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Abstract

The compound N-(3-aminopropyl)-2-(4-allyl-2-methoxyphenoxy)acetamide (4) was synthesized from eugenol through a three-step
reaction. Possessing both amide and amine groups, the molecule provides effective hydrogen-bond donor sites suitable for anion
recognition. The binding behaviour of compound 4 toward F~, CN-, AcO", SO+*, and H.POs~ was examined using "H-NMR
spectroscopy. No significant spectral changes were observed upon addition of F~, AcO~, or SO+*, indicating minimal or no
interaction. In contrast, the introduction of CN~ and H-PO4™ produced notable chemical shift variations, consistent with hydrogen-
bond formation and host-guest complexation. To further elucidate these interactions, density functional theory (DFT) calculations
were performed at the aug-cc-pVDZ level. Computational models revealed that F~ and AcO™ induce cleavage of the amide N-H
bond through strong hydrogen bonding and partial covalent character, whereas CN~ and H-PO4™ primarily engage in hydrogen-
bonding interactions without bond cleavage. Gauge-independent atomic orbital (GIAO) calculations predicted substantial downfield
shifts of the amide proton, from 4.72 ppm in the free receptor to 15.5, 10.89, 16.54, and 12.27 ppm for F-, CN-, AcO", and H>.PO4",
respectively. Overall, both experimental and computational findings demonstrate that compound 4 functions as an effective receptor
for CN~ and H.PO4~, with strong theoretical binding responses also observed for F~ and AcO".

Keywords: amide compound, anion recognition, Density Functional Theory (DFT), eugenol-derived receptor, host-guest
complexation
1. INTRODUCTION environmental monitoring and biological regulation
[4]-[8].
The recognition and sensing of anions have Molecular receptors designed for anion
received considerable attention in supramolecular recognition typically rely on non-covalent

chemistry due to their essential roles in biological interactions such as hydrogen bonding, electrostatic

systems, environmental processes, and industrial
applications [1]-[3]. Anions such as cyanide (CN")
and dihydrogen phosphate (H2POs) are of
particular interest because of their contrasting
chemical properties and environmental relevance.
The CN- is a highly toxic anion frequently
encountered in industrial effluents, while phosphate
plays a vital role in biological and agricultural
systems. The selective detection and binding of
these anions are therefore important for both
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attraction, and m-anion interactions [9]-[13]. Among
these, hydrogen bonding remains one of the most
versatile and widely employed strategies for anion
binding. Receptors containing amide and amine
groups are especially effective because they offer
multiple hydrogen-bond donor sites capable of
interacting with various anionic species. Structural
modification of such receptors allows fine-tuning of
their binding affinity and selectivity toward specific
anions [14]-[18]. For
receptors often exhibit strong binding toward
oxoanions, such as H:POs  and SO+*, through
bidentate hydrogen bonding,
containing systems can provide complementary
binding sites and improve solubility in organic
media [19]-[21]. The combination of both amide
and amine functionalities within a single molecule

example, amide-based

whereas amine-

has been shown to create cooperative binding sites,
thereby strengthening host-guest interactions and
improving anion discrimination [2]. Such dual-
function receptors are also advantageous because
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Figure 1. Reaction steps for synthesising of N-(3-aminopropyl)-2-(4-allyl-2-methoxyphenoxy)acetamide
(4) from eugenol (1). Reagents and conditions: (i). (a). NaOH, 30 min, r.t; (b). CICH,COOH, 2 h at 80 °C;
(c). 6 M HC], (i1).CH;CH,OH, HCI, reflux, 6 h, (iii). H,N(CH,);NH,, CH,Cl,, reflux, 48 h [28].

they can participate in proton-transfer equilibria,
allowing both hydrogen bonding and deprotonation
pathways to contribute to anion sensing [ 14].
Natural compounds have wused as starting
materials for synthesising of anion receptor [22]-
[27]. The N-(3-aminopropyl)-2-(4-allyl-2-
methoxyphenoxy)acetamide (4) was synthesised
from eugenol through a three-step reaction pathway
(Figure 1) [28]. In this study, we investigate the
anion recognition properties of compound 4, a
receptor designed to incorporate both amide and
amine hydrogen-bond donor sites. The binding
behavior of compound 4 toward a series of
representative anions, such as F-, CN-, AcO,
SO+*, and H:PO.4~, was examined using "H-NMR
spectroscopy. Owing to its sensitivity to local
electronic environments, 'H-NMR serves as a
powerful analytical tool for probing hydrogen
bonding, proton transfer, and  structural
rearrangements during receptor-anion interactions
[29]. Changes in chemical shifts or the emergence
and disappearance of proton signals provide direct
evidence of complex formation, deprotonation
events, and conformational adjustments within the
receptor framework. This work aims to elucidate
the binding modes, selectivity, and potential proton
abstraction processes associated with anion
coordination to compound 4, thereby advancing the
understanding of simple amide-amine systems in
anion recognition chemistry. To complement the
experimental findings, density functional theory
(DFT) calculations were employed to model the
structural and electronic features of the receptor-
anion complexes. The combined experimental and
theoretical insights offer a deeper understanding of
the interaction mechanisms and provide a

foundation for the rational design of improved

receptor molecules for selective
separation applications [30]-[34].

sensing and

2. MATERIALS AND METHODS

2.1. Materials

Eugenol was purchased from PT Indesso Aroma,
Purwokerto, Indonesia. Sodium hydroxide (NaOH),
hydrochloric acid (HCI), chloroacetic acid, sodium
(NaHCO:s),
magnesium sulfate (MgSOa.), 1,3-diaminopropane,

hydrogen  carbonate anhydrous
diethyl ether, dichloromethane, n-hexane, ethanol,
deuterated chloroform (CDCls), and
tetrabutylammonium (TBA) salts (such as CN-, F-,
H2POs~, AcO~ and SO+*) were purchased from

Sigma-Aldrich.
2.2. Methods

2.2.1. Synthesis of N-(3-aminopropyl)-2-(4-allyl-2-
methoxyphenoxy)acetamide (4)

Compound 4 was synthesized from eugenol
following a reported procedure [28]. Eugenol (5.0
g) was stirred with NaOH solution (17.5 mL, 33%
w/v) for 30 min, followed by the slow addition of
chloroacetic acid (12.5 mL, 50% w/v). The mixture
was heated at 80 °C for 2 h, cooled, and acidified to
pH 1 with 6 M HCI. The precipitate was filtered,
extracted with diethyl ether, re-acidified, and dried
to give compound 2. Then, compound 2 (7 mmol)
was refluxed with ethanol (15.5 g) and saturated
HCI (0.5 g) for 6 h. After evaporation, the residue
was extracted with water and diethyl ether, washed
with saturated NaHCOs, dried over anhydrous
MgS0O., and concentrated to yield compound 3.
Then, compound 3 (1 mmol) and 1,3-
diaminopropane (1.2 mmol) in dichloromethane (50
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mL) were refluxed for 48 h. The solvent was
removed, and the residue was purified by column
chromatography (n-hexane/ethanol = 97:3) to afford
compound 4 as a brown powder.

2.2.2. Anion Recognition Studies of Compound 4 by
"H-NMR Spectroscopy

Compound 4 (5 mg) was dissolved in CDCIs to
prepare a 0.1 M of solution 4. This solution was
subsequently diluted with CDCls to obtain a final
concentration of 0.0167 M 600 pL
(corresponding to 10~ mol). The anions (CN-, F~,
H2POs~, AcO™ and SO+*), in the form of their TBA
salts, were dissolved in CDCls to prepare 1 M anion

in

stock solutions. A solution of compound 4 in CDCls
(1 x 10 mol) was placed in an NMR tube.
Subsequently, aliquots of the anion salt solutions
were added to achieve varying molar ratios of 0,
0.5, 1, 1.5, 2, 5, 8, and 15 equivalents relative to
compound 4. The resulting mixtures were analyzed
by '"H NMR spectroscopy to evaluate the interaction
between compound 7 and the anions.

2.2.3. Computational Studies of Compound 4

The receptor compound 4 was optimized by first
constructing  its molecular structure  using
GaussView 5. Initial geometry optimization and
conformational analysis were performed using the
Hartree—Fock (HF) method with the 6-311G**

basis set. The HF method was selected for the

it
provides computational efficiency and reliable
structural optimization for generating low-energy
conformers. Geometry optimization was performed
the HF/6-311G** of theory. A
conformational scan was then carried out by
rotating the dihedral angle of the aliphatic chain in
50
resulting structures were saved as .gjf files and
computed using Gaussian with the same HF/6-
311G** method. The generated log files were

preliminary conformational search because

at level

increments over a full 360° rotation. The

subsequently analyzed, yielding several local
minimum-energy conformations of compound 4 to
be used in the next stages of the study.

Several local minimum structures obtained from
the conformational scan of compound 4 then were
subjected to hydrogen abstraction by removing the
amide hydrogen atom. These modified structures
were calculated using GaussView 5 at the HF/6-
311G** level of theory. The resulting log files were
NMR and UV-Vis
characterizations. The abstraction process produced
four distinct stability states of compound 4,
their
corresponding
populations. The structure selected was the one with

used for subsequent

determined based on relative  energy

differences  and Boltzmann
the lowest energy identified during the initial scan,
with priority given to the conformation exhibiting
the highest Boltzmann population after hydrogen

abstraction.
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Figure 2. 'H-NMR spectrum of compound 4.
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Figure 4. '"H-NMR spectra of compound 4 upon addition of CN" anion.

The most stable conformation of compound 4
was then modelled in complexes with the anions.
These interactions were calculated using the
ONIOM method, which allows different regions of
a molecular system to be treated at different levels
of theory to balance computational accuracy and
cost. The interacting region between the receptor
and anion was treated using DFT/cc-pVDZ level
because DFT provides improved accuracy for
describing  hydrogen-bonding and electronic
interactions. The remaining non-interacting portion
of the receptor was treated at the HF/6-311G(d,p)
level. Geometry optimization, interaction energy
analysis, Gauge-independent atomic orbital (GIAO)
NMR calculations, and time-dependent DFT (TD-
DFT) UV-Vis subsequently
performed on the optimized complexes.

predictions were

3. RESULTS AND DISCUSSIONS

3.1. Synthesis of Compound 4
Compound 4 was synthesized from eugenol

through a three-step reaction sequence. Compound
2 was obtained as white crystals with a yield of
72% and a melting point of 91 °C, while compound
3 was synthesised as a brown liquid with a yield of
76%. The reaction of compound 3 with 1,3-
diaminopropane via amidation afforded compound
4 as a brownish-yellow solid in 88% yield with a
melting point of 82 °C. The 'H NMR spectra of the
synthesized compounds were consistent with those
reported in the literature (Figure 2) [28].

The 'H NMR spectrum of compound 4 (CDCls,
400 MHz) showed the following chemical shifts (in
ppm): 6 5.13-4.97 (d, 2H, C=CH.), 6.00-5.81 (m,
1H, C=CH-C), 3.33 (d, J = 6.7 Hz, 2H, C-CH.-Ar),
6.73-6.62 (s, 2H, Ar-H), 6.79 (d, J = 8.0 Hz, 1H,
Ar-H), 3.85 (s, 3H, O-CHs), 4.48 (d, J = 11.8 Hz,
2H, O-CH»>-C), 7.36 (s, 1H, NH), 3.39 (m, J=11.5,
5.8 Hz, 2H, N-CH:-C), 1.69 (overlapping water
peak), 2.73 (m, 2H, C-CH2-N), and 4.78 (s, 2H,
NH:). The appearance of the NH proton at & 7.36
ppm and the NH- proton at & 4.78 ppm, together
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with the absence of ethyl group signals (O-
CH:CHs) at 6 4.24 and 1.26 ppm, confirms the
successful

conversion of compound 3 into

compound 4.

3. 2. Anion Recognition Studies by 'H-NMR
Spectroscopy

Compound 4 and anion salts (TBA) were
dissolved in CDCls. This polar aprotic solvent lacks
hydroxyl groups. Hydroxyl groups of solvent can
interfere with hydrogen bonding between the
receptor and the anion. Moreover, solvents that do
not solvate anions enhance the nucleophilicity of
the anion. Therefore, the use of CDCl; as a solvent
prevents disruption of the hydrogen bonds formed

between compound 4 and the anion while
maintaining the anion’s nucleophilicity. Anions
were added to solution 4 in varying mole
equivalents ranging from O to 15. The anions,
which are F~, CN-, AcO~, SO+*, and H2PO4~, were
introduced in the form of quaternary ammonium
salts. The anions in this form are more easily
ionized and dissociate readily from the salt matrix.
The resulting mixtures of solution 4 with each
anion were subsequently analyzed using 'H-NMR
spectroscopy.

3.2.1. Anion Recognition Studied for F~ and CN™ by
"H-NMR Spectroscopy.
Different mole equivalents of anions (0-15
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Figure 7. '"H-NMR spectra of compound 4 upon addition of AcOanion.
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Figure 8. Compound 4 interacting with the CN™ anion in three-dimensional representation (upper) and two-
dimensional representation (lower).

Table 1. Bond distances between compound 4 and the CN™ anion.

Bonding Initial Distance (A) Optimize Distance (A)
24 (N) to 25 (H) 0.99 1.03
43 (C) to 25 (H) 2.50 1.96
24 (N) to 43 (C) 3.46 2.95

equivalents) were added to solution 4 and the
corresponding changes in the '"H NMR spectra were
monitored to evaluate the binding interaction
between compound 4 and the anions. Chemical shift
variations were observed, indicating the formation
of hydrogen-bonding interactions between the
receptor 4 and the anions. The detailed '"H NMR
spectral changes are presented in Figures 3 and 4.
These figures show downfield shifts in the proton
peaks. The peak at 1.69 ppm shifts significantly,
corresponding to the water impurity signal, which
overlaps with the H11 proton peak. The presence of
this water signal in the 'H NMR spectrum of
compound 4 is likely due to residual moisture in the
CDCls solvent used to dissolve compound 4 and the
TBA salts. The CDCIls solvent employed has a
stated purity of 99.8%, which contains
approximately 0.01% water. This trace amount of
water can interfere with the interaction between the
anion and compound 4. Because water is a protic
solvent, it can solvate anions and thereby decrease
their nucleophilicity. The

effective observed

downfield shift of the water peak indicates an
interaction between the water molecules and the
added anions. Such interactions render the water
protons less shielded, resulting in a downfield shift
of their signal.

Despite the presence of water in the system,
compound 4 remain capable of interacting with the
added CN~ anion through the amide NH (H9) and
amine NH: (H13) groups. Compound 4 does not
interact with F~, as evidenced by the absence of any
shift in the H9 and H13 proton signals. In contrast,
upon the addition of CN-, the NH and NH- groups
undergo  deprotonation, indicated by the
disappearance of the H9 and H13 peaks in the 'H
NMR spectra. Upon the addition of 5 equivalents of
CN, the intensity of the H9 proton peak began to
decrease, and the peak completely disappeared after
of CN~. The
indicates

the addition of 8 equivalents
disappearance of the H9
deprotonation or bond cleavage at the NH group.

signal

Subsequently, deprotonation of the NH: group
commenced following the deprotonation of the NH
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group. As shown in Figure 4, when 8 equivalents of
CN- were added, the H13 proton peak began to
diminish in intensity and completely disappeared
after the addition of 15 equivalents of CN™.

The CN~ anion can form hydrogen bonds with
the NH and NH: groups of compound 4 and is
capable of deprotonating the hydrogen atoms of
these groups. This occurs because CN™ possesses a
higher basicity than F~. Consequently, CN~ more
effectively attracts hydrogen atoms from both donor
sites. In general, the greater the basicity of an anion,
the stronger its ability to act as a hydrogen-bond
acceptor. Hydrogen bonding arises from proton
transfer between donor and acceptor atoms, and
higher basicity facilitates this transfer, thereby
strengthening the interaction [35]. Stronger
hydrogen-bond interactions, in turn, enhance -
electron delocalization and promote deprotonation
[11][36]. Consistent with these findings, previous
research by Odago et al. [37] also demonstrated
receptor selectivity toward CN™ over F-, attributable
to the higher basicity of the cyanide anion.

Compound 4 initially interacts with CN~ through
hydrogen-bonding interactions with the NH (H9)
and NH: (H13) groups, indicating a supramolecular
recognition process at lower anion equivalents. At
higher CN~ concentrations, this interaction proceeds
to deprotonation of these groups, as evidenced by
the disappearance of the corresponding 'H-NMR
signals. Thus, the overall process involves initial
hydrogen
deprotonation.

bonding followed by acid-base
Although HCN formation is
possible, it was not directly confirmed in this study.
No corresponding HCN signal was observed in the
'H-NMR spectra; typically, the HCN proton signal
appears at & ~6—7 ppm. Therefore, no definitive
assignment of HCN formation is made.

3.2.2. Anion Recognition Studied for Oxyanion
(H:POy, SO4%, and AcO") by 'H-NMR
Spectroscopy

The mole equivalents of AcO~ added to solution
4 were 0.5-15 equivalents. However, the addition of
SO+ was limited to 5 equivalents, as most of the
proton peaks of compound 4 were obscured by the
TBA signals, making the chemical shifts less
discernible. In contrast, H.POs~ was added only up
to 8 equivalents because further additions produced
no significant spectral changes. The 'H-NMR

spectra shows noticeable shifts following the
addition of oxyanions (Figures 5, 6 and 7). Similar
to the results for F~ and CN-, the addition of AcO-,
SO+*, and H2POs™ also produced a water impurity
peak at approximately 1.69 ppm in the spectrum of
compound 4. This water signal likely originated
from residual moisture in the CDCIls solvent and
from the TBA salts used, as the TBA acetate and
TBA sulfate solutions were prepared in water at
concentrations of 1.0 M and 0.86 M, respectively.
Despite the presence of water, the amide NH
(H9) and amine NH: (H13) groups of compound 4
remain capable of interacting with the added
H-PO.4™ anion. It was observed that the addition of
H2PO47, SO+*, and AcO™ did not cause any shift in
the NH (H9) proton signal, which indicates that no
interaction occurs between the NH group and the
oxyanions. The shift of the H13 proton after the
addition of SO+*" could not be evaluated because
the H13 peak was obscured by the TBA signal.
Following the addition of AcO~, the H13 peak also
remained unchanged, suggesting no interaction
between the NHz group and AcO™. In contrast, upon
addition of H.PO., the HI3 signal exhibited a
pronounced downfield shift. A noticeable shift in
the H13 proton peak was already evident after the
addition of 0.5 mol of H2PO4,
indicating that compound 4 can interact with
H:POs~ and effectively compete with water
molecules. However, compound 4 was unable to
bind all the added H-PO.-, as evidenced by the
concurrent shift in the water proton peak upon

equivalents

addition of 0.5 mol equivalents of the anion. The
H13 peak shifted significantly downfield by 3.88
ppm, from 4.78 ppm to 8.66 ppm (Figure 5). The
pronounced downfield shift of the HI13 peak
indicates the formation of a strong hydrogen bond
between the hydrogen atoms of the NH2 group and
the H.PO4™ anion.

In addition, the HI11 and H12 proton signals
(corresponding to CH: groups) also shifted
downfield, with the H11 peak moving by 0.26 ppm
(from 1.69 to 1.95 ppm) and the H12 peak shifting
by 0.25 ppm (from 2.73 to 2.98 ppm). These shifts
suggest that the CH: groups also participate in
hydrogen bonding interactions with H2PO4~. After
the addition of 2 equivalents of H.PO4", the H11,
H12, and H13 peaks no longer exhibited significant
shifts, indicating that compound 4 had reached
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saturation in its interaction with the anion. These
three proton signals remained observable even after
the addition of 8 equivalents, suggesting that no
deprotonation occurred in compound 4.

Compound 4 does not exhibit any interaction
with AcO~, even though AcO~ possesses a higher
basicity than H.POs~. This phenomenon may be
attributed to the greater bond energy required for
compound 4 to interact with H.PO4~ compared to
AcO~. The higher bond energy corresponds to
stronger binding affinity, allowing H.PO+™ to form
more stable interactions despite being less basic and
larger in size [38]. Moreover, the difference in
molecular geometry between the two anions also
influences their binding behavior: AcO~ adopts a
trigonal planar geometry, whereas H.PO4™ has a
tetrahedral structure [39]. The tetrahedral geometry
of H2PO.~, containing four oxygen atoms, enables
the formation of multiple hydrogen bonds, thereby
enhancing its interaction potential compared to
other anions [40].

Based on the analysis results, compound 4 is
capable of interacting with CN~ and H2PO.~ through

different mechanisms. Upon the addition of CN-,
compound 4 undergoes deprotonation at both the
amide NH (H9) and amine NH: (H13) groups. In
contrast, the addition of H.PO4 does not cause
deprotonation of these groups; instead, hydrogen
bonding occurs between the NH. and alkyl CH:
(H11 and H12) protons of compound 4 and the
oxygen atoms of H:POi. These differences in
interaction arise from the distinct basicity and
electronegativity characteristics of the two anions.
The CN- anion, with its higher basicity, tends to
abstract hydrogen atoms, leading to deprotonation,
whereas the more electronegative H.PO4~ favors the
formation of hydrogen bonds [41].

The interaction between compound 4 and the
investigated anions is governed by both intrinsic
anion basicity and solvation effects. In solution,
solvent molecules and trace water compete for
hydrogen bonding, reducing the effective
availability and basicity of the anions for binding.
This competitive solvation weakens anion—receptor
interactions by stabilizing solvated anion clusters.
Accordingly, fluoride shows minimal interaction

3, e ,;;

9 0%, 0,4 9
il < - 4"‘ — " e $0%3,

.“J 4‘&' J“ ‘ 2

e P

O O
H 25” \:A = _> H -

Q _oH Q~ _OH
HO™ ™\ HO™ Y,
Carbon O Hydrogen @ Oxygen @ Nitrogen

Figure 9. Compound 4 interacting with the H.PO4™ anion in three-dimensional representation (upper) and
two-dimensional representation (lower).

Table 2. Bond distances between compound 4 and the H.PO4™ anion.

Bonding Initial Distance (A) Optimize Distance (A)
24 (N) to 25 (H) 0.99 1.04
45 (0) to 25 (H) 2.50 170
24 (N) to 45 (O) 3.48 2.74
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Figure 10. Theoretical UV-vis spectra of compound 4 upon hydrogen abstraction.

due to strong hydration, while cyanide can partially
overcome solvation, resulting in initial hydrogen
bonding followed by deprotonation at higher
concentrations. For oxyanions (H2PO.4~, SO+*, and
AcO"), strong solvation and charge delocalization
further reduce their effective basicity, leading to
weaker interactions, particularly for SO+*~. Overall,
the binding behavior reflects a balance between
anion basicity and solvation effects rather than
basicity alone.

Quantitative 'H-NMR titration analysis was not
conducted, as reliable determination of binding
constants was not possible under the present
conditions due to significant spectral limitations.
These include signal overlap with TBA counterions,
interference from trace water, and peak broadening
or disappearance upon deprotonation in the case of
strongly interacting anions such as CN-, all of
which prevent accurate integration and fitting.
Therefore, the analysis is based on qualitative 'H-
NMR observations. Nevertheless, the systematic
chemical shift changes and signal variations provide
consistent evidence for anion-dependent interaction
behavior. To further confirm the binding model of
compound 4 with anions, computational studies was
carried out, as 'H-NMR spectroscopy alone can
only identify the functional groups involved in the
interaction without providing detailed structural
information.

3.3. Computational Studies of Binding Modes
between Compound 4 and Anions
The computational studies were carried for

binding model of compound 4 with CN-, F,
H2PO47, and AcO". The interaction of the receptor
compound with the CN~ anion induces changes in
the molecular conformation and conformational
energy of the receptor following geometry
optimization. The introduction of the anion lowers
the conformational energy of the interacting system
relative to that of the isolated receptor, with a value
of -63.17 x 10* kcal/mol. The interaction energy
associated with the formation of the final optimized
complex was calculated to be -26.956 kcal/mol.

As illustrated in Figure &, the interaction
between the receptor and the CN~ anion does not
result in cleavage of the amide bond; instead,
hydrogen bonding is observed during the receptor—
anion interaction. The N-H bond length increases
from 0.99 to 1.03 A, while the distance between the
hydrogen atom and the CN~ anion decreases from
2.50 to 1.96 A, as summarized in Table 1. During
the interaction process, the CN~ anion transiently
disrupts the amide bond; however, the bond
subsequently reforms, as shown in Figure 8. This
phenomenon is attributed to local structural
instability at that position, leading to reformation of
the N-H bond.

The receptor interacting with the H.PO4~ anion
undergoes conformational changes and energy
adjustments similar to those observed in its
interaction with CN~ (Figure 9). Upon optimization,
the addition of H.PO. lowers the receptor’s
conformational energy to -97.64 x 10* kcal/mol,
with a final interaction energy of -207.282 kcal/
mol. As shown in Figure 9, the interaction does not
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induce amide bond cleavage; instead, it leads to
hydrogen-bond formation. The N-H bond distance
increases from 0.99 A to 1.04 A, while the
hydrogen atom approaches the H.PO4~ anion from
2.50 A to 1.70 A (Table 2).

Across the four anions, CN~ exhibits the lowest
interaction energy (-26.956 kcal/mol), indicating
the most favourable binding, followed by AcO, F-,
and H.PO.~. This pattern corresponds with their
basicity, which follows the order CN~ > AcO™ > F~
> H>POa4™. More basic anions have a stronger ability
to accept hydrogen bonds, enhancing proton
transfer and stabilizing the resulting receptor—anion
complex [35].

3.4. Comparative NMR Analysis of Receptor-Anion
Interactions: Experimental vs Theoretical Insights

Experimental 'H-NMR analyses reveal distinct
anion-dependent behavior for compound 4. In all
experiments, a water impurity signal at 1.69 ppm,
originating from the CDCIs solvent, was observed.
Increasing the anion concentration consistently
caused a downfield shift of this water signal,
indicating that water solvates the anions and
reduces their effective electronegativity, thereby
competing with the receptor for binding.

For the F- and AcO  anions, no significant
chemical shift was observed for the amide proton
signals, indicating that under experimental
conditions, the receptor does not effectively interact
with these anions. In contrast, CN~ showed partial
interaction, as evidenced by a decrease in the
intensity of the amide proton signal, despite
negligible chemical shift, suggesting weak receptor-

anion interaction in the presence of water. The
H>PO.~ anion exhibited the strongest experimental
interaction with the receptor. The amine proton
showed a significant downfield shift from 4.78 to
8.66 ppm (Ad = 3.88 ppm), observable even at 0.5
eq. of H-PO4~. This indicates that compound 4 is
capable of effectively interacting with H.PO4~ and
can compete with water for anion binding.
Theoretical calculations predict stronger receptor
-anion interactions for all four anions. For F~, CN~,
AcO", and H:PO4, the calculated amide proton
signals shift from 6H = 4.72 to 15.5, 10.89, 16.54,
and 12.27 ppm, respectively. These shifts indicate
that, in the absence of solvation effects, the anions
can approach the amide or amine groups closely,
allowing for strong hydrogen-bonding interactions.
The discrepancy between experimental and
theoretical results is largely attributed to solvation
effects in the experimental system, as water acts as
a protic solvent that preferentially solvates the
anions and reduces their effective binding affinity
toward the receptor. In the theoretical calculations,
the receptor-anion systems are modelled in the gas
phase, without competing solvent interactions.
Overall, the experimental and theoretical results
highlight a clear trend in receptor selectivity:
H-PO.~ interacts most strongly with compound 4,
CN- shows moderate interaction, while F~ and
AcO™  exhibit
experimental conditions. The consistent downfield

negligible interaction under
shift of the water impurity signal across all anions
further confirms the role of water in modulating
receptor-anion interactions. These findings provide

insight into the binding behaviour of compound 4

Intensity
216.99 nm Compound
——— Compound 4 + F~

.15

o 261.49 nm Compound 4 + CN-
' Compound 4 + CH;C00~
Compound 4 + H;PO4~
270.08 nm
0.10
266.54 nm
278.40 nm
0.05
0.00 - S e e
v T T T - - - = .
o 100 200 300 400 500

Wavelength (nm)

Figure 11. Theoretical UV-vis spectra of compound 4 with anions.
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and its potential selectivity toward different anionic
species.

The present study is limited by competitive
solvent effects, particularly trace water in CDCls
and water introduced from TBA salts, which
influence anion binding equilibria. Water can
strongly solvate anions and compete with the
receptor through hydrogen-bonding interactions,
thereby reducing the experimentally observed
binding response, especially for CN™ and H2PO4". In
addition, 'H-NMR provides only qualitative insight
under these conditions, while gas-phase DFT
calculations do not fully account for solvation and
counterion effects. No crystallographic evidence is
available to directly confirm the proposed binding
modes. Despite these limitations, the combined
experimental and computational results consistently
demonstrate that compound 4 functions as a
selective anion-responsive system, with the
strongest response observed for CN~ and H.POa~
The
discrepancies between theory and experiment
highlight the critical role of solvation and proton-

under competitive solvent conditions.

transfer equilibria in governing anion recognition,
providing guidance for the design of more robust
and selective receptors.

3.5. Electronic Transition Shifts Revealed by UV-vis
Spectroscopy: Theoretical Insights

The UV—vis results presented in this work are
based entirely on TD-DFT calculations. The UV—
vis titration experiments with anions were not
conducted, as no visible colour change was
observed upon anion addition, suggesting that the
electronic transitions of compound 4 and its
complexes are likely confined to the UV region.
Instead, TD-DFT calculations were employed to
predict the -electronic transitions and possible
spectral changes upon anion interaction with
compound 4. These theoretical results provide
qualitative in electronic

structure

insight into changes

upon binding or  deprotonation.
Accordingly, the calculated UV-vis spectra are
intended to complement both the experimental and
theoretical '"H-NMR results by providing additional
information on the electronic effects associated with
anion recognition.

Hydrogen abstraction alters electronic transitions

in compound 4 because the loss of a hydrogen atom

localizes electron density. This effect is reflected in
the UV-Vis spectra, where the absorption maximum
shifts from 216.99 to 277.61 nm with a decrease in
intensity (Figure 10). The electronic transitions
associated with these conformational changes were
calculated using TD-DFT and represented as UV-
vis spectra. Hydrogen abstraction provides a

reference for identifying atoms involved in receptor

—anion interactions, as it highlights how
conformational changes affect electronic
transitions.

The UV-vis spectra of the receptor-anion

complexes were calculated for optimized gas-phase
conformations. Wavelength shifts were analysed to
assess the impact of anion binding and to determine
whether the absorption enters the visible range.
None of the anions tested induced absorption in the
region, consistent with experimental
observations that no colour change occurs during
receptor—anion interactions (Figure 11). The
observed shifts in UV-vis spectra are associated
with  hydrogen-bond partial
deprotonation between the anion and the amide

visible

formation or

proton, which lowers the energy required for

electronic transitions through electron
delocalization [34]. In the compound 4, these shifts
resemble those caused by hydrogen abstraction at
the amide group. The absorption maxima reveal that
interactions with F~, CN-, AcO~, and H>PO4 shift
the absorption from 216.99 to 270.08, 261.49,
272.97, and 266.54 nm, respectively (Figure 11).
The cleavage of covalent bonds during hydrogen
abstraction and receptor-anion interaction stabilizes
new conformations through electron delocalization
at the amide group. This delocalization facilitates
electronic transitions, resulting in wavelength shifts

and a decrease in transition energy.
4. CONCLUSIONS

The combined 'H-NMR and computational
analyses clearly establish that N-(3-aminopropyl)-2-
(4-allyl-2-methoxyphenoxy)acetamide (compound
4) functions as a selective molecular receptor for
CN™ and H>POs anions. The CN- ion induces
progressive
evidenced by complete disappearance of the amide

NH signal at 8 equivalents and the NH: signal at 15
confirming strong base-induced

deprotonation of the receptor,

equivalents,
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H2PO4
pronounced downfield shifts (up to 3.88 ppm for
NH:), consistent with strong hydrogen-bond
formation rather than full deprotonation. DFT-

interaction. In  contrast, promotes

optimized structures corroborate these findings,
showing significant shortening of N-H---anion
distances and substantial downfield shifts of the
amide proton, confirming strong, well-defined
binding interactions specifically with CN- and
H2POs. Other tested anions (F~, AcO~, SO+*) do
not demonstrate comparable or interpretable
binding behavior under the experimental conditions.
However, despite its clear molecular recognition
capability, UV-vis studies reveal no bathochromic
shift into the visible region, indicating that
compound 4 does not function as a chromogenic
sensor. Overall, compound 4 is best characterized
as a selective NMR-active receptor for CN~ and
H-POs,  with  strong binding confirmed
spectroscopically and computationally, but without

observable colorimetric sensing ability.
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