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ABSTRACT

The compound 4-hydrazinobenzoic acid hydrochloride (4-HBA), C7H9O2.Cl, has been 

synthesized and characterized by FT-IR spectroscopy and X-ray diffraction. The compound 

crystallizes as colourless needles in a triclinic system, space group P¯1 (Z=2), and cell 

parameters a = 3.7176 (4) Å, b = 5.9133 (4) Å, c = 19.3631 (13) Å, α = 87.841 (6), β = 

88.924 (6), γ = 80.203 (6), V = 419.13 (6) Å3. The component ions are linked by a 

combination of O-H...O, N-H...N and N-H...Cl hydrogen bonds to form a complex three-
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dimensional framework structure in which each cation is linked to two other cations, by O-

H...O and N-H...N hydrogen bonds, and to five different anions, while each anion accepts 

hydrogen bonds from five different cations. Calculations on the Non-Covalent Interactions 

(NCI) amplify the crystallographic conclusions concerning the interionic hydrogen bonds.

Keywords: Phenylhydrazine hydrochloride, synthesis, crystal structure, non-covalent 

interactions.

1. Introduction

Phenylhydrazine (PHZ) was the first hydrazine derivative characterized by H. E. Fisher in 

1875.[1] At the end of the 19th century, its early field of application was mainly a 

pharmaceutical drug, e.g. PHZ has been used to clinically treat polycythemia vera, and as 

antipyretic. However, it is no longer used both because of the appearance of more effective 

therapies and because of its toxicity.[2] 

4-Hydrazino benzoic acid (4-HBA) is a derivative of PHZ, it is a known genotoxin and 

carcinogen in rat and mice.4-HBA is often used in drug manufacturing as a counter-ion, 

acid catalyst or an easy-removal protecting group in the course of the synthesis. The 

potential presence of these genotoxins in manufactured drugs has attracted attention of 

regulatory authorities.[3] 

In addition, compounds of this type are used worldwide as chemical intermediate in the 

synthesis of several heterocycles, hydrazones, hydrazides, thiosemicarbazone and 

semicarbazone compounds.[4–9] For example, In the Fischer indole synthesis, 

functionalized indoles are obtained from PHZ and cyclohexanone under mild conditions in 

a tartaric acid-dimethylurea melt (Scheme 1).[10,11] 

NHNH 2.HCl O

+
L-(+)-tartaric acid:DMU

30:70

70oC N
H
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Scheme 1. Synthesis of functionalized indoles.[12]

On the other hand, PHZ derivatives under acidic conditions react with ketones or aldehydes 

to form hydrazone derivatives (Scheme 2).[13] In previous works, we have synthesized 4-

HBA and ethyl 4-hydrazinobenzoate hydrochloride (E-4HB) as intermediates to produce 

furan-2- and thiophen-2-phenylhydrazones from its aldehydes, in order to study their 

interactions with biomolecules such as DNA and HSA by using spectroscopic and 

molecular docking techniques.[6,14,15]

NH
NH2

+
R1 R1

NH
N

R2

R3

R2 R3

O H
+

Scheme 2. Synthesis of hydrazone derivatives.[6,12,13]

Nowadays, crystallography provides the strongest experimental evidence for interactions 

between atoms and molecules. However, sometimes it becomes necessary to use 

complementary information in order to gain insights about underlying interactions. 

Recently, quantum chemistry methods have been increasingly used for the in depth 

exploration of these interactions.[16], allowing the quantitative partition of the interaction 

energy (Eint) into five contributions, namely electrostatic (ΔEel), exchange (ΔEex), repulsion 

(ΔErep), polarization (ΔEpol) and dispersion (ΔEdis). Using this approach, called Localized 

Molecular Orbital Energy Decomposition Analysis (LMO-EDA), a detailed study of the 

physical origin of the noncovalent interactions is performed.[17] 

On the other hand, the study of non-covalent interactions through the reduced gradient of 

density (NCIPlot) has gained popularity because of the advantages of this method in the 

characterization and location of interactions in molecular real-space.[18,19] The 

combination of these methods with those of X-ray crystallography have been important in  

identifying the basis of supramolecular structures, e.g. Hernandez-Paredes found the role of 
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C-H•••O interaction in the assembly of 5-methoxy-2-nitroaniline and its co-crystal with 2-

amino-5-nitropyridine.[20] Consequently, this approach has gained popularity as a 

complement to crystallographic studies.

Based on these considerations, we report here the synthesis and crystal structure of 4-HBA 

hydrochloride studied by X-ray diffraction technique. Additionally, a discussion of the NCI 

in terms of LMO-EDA and NCIPlot was presented.

2. Experimental

2.1. General procedure and materials

Melting points were determined on a digital IA-9100 ELECTROTHERMAL Fusiometer. 

The IR spectrums were recorded on a Shimadzu Model IR Prestige21 FT-IR Spectrometer 

in a KBr pellets. X-ray diffraction data were collected using a KAPPA DUO PAEXII 

diffractometer.

2.2. Synthesis of 4-Hydrazinobenzoic acid hydrochloride (4-HBA).

The synthesis of the tittle compound comprises two steps: (2.2.1) Preparation of diazonium 

salt from p-aminobenzoic acid (PABA) and (2.2.2) reduction of diazonium salt with 

H2SO3(aq) (Scheme 3). [14,21,22]

NH2

O OH

1) HCl, NaNO2

2) H2SO3(aq), HClconc

NHNH 2.HCl

O OH

(PABA) (4-HBA)

Scheme 3. Synthesis of 4-HBA.[12,14]

2.2.1. Preparation of diazonium salts
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A 100 mL round-bottom flask with magnetic stirring was charged with 7.5 mmol (1.03 g) 

of PABA suspended in 7 mL of distilled H2O and cooled with an ice-salt bath. Then, 8.1 

mL of concentrated HCl were added and the mixture let to cool to 0 ºC. After, a solution of 

sodium nitrite (7.5 mmol, 0.518 g in 5 mL of distilled H2O) was slowly added (~30 min) 

using a dropping funnel and the stirring process continued by 15 min longer. The clear 

orange resulting solution (diazonium salt) was diluted with 15 mL of distilled H2O.[21,23]

2.2.2. Reduction of diazonium salts with H2SO3(aq)

In a 500 mL round-bottom flask, surrounded by an ice-salt bath, a solution of H2SO3 was 

prepared by saturating SO2 gas in 60 mL of distilled H2O at 0-5 °C. Under the gas stream, 

the cold diazonium salt solution was added in aliquots of 3 mL every 15 minutes keeping 

the temperature between 5 and 10 °C. After the reaction mixture becomes dark, the SO2 

stream was keep by 20 min longer without the cooling bath. The mixture was chilled to 0-5 

°C by 12 hours after addition of 71 mL of concentrated HCl. The product 4-HBA was 

collected by filtration, and washed with two portions of 10 mL of cold concentrated 

HCl.[21]

The title compound was recrystallized from 10 mL distilled H2O and 1 mL concentrated 

HCl and let boil for a short time with activated charcoal. After filtering, 1 mL of 

concentrated HCl were added; the mixture cooled to 0 °C, and finally the 4-HBA were 

collected by filtration.[21] This product was obtained as white needles and it was suitable 

for the diffraction analysis without further treatment.

2.3. Crystal structure determination

Crystal data, data collection and structure refinement details are summarized in Table 1: 

standard software was used throughout.[24–28] All H atoms were located in difference 

maps. The H atoms bonded to C atoms were then treated as riding atoms in geometrically 

idealized positions with C-H distances 0.95 Å and with Uiso(H) = 1.2Ueq(C). For the H 

atoms bonded to N or O atoms, the atomic coordinates were refined, with Uiso(H) = 

1.2Ueq(N) or 1.5Ueq(O), giving the N-H and O-H distances shown in Table 2.
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Table 1. Experimental details.

4-HBA
Crystal data
Chemical formula C7H9N2O2·Cl

Mr 188.61

Crystal system, space 
group

Triclinic, P¯1

Temperature (K) 100

a, b, c (Å) 3.7176 (4), 5.9133 (4), 19.3631 (13)

α, β, λ (°) 87.841 (6), 88.924 (6), 80.203 (6)

V (Å3) 419.13 (6)

Z 2

Radiation type Mo Kα

µ (mm-1) 0.41

Crystal size (mm) 0.10 × 0.08 × 0.08

Data collection
Diffractometer Bruker D8 Venture

Absorption correction Multi-scan 
SADABS2012/1 (Bruker, 2012)

 Tmin, Tmax 0.885, 0.967

No. of measured, 
independent and
 observed [I > 2σ(I)] 
reflections

5191, 1477, 1366  

Rint 0.039

(sin θ/λ)max (Å-1) 0.596

Refinement
R[F2 > 2σ(F2)], 
wR(F2), S

0.034,  0.110,  1.13

No. of reflections 1477

No. of parameters 124

H-atom treatment H atoms treated by a mixture of independent and constrained refinement

Δmax, Δmin (e Å-3) 0.35, -0.38
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Table 2. Parameters (Å, o) for hydrogen bonds.

D-H...A D-H   H...A   D...A D-H...A         Symmetry

O1-H1...O2 0.93(3) 1.69(3) 2.622(2) 178(4) -x,1-y,-z
N41-H41...Cl1 0.79(3) 2.68(3) 3.3048(19) 138(2) -x,-y,1-z
N41-H41...Cl1 0.79(3) 2.70(3) 3.2919(19) 134(2) 1-x,-y,1-z
N42-H42A...Cl1 0.98(3) 2.19(3) 3.1082(18) 156(2) x,y,z
N42-H42B...N41 0.84(3) 2.17(3) 3.002(3) 173(2) 1+x,y,z
N42-H42C...Cl1 0.89(3) 2.43(3) 3.1862(19) 143(2) -x,1-y,1-z
N42-H42C...Cl1 0.89(3) 2.70(3) 3.2650(19) 122(2) 1-x,1-y,1-z

3. Computational details

The noncovalent interactions observed by X-ray crystallography were assessed by 

analyzing the topology of density, ρ(r) [Quantum Theory of Atoms in Molecule, QTAIM], 

and the reduced gradient of ρ(r) [NCIPlot] and LMO-EDA calculations. The unit cell and 

two structural models without further geometry optimization were used to represent the 

most important intermolecular interactions in the crystal, i.e., electrostatics, hydrogen bond 

and π-stacking. QTAIM calculation were performed with Multiwfn 3.6.[29] The reduced 

gradient of ρ(r) calculations were carried-out using NCIplot 3.0 with the promolecular 

approach and the densities obtained by DFT.[18,19] Calculations ion unit cell were 

performed with Critic2.[30] NCIRange allowed us to extract the important region of 

interaction.[31] All isosurfaces were graphed with VMD.[32]

The LMO-EDA calculations on the crystallographic structures of the unit cell and 

molecular motifs were performed with GAMESS.[33] In GAMESS, LMO-EDA was 

recently adapted to work with canonical orbitals, and named canonical molecular orbital 

energy decomposition analysis (CMO-EDA). The DFT calculations were carried-out with 

the M06-2X/aug-cc-pVDZ level of theory. The use of this functional is supported by the 

results of the interaction energy of molecules from Benchmark Energy and Geometry 

Database with several functional reported by Li et al.,[34] and Brauer et al.[35] In relation 

to the basis sets, Hobza founds the lesser error with aug-cc-pVTZ basis set for 66 molecular 

complexes by using CCSD(T) method.[36] However, the author showed differences around 
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0.1 kcal/mol when aug-cc-pVDZ was used. On these bases, and attending the compromise 

of accuracy and computing time, we calculated the electronic structure with the level of 

theory mentioned at the top of this paragraph.

4. Results and discussion

4.1. Synthesis and spectroscopy characterization of 4-HBA.

The title compound 4-HBA was synthetized from PABA (Scheme 3) according to the 

procedures 2.2.1 and 2.2.2. Yield = 91%, white needles, mp = 245 °C (dec). FTIR (KBr, 

disk) cm-1: 3211.3 (N-H), 2500-3300 (-CO2H), 1685.7 (C=O), 1612.4 (C=C), 1240.1 (C-O-

C).

4.2. Structure description.

The compound 4-HBA is a salt in which the hydrazine is protonated at the terminal N atom, 

and in the selected asymmetric unit (Figure 1), the two ionic components are linked by an 

N-H...Cl hydrogen bond (Table 2). Overall, the ions are linked into a complex three-

dimensional framework structure by an extensive series of hydrogen bonds. Inversion-

related pairs of cations are linked by paired O-H...O hydrogen bonds to form an R2
2(8) 

motif, so forming a centrosymmetric four-ion aggregate which can be regarded as the basic 

building block for the overall supramolecular assembly.[37] These aggregates are then 

further linked by a nearly-linear two-centre N-H...N hydrogen bond, involving atom H42B, 

and two independent planar three-centre N-H...(Cl)2 hydrogen bonds; that involving atom 

H41 is nearly symmetrical, but that involving H42C is markedly asymmetric (Table 2); 

based upon these interactions, the formation of the three-dimensional assembly can readily 

be analyzed in terms of simple, one-dimensional sub-structures: the choice of these is to 

some extent arbitrary, but we select here the simplest group of such sub-structures.
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Figure 1. The molecular structure of the compound 4-HBA showing the atom-labelling 
scheme and the N-H..Cl hydrogen bond linking the two ions within the selected asymmetric 
unit.  Displacement ellipsoids are drawn at the 50% probability level.

The N-H...N hydrogen bond links four-ion aggregates which are related by translation to 

form a ribbon, or molecular ladder, running parallel to the [100] direction. The rungs of the 

ladder comprise two antiparallel C(3) chains, while rungs of the ladder consists of cation 

dimer units containing R2
2(8) rings, with R4

4(34) rings between the rungs (Figure 2).

Figure 2. Part of the crystal structure of compound 4-HBA showing the formation of a 
hydrogen-bonded ladder running parallel to the [100] direction. Hydrogen bonds are shown 
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as dashed lines and, for the sake of clarity, the H atoms bonded to C atoms have been 
omitted.

The shorter component of the three-centre system involving atom H41 (Table 2) links the 

four-ion aggregates into a chain of rings running parallel to the [-101] direction in which 

R2
2(8) rings centred at (0.5 - n, 0.5, n) alternate with R2

4(8) rings centred at (n, 0.5, 0.5 - n), 

where n represents an integer in each case (Figure 3). Finally, the second component of the 

same three-centre N-H...Cl system links the four-ion aggregates into another chain of rings, 

this time running parallel to the [01-1] direction, with R2
2(8) rings centred at (0.5, 0.5 - n, n) 

alternating with R2
4(10) rings centred at (0.5, n, 0.5 - n), where n again represents an 

integer (Figure 4). The combination of chain motifs along [100] [0101] and [01-1] is 

sufficient to generate a continuous three-dimensional framework structure.
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Figure 3. Part of the crystal structure of compound 4-HBA showing the formation of a 
hydrogen-bonded chain of rings running parallel to the [-101] direction. Hydrogen bonds 
are shown as dashed lines and, for the sake of clarity, the H atoms bonded to C atoms have 
been omitted.
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Figure 4. Part of the crystal structure of compound 4-HBA showing the formation of a 
hydrogen-bonded chain of rings running parallel to the [01-1] direction. Hydrogen bonds 
are shown as dashed lines and, for the sake of clarity, the H atoms bonded to C atoms have 
been omitted.

As indicated in Table 2, the chloride ion acts as an acceptor from five different cations and 

the coordination geometry at Cl (Figure 5) is best described as distorted square pyramidal.  

The Addison parameter τ5, calculated from the H...Cl...H angles is 0.004: for ideal square 

pyramidal geometry, this parameter has the value zero, while for ideal trigonal bipyramidal 

geometry the value is unity.[38]
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Figure 5. Part of the crystal structure of compound 4-HBA showing the coordination 
geometry around the chloride ion. For the sake of clarity, the H atoms bonded to C atoms 
have been omitted.

4.3. Molecular modeling of noncovalent interactions.

Based on the refined crystal structure, we constructed the molecular motif representing the 

unit cell, as can be observed in the Figure 6(a). Additionally, we modelled two molecular 

complexes with the most representative interactions. First, the symmetric hydrogen bonds 

between carboxylic acid moieties (see Figure 6(b)). Furthermore, a model with the π-

stacking, NH···N and NH···Cl interactions can be observed in the Figure 6(c).
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Figure 6. Representative models of (a) Unit cell; (b) Hydrogen bond interaction and (c)  π-
stacking of 4-HBA.

Figure 7 shows the NCIPlot of the unit cell. The value of sign(λ2)ρ allows us identify three 

attractive interactions (color blue and magenta in Figure 7(a)). The isosurfaces in Figure 

7(b) and (c) localized these interactions as the symmetric hydrogen bond between 

carboxylic groups (O1-H1···O2) and hydrogen bonding between N42-H42A···N41 and 

N42-H42B···Cl1. In Figure 8(b) y (c) these isosurfaces and sign(λ2)ρ are shown in each 
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complex. A comparison with ethyl 4-hydrazinobenzoate hydrochloride (E-4HB) revealed 

similar interactions in the ammine and phenyl moieties [14].

Figure 7. NCIplot of molecular motif of unit cell of 4-HBA.

The information of sign(λ2)ρ, specifically NCI index, is related to the interaction energy as 

demonstrated by Contreras-García, Yang and Johnson for water clusters [39]. In this sense, 

we have observed the following in attractive interaction strength O1-H1···O2 (-0.045 au) > 

N42-H42A···N1 > N42-H42B···Cl1. Taking in account the repulsive contribution in the 

interaction region, we observed a low contribution given by pseudo-ring steric clash -- 

sign(λ2)ρ ~ 0.008 au in Figure 8(b) -- O1-H1···O2. A similar behavior was reported for 

formic acid dimer [39]. In N42-H42A···N1 and N42-H42B···Cl1 interactions the repulsive 

contribution are given by the van der Waals interactions --- sign(λ2)ρ between 0.00 and 

0.01 au in Figure 8(c). Finally, the Coulombic repulsion between π-rings in the phenyl 

dimer leads to a parallel-displaced structure [35]. 
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Figure 8. NCIPlots for representative models of interaction complexes of 4-HBA.

Figure 9. NCIPlot of geometrical region with specific interactions in 4-HBA.

The second most important interaction is around 0.031 au of sign(λ2)ρ, it is shown in the 

bottom left of Figure 9. This region corresponds to the BH interactions N42-H42A···N41 

and N42-H42B···Cl1. The first promotes the stacking of hydrazines shown in Figures 6(c). 

The latter represents the apex of the square-based pyramid previously discussed.
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The rest of the attractive interactions involving hydrogen are between -0.025 and -0.015 au 

of sign(λ2)ρ, and are consequence of the N42-H42C···Cl1 and the N41-H41···Cl1 

interactions. Conversely to that observed in crystallography the N41-H41···Cl1 interaction 

has not significant attractive contribution, i.e. this NCI isosurface mainly contains repulsive 

interactions. This result explains the fact that N41–H41A···Cl1 and distance, from the NH 

fragment located at the top-left corner of the square-based pyramid of Figure 7 and central 

chloride, is large – 2.70 Å – see Table 2.

The last three interaction in the square-based pyramid are weakly interacting hydrogen 

bonds. The significant contribution of the repulsive interactions increases the bond length, 

e.g. the interaction between the N42 in the top-right corner of the base results in an H···Cl 

distance (2.70 Å) larger than the H···Cl in the N42 in the bottom-right corner (2.43 Å) – 

See Table 2. The volume of isosurface of the first region is smaller than the second region 

as can be compared in the bottom-left of Figure 9.

This balance between attractive and repulsive interaction tends to align the molecules 

toward the closest packing in the crystal.[40] Typically, the interactions between chloride 

and ammonium fragments has a stabilizing nature.[41] In this work, we have found a 

compensation between attractive and repulsive forces in the region of hydrogen bond 

domain, allowing chloride arrangements around ammonium and amine fragments. Finally, 

the stacked phenyl rings contains the repulsive and attractive van der Waals forces, i.e. 

values of sign(λ2)ρ between -0.01 to 0.01 au. The isosurfaces revealed the delocalized 

nature of the π–π interactions.[42]

The results of searching critical points through the QTAIM analysis for the models of 

Figure 6 is shown in the Figure 10. In all cases, the Poincaré-Hopf condition in the number 

of critical points was fulfilled. The Table 3 shows the QTAIM properties of the (3,-1) 

critical points representing the important intermolecular noncovalent interactions in 4-HBA 

crystals. According to these results, all intermolecular interactions are characterized by low 

values of ρ(r) and ∇2ρ(r), typical for weak donor-acceptor interactions.[43] The non-

covalency is confirmed by the |V(r)|/G(r) values less than 1.
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The values ∇2ρ(r) and |V(r)|/G(r) confirmed the behavior of relative strength of the 

interactions: O1-H1···O2 (HB01/02) > N42-H42A···N1 (PI06) > N42-H42B···Cl1 

(PI07/03), observed with NCIPlot. Moreover, the ellipticity (ε) values close to zero indicate 

a nearly symmetrical distribution of charge density perpendicular to bond path, i.e. the π-

character is low. The π-stacked model (Figure 10B) reveals the existence of weak 

interactions between the phenyl rings (PI01, PI02, PI04, PI05, PI08, PI10, PI11, PI13) with 

a high π character (ε > 0.2). 
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Figure 10. Critical points of the (A) isolated molecule; (B) π-stacking model; (C) 
Hydrogen bonded model; (D) unit cell. Pink and red spheres are (3,-1) and (3,+1) critical 
points, respectively. The critical points revealing the most significant noncovalents 
interactions are abbreviated as PI (π-stacking model), HB (Hydrogen bonded model) and 
UC (unit cell).

Table 3. QTAIM properties (au) of the (3,-1) critical points representatives of most 
important noncovalent intermolecular interactions of 4HBA.

Label ρ(r)×103 ∇2ρ(r)×102 |V(r)|/G(r) Ellipticity

HB01/02 34.34 15.35 0.8841 0.0115
PI01 6.489 1.585 0.8832 0.2335
PI02 7.197 1.835 0.8259 0.8681
PI03 24.01 6.192 0.9614 0.0218
PI04 6.723 1.766 0.8075 1.0345
PI05 6.048 1.830 0.8084 2.9566
PI06 21.58 6.948 0.9045 0.0265
PI07 25.23 6.092 0.9922 0.0212
PI08 4.536 1.738 0.8027 0.3316
UC01/03 13.21 3.900 0.9056 0.0668
UC02/05 23.02 6.373 0.9352 0.0248
UC04 3.828 0.8955 0.8490 0.6059

The decomposition of the total interaction energy of the models is presented in Table 4. In 

the H-bond and π-stacking models there is a high contribution of the steric repulsion 

energy. Since our models are based on the crystal structure, they implicitly contain the 

interactions of all the ionic components in the crystal. Consequently, the molecules are 

closer than should be, increasing the Pauli repulsion energy.

In the hydrogen-bond cyclic motifx, the electrostatic contribution (ΔEES) is small, contrary 

to expectation. In the literature, hydrogen-bonding interactions are generally characterized 

by a high contribution of the electrostatic term (ΔEES) because of charge transfer between 

donor and acceptor atoms.[44,45] However, Nemes, Laconsay and Galbraith point-out the 
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influence of Pauli repulsion between lone pairs on the donor and acceptor fragments for the 

destabilization of electrostatic interactions in the H-Bond.[46] Similar results were found 

for the model of π-stacking, while generally, the exchange interaction is the term with the 

highest contribution [47,48].

In the case of unit cell, the electrostatic contribution is high compared with the rest. The 

repulsion energy is compensated by exchange, polarization and dispersion energies. In 

summary, crystalline structure of 4-HBA is mainly stabilized by the electrostatic 

interactions between NH3
+···Cl- type, the hydrogen bond network around Cl- and the strong 

N41-H41···N41 bond.

Table 4. Results of canonical molecular orbital energy decomposition analysis (CMO-
EDA) for unit cell and, H-bonding and π-stacking complexes at the M06-2X/cc-pVDZ 
level (in kcal mol-1).

H-Bonded π-stacking Unit cell

ΔEes -0.80 3.16 -249.46

ΔEEX -14.30 -13.61 -30.06

ΔEREP 45.71 45.94 83.86

ΔEPOL -10.82 -8.33 -29.93

DFT ΔEDISP -10.78 -25.59 -24.00

EINT 9.01 1.57 -249.59

5. Conclusions

The structural analysis of 4-HBA, was established by single crystal X-ray diffraction, and 

this is the first X-ray report of this compound. The component ions are linked two-centre 

hydrogen bonds of O-H..O, N-H...N and N-H...Cl types and by two different three-centre 

N-H...(Cl)2 hydrogen bonds, such that the chloride ion accepts hydrogen bonds from five 

different cations in a square-pyramidal coordination geometry. The analysis of non-
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covalent interactions showed that the coordination of the chloride ion is the consequence of 

the balance between H···Cl attractive and repulsive forces around the NH3
+ and -NH- 

fragments, while the overall assembly depends not only upon the electrostatic interactions 

involving the chloride ions, but also upon an extensive series of π-interactions involving the 

aryl rings of the array of cations within the crystal, emphasizing the necessity of examining 

a wide variety of interaction types when assessing the non-covalent interactions as a whole.

6. Supplementary information

X-ray crystallographic data for this structure has been deposited at the Cambridge 

Crystallographic Data Center under code CCDC 1562625.
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Highlights

In this article we can highlight the following:

- The synthesized compound is an intermediate for the synthesis of new compounds 
with pharmacological interest.

- There is little evidence in the literature on this type of derivatives and the first report is 
more than 50 years old.

- The crystallographic data reveal that compound 4-HBA form a complex three-
dimensional framework structure between cations and anions.

- The crystallographic observations were confirmed through the results obtained with 
the non-covalent interactions calculations.
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