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Abstract 

 

 This report describes the synthesis and molecular modeling study of assembly 

properties of amide based anion receptors. Firstly, the molecular structures of 3,4-

dichlor-2,5-diamidopyrrole, its deprotonated species, self-assembly dimeric species and 

its fluoride, chloride and hydroxide complexes were obtained using the DFT 

calculations. The optimized structures of the self-assembly dimer co-existing with 

tetrabutylammonium counter ions show good agreement with its X-ray crystallographic 

structure. 

 Secondly, the molecular structures of the 4-aminomethyl-phenylamino-bis-(3,4-

dichloro-5-phenylcarbamoyl-1H-pyrrole-2-carboxamide), its deprotonated species and 

the complexes with fluoride, chloride and hydroxide ions were obtained using the 

DFT/B3LYP/6-31G(d) method. Energetics, and thermodynamics and equilibrium 

constants of the deprotonation process of the compound in the presence and absence 

of the fluoride, chloride and hydroxide ions including their complexations calculated at 

the B3LYP/6-31G(d) level with ZPVE correction and the B3LYP/6-31+G(d,p)//B3LYP/6-

31G(d) are reported. 

 Additionally, assembly properties of three isophtalamide based anion receptors, 

N,N�-diphenylisophathalamide, N,N�-bis-(3-nitrophenyl)isophathalamide, and N,N�-bis-

(3,5-dinitrophenyl)isophathalamide were studied using the computational methods. 

Optimized structures and thermodynamic properties of their complexes with fluoride, 

chloride and bromide ions were investigated. 

 Finally, isophtalamide derivatives, N,N�-bis(4-nitrophenyl)isophthalamide and    

N,N�-bis-(4-trifluoromethyl-phenyl)isophthalamide, were synthesized. Their halide binding 

properties were studies via the single crystal X-ray Spectroscopy, nuclear magnetic 

resonance spectroscopy techniques and also the DFT calculation methods. 

 

Keywords: Anion coordination chemistry, assembly properties, amide based anion 

              receptors, computational chemistry, DFT 
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a b s t r a c t

The molecular structures of 3,4-dichloro-2,5-diamidopyrrole LH, its deprotonated species L�, self-assem-
bly dimeric species and its complexes with fluoride, chloride and hydroxide ions were obtained using the
B3LYP/6-31G(d) calculations. The optimized structures at the B3LYP/6-31G(d) and ONIOM(B3LYP/6-
31G(d):PM3) levels of the self-assembly dimer co-existing with TBA (tetrabutylammonium) as
[L2.2TBA] were obtained and their geometrical data show good agreement with the X-ray crystallo-
graphic structure. In the presence of hydroxide (as TBA.OH), deprotonation of LH and dimerization of
L� are the most favorable reaction as compared to systems in the presence of fluoride and chloride ions.
The hydroxide ion is able to draw a pyrrole proton from the LH and afford one water molecule via proton-
transfer process.

� 2008 Elsevier B.V. All rights reserved.

1. Introduction

Anionic self-assembly of the compounds resulting from per-
forming new noncovalently linked molecular architectures have
had an immense interest for supramolecular chemists to under-
stand these unusual processes [1–4]. Anion receptor containing
both amidopyrrole and electron withdrawing groups which in-
crease the acidity of NH hydrogen bond donor groups deproto-
nate at the NH-pyrrole protons in the presence of basic anion
and reveal the formation of a anionic self-assembly dimer in
the solid-state [5–8]. Functionalized isophthalamide with nitro-
aromatic substitution as 3,5-dinitrophenyl groups revealed a
double helix anion-directed assembly formed around two fluoride
anions via NH���F� hydrogen bonds and p–p interactions in the
solid-state [9,10]. Gale and coworkers synthesized two 2,5-diam-
idopyrrolic compounds which contain 4-nitropenyl and 3,5-dini-
trophenyl groups appended to the amide positions and
investigated their anion binding properties. In solid-state, the
3,5-dinitrophenyl derivative has been shown to deprotonate at
the NH-pyrrole in the presence of tetrabutylammonium (TBA)
fluoride and also tetrabutylammonium hydroxide resulting in
the formation of the anionic self-assembly dimer via N����NH

interactions [11]. In case of the electron withdrawing groups as
chlorine substitution at the 3- and 4-positions of the pyrrole ring,
1,3-phenylene-bis-(3,4-dichloro-5-phenylcarbamoyl-1H-pyrrole-
2-carboxylic acid amide) and 1,4-phenylene-bis-(3,4-dichloro-5-
phenylcarbamoyl-1H-pyrrole-2-carboxylic acid amide), have been
reported their formation of the interrocked pyrrole anion dimers
in the fluoride ion environment which played as a catalyst in the
deprotonation reactions [12–14]. These phenomenon have been
confirmed with the density functional theory (DFT) calculations
methods [15,16]. Moreover, they also reported the solid-state
structure of the narcissistic dimer which crystallized from 3,4-di-
chloro-1H-pyrrole-2,5-dicarboxylic acid phenyl amide, LH, solu-
tion in the presence of TBA fluoride [17]. In this structure, the
pyrrole group has been deprotonated and the N� center was sta-
bilized by the formation of two amide NH���N� hydrogen bonds
from another anion. Vice versa, another N� was stabilized in
the same way from the opposite anionic pyrrole resulting in the
formation of their anionic self-assembly dimer.

In this report, the effect of fluoride ion to the deprotonation and
anionic self-assembly formation processes of LH have been studied
using DFT calculation (Scheme 1). The geometrical structures of all
species, deprotonation, their halide complexes and anionic self-
assembly dimer, have been considered in terms of their stabilities
and thermodynamic properties and compared to the X-ray crystal-
lographic data.
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2. Computational methods

Structures of 3,4-dichloro-2,5-diamidopyrrole LH, its deproto-
nated species L�, dimeric species of anionic self-assembly and
complexes with fluoride, chloride and hydroxide were optimized
using the density functional theory (DFT) and the two-layered
ONIOM(MO:MO) method [18–19] for the anionic self-assembly
dimer. DFT calculations have been performed with the Becke’s
three-parameter exchange functional [20] with the Lee–Yang–
Parr correlation functional (B3LYP) [21]. All geometryScheme 1.

Fig. 1. The B3LYP/6-31G(d) optimized structures of LH, deprotonated species L� and its complexes with fluoride, chloride and hydroxide ions.

Fig. 2. The anionic self-assembly dimer as [L2.2TBA] obtained from (a) the B3LYP/6-31G(d)-optimized, (b) ONIOM(B3LYP/6-31G(d):PM3)-optimized and (c) X-ray
crystallographic structures.
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optimizations have been carried out using the MO computations
at the B3LYP/6-31G(d) level and single point calculations at the
B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) level. The two-layered
ONIOM(B3LYP/6-31G(d):PM3) method [22] was employed to
optimize the large structure of anionic self-assembly dimer co-
existing with two molecules of TBA as [L2.2TBA]. Atoms of L2
molecule and two TBA molecules were treated as high and low
levels of theory, respectively. All calculations were performed
with the Gaussian 03 program [23]. The Molden 4.2 program
[24] was utilized to display the molecular structure, monitor
the geometrical parameters and observe the molecular geometry
convergence via the Gaussian output file. The molecular graphics
of all related species were generated with the Mercury 1.4.2 pro-
gram [25].

Stepwise deprotonation reactions of the system in presence and
absence of the fluoride, chloride and hydroxide ions (X�) are de-
scribed by the following equations.

System without X�:

2LH $ 2L� þ 2Hþ $ ½L2�2� þ 2Hþ: ð1Þ
System with X–:

2LHþ 2TBA:X� $ 2½LH:X�� þ 2TBAþ ð2Þ
2½LH:X�� þ 2TBAþ $ ½L2:2TBA� þ 2HX: ð3Þ

3. Results and discussion

3.1. Geometrical structure

The B3LYP/6-31G(d) optimized structures of LH, deprotonated
species L� and its complexes with fluoride [LH.F]�, chloride

[LH.Cl]� and hydroxide ions in form of [L.H2O]� are shown in
Fig. 1. It was found that the anionic self-assembly dimer in gas
phase does not exist without two molecules of TBA (tetrabutylam-
monium) co-existing as counter ions. The gas phase of anionic self-
assembly dimer is therefore present as species [L2.2TBA]. The
B3LYP/6-31G(d) and ONIOM(B3LYP/6-31G(d):PM3) optimized
structures of [L2.2TBA] compared to the X-ray structure are shown
in Fig. 2. It shows that two TBA molecules of the computed and the
X-ray structures are situated in different space positions. It was
found that the interaction between two L� species in [L2.2TBA] is
caused by salt-bridges N1H1���N20, N3H3���N20, N10H10���N2 and
N30H30 ���N2, where prime mark (0) indicates atom belonging to
the other L� ion.

Selected geometrical data for their structures in gas phase and
the X-ray crystal structure of [L2.2TBA] are given in Table 1; their
atoms are referred to atomic numbering as defined in Fig. 3.

3.2. Reaction energies

Reaction energies of deprotonation of the 3,4-dichloro-2,5-
diamidopyrrole LH and dimerization of its deprotonated species
L� in systems with and without fluoride, chloride and hydroxide
ions computed at the B3LYP/6-31G(d) and B3LYP/6-31+G(d,p)//
B3LYP/6-31G(d) levels are shown in Table 2. Reaction energies of
dimerization listed in Table 2 were derived from the total energies
of [L2]2� at the B3LYP/6-31G(d)//B3LYP/6-31G(d) and B3LYP/6-
31+G(d,p)//B3LYP/6-31G(d) levels.

Relative stabilities of the anionic self-assembly dimers,
[L2.2TBA] depending on anions of TBA-salts based on either the
B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) or B3LYP/6-31G(d) energies
are in order: hydroxide� fluoride� chloride. Based on the

Table 1
Selected geometrical data for the structures of 3,4-dichloro-2,5-diamidopyrrole LH, L�, [LH.F]�, [LH.Cl]�, [L.H2O]� and [L2.2TBA] dimer computed at the B3LYP/6-31G(d) level and
the ONIOM(B3LYP/6-31G(d):PM3) for the [L2.2TBA]

Parametera LHb L�b [LH.F]�b [LH.Cl]�b [L.H2O]�b [L2.2TBA]

DFTb ONIOMc X-rayd

Bond distances (Å)
C6–N1 1.4157 1.3901 1.4010 1.4084 1.3978 1.4046 1.4095 1.4007
C7–N1 1.3865 1.3956 1.4010 1.3770 1.3918 1.3879 1.3745 1.3750
C7–C8 1.4854 1.4703 1.4850 1.4872 1.4765 1.4787 1.4666 1.4676
C8–N2 1.3778 1.3599 1.3631 1.3712 1.3652 1.3626 1.3642 1.3646
C11–N2 1.3778 1.3599 1.3631 1.3712 1.3652 1.3635 1.3627 1.3641
C11–C12 1.4854 1.4703 1.4850 1.4871 1.4766 1.4703 1.4784 1.4652
C12–N3 1.3865 1.3956 1.3805 1.3770 1.3918 1.3732 1.3887 1.3759
C13–N3 1.4156 1.3901 1.4010 1.4084 1.3978 1.4106 1.4035 1.4052
N1–H1 1.0122 1.0156 1.0332 1.0243 1.0140 1.0201 1.0192 0.8811
N2–H2 1.0100 – 1.0879 1.0384 – – – –
N3–H3 1.0122 1.0156 1.0333 1.0243 1.0141 1.0192 1.0191 0.8807

Bond angles (o)
C6–N1–C7 128.19 129.68 127.98 127.36 128.67 127.18 127.91 127.83
N1–C7–C8 113.01 111.54 113.13 116.22 114.73 114.48 115.37 115.64
C7–C8–N2 122.90 120.74 121.62 125.55 123.80 122.91 122.49 121.44
C8–N2–C11 111.05 107.35 111.23 111.43 107.85 107.43 107.25 106.69
N2–C11–C12 122.91 120.74 121.62 125.55 123.81 122.33 122.78 121.73
C11–C12–N3 113.02 111.54 113.12 116.22 114.77 115.11 114.43 113.97
C12–N3–C13 128.19 129.68 127.98 127.37 128.67 128.26 127.12 127.50

Dihedral angles (o)
C6–N1–C7–C8 176.74 �179.99 �170.97 �179.74 �177.25 177.28 176.81 �169.88
N1–C7–C8–N2 �33.49 0.00 12.55 1.16 6.81 �5.38 15.67 �1.04
C7–C8–N2–C11 179.44 180.00 �175.15 179.91 �179.83 179.49 179.59 178.02
C8–N2–C11–C12 179.43 �179.98 175.12 �179.91 179.88 �179.08 �179.76 177.45
N2–C11–C12–N3 �33.51 0.00 �12.50 �1.16 �6.21 12.62 �4.66 �2.42
C11–C12–N3–C13 176.73 179.99 170.98 179.74 177.59 178.15 175.47 �176.81

a Atomic numbering is defined in Fig. 3.
b At the B3LYP/6-31G(d) level of theory.
c At the ONIOM(B3LYP/6-31G(d):PM3) approach, atoms of L2 molecule and two TBA molecules treated as high and low levels of theory, respectively (see Fig. 2b).
d Taken from Ref. [17].
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B3LYP/6-31+G(d,p)//B3LYP/6-31G(d)-energy calculations, deproto-
nation energies of 3,4-dichloro-2,5-diamidopyrrole LH in the pres-
ence of fluoride, chloride and hydroxide ions are more stable than
those systems without the halide ions by 271.82, 253.48 and
294.80 kcal/mol, respectively. Dimerization of its deprotonated
species L� in the presence of fluoride, chloride and hydroxide ions
are, respectively, stabilized by �79.34, �61.69 and �104.75 kcal/
mol and more stable than the systems without fluoride, chloride

and hydroxide ions by 113.96, 96.32 and 139.38 kcal/mol,
respectively.

Relative energy profile for deprotonation and dimerization of
anionic self-assembly of systems without any anion is shown in
Fig. 4. Relative energy profiles for deprotonation and dimerization
of anionic self-assembly of systems with fluoride, chloride and
hydroxide ions are shown in Figs. 5–7, respectively. The Relative
energy profile for the system with hydroxide ion (see Fig. 7) is
obviously different from the relative energy profiles for fluoride
and chloride systems (see Figs. 5 and 6).

4. Conclusions

Relative stabilities of the anionic self-assembly dimer depended
on the TBA-salts of anion are in order: hydroxide� fluoride�
chloride. Based on the B3LYP/6-31+G(d,p)//B3LYP/6-31G(d)-en-
ergy calculations, deprotonation energies of 3,4-dichloro-2,5-
diamidopyrrole LH in the presence of fluoride, chloride and
hydroxide ions are more stable than those systems without the

Fig. 3. Atomic numbering for LH structure.

Table 2
Reaction energies of deprotonation and dimerization of 3,4-dichloro-2,5-diamidopyr-
role LH in systems with and without fluoride, chloride and hydroxide ions, computed
at the B3LYP/6-31G(d) and B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) levels

System/reactions DrE
a

B3LYP/6-31+G(d,p)//
B3LYP/6-31G(d)

B3LYP/6-
31G(d)

In the absence of X�:
LHM L� + H+ 308.48 313.25
2L� M [L2]2�b 34.63 32.89

In the presence of F�:
Stepwise deprotonation
LH + TBA.FM [LHF]� + TBA+ 15.10 10.97
[LHF]� M L� + HF 18.13 29.72

Overall deprotonation
LH + TBA.FM L� + HF + TBA+ 36.66 40.69

Dimerization
2[LHF]� + 2TBA+ M [L2.2TBA] + 2HF �79.34 �75.58

In the presence of Cl�:
Stepwise deprotonation
LH + TBA.ClM [LH.Cl]– + TBA+ 24.92 24.92
[LH.Cl]� M L� + HCl 30.39 34.58

Overall deprotonation
LH + TBA.ClM L� + HCl + TBA+ 55.30 59.5

Dimerization
2[LH.Cl]� + 2.TBA+ M [L2.2TBA] + 2HCl �61.69 �66.88

In the presence of OH–:
Stepwise deprotonation
LH + TBA.OHM [L.H2O]– + TBA + 4.82 �1.08
[L.H2O]� M L� + H2O 8.86 14.00

Overall deprotonation
LH + TBA.OHM L� + H2O + TBA + 13.68 12.92

Dimerization
2[L.H2O]� + 2.TBA+ M [L2.2TBA] + 2H2O �104.75 �107.03

a In kcal/mol.
b The structure was taken from the B3LYP/6-31G(d)-optimized geometry of [L2]2–

in [L2.2TBA] of which two TBA molecules were removed.

Fig. 4. Relative energy profile for deprotonation and anionic self-assembly dimer-
ization of system without anion of LH computed at the B3LYP/6-31+G(d,p)//B3LYP/
6-31G(d) and B3LYP/6-31G(d) (in parenthesis) levels.

Fig. 5. Relative energy profile for deprotonation and anionic self-assembly dimer-
ization of system with fluoride ion of LH computed at the B3LYP/6-31+G(d,p)//
B3LYP/6-31G(d) and B3LYP/6-31G(d) (in parenthesis) levels.
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halide ions by 271.82, 253.48 and 294.80 kcal/mol, respectively.
Dimerization of its deprotonated species L� in the presence of fluo-
ride, chloride and hydroxide ions are, respectively, stabilized by
�79.34, �61.69 and �104.75 kcal/mol and more stable than the
systems without fluoride, chloride and hydroxide ions by 113.96,
96.32 and 139.38 kcal/mol, respectively.

The B3LYP/6-31G(d)-optimized structure of self-assembly di-
mer obtained as co-existing with TBA ions as [L2.2TBA] shows good
agreement with its X-ray crystallographic structure. Both deproto-

nation of LH and dimerization of L�, in the presence of hydroxide
as TBA.OH are the most stable reactions as compared to the sys-
tems of fluoride and chloride ions. Only hydroxide can induce a
pyrrole proton transfer from a molecule of LH to afford a molecule
of water.
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a b s t r a c t

The molecular structures of the 4-aminomethyl-phenylamino-bis-(3,4-dichloro-5-phenylcarbamoyl-1H-
pyrrole-2-carboxamide), (LH2), its deprotonated species (LH� and L2�) and their complexes with the fluo-
ride, chloride and hydroxide ions were obtained using the DFT/B3LYP/6-31G(d) method. Energetics, and
thermodynamics and equilibrium constants of the deprotonation process of the LH2 in the presence and
absence of the fluoride, chloride and hydroxide ions including their complexations obtained at the B3LYP/
6-31G(d) level with ZPVE correction and the B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) (for the energies) are
reported. The B3LYP/6-31G(d)-optimized geometrical data for the species L2� is in good agreement with
its corresponding X-ray crystallographic data. The energy profiles for deprotonation of the LH2 and their
complexes with the fluoride, chloride and hydroxide ions are demonstrated.

� 2009 Elsevier B.V. All rights reserved.

1. Introduction

Pyrrole-containing amide groups which appended to the 2,5-
positions of the pyrrole ring have been used as anion receptors
[1–7]. These 2,5-diamidopyrroles systems probably refer to the
isophthalic amide anion receptors synthesized by Crabtree and
co-workers which their derivatives have been also studied contin-
uously [8–10]. To enhance the anions binding properties of these
receptors, the functional groups, quite often are electron with-
drawing groups, must be attached into the structure of the com-
pounds. For example, the nitro group is the one that has been
also used as electron withdrawing groups to the amide links
[11]. The chlorine moieties were added in 3- and 4-positions of
the pyrrole rings increasing the acidity of pyrrole NH groups and
therefore allow the receptors to form the stronger hydrogen bonds
to the putative anionic guests [9–11]. Not only the anion binding
affinity of these receptors has been improved but also the unusual
deprotonation process at the NH-pyrrolic proton was obtained in
the present of fluoride and hydroxide ions [12–14]. However, chlo-
ride ion, in this case, prefers to induce the complexation process
than acts as the catalyst in the deprotonation reaction [15]. These
processes have been studied using the molecular models calculat-
ing with the molecular orbital theory, the density functional theory

(DFT) [16–18]. In this work, 4-aminomethyl-phenylamino-bis-
(3,4-dichloro-5-phenylcarbamoyl-1H-pyrrole-2-carboxamide),
LH2, containing two 3,4-dichloro-2,5-diamidopyrrole subunits and
non-rigid linker, 1,4-dimethylphenyl group, has been theoretically
investigated using DFT method. The geometrical structures of all
species were evaluated in terms of stabilities and thermodynamic
properties of all deprotonation reactions with and without anions
(F�, Cl� and OH�) comparing to the X-ray crystallographic data.

2. Computational details

Geometries of various species of the compound LH2, its depro-
tonated species and its complexes with fluoride, chloride and
hydroxide ions were optimized using density functional theory
(DFT) method. DFT calculations have been performed with the
Becke’s three-parameter exchange functional [19] with the Lee–
Yang–Parr correlation functional (B3LYP) [20]. All geometry opti-
mizations have been carried out using the MO computations at
the B3LYP/6-31+G(d)//B3LYP/6-31G(d) level and B3LYP/6-31G(d)
with ZPVE correction. All calculations were performed with the
Gaussian 03 program [21]. The molecular graphics of all related
species were generated with the GaussView 3.07 program [22].
The standard enthalpy DH298 and Gibbs free energy changes
DG298 of all deprotonation of LH2 systems have been derived from
the frequency calculations at the B3LYP/6-31G(d) level of theory.
Deprotonation constant, K at 298.15 K and 1 atm for all reactions
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is evaluated using a thermodynamic equation DG0 = �RT ln K as
applied in the previous works [23–26].

Stepwise deprotonation reactions of the system in are defined
as shown in Eqs. (1) and (2). The system in presence of each anion,
X� (fluoride, chloride and hydroxide ions), reaction mechanisms
are separated into two paths. Therefore, all related reaction steps
are shown in Eqs. (3)–(7).

LH2 � LH� þHþ ð1Þ
LH� � L2� þHþ ð2Þ

System with X�:

LH2 þ X� � ½LH2 � X�� ð3Þ
½LH2 � X�� � LH� þHX ð4Þ
LH� þ X� � ½LH � X�2� ð5Þ
½LH � X�2� � L2� þHX ð6Þ
½LH2 � X�� þ X� � ½LH2 � 2X�2� ð7Þ

3. Results and discussion

The B3LYP/6-31G(d)-optimized structures of the deprotonated
species, neutral forms, their complexes with fluoride, chloride

and hydroxide ions are shown in Fig 1. The B3LYP/6-31G(d)-opti-
mized geometrical data for the deprotonated form represented as
species L2� are in good agreement with its corresponding X-ray
crystallographic data. The magnitudes of the dihedral angles
C12–N3–C13–C14 and N2–C11–C12–N3 are in increasing orders:
LH� � LH2 < L2� and LH� � L2� < LH2, respectively.

The deprotonation mechanism of the LH2 is composed of two
reaction steps as shown in Eqs. (1) and (2). The relative energy
profile for the deprotonation process of the absence of anion for
LH2 is shown in Fig. 2. In the absence of halide ion, the first and
second deprotonations of the LH2 computed at the B3LYP/6-
31+G(d,p)//B3LYP/6-31G(d) level are 339.92 and 680.06 kcal/
mol (335.52 and 672.77 kcal/mol at the B3LYP/6-31G(d) ener-
gies), respectively, see Fig. 2(a). The relative stabilities of all spe-
cies of the LH2 are in decreasing order: LH2 > LH� > L2�. These
results correspond to the relative stabilities of protonated species
of calix[4]-cyclen-benzo-crown-6 [27] and salicylaldehydes and
triethylenetetramine [28]. The energy profile for the complexa-
tion of the LH2 with the fluoride ion and their dissociation is
shown in Fig. 2(a). The relative energies in kcal/mol of all related
species based on mass balance of LH2 + 2F�, computed at the
B3LYP/6-31G(d) with ZPVE correction are listed in Table 1. The
reaction energies and thermodynamic quantities of the deproto-
nated species of the LH2, their complexations with halide anions
and equilibrium constants, computed at the B3LYP/6-31G(d) level

Fig. 1. The B3LYP/6-31G(d)-optimized structures of (a) the various species of the LH2, their complexes with (b) fluoride, (c) chloride and (d) hydroxide ions.
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of theory are listed in Table 2. Their reaction steps for the com-
plexes with fluoride ion correspond to Eqs. (3)–(6). The energy
profile for the complexation of the LH2 with the fluoride ion and
their dissociation is shown in Fig. 2(b). The relative energies in
kcal/mol of all related species based on mass balance of
LH2 + 2Cl�, computed at the B3LYP/6-31G(d) with ZPVE correc-
tion are listed in Table 1. Their reaction steps for the complexes
with chloride ion correspond to Eqs. (3)–(5) and (7). The energy
profile for the complexation of the LH2 with the fluoride ion and
their dissociation is shown in Fig. 2(c). The relative energies in

kcal/mol of all related species based on mass balance of
LH2 + 2OH�, computed at the B3LYP/6-31+G(d,p)//B3LYP/6-
31G(d) and B3LYP/6-31G(d) levels are listed in Table 1. Their
reaction steps for the complexes with hydroxide ion correspond
to Eqs. (3)–(6). Fig. 2(d) shows that proton transfer occur during
the complexations of the LH� and L2� complexes with hydroxide
ion and afford mono- ([LH(H2O)]�) and diaqua ([L(H2O)2]2�) com-
plexes, respectively. The complexations of all studied complexes
as listed in Table 2 are spontaneous and exothermic reactions.
The fluoride and hydroxide complexes are very stable and much

Fig. 2. The relative energy profile for deprotonation of the LH2 in the system (a) without anion, (b) the presence of fluoride ion, (c) the presence of chloride ion and (d) the
presence of hydroxide ion, computed at the B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) and the B3LYP/6-31G(d) with ZPVE correction (in parentheses).

Table 1
The relative energies of all involved species relative to reactants LH2 + 2X� (X� = F�, Cl� and OH�), computed at the B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) and B3LYP/6-31G(d) (in
parentheses).

System/anionic guest DEa

In presence of X� LH2 + 2 X� [LH2.X]� + X� LH� + HX + X� [LH.X]2� + HX L2� + 2HX [LH2.X2]2�

F� 0.00 �54.22 �31.36 �83.95 �62.50 –b

(�102.66) (�76.77) (�176.58) (�151.81)
Cl� 0.00 �24.98 �b �b �b �40.26

(�32.65) (�54.98)
OH� 0.00 �65.64 �55.89 �120.12 �111.56 �b

(�99.96) (�87.92) (�185.25) (�174.11)

In absence of X� LH2 LH� + H+ L2� + 2H+

0.00 339.92 680.06
(335.52) (672.77)

a In kcal/mol.
b Not exist.
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more stable than the chloride complexes. The overall association
constants based on their basic components namely the LH2, fluo-
ride, chloride and hydroxide, listed in Table 2 show also their
spontaneous complexation.

The structures of the 4-aminomethyl-phenylamino-bis-(3,4-di-
chloro-5-phenylcarbamoyl-1H-pyrrole-2-carboxamide), its depro-
tonated species and their complexes with the fluoride, chloride
and hydroxide ions were obtained using the B3LYP/6-31G(d) calcu-
lations. Energetics, and thermodynamics and equilibrium con-
stants of the deprotonation process of the LH2 in the presence
and absence of the fluoride, chloride and hydroxide ions including
their complexations obtained at the B3LYP/6-31G(d) level with
ZPVE correction and the B3LYP/6-31+G(d,p)//B3LYP/6-31G(d) (for
the energy profiles) are reported. The B3LYP/6-31G(d)-optimized
geometrical data for the species L2� is in good agreement with
its corresponding X-ray crystallographic data. The complexations
of all the studied complexes either in terms of the cumulative or
overall reaction are a spontaneous process.
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Table 2
The reaction energies and thermodynamic quantities of the deprotonated species of LH2, their complexations with anions and equilibrium constants, computed at the B3LYP/6-
31G(d) level with ZPVE correction.

System/reaction DEa DH298
a DG298

a K298

In the absence of X�

LH2 ? LH� + H+ 335.52 335.68 334.14 –b

LH� ? L2� + H+ 337.25 337.02 337.95 –b

In the presence of F�

LH2 + F� ? [LH2F]� �102.66 �103.20 �95.42 1.57 � 1070

[LH2F]� ? LH� + HF 25.89 27.19 15.84 2.22 � 10�12

LH� + F� ? [LHF]2� �99.81 �100.69 �90.89 7.38 � 1066

[LHF]2� ? L2� + HF 24.77 26.02 15.12 7.51 � 10�12

In the presence of Cl�

LH2 + Cl� ? [LH2Cl]� �32.65 �32.10 �26.06 1.50 � 1019

[LH2Cl)]� ? LH� + HCl 31.33 31.53 21.57 1.37 � 10�16

LH� + Cl� ? [LHCl]2� �29.66 �29.51 �21.39 5.42 � 1015

[LHCl]2� ? L2� + HCl 30.07 30.29 20.69 5.98 � 10�16

[LH2Cl]� + Cl� ? [LH2Cl2]2� �22.32 �23.94 �9.18 5.69 � 106

In the presence of OH�

LH2 + OH� ? [LH(H2O)]� �99.96 �99.71 �92.14 6.05 � 1067

[LH(H2O)]� ? LH� + H2O 12.04 11.25 1.97 3.53 � 10�2

LH� + OH� ? [L(H2O)]2� �97.33 �97.41 �88.06 6.06 � 1064

[L(H2O)]2� ? L2� + H2O 11.15 11.29 1.70 5.59 � 10�2

[LH(H2O)]� + OH� ? [L(H2O)2]2� �96.90 �96.97 �88.05 5.94 � 1064

Overall reactions
LH2 ? L2� + 2H+ 672.77 672.71 672.08 –b

LH2 + 2F� ? L2� + 2HF �151.81 �150.69 �155.35 –c

LH2 + 2Cl� ? L2� + 2HCl �0.90 0.22 �5.19 6.62 � 103

LH2 + 2Cl� ? [LH2Cl2]� �54.98 �56.03 �35.25 8.52 � 1025

LH2 + 2OH� ? L2� + 2H2O �174.11 �173.58 �176.52 –c

LH2 + 2OH� ? [L(H2O)2]2� �196.86 �196.69 �180.18 –c

a In kcal/mol.
b Very small value.
c Very large value.
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Assembly Properties of Isophtalamide Based Anion Receptors 

1 2

 3  N,N -

diphenylisophathalamide, 1, N,N -bis-(3-nitrophenyl)isophathalamide, 2, N,N -bis-(3,5-dinitrophenyl)

isophathalamide, 3  GAUSSIAN03  (DFT) 

 B3LYP/6-31G(d) 

 tetrabutylammoniumfluoride (TBAF), 

tetrabutylammoniumchloride (TBACl)  tetrabutylammonium bromide (TBABr) 

N,N -bis-(3,5-dinitrophenyl) isophathalamide, 3 N,N -bis-(3-

nitrophenyl)isophathalamide, 2 N,N -diphenylisophathalamide, 1

:

ABSTRACT

 Assembly properties of three isophtalamide based anion receptors, N,N -diphenylisophathalamide, 1,

N,N -bis-(3-nitrophenyl) isophathalamide, 2, and N,N -bis-(3,5-dinitrophenyl)isophathalamide, 3 were studied 

using the computational method with the  GAUSSIAN03 program and  the density functional theory (DFT) at 

the B3LYP/6-31G(d) level. Optimized structures and thermodynamic properties of these compounds and 

fluoride, chloride and bromide ions which used as tetrabutylammoniumfluoride (TBAF), 

tetrabutylammoniumchloride (TBACl) and tetrabutylammoniumbromide (TBABr), respectively, complexes were 

investigated. In gas phase, the results show N,N -bis-(3,5-dinitrophenyl)isophathalamide, 3 bound the anions 

better than N,N -bis-(3-nitrophenyl)isophathalamide, 2, and N,N -diphenylisophathalamide, 1, respectively.

Keywords:  anion coordination chemistry, supramolecular chemistry, isophtalamide based anion receptors, 

assembly properties, DFT 

1 .
2



 2551 (RURC2008)                                                                                                            25  2551 

363

 (Anion coordination chemistry) 

(supramolecular chemistry) 

/

/  1

/

O

N

O

N
H H

A-

  1

1.

2. /
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1. Computational method

 3 N,N -

diphenylisophathalamide, 1, N,N -bis-(3-nitrophenyl)isophathalamide, 2, N,N -bis-(3,5-dinitrophenyl)

isophathalamide, 3  tetrabutylammoniumfluoride (TBAF), 

tetrabutylammoniumchloride (TBACl)  tetrabutylammonium bromide (TBABr) 

 (DFT)  Becke’s three parameter exchange functional 

 Lee-Yang-Parr correlation functional (B3LYP) 

 (MO)  B3LYP/6-31G(d)  GAUSSIAN03

 MERCURY 1.4.2

O O

NH HN

O O

NH HNO2N NO2

O O

NH HNO2N

NO2 NO2

NO2

       1                             2                        3 

H    +     G           HG                (1)

                     (Host)  (Guest) 

 standard enthalpy change ( H0
298 )  standard Gibbs free energy change ( G0

298 )

1, 2 3  Frequency   B3LYP/6-

31G(d)  ZPVE correction  (K)  298.15 K  1 

Go = -RT ln K                    (2) 

Go = Ho - T So             (3)

N,N -diphenylisophathalamide, 1, N,N -bis-(3-

nitrophenyl)isophathalamide, 2, N,N -bis-(3,5-dinitrophenyl)isophathalamide, 3

 B3LYP/6-31G(d)  2 
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            1                          2

3

  2 1, 2 3

N,N -diphenylisophathalamide, 1,

N,N -bis-(3-nitrophenyl)isophathalamide, 2, N,N -bis-(3,5-dinitrophenyl) isophathalamide, 3

tetrabutylammoniumfluoride (TBAF), tetrabutylammoniumchloride (TBACl)  tetrabutylammonium bromide 

(TBABr)  B3LYP/6-31G(d)  3, 4  5 

                    1 + TBAF     2 + TBAF                       3 + TBAF 

  3  1, 2 3

TBAF  B3LYP/6-31G(d) 



 2551 (RURC2008)                                                                                                            25  2551 

366

                     1 + TBACl                    2 + TBACl                     3 + TBACl 

  4 1, 2 3

TBACl  B3LYP/6-31G(d) 

                     1 + TBABr                   2 + TBABr 3 + TBABr 

  5 1, 2 3

TBABr  B3LYP/6-31G(d)
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 3 

N,N -diphenylisophathalamide, 1, N,N -bis-(3-nitrophenyl)isophathalamide, 2, N,N -bis-(3,5-

dinitrophenyl)isophathalamide, 3  GAUSSIAN03

(DFT)  B3LYP/6-31G(d) 

 tetrabutylammoniumfluoride (TBAF), tetrabutylammo-niumchloride (TBACl) 

tetrabutylammonium bromide (TBABr) 3  >  2  >  1 

 tetrabutylammoniumfluoride 

 2550 

 ( . . .)  ( . . .) Center for Innovation in Chemistry: 
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Coles, S. J; Frey, J. G; Gale, P. A; Hursthouse, M. B; Light, M. E; Navakhun, K; Thomas, G.L. 2003. Anion-

directed assembly: the first fluoride-directed double helix. Chemical Communication, 568. 

Kavallieratos, K; de Gala, S. R; Austin, D. J; Crabtree, R. H. 1997. A readily available non-preorganized 

neutral acyclic halide receptor with an unusual nonplanar binding conformation. Journal of the 
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Light, M. E.; Gale, P. A.; Navakhun, K. 2006. N,N’-Bis(3-nitrophenyl)isophthalamidetetrabutyl- ammonium 

chloride. Acta Crystallographica. Volume E62. 1097. 

Compounds Anions E
0

(kJ/ mole) 

G
0

289 

(kJ/ mole)

H
0

289

(kJ/ mole) 

log K298

(kJ/ mole)

1

TBAF

TBACl

TBABr

-51.68

-35.52

-36.39

-34.66

-20.44

-16.25

-47.41

-37.74

-34.28

25.50

15.04

11.95

2

TBAF

TBACl

TBABr

-54.79

-36.57

-41.54

-39.21

-22.08

-23.29

-50.59

-33.64

-38.38

28.85

16.25

17.13

3

TBAF

TBACl

TBABr

-57.01

-44.75

-49.54

-39.54

-26.76

-31.51

-53.33

-41.85

-46.62

29.09

19.68

23.18
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SC-P-02

Synthesis of Isophthalamide Derivatives as Anion Receptors 

1 2

N,N -bis(4-nitrophenyl)isophthalamide   2 

 isophthaloyl chloride  4-nitroaniline 

tetrabutylammonium fluoride (TBAF)  tetrabutylammonium chloride (TBACl) 

 single crystal  X-ray 

Spectroscopy  GAUSSIAN03 

 (DFT)  B3LYP/6-31G(d) 

N,N -bis(4-nitrophenyl)

isophthalamide

:

ABSTRACT

 Isophtalamide derivative, N,N -bis(4-nitrophenyl)isophthalamide, was synthesized from two starting 

materials, isophthaloyl chloride and 4-nitroaniline. Its anion receptor property was studied via the 

crystallization in the present of tetrabutylammonium fluoride (TBAF) and tetrabutylammonium chloride 

(TBACl) resulting to form rod and plate shape crystals respectively. The complex structures were evaluated 

from the single crystal  X-ray Spectroscopy technique. Anion binding properties of the compound were 

studied using the computational method with the GAUSSIAN03 program and the density functional theory 

(DFT) at the B3LYP/6-31G(d) level. Optimized structures and thermodynamic properties of the complexes of 

this compound with fluoride, chloride and bromide ions were investigated. The results showed that N,N -

bis(4-nitrophenyl)isophthalamide bound with  fluoride better than bromide and chloride ions respectively.

Keywords: anion coordination chemistry, supramolecular chemistry, isophthalamide based anion receptors, 

anion binding, DFT 

1 .
2
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 1

O

N

O

N
H H

A-

  1

1.

2.

3.

1.

 isophthalamide N,N -bis(4-

nitrophenyl)isophthalamide  2  1 

O O

NH HN

O2N NO2

  2 N,N -bis(4-nitrophenyl)isophthalamide
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O

Cl

O

Cl +

NO2

NH2

N(Et3), DMAP

DCM O

HN

O

NH

O2N NO2

 1 N,N -bis(4-nitrophenyl)isophthalamide 

2.

2.1  isophthaloyl chloride 1  (1 eq.)  dichloromethane 100 

2.2  4-nitroaniline 1.7  (2.5 eq.), triethylamine 1.98  (4 eq.)  4-dimethyl aminopyridine 5 

 dichloromethane 100 

2.3  1  2  24 

2.4  dichloromethane  100  10 

2.5   dichloromethane  30

2.6  110  0.3603  %yield = 18%, Melting 

point > 280 °C 

3.

3.1  ES+ mass spectrum: m/z (%): 407 (68) [M+H]+, 429 (28) [M+Na]+

3.2  Microanalysis (CHN analysis) 

Calc. for C20H14N4O6: C 59.12, H 3.47, N 13.79 ; found: C 58.80, H 3.13, N 13.68 

3.3  1H NMR 400 MHz in DMSO-d6 (ppm) 7.75 (t, 1H meta to CONH, J = 7.8) , 8.18 (dd, 8H, C6H4NO2, J = 

9.1), 8.21 (d, 2H ortho to CONH, J = 7.8), 8.57 (s, 1H ortho to CONH), 10.99 (s, 2H CONH) 

  3 1H NMR 400 MHz  DMSO-d6
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3.4  13C NMR 100 MHz in DMSO-d6 (ppm) 119.9, 124.8, 127.4, 128.8, 131.4, 134.5, 142.6, 145.2, 165.6

  4  13C NMR 100 MHz  DMSO-d6

4.

 tetrabutylammonium fluoride (TBAF), tetrabutylammonium chloride (TBACl) 

 tetrabutylammonium bromide (TBABr)  acetonitrile  5  6 

 (rod)  (plate) 

 5  tetrabutylammonium fluoride (TBAF) 
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( )

( )

 6 ( )  ( )  tetrabutylammonium chloride (TBACl) 

 single crystal X-ray Spectroscopy 

 7  8 

  7 N,N -bis(4-nitrophenyl)isophthalamide  TBASiF6
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  8 N,N -bis(4-nitrophenyl)isophthalamide  TBACl 

5. Computational method

N,N -bis(4-nitrophenyl)isophtha lamide 

 (DFT)  Becke’s three parameter exchange functional  Lee-Yang-Parr 

correlation functional (B3LYP)  (MO) 

 B3LYP/6-31G(d)  GAUSSIAN03 

 MERCURY 1.4.2  9  10

    

  9 N,N -bis(4-nitrophenyl)isophthalamide  

 B3LYP/6-31G(d) 

      
                    ( )          ( )
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( )

  10 N,N -bis(4-nitrophenyl)isophthalamide  ( )

 ( )  ( )  B3LYP/6-31G(d)

Ho
298 Go

298  FREQUENCY 

Go = -RT ln K   (1) 

Go = Ho - T So  (2) 

Anions E
0

(kJ/ mole) 

G
0

289  

(kJ/ mole) 

H
0

289

(kJ/ mole) 

log K 289

(kJ/ mole) 

F

Cl

Br

-131.13

-60.79

-65.03

-121.15

-46.51

-55.95

-132.15

-61.74

-65.51

89.13

34.22

41.16

N,N -bis(4-nitrophenyl)

isophthalamide  tetrabutylammonium fluoride (TBAF) 

 tetrabutylammonium chloride (TBACl)  tetrabutylammonium bromide 

(TBABr)  single crystal X-ray Spectroscopy 

N,N -bis(4-nitrophenyl)isophthalamide

 GAUSSIAN03  (DFT)  B3LYP/6-31G(d) 

  >   >
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PACCON 2009 
Pure and Applied Chemistry International Conference 2009 
January 14th -16th , 2009, Naresuan University, Phitsanulok, Thailand
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December 4th, 2008 

Pure and Applied Chemistry International Conference 2009 
Department of Chemistry, Faculty of Science, 
Naresuan University, Phitsanulok 65000 
THAILAND
Tel: +66-55-261000-4 ext. 3401 Fax: +66-55-261025 
email: paccon2009@nu.ac.th 

Dear Dr. Korakot Navakhun,  

On behalf of the organizing committee of “Pure and Applied Chemistry International 
Conference 2009” (PACCON 2009), we are very pleased to have the honor of inviting 
you to be our invited lecturer of the Inorganic Chemistry session. We will subsequently 
keep you informed the schedule of the conference. You will be granted the registration 
fee waive.

Date: January 14th - 16th, 2009. 
Place: Naresuan University, Phitsanulok, Thailand 

If you have any other requirements, please do not hesitate to contact us as soon as 
possible. We look forward to seeing you at PACCON 2009, Naresuan University, 
Phitsanulok next January. 

Yours sincerely, 

Associate Professor Dr. Sumrit Mopoung                                                     
Chairperson,
PACCON2009                                                        
Organizing Committee                                            


