ = 5.2X 107 M) in DMSO
shows a sharp emission band at 430 nm when excited at
355 nm. On addition of increasing amounts of the same

Eur. J. Org. Chem. 2009, 4515-4524
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Figure 11. Fluoresence Job plot of 2 in presence of different guests.
[H] + [G] =4 X105 m.

guests, receptor 3 does not show any reliable and regular
changes in fluorescence. Figure 12 shows the corresponding
change in emission spectra of 3 in the presence of 9 equiv.
amounts of different dicarboxylates. Such negligible pertur-
bation of emission of 3 is indicative of the poor interaction
with the anions. From these observations it is obvious that
sufficient acidities of H® and H” protons of the pyridine
nucleus are necessary for strong complexation.

600+ receptor + 9 equiv. malonate
receptor 3 + 9 equiv. succinate
receptor 3 + 9 equiv. glutarate
receptor 3 + 9 equiv. adipate
receptor 3 + 9 equiv. pimelate
receptor 3 +9 equiv. suberate

500

400 -

Fluorescence intensity (a.u.)

300+ receptor 3
200
1004
0 T T T T 1
400 450 500 550 600
Wavelength (nm)

Figure 12. Change in fluorescence spectra of 3 (¢ = 5.2 X 10> M) in
DMSO upon addition of 9 equiv. of different guests.

The quenching of emissions upon complexation is ex-
plained due to activation of a PET process active between
the binding sites and excited state triphenylamine. The
greater quenching of emission in 2 compared to 1 indicates
that the PET process is more activated in 2 during complex-
ation.

UV/Vis Study

Recognition properties of the receptors 1-2 with various
dicarboxylates in the ground state were simultaneously
monitored by UV/Vis titrations in DMSO. In the absence of
anion, receptor 1 (¢ = 6.04 X 10-5 m) shows two absorption
bands at 355 and 335 nm. With increase in guest concentra-
tion, intensities of the absorption peaks decreased to a
minimum extent (Figure 13). This minor change in ab-
4519
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sorbance of 1 supports its typical PET behaviour. Com-
pound 2 in DMSO (¢ = 4.40 X 107 M) shows characteristic
absorption bands at 365, 335 and 295 nm. With increase in
guest concentration, the intensities of absorption peaks at
365 and 335 nm increase gradually to different extents and
vary with different guests (Figure 14). On progression of
titration, the two peaks ultimately merge and became
broad. Interestingly, in each case, an isosbestic point at

0.35+

0.30

0.254 pimelate

glutarate
suberate

0.20 4
2 succinate

0.15+

malonate

0.10 adipate

0.05+

[GIIH]

Figure 13. UV/Vis titration curves for 1 (¢
sured at 355 nm.

6.04 X 10-5 M) mea-

1 pimelate

0.6 suberate

0.5

0.4 succinate
1 " malonate

g 0.3 adipate
glutarate

0.2

0.1

0.0 T T T T T
0 2 4 6 8
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Figure 14. UV/Vis titration curves for 2 (¢ = 4.4 X 103 M) measured
at 340 nm.
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Figure 15. Change in UV/Vis spectra of 2 (¢ = 4.4X 107 M) in

DMSO upon addition of pimelate.
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311 nm (not very sharp) is observed during titration. This
can be explained with the formation of new species in solu-
tion. For example, Figure 15 shows the change in absorp-
tion of 2 in the presence of pimelate.

Receptor 3 exhibits negligible changes in absorbance in
the presence of the same dicarboxylates as considered for
receptors 1 and 2. Thus 3 is a very weak host for dicarbox-
ylates.

Binding Constant Determination

The change of fluorescence intensity as a function of
guest concentration leads to binding constant values for re-
ceptors 1 and 2 with the dicarboxylates according to Equa-
tions (1) and (2).

Equation (1) is valid for 1:1 host-to-guest complex stoi-
chiometry.[16]

1= Iy + (im — 10)/2Cy {Cyy + Cs +
VK ~[(Cy + Cg + 1/K)? — 4CuCg]'"} )

I represents the intensity, [, represents the intensity of pure
host, Cy and Cg are corresponding concentrations of host
and anionic guests, respectively, K is the binding constant.
The binding constants K and correlation coefficients R were
obtained from a non-linear least-square analysis of 7 vs. Cy
and Cg.

Equation (2) describes
stoichiometry.['7]

1:2  host-to-guest complex

1=+ LXK X Cg + Lim X Ky X Ko X CGA(1 + Ky X Cg +
K| XKy X Cg?) 2

I represents the intensity, [, represents the intensity of pure
host, I; is the intensity of 1:1 complex and [j;,, represents
the intensity at infinite guest concentration. K; and K, are
two binding constants for two successive steps.

As can be seen from Table 3, receptor 1 shows moderate
binding toward aliphatic dicarboxylates with no measurable
selectivity. In comparison, the open cleft of 2 exhibits
higher binding constant values for long-chain dicarboxyl-
ates than 1 and represents a clear-cut selectivity for long-

5.2
5.0
4.8

ws
sl

with 1

— ¢

1 2 3 4 5 6
no. of -(CH,)-

Figure 16. Comparison of binding constant values for receptors 1
and 2 with different aliphatic dicarboxylates in DMSO.
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Table 3. Binding constants of receptor 1 and 2 with dicarboxylates in DMSO by fluorescence method.

Guests Receptor 1 Receptor 2
(chain length in [AD®  logK, log K, R? log K, log K, R?
Malonate (2.26) 4.44+0.02 3.36£0.03 0.9996 3.74+0.02 4.31+0.04 0.9961
Succinate (3.97) 4.36+0.03 3.36 £0.05 0.9988 3.69+0.03 4.37+0.05 0.9955
Glutarate (5.23) 4.40 +0.04 3.63£0.05 0.9985 4.14+0.08 0.9934
Adipate (6.50) 4.21+0.02 0.9990 4.73+0.02 0.9987
Pimelate (7.77) 4.42+0.04 0.9879 5.00£0.01 0.9996
Suberate (9.04) 4.17*+0.03 0.9926 4.89+0.01 0.9997
[a] Distance between two carboxylate carbons, calculated for the gas phase.['¥]
chain pimelate (see Figure 16). Increase in binding con- TS
stants for 2 over the receptor 1 is attributed to the increase

04102 0.1172 ,0.1472

in acidity of H” and H” protons in 2. Closer inspection of
Table 3 reveals the different orders of K; and K, for 1 and
2. Differential solvation, change in electron density at the
binding centres, and mutual orientation of the binding arms
of 1 and 2 are presumably the reasons for such differences
in K; and K, for the complexes of 2:1 (guest/host) stoichio-
metries. Binding constant values for 3 were difficult to de-
termine due to negligible change in its emission or absorp-
tion signal in the presence of dicarboxylates.

Theoretical Investigation

A model study on the binding sites of the receptors 1-3
with the acetate ion was performed to identify their hydro-
gen bonding abilities. For this we considered the structures
1A, 2A and 3A that were optimized individually and in the
presence of acetate ion for gas-phase condition. Figure 17
displays the optimized geometries and the charge densities
at different points of the model structures. The hydrogen
bonding distances in the complexes of 1A, 2A and 3A with
acetate are also shown (Figure 17).

0. O, 0.
g Y i d
Hf\/[NH H | N NH H | N NH
|
BN H H N HON
& : ) PFs
1A 2A 3A

The dipole moments of receptors change on complex-
ation, but the change is significant only for 2A compared
with the other structures 1A and 3A (Table 4). The shorter
hydrogen bond lengths, and the much larger dipole moment
change upon complexation for 2A with acetate vis a vis 1A
and 3A indicate greater affinity for the guest for this recep-
tor. To test this idea further, we calculated the global elec-
trophilicity index (w) of the three receptors; evidently the w
value is an order of magnitude larger for 2A compared to
1A and 3A. The model thus establishes 2A as a better com-
plexation site for carboxylates, compared with the other
two. This is reflected in the binding constant values as
shown in Table 3.
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Figure 17. DFT-optimized structures of 1A, 2A and 3A and their
complexes with acetate ion showing charge densities at different
atoms and hydrogen bonding characteristics.

0.1102

0.2891 !
02277 0.1316 0.0704 03111
0.0982

3A 3A-AcO™

Table 4. Dipole moment and global electrophilicity index of the
model compounds and their complexes with acetate ion.

Entry Dipole moment (D) o
1A 3.234 0.2099
1A-AcO 4.839

2A 3.045 1.1728
2A-AcO 8.745

3A 2.553 0.1818
3A-AcO 3.966

[a] Global electrophilicity index.!'8]
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Conclusions

We have described that pyridine N-oxide and pyridinium
motifs in 1 and 2, respectively, under the mastery of tri-
phenylamine fluorescent probe are found to exhibit hydro-
gen bonding abilities for selective recognition of dicarboxyl-
ates. Between pyridine N-oxide and pyridinium motifs, pyr-
idinium motif-based receptor 2 is efficient and effective for
selective complexation of long-chain pimelate. The greater
acidity of ortho and para protons and more electrophilic
character of pyridinium binding sites of 2 as established
from theoretical study are responsible factors for such effec-
tiveness in the binding process. This is also reflected in large
quenching of emission during complexation. Thus, receptor
2, which is simple and easily accessible, can successfully be
used as a sensor for size selective recognition of aliphatic
dicarboxylate, especially pimelate in the present study.

Experimental Section

General Methods: DMSO used for titration experiments was of
99.98+% HPLC grade. Chlorinated solvents were distilled from
phosphorus pentoxide; THF was distilled from sodium, using
benzophenone as indicator. Melting points are uncorrected. Flash
column chromatography was carried out on silica gel 60-120
(Merck). Petroleum ether refers to the fraction with a boiling range
of 40-60 °C.

4-|4-Formyl(phenyl)anilino]benzaldehyde (4a): To a solution of tri-
phenylamine (8 g, 32.65 mmol) in dry DMF (65 mL), was added
dropwise POCI; (31 mL, 332.65 mmol) at 0 °C from a dropping
funnel fitted with a CaCl, guard tube. The reaction mixture was
stirred at room temperature for 1 h and then mixture was warmed
at 100 °C for 8 h. Reaction flask was cooled in an ice salt bath and
the mixture was poured into ice, neutralized with NaOH solution,
and then extracted with CH,Cl, (4 X200 mL). The organic layer
was separated, dried with anhydrous Na,SO, and removed under
vacuum. The crude product was purified by column chromatog-
raphy using 15% ethyl acetate in petroleum ether as eluent to give
yellow solid 4a (5.6 g, 57%); m.p. 140 °C (m.p. 142 °C'3), FT-IR
(KBr): v = 3063, 2826, 2736, 1693, 1587, 1504, 1319, 1287, 1163
cm L.

4-[4-Bromo(4-formylphenyl)anilinolbenzaldehyde (5): To a stirred
solution of 4-[4-formyl(phenyl)anilino]benzaldehyde (4a) (1 g,
3.32 mmol) in dry CHCl; (50 mL), was added N-bromosuccinimide
(0.65 g, 3.65 mmol). The reaction mixture was stirred under re-
fluxing condition for 8 h. The precipitate formed was filtered off
and washed with CHCI; and the filtrate was concentrated under
vacuum. The organic portion was washed with 20% aqueous
NaHCOj; solution and extracted with CHCl; (3 X40 mL). The or-
ganic layer was separated, dried with anhydrous Na,SO, and re-
moved on rotary evaporator. Crude product was purified by col-
umn chromatography using 15% ethyl acetate in petroleum ether
to give 5 (1.07 g, 85%) as yellow solid; m.p. 158-160 °C. '"H NMR
(500 MHz, CDCl;, 25°C): 6 =991 (s, 2 H), 7.77 (d, J = 10 Hz, 4
H), 7.50 (d, J = 10 Hz, 2 H), 7.18 (d, J = 10 Hz, 4 H), 7.05 (d, J
= 10 Hz, 2 H) ppm. FT-IR (KBr): ¥ = 2801, 2726, 1694, 1588,
1574, 1488, 1273, 1166 cm ™.

4-[4-Bromo(4-carboxyphenyl)anilino]benzoic Acid (6): To a stirred
solution of 5 (1 g, 2.63 mmol) in 50 mL of acetone/water (4:1 v/v),
KMnOy, (2.1 g, 13.29 mmol) was added portion wise at 60 °C. The
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reaction mixture was stirred under refluxing condition for 8 h. The
solvent was removed under vacuum and water (25 mL) was added.
The black precipitate was filtered off and the filtrate was acidified
with concd. aqueous HCI to give a white precipitate. The precipi-
tate was filtered and washed with water for several times and dried
under vacuum to give almost pure product 6 (0.87 g, 81%); m.p.
164-166 °C. '"H NMR (500 MHz, CDCl; + two drops of [Dg]
DMSO, 25°C): 6 = 7.94 (d, J = 10 Hz, 4 H), 7.43 (d, J = 10 Hz,
2 H), 7.07 (d, J = 10 Hz, 4 H), 7.01 ppm (d, J = 10 Hz, 2 H), two
protons for carboxylic acids were not found. FT-IR (KBr): v =
3401, 2656, 2536, 1683, 1594, 1488, 1316, 1276 cm™".

4,4'-|(4-Bromophenyl)imino|bis|/V-(pyridin-3-yl)benzamide] 3):
Compound 6 (0.4 g, 0.97 mmol) was dissolved in dry CH,Cl,
(10 mL) and oxalyl chloride (I mL, 13.44 mmol, excess) was added
followed by addition of one drop of dry DMF. The reaction mix-
ture was stirred at room temperature for 9 h under nitrogen atmo-
sphere. The solvent was removed. The diacid chloride 7 was dried
under vacuum (0.4 g, 92%) and an amount of this acid chloride
(0.2 g, 0.45 mmol) was dissolved in dry THF (15 mL) and a mix-
ture of 3-aminopyridine (0.085 g, 0.904 mmol) and triethylamine
(0.3 mL, 2.17 mmol) in dry THF (5 mL) was added dropwise under
nitrogen atmosphere. The reaction mixture was stirred at room
temperature for 18 h. The solvent was evaporated and the residue
was washed with 10% aqueous NaHCOj; solution. The water layer
was extracted with CH,Cl, (3 X 25 mL). The organic layer was sep-
arated and dried with anhydrous Na,SO, and removed under re-
duced pressure. The crude product was purified by column
chromatography using 3 % methanol in chloroform as eluent to give
light yellow product 3 (0.17 g, 68%); m.p. 174-176 °C. 'H NMR
(400 MHz, CDCl3, 25°C): 6 = 8.65 (d, J = 4Hz, 2 H), 8.38 (d, J
=4Hz, 2 H), 829 (d, J=4Hz 2 H), 7.85 (s, 2 H), 7.80 (d, J =
8 Hz, 4 H), 7.47 (d, J = 8 Hz, 2 H), 7.34-7.30 (m, 2 H), 7.16 (d, J
=8 Hz, 4 H), 7.03 (d, J = 8 Hz, 2 H) ppm. *C NMR (125 MHz,
CDCls): 6 = 166.3, 150.2, 145.4, 142.1, 135.8, 133.4, 129.4, 129.3,
128.8, 128.4, 127.8, 124.2, 123.2, 118.6 ppm. FTIR (KBr): v =
3286, 1656, 1596, 1540, 1504, 1483, 1280 cm™!. Mass (ES™"): 564.1
(M¥), 566.2 (M* + 2).

Synthesis of 1: To a solution of compound 3 (0.1 g, 0.177 mmol) in
dry chloroform (15mL) was added m-chloroperbenzoic acid
(0.09 g, 0.54 mmol) and the reaction mixture was stirred under re-
fluxing condition for 9 h under nitrogen atmosphere. The solvent
was removed under reduced pressure and the crude product was
directly used for purification. Purification was done by column
chromatography using 8 % methanol in chloroform as eluent to give
white solid 1 (0.047 g, 45%); m.p. 306-308 °C. '"H NMR (400 MHz,
[D]DMSO, 25°C): 6 = 10.53 (s, 2 H), 8.81 (s, 2 H), 7.99 (d, J =
8 Hz, 2 H), 7.94 (d, J = 8 Hz, 4 H), 7.67 (d, J = 8 Hz, 2 H), 7.59
(d, J=8Hz 2 H), 7.39 (m, 2 H), 7.16 (d, J = 8§ Hz, 4 H), 7.10 (d,
J = 8Hz, 2 H) ppm. *C NMR (125 MHz, [D¢]DMSO, 25 °C): ¢
=174.1, 150.4, 146.0, 139.4, 134.7, 133.7, 131.6, 130.5, 130.4, 129.1,
128.5, 126.9, 123.5, 117.6 ppm. FTIR (KBr): ¥ = 3251, 1673, 1594,
1575, 1504, 1488, 1270 cm™!. Mass (ES*): 596.0 (M™), 598.1 (M*
+ 2). C30H»,BrNsO, (596.43): caled. C 60.41, H 3.72, N 11.74;
found C 60.38, H 3.77, N 11.79.

Synthesis of 2: To a solution of diamide 3 (0.03 g, 0.053 mmol) in
dry CH;CN (S5mL) was added benzyl bromide (0.02mL,
0.168 mmol) and the reaction mixture was stirred under refluxing
condition for 22 h under nitrogen atmosphere. The solvent was
concentrated in vacuo and petroleum ether was added to the reac-
tion mixture followed by scratching of the wall of the flask. This
process was done for several times and finally the precipitate was
filtered to get solid product 8 (0.035 g, 73%). Compound 8 (0.03 g,
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0.033 mmol) was dissolved in methanol (7mL) and NH4PFq
(0.03 g, 0.184 mmol) was added to the solution. The reaction mix-
ture was stirred at room temperature for 1 h. The solvent was con-
centrated and water (5 mL) was added to get a light green precipi-
tate. The precipitate was filtered, washed with water for several
times, dried in vacuo to give pure 2 (0.03 g, 88%); m.p. 148-150 °C.
'H NMR (400 MHz, [Dg]DMSO): 6 = 11.11 (s, 2 H), 9.61 (s, 2 H),
8.96 (d, J = 8 Hz, 2 H), 8.67 (d, / = 8 Hz, 2 H), 8.17 (t, J = 8§ Hz,
2 H), 796 (d,J=8Hz 4H),7.62(d, J=8Hz,2 H),7.54 (d, J =
8 Hz, 4 H), 7.47 (d, J = 8 Hz, 6 H), 7.20 (d, / = 8§ Hz, 4 H), 7.11
(d, J = 8 Hz, 2 H), 5.91 (s, 4 H) ppm. 3C NMR (125 MHz, [Dg]-
DMSO): ¢ = 166.4, 150.7, 140.6, 140.2, 136.2, 136.1, 134.9, 133.9,
130.8, 130.4, 130.2, 129.7, 129.2, 128.9, 127.9, 123.4, 123.0, 118.5,
64.7 ppm. FTIR: ¥ = (KBr): 3399, 3107, 1681, 1591, 1505, 1439,
1256 cm™!. Mass (ES*): 890.0 (M* — PFy), 654.0 (M* — 2PF4 — 1),
576.3.

General Procedure for Fluorescence Titration: Stock solutions of the
receptors were prepared in UV grade DMSO and 2.5 mL of each
receptor solution was taken in the cuvette. The solution was irradi-
ated at the selected excitation wavelength. Upon addition of a guest
compound (dissolved in DMSO), the change in fluorescence emis-
sion of the receptor was observed. The corresponding emission val-
ues during titration were recorded and used for the determination
of binding constant values. The change in emission in the presence
of different amounts of guest dicarboxylates was used to have the
Stern—Volmer plot.

General Procedure for UV/Vis Titration: Stock solutions of the re-
ceptors were prepared in UV grade DMSO and 2.5 mL of each
receptor solution was taken in the cuvette. Dicarboxylate guest
(dissolved in DMSO) was added in different amounts to the recep-
tor solution. The corresponding absorbance values during titration
were noted.

Computational Study: Structures 1A, 2A and 3A were optimised for
gas phase conditions at DFT (6-311G**11 and B3LYP) level,
individually and in presence of acetate ion. Figures of MO levels
(HOMO, HOMO-1, LUMO and LUMO+1) are given in Support-
ing Information The Gaussian-03 packagel?'l and GAMESS-US
suite??! (version April 11, 2008) were used for the calculations and
the MO figures were obtained using the MaSK software.[3]

Supporting Information (see also the footnote on the first page of
this article): Fluorescence and absorption spectra of 1 and 2 in the
presence of different guests, binding constants determination for 1
and 2 with the dicarboxylates, '"H and '*C NMR spectra of 1-3,
MO pictures of the model structures 1A, 2A and their complexes
with acetate ion, energy-optimized structures of 2 with different
dicarboxylates.
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