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Abstract Inspired by natural molecular recognition pro-
cesses, many research efforts have been routed in recent
years towards the design of new host-guest molecular
systems based on non-covalent interactions. Within this
field, 2-aminopyridines (2APs) have been widely stud-
ied due to their tunable spectroscopic response in pres-
ence of carboxylic acids. Herein, we present and ana-
lyze a novel family of 2AP core compounds based on 2-
phosphorylamidopyridine (2PAP). Linear response time-
dependent density functional theory (TD-DFT) has been
used to characterize and model several spectroscopic prop-
erties of 2PAP. Our results, validated through experiments,
show that TD-DFT can provide a reliable description of
the electronic excited states of these aromatic systems.
In addition, we have also studied the amino-imino tau-
tomerization of 2AP and 2PAP under the light of TD-DFT
tools. We show that the presence of a carboxylic acid has
a catalytic effect on the tautomerization reaction, which
otherwise does not occur spontaneously at room temper-
ature. These results suggest that this low-cost computa-
tional approach can be applied to more complex organic
systems derived from 2-aminopyridine, paving the way
for the development of potentially useful sensing materi-
als and organic species for molecular recognition.
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1 Introduction

Molecular recognition, the specific interaction between
guest and host molecules via non-covalent interactions,1

plays a key role in many biological processes. Important
examples include the pairing of nucleobases2,3 in deoxyri-
bonucleic acid (DNA), standard enzyme-substrate recog-
nition, antigen-antibody interactions and several steps in
the neurotransmission pathway4,5. Inspired by these pro-
cesses, the last years have witnessed sustained research
efforts in the design of artificial systems with tailored
properties in self-assembly6, host-guest chemistry,7,8 su-
pramolecular chemistry9,10 and molecular docking.11 A-
mong the different systems exhibiting this behavior, small
organic molecular structure forming self-assembled struc-
tures or interacting with other molecules via hydrogen
bonds (H-bond) have been thoroughly investigated.12–14

In this context, functionalized aromatic frameworks
showing alternating H-bond donor-acceptor (D-A) pat-
terns have attracted considerable interest as they can play
an instrumental role in different biological processes,11,15,16

and 2-aminopyridines (2APs) 1 (Chart 1) have been the
focus of an intense experimental17–20 and theoretical18,19

research over the years. From the molecular recognition
point of view, 2APs of general form (1) (see Chart 1) en-
dowed with D and A sites in their structure can recog-
nize carboxylic acids 2 with a D-A pattern that mimics
in a complementary way that of 2AP, leading to the for-
mation of the supramolecular complex [1·2] (Chart 2)
stabilized via two H-bonds. Alternatively, a proton trans-
fer reaction can also take place resulting in the formation
of the [1+·2−] complex, the relative yield of both pro-
cesses depending on the specific molecular structure of
the 2AP and on the experimental conditions. Addition-
ally, 2APs have interesting spectroscopic features, in par-
ticular their medium or high fluorescence21 in a wide va-
riety of experimental conditions, or their chemical ver-
satility and synthetic accessibility,22 which makes them
ideal fluorophores for a large number of applications.23

The fluorescence properties of the 2-aminopyridine core
have been known for many decades, and hence they have
been widely exploited for analytical and sensing purpo-
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Chart 1 General structure of 2-aminopyridine and its amido and
phosphoryl derivatives

Chart 2 2-aminopyridine–carboxylic acid complexes illustrating
the different stabilization mechanisms and structural modifications
of the 2-aminopyridine core aimed at increasing the binding energy
of these complexes.

ses.24,25 Of particular relevance is the modulation and
flexibility of the spectroscopic properties of 2AP in the
presence of carboxylic acids.

Aiming at optimizing the binding process of [1·2] com-
plexes, Hamilton and others26–28 resorted to structural
modification of the 2AP core and replaced the amino unit
of 2APs by a carboxamide moiety. The resulting amidopy-
ridines 3 (Chart 1), bearing a considerably more acidic
proton at the amide group, are significantly more prone
to participate in H-bonding phenomena. As a consequence,
supramolecular complexes [3·2] (Chart 2) display en-
hanced binding constants (K = 100–200 M−1 at 298 K)
in non-competitive organic solvents.

In order to increase the versatility and to enhance
such modulation capabilities, we have synthesized for the
first time a new family of 2AP derivatives 4 by intro-
ducing a phosphoryl group in the 2AP core 1 (Chart 1).
Such chemical modification enhanced the spectroscopic
properties of these new derivatives with respect to their
simpler analogs. Motivated by these results, here we in-
vestigate the spectroscopic properties and the H-bonding
ability of the structurally related 2PAP towards carboxylic
acids. Early observations on this work have revealed that
2PAP is remarkably fluorescent, with a significantly larger
change in quantum yield in the presence of a carboxylic
acid than in the 1 or 3 counterparts. This, together with
the existence of cheap and easy protocols for its synthe-
sis and functionalization suggest that this family of com-
pounds has a great potential to increase the molecular
recognition capability of the 2APs. As a characteristic fea-
ture of this family, we use the bare 6-methyl-2-phospho-
rylamidopyridine (6Me-2PAP, see Fig. 1) and explore its
complexation with formic acid to show the change in the
spectroscopic properties of this kind of compounds. We
have thus studied the impact of the presence of the phos-
phoryl group on the amino-imino tautomerization pro-
cess. In addition, and following the previous trends found
in already reported studies with the 2AP analogs29, we
also address the impact that methyl substitution has on
the spectroscopic properties of the 2PAP systems.

Fig. 1 Molecular structure of the 6-methyl-2-phosphorylamidopy-
ridine investigated in this work, computed at B3LYP/aug-cc-pvdz.

The article is organized as follows. First, we briefly
present the basic features of the experimental fluores-
cence spectra of 2APs and their modification upon phos-
phorylation. The computational methodology used to ra-
tionalize them is then presented, starting with validation
strategies in the simplest 2AP case. Once a compromise is
chosen, we turn to analyze the effect of methyl substitu-
tion in the pyridine ring on the spectrum and continue by
showing our results on a representative member of the
2PAP family. Finally, we propose an explanation of the
effect of the phosphoryl group on the molecular recog-
nizing abilities of the 2AP core compounds by consider-
ing the reaction path of the amino-imino tautumerization
of 2AP and 6Me-2PAP in the presence/absence of formic
acid. To conclude, we summarize the main conclusions
and the outlook of this work.

2 Fluorescence of 2APs and 2PAPs.

The two most important properties that a host-guest com-
plex useful for molecular recognition purposes should dis-
play are: (i) a reasonable stability of the formed complex;
(ii) the existence of significant changes in a given mea-
surable property between the isolated host and guest and
the host-guest association. It is well known that the UV-
VIS spectrum of 2APs displays a maximum of emission
at λ = 330 nm 1. The position and intensity of this band
suffers a substantial change in the presence of carboxylic
acids. For instance, Figure 2 shows the the experimen-
tal emission spectra of 6Me-2AP together with its change
upon addition of a 1:10 formic acid solution. The inten-
sity of the original emission band at 330 nm decreases as
formic acid is added and a new emission band centered at
404 nm appears. Phosphorylation significantly enhances
the fluorescence. This is shown in the newly synthesized
6Me-2PAP compound. It is important to notice that the
position of the the bands is not widely affected by phos-
phorilation, but that the sensitivity of the 6Me-2PAP spec-
trum to the presence of formic acid increases drastically.
The large observed difference in the spectroscopic be-
haviour between the original 2AP and the novel family
of 2-phospoamidopyridine compounds herein presented
has motivated us to study these properties of 2PAP family
members.
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Fig. 2 Comparison of the experimental fluorescence spectra of 6Me-2AP (an already reported system29) and 6Me-2PAP (our novel com-
pound) in the absence and presence of 10 equivalents of formic acid in dichloromethane solution.

Table 1 Computed transition frequencies and oscillator strengths for the absorption ( fabs) and for the emission ( fems) of 6Me-2AP with a
set of density functionals. Calculations are reported with the cc-pvdz and aug-cc-pvdz basis sets in dichloromethane.

Functional Basis set fabs fems λabs(nm/eV ) λems(nm/eV )
B3LYP cc-pvdz 0.107 0.136 267/4.64 306/4.05
B3LYP aug-cc-pvdz 0.114 0.150 275/4.51 312/3.97
CAMB3LYP cc-pvdz 0.134 0.177 253/4.90 289/4.30
CAMB3LYP aug-cc-pvdz 0.141 0.186 261/4.75 297/4.17
HSE cc-pvdz 0.115 0.147 262/4.73 300/4.13
HSE aug-cc-pvdz 0.120 0.159 269/4.61 306/4.05
WB97X cc-pvdz 0.144 0.190 249/4.98 285/4.35
WB97X aug-cc-pvdz 0.152 0.201 256/4.84 294/4.22
WB97XD cc-pvdz 0.132 0.174 254/4.88 290/4.28
WB97XD aug-cc-pvdz 0.140 0.186 261/4.75 297/4.17
M062X cc-pvdz 0.137 0.181 250/4.96 287/4.32
M062X aug-cc-pvdz 0.142 0.188 259/4.79 297/4.17

3 Computational methodology

We have used a simple computational approach based on
density functional theory (DFT) together with an implicit
solvation model to account for solvent effects. Specifi-
cally, we have calculated the ground state equilibrium
structures of 2PAP and its methyl derivatives at the DFT
level of theory employing the B3LYP30–32 hybrid exchange-
correlation functional together with the aug-cc-pVDZ ba-
sis set.33 The vertical excitation energies of the lowest-
lying singlet excited states of interest were calculated us-
ing linear response (LR) TD-DFT,34 employing the same
correlation-exchange functional and basis set. Solvent ef-
fects were incorporated using the continuum polariza-
tion model (PCM) approach35,36 using CH2Cl2 as sol-
vent in the manner implemented in the Gaussian09 pro-
gram.37 Equilibrium and non-equilibrium solvent effects
were computed when appropriate employing the conven-
tional linear response and state-specific solvation formal-
ism.38–41 Using this calculation setup, both the ground
and the lowest-lying singlet excited state equilibrium struc-
tures of 2PAP’s were obtained and frequency calculations
were performed to verify that the geometries found in-
deed correspond to a minimum of the potential energy
hypersurface. Finally, the amino/imino tautomerization

1 200µM in a DCM solution at room temperature.

reaction in 6Me-2PAP was studied without and with the
assistance of formic acid using the same computational
approach.

In order to select an appropriate density functional to
be used in the computational study of 2PAP, the spectro-
scopic properties of a reference system, 6-methyl-2amino-
pyridine (6Me-2AP), were evaluated with a series of func-
tionals at the TD-DFT level of theory.

Table 1 collects the predicted absorption and emission
maxima (in nm/eV) of 6Me-2AP in a dichloromethane
solution employing the cc-pVDZ and aug-cc-pVDZ basis
set. The results suggest that among the studied function-
als, B3LYP is the one that offers the best results in com-
parison with the experimental data: the values of the
experimental absorption and emission wavelength max-
ima are found at 287 and 333 nm, respectively (see the
ESI, section 4 for more details). We have thus chosen
B3LYP in the following. Furthermore, the introduction
of diffuse basis functions (aug-cc-pVDZ) in combination
with the B3LYP functional yield the best overall results
(λ = 275 nm for absorption and 312 nm for emission).
Based on these findings, we considered the B3LYP/aug-
cc-pVDZ level of theory as the optimal one to be em-
ployed within this study.

All the theoretical results presented have been backed
up by experiments. In the supporting information we col-
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Table 2 Experimental values of the fluorescence quantum yield
(Φ) and calculated oscillator strengths for absorption ( fabs) and
emission ( fems). Absorption (λabs) and emission (λems) wavelengths
(in nm) for the studied family of 2PAP (see the ESI Figures S10 to
S13 for more details).

Molecule fabs fems Φ λabs λems
2PAP 0.105 0.146 7% 256 293
3Me-2PAP 0.145 0.185 9% 251 304
4Me-2PAP 0.084 0.120 7% 259 292
5Me-2PAP 0.115 0.159 18% 268 304
6Me-2PAP 0.150 0.197 16% 261 295

lect a number of details on the synthesis (see the ESI sec-
tion 10) and characterization of 2PAP compounds such
as their X-ray structures, or their NMR and mass spec-
tra (see the ESI section 2 and section 11, respectively).
We also address the absorption and emission spectra of
selected 2PAP and 2AP systems.

4 Results and Discussion

4.1 Validation of the methodology

The effect of the methyl perturbation in the spectroscopic
properties of the phosphorylamidopyridine skeleton was
evaluated through TD-DFT calculations as indicated pre-
viously.

As shown in Table 2, the position of the methyl group
within the aromatic ring leads to significant changes in
the predicted oscillator strengths for both the emission
and the absorption process evaluated at the B3LYP/aug-
cc-pVDZ level of theory. The introduction of a methyl
group at position 4 leads to a decrease in the oscillator
strengths, whereas, on the other hand, the presence of
methyl groups in positions 3, 5 and 6 results in a net
enhancement of the predicted oscillator strengths. These
results, being in good agreement with experimental find-
ings (see the ESI section 4 for more details), follow the
already reported trends with the 2AP analogs,29,42,43 sug-
gesting that the presence of the phosphoryl group does
not significantly modify the way in which the methyl sub-
stitution of the aromatic ring affects the observed trend
in the spectroscopic properties of the methyl substituted
2PAP derivatives.

However, the fluorescence quantum yield of 5Me-2PAP
has been found to deviate significantly from this trend.
Such deviation has already been previously described em-
ploying other computational methods in analogous sys-
tems.29,43

4.2 Characterization of the spectroscopic properties

The relative energy, oscillator strengths and electronic
character of the four lowest-lying singlet excited states
of 6Me-2PAP in CH2Cl2 computed as detailed above are
collected in Table 3.

The maximum of the steady-state experimental low-
est energy absorption band lies at 281 nm, (4.41 eV)

Table 3 Vertical excitation energiesa (∆E, nm), oscillator strength
( f ) and character of the statesb of the four lowest-lying singlet
excited states of 6Me-2PAP in CH2Cl2 calculated at the LR-TD-
B3LYP/aug-cc-pVDZ level of theory.

State ∆E f Transition
S1 261 (281) 0.152 1(π,π∗) HOMO–LUMO
S2 238 - 0.004 1(n,π∗) HOMO−1–LUMO
S3 226 - 0.044 mixedc HOMO–LUMO+2
S4 224 (234) 0.212 1(π,π∗) HOMO–LUMO+1

a Experimental maximum of absorption in parentheses.
b The largest singlet contribution is reported.
c See text for details.

and compares reasonably well with the calculated ver-
tical excitation to the optically allowed lowest-lying S1
state (261 nm, 4.74 eV), see Fig. 3. This is a 1(π,π∗) state
mostly characterized by a HOMO–LUMO single excita-
tion (see Fig. 4) which is essentially localized at the 2AP
core. The second experimental absorption band located
at 234 nm, (5.30 eV) also shows a reasonable agreement
with the vertical excitation energy calculated for the sec-
ond lowest-lying absorbing excited state, S4. This is also
a 1(π,π∗) state and lies at 224 nm (5.54 eV) above the
ground state. Like S1, S4 also exhibits a high degree of lo-
calization, although the latter is slightly more delocalized
than S1, with some contributions existing at the P atom
as the most important single excitation contribution in-
volving the HOMO and LUMO+1 orbitals (see Fig. 4).
Between these states there are two less bright ones: S2
with 1(n,π∗) character, and S3 a mixed state that exhibits
mainly diffuse (Rydberg) character but that also has con-
tributions of a valence HOMO–LUMO+1 excitation. From
the results obtained, it can be noticed that the energies of
the bright excited states considered in the simulations are
overestimated with respect to the experimental values, a
fact that we ascribe to the well known limitations of the
PCM.
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Fig. 3 LR-TD-B3LYP/aug-cc-pVDZ simulated absorption and exper-
imental spectra for the 6Me-2PAP in CH2Cl2. (See the ESI section
1.5 for details to obtain the theoretical spectrum).

A comparison of the results obtained for 6Me-2PAP
with those found for 2AP and 6Me-2AP (see the ESI, sec-
tion 3) shows that the vertical excitation energies of the
two lowest-lying absorbing excited states of 6Me-2PAP
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Fig. 4 Main frontier molecular orbitals of 6Me-2PAP. Rendered with Jmol, isovalue=0.02 a.u.

are very similar to those obtained for 2AP, with the largest
difference found for the high energy absorption band (S4,
∼0.18 eV). In addition, the character of the states does
not change significantly. The main differences between
the two systems are an increase in the relative emission
intensity of S1 in 6Me-2PAP as compared to that found in
2AP and the appearance in 2PAP of an extra dark state
near degenerate with the higher lying absorbing state
(S4).

These results point out that, despite the evident in-
crease in the oscillator strengths, the addition of the PO-
(OCH2CH3)2 group to 2AP does not have a strong impact
on the fundamental spectroscopic properties of the sys-
tem, which very closely resemble those of the 2AP core
structure. This is further substantiated if we consider the
emission properties of 6Me-2PAP and 2AP. However, we
have found that the computed emission energy at the S1
equilibrium structure of 6Me-2PAP (295 nm, 4.21 eV)
agrees reasonably well with that of 6Me-2AP (312 nm,
3.98 eV) being the nature of the emitting state the same
(1(π,π∗)). Furthermore, the main structural relaxation
process responsible for the Stokes shift is, in both cases,
the extension of the delocalization of the π-like orbitals
involved in the de-excitation process. This is the result of
structural changes mainly associated to the amino group
(that adopts a planar conformation in the S1 equilibrium
structure instead of the pyramidalized one in the ground
state equilibrium structure, in agreement with previous
results23).

Both cases, 6Me-2AP and 6Me-2PAP, exhibit two ab-
sorption maxima. When they are excited at any of those,
the same fluorescence emission maximum is obtained (see

the ESI, Figs. S5 and S7) within the near UV region at 335
nm in agreement with Kasha’s rule44. Following the pre-
viously mentioned procedure, we carried out the same
study in the presence of formic acid and an equivalent
behaviour is observed as shown in Figs. S5 and S7. The
effect of formic acid will be properly discussed in the next
section. Note that the calculated S1 energy is overesti-
mated due to several theoretical shortcomings.

4.3 The carboxylic acid assisted proton transfer reaction

The effect of the hydrogen bond assistance of simple car-
boxylic acids, such as formic acid, in the tautomerization
reaction of the 2AP framework within the 6Me-2PAP scaf-
fold has been studied by both experimental and theoreti-
cal means.

Experimentally (see the ESI Figure S5), upon the ad-
dition of formic acid the intensity of the main emission
band of 6Me-2PAP (316 nm) is significantly decreased
while a new emission band (390 nm) associated with the
formation of the host-guest complex appears. In contrast,
the absorption spectrum (see the ESI Figure S4) is not
significantly perturbed by the addition of such species.

In order to explain the previously mentioned exper-
imental findings, the effect of the carboxylic acid assis-
tance of formic acid in the amino-imino tautomerization
of the 2AP framework within the 6Me-2PAP system, and
hence its impact in the overall spectroscopic properties,
has been studied by means of TD-DFT calculations. The
results reveal that, analogously to what it has been al-
ready reported for the 2AP system45–48, the spontaneous
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tautomerization of 6Me-2PAP (see Figure 5c) is not likely
to occur in the ground state as reflected by a reasonably
large activation energy of 39 kcal/mol. The transition
state associated with this process is shown in Figure 6a.

Regarding the stability of the amino-imino tautomers
(in the absence of formic acid) of the 6Me-2PAP system,
the amino species is more stable than the imino one by
3.91 kcal/mol. This result significantly differs from that
observed for their 2AP analogs (see the ESI section 8),
with a mean difference in energy between both tautomers
of 11.48 kcal/mol. The higher stability of the amino form
can be attributed to the aromatic character of the pyri-
dinic ring, which otherwise is partially disturbed in the
imino species. Similarly, the difference in energy between
both species 2AP and 6Me-2PAP indicates that though
in both cases the amino form is significantly more sta-
ble than the imino one, the presence of the phosphoryl
group leads to a relative stabilization of the imino tau-
tomer with respect to the amino one. Such result could be
rationalized by considering the ability of the phosphoryl
moiety to partially delocalize electron density of the het-
erocyclic ring in the imino form, leading to a highly de-
localized conjugated system. Analogously, the activation
energy for the intramolecular proton transfer reaction
in the presence of the phosphoryl group is significantly
decreased for the non-assisted tautomerization by a to-
tal of 10 kcal/mol with respect to their simpler analogs
(2AP). This also suggests that though the spontaneous
intramolecular proton transfer reaction of the 6Me-2PAP
system is unlikely to occur at room temperature, the ex-
istence of the phosphoryl moiety in the general pyridinic
skeleton favors such tautomerization process. Consider-
ing the late transition state character of the activated
complex involved in this transformation, being closer to
the geometry of the product, this catalytic effect could be
rationalized by accounting for the previously mentioned
stabilization of the imino form in the presence of the
phosphoryl group.

On the other hand, the presence of formic acid in-
duces dramatic changes in the chemical transformation
under scrutiny. Initially, a 6Me-2PAP–formic acid HB as-
sisted supramolecular complex (amino form) is produced,
as shown in Figure 7. Such species can easily lead, via
single proton transfer reaction, to an ionic carboxylate-
pyridinium species (see Figure 7 a) and d) for S0 and S1,
respectively). Similarly, this intermediate can experience
with ease an additional proton transfer reaction yielding
the corresponding 6Me-2PAP (imino)-formic acid HB as-
sisted supramolecular complex (see Fig. 7 b) and e) for
S0 and S1, respectively). The activation energies for both,
the former and the later proton transfer reactions, are
1.19 kcal/mol and 3.5 kcal/mol respectively (transition
states are shown in Figure 6), indicating that the pres-
ence of formic acid reduces the overall barrier by a factor
of 10 with respect to the non-catalyzed reaction. These
results, following a similar trend to that reported for 2-
aminopyridines,49–51 clearly evidence the catalytic effect
of simple carboxylic acids in the amino-imino tautomer-
ization reaction of 6Me-2PAP.

Table 4 Calculated absorption (λabs) and emission (λems) max-
ima and computed oscillator strengths ( fabs),( fems) for the different
6Me-2PAP–formic acid supramolecular complexes.

Supramolecular complex fabs fems λabs λems
Amino (HB) 0.168 0.225 271 332
Ionic 0.213 0.225 284 331
Imino (HB) 0.210 0.182 304 370

The results follow a similar trend to those observed
for their simpler analogs which also experience a net cat-
alytic effect in the presence of formic acid. Conversely,
a comparison of the reaction energy profiles of both sys-
tems reveals the different nature of the intermolecular
proton transfer reaction. According to our study, in the
case of 2AP (the IRC path is shown in Figs. S17, S18a,
and S18b), a quasi-concerted double proton transfer re-
action (with a mean activation energy of 6.85 kcal/mol)
is likely to occur in the presence of formic acid. These
findings differ strongly from those obtained for 6Me-2PAP,
in which two non-concerted single proton transfer reac-
tions are likely to be responsible for the assisted inter-
molecular tautomerization. These observations indicate
that the presence of the phosphoryl group does have an
additional catalytic effect in the overall tautomerization,
while also favoring the ionic form over the tautomeric
ones in the presence of formic acid.

Similarly, in the presence of formic acid, 6Me-2PAP
has a mean energy difference between the amino-imino
tautomers of 1.8 kcal/mol, a value which is significantly
lower than the 7 kcal/mol found for the 2AP system (see
the ESI section 8 for more details). Once again, this con-
firms the ability of the phosphoryl moiety to further stabi-
lize the imino species with respect to the amino tautomer.

These theoretical findings are in agreement with the
observed perturbation in the spectroscopic properties of
6Me-2PAP–formic acid system. According to both exper-
imental (Fig. S4) and computational results collected in
Table 4 (admitting an offset of 0.18 eV), the new emission
band at 390 nm is associated with the the imino (HB)
complex, proving that the spontaneous amino-imino equi-
librium of the studied 6Me-2PAP systems can easily take
place in the presence of formic acid. Furthermore, as shown
in Figure 7 the amino HB species in the S1 (Figure 7 f)
state experiences the single proton transfer reaction lead-
ing to the carboxylate-pyridinium complex which is the
same as the ionic form Fig.7 d), showing that such trans-
formation could take place spontaneously in the first ex-
cited state.

Overall, our results stress the strong influence that the
phosphoryl group has on the general amino-imino tau-
tomerization of the 2AP core within the 2PAP derivatives,
which ultimately favors the partial formation of both the
ionic and the imino species up to a much higher extent
than on their 2AP analogs. Such findings are in accor-
dance with the experimental results, proving the superior
capabilities of this system to recognize simple carboxylic
acids.
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Fig. 5 Reaction paths for the bare and catalyzed amino-imino tautomerization of 6Me-2PAP.

a) b) c)

Fig. 6 Transition states for the bare and catalyzed amino-imino
tautomerization of 6Me-2PAP: a) Non-catalyzed Amino-Imino b)
Catalyzed Salt-Imino and c) Catalyzed Amino-Salt. Rendered with
Jmol.

a) Ionic S0 b) Imino S0 c) Amino S0

d) Ionic S1 e) Imino S1 f) Amino S1

Fig. 7 Fundamental state and first lowest-lying equilibrium geome-
tries of the hydrogen bonded and ionic supramolecular complexes.

5 Conclusion

In this work we have studied how the introduction of a
phosphoryl (PO) group in the general 2AP skeleton modi-
fies its fluorescence spectrum. According to our computa-
tional study, in good agreement with experimental find-
ings, the phosphoryl group does not significantly affect
the absorption and emission maxima (λmax) of the bare
2AP system. On the other hand, the presence of such
a simple group leads to an enormous enhancement of
the fluorescence quantum yield in the presence of formic
acid. These findings indicate that such chemical modi-
fication does modify the spectroscopic properties of the
“non-amino” forms of 2PAP as a consequence of a pro-
ton transfer reaction. Overall, the results obtained in this
work point out the promising capabilities of 2PAP sys-
tems and their derivatives as more effective recognition
and sensing systems for both simple carboxylic acids and
possibly more complex moieties bearing D-A patterns.
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A.D. Daniels, ÃČ. Farkas, J.B. Foresman, J.V. Ortiz,
J. Cioslowski, D.J. Fox. GaussianÃćẤLÂij09 Revision
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