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(2,6-dimethoxyphenyl)acetic acid exists in the triclinic crystal
system having space group P-1 and lattice dimensions = 7.66(4)
Å, b = 8.16(4) Å, c = 8.65(3) Å, V = 503(4) A3 and Z = 2. The
molecular and crystal structure was elucidated using X-ray
crystallographic techniques. The refinement of all the structural
parameters was done using the full-matrix least-squares
method and it yielded the final R-factor as 0.0579 for 1711
observed reflections. In the crystal packing, molecules are
consolidated by intermolecular O-H....O and intramolecular CH....O interactions. The O-H….O interaction makes a dimer
corresponding to R22 (8) graph-set motif. Hirshfeld surface (HS)
analysis has been complemented to envisage the conformity of
the molecular structure. The void-volume analysis has been
made to obtain the mechanical strength of the crystal structure.
The energy frameworks have been constructed to know the
stability of the structure and the kind of dominant energy
present in it. The optimized structure using density functional
theory (DFT), HOMO–LUMO energy and the charge on the
atoms has been examined using B3LYP method. The inhibitory
activity of (2,6-dimethoxyphenyl)acetic acid against microbial
targets has been assessed using the docking process.
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(2,6-dimethoxyphenyl) acetic acid (DMPAA) has been synthesized by a standard procedure and its threedimensional structure analyzed using crystallographic techniques.
The crystal structure has been reinforced by hydrogen bond interactions.
Hirshfeld surface analysis and DFT calculations have been performed.
HOMO-LUMO frontier molecular orbitals have been examined (Egap = 5.87 eV)
Molecular docking of DMPAA with DNA gyrase and CYP51protein has been analyzed and reported.
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GRAPHICAL ABSTRACT

1. Introduction
Compounds derived from substituted phenyl
acetic acid are versatile intermediates in
synthetic organic chemistry and are broadly used
in a range of applications such as in the synthesis
of (i) nonsteroidal anti-inflammatory drugs like
Ibuprofen and diclofenac [1], (ii) heterocyclic
compounds [2] and in many natural products and
pharmaceuticals [3]. (2,6-dimethoxyphenyl)
acetic acid (DMPAA) is a trifunctional compound
with a one carboxylate and two electron rich
methoxy functionalities and was obtained by
Willgerodt process [4]. It is regio isomer of its
other analogue [5] and is an important molecule
particularly in relation to neuropsychiatric
diseases [6-8]. It is of immense importance for
the preparation of 1,2,3,4- tetrahydroisoquinolines useful for various alkaloidal
formulations [9]. The carboxylic acid possesses a
diverse structure which can be organised as a
centrosymmetric dimer or catemer [10, 11]. The
molecular structure of DMPAA was confirmed by
single crystal X-ray diffraction studies and other
properties, viz. Hirshfeld surface (HS), Crystal
voids and Energy frameworks have been carried
out using Crystal Explorer (21.5) software [12].
The optimized geometry and Mulliken charges in
the ground state were computed using DFT (with
B3LYP/6-311G (d, p) basis set). The calculations
of the molecule have been performed using

Gaussian 09W software [13]. HOMO and LUMO
analysis have been performed to extract
information about the charge transfer within the
molecule. Besides this, some other molecular
properties of the optimized structure have also
been examined and reported. DNA gyrase play a
vital role in biosynthesis of bacterial circular
DNA. The blocking of DNA gyrase makes bacterial
death [14]. As a result, for the molecular docking
studies, it was chosen as the target of an
antibacterial agent. Hence, DMPAA was docked
with DNA gyrase (PDB id: 3G75) [15]. The
obstructing of Lanosterol 14 α-demethylase
(CYP51) ights the production of ergosterol in
fungi. Without ergosterol, the fungal production
is not possible [16]. Owing to this reason, CYP51
was selected as a target for antifungal agent.
Thus, DMPAA was docked with CYP51 (PDB id:
1EA1) [17]. Furthermore, the docking results
were evaluated using the conventional drugs
ciprofloxacin (Bacteria) and fluconazole (fungi),
respectively.
2. Materials and methods
2.1. Synthesis and crystallization
The compound was obtained commercially from
Sigma Aldrich. The crystallization of DMPAA took
place during an attempt to synthesize an
ethanone
derivative
of
N-Acyl/aroyl
spiro[chromane-2,4-piperidin]-4(3H)-one [18]
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by reacting 15 mmol of DMPAA with
spiro[chromane2,4'-piperidin]-4-one
(10
mmol) in DCM, followed by sequential addition of
Et3N (30 mmol), DCC (15 mmol), DMAP (5 mol%)
and resulting solution was stirred at room
temperature for 12 h. The product and unreacted
(2,6-dimethoxyphenyl)acetic
acid
were
segregated on quenching, extracting and column
purification. The eluent part containing DMPAA
was left to slowly evaporate at room temperature
over a period of 10 days. Light brown square-type
crystals of DMPAA were found on the walls of the
test tube. Crystals suitable for the diffraction
study were collected during nonreactive
substrate attempted in synthesis of N-Acyl/aroyl
spiro[chromanr-2,4-piperidin]-4(3H)-one. The
chemical structure of DMPAA is given in Fig. 1.
2.2. Crystal structure and re inement
The diffraction data for a crystal having well
defined morphology were collected at 293K by
using a Bruker D8 Venture diffractometer.
MoKα – radiation was used (λ = 0.71073 Å) for
measuring the reflections in ɸ and ω-scan mode
over a range of diffraction angles (2.5 - 26.0°).
The data were treated using the standard criteria
to obtain 1711 observed re lections. The
structure was solved using direct methods
(SHELXS97 [19]) and re ined by full-matrix leastsquares methods using SHELXL97 [20]. All non-H
atoms were fixed. The final refinement cycle
yielded a inal R = 0.0579 and wR(F2) = 0.1553 for
1711 observed re lections.

Fig. 1: Chemical Structure of DMPAA.

The atomic scattering coefficients were derived
from the International Tables for X-ray
Crystallography (1992, Vol. C, Tables 4.2.6.8 and
6.1.1.4) [21]. The crystal data are presented in
Table 1. The geometry of the molecule was
analyzed by using some software, viz. (MERCURY
[22], PLATON [23] and PARST [24]).
2.3.
Computational details
The HS plots, crystal voids and energy
frameworks were computed using the Crystal
Explorer (21.5) software [12]. The Hartree Fock
(HF) and DFT methods were used to optimize the
structure of DMPAA (using Gaussian 09W [13])
with standard B3LYP/6-311G (d, p) basis sets.
The atomic coordinates were imported into
Crystal Explorer (21.5) and Gaussian 09W
software from the approved CIF. Molecular
docking simulation mock-ups were performed
using AutoDock Vina software [25]. The 3D
crystal structure of DNA gyrase and CYP51 were
imported from Protein Data Bank (PDB ID: 3g75
and 1EA1). The coordination of the grid box
positioned at X= 51.19, Y = -3.99, Z = 17.94 (for
DNA gyrase) and X = -17.28, Y = -7.28, Z = 63.72
(for CYP51) for docking analysis. Out of ten
conformations
attained,
the
prominent
conformation was picked based on the binding
score. One of the fine affinities binded at the
active site was visualised using Discover Studio
Visualizer.
3. Results and discussion
3.1. Crystal structure description of (2,6dimethoxyphenyl)acetic acid
The bond geometry is presented in Table 2. Fig.
2 is an ORTEP image of DMPAA with usual atomic
numbering. The bond distances and angles of the
benzene ring are within the usual range [26] and
these parameters are comparable with some
analogous structures [27, 28]. The acetic acid
substituent is almost held at right angle to the
benzene ring (the dihedral angle between the two
is 89.54°).
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Table 1. Crystal and structure-refinement data for C10H12O4.
CCDC number
2105160
Chemical formula
C10H12O4
Mr
196.20
Crystal system, space group
Triclinic, P-1
Temperature (K)
293(2)
a, b, c (Å)
7.66(4), 8.16(4), 8.65(3)
α, β, γ (°)
98.22(11), 106.02(13),98.98(13)
3
V (Å )
503(4)
Z
2
Radiation type
Mo Kα
−1
µ (mm )
0.100
2θ range for data collection
2.50°- 26.00°
Sample size (mm)
No. of measured, independent and observed
[I> 2σ(I)] reflections
Rint
R[F2 > 2σ(F2)], wR(F2), S
No. of reflections
No. of parameters
h, k, l
Δρmax, Δρmin (e Å−3)

0.40 x 0.30 x 0.20
21337, 1938, 1711
0.069
0.0579, 0.1553, 1.095
1711
130
-9 to 9, -10 to 10, -10 to 10
0.282, -0.254

The expansion and contraction in the bond
angles at C6 (124°) and C2 (115°), respectively, is
primarily due to the repulsive interaction
between methyl carbons (C7 and C10) with the
six-membered ring. Molecules in the crystal are
integrated via the combination of a sole O2H2....O3 intermolecular interaction and C8H8A....O1 intramolecular interaction (Table 3).
The O2-H2....O3 interaction leads to the
formation of a dimer (Fig. 3) that corresponds to
the R22 (8) graph-set pattern. Fig. 4 depicts the
packing arrangement of molecules in the unit cell
[22].
Fig. 2: Thermal ellipsoidal plot for DMPAA.
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Fig. 3: Representative dimer with R22 (8) graph-set motif (a-axis).

Fig. 4: The packing arrangement of DMPAA in the unit cell.
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Table 2. Selected (comparative) experimental and calculated geometric parameters (Å, °).
Parameters
Experimental
Calculated
Bond Lengths
XRD data
HF/6-311G (d, p)
DFT/6-311G (d, p)
O1-C6
1.364(6)
1.346
1.366
O2-C9
1.289(5)
1.333
1.359
O3-C9
1.231(5)
1.180
1.201
O4-C2
1.366(6)
1.346
1.366
C1-C6
1.390(6)
1.390
1.401
C1-C2
1.390(6)
1.390
1.390
C2-C3
1.387(7)
1.389
1.398
C3-C4
1.370(6)
1.380
1.390
C4-C5
1.375(6)
1.380
1.390
C5-C6
1.392(7)
1.389
1.398
Bond Angles
C2-O4-C10
118.8(3)
120.3
118.8
O4-C2-C3
124.1(2)
123.5
123.8
O4-C2-C1
115.2(3)
115.5
115.1
C1-C2-C3
120.7(4)
121.0
121.0
C2-C1-C6
119.0(3)
118.7
118.5
C2-C1-C8
119.5(4)
120.6
120.7
C6-C1-C8
121.5(2)
120.6
120.7
C1-C8-C9
114.5(3)
113.9
113.7
O1-C6-C1
115.2(3)
115.5
115.2
O1-C6-C5
124.0(4)
123.5
123.8
C1-C6-C5
120.8(2)
121.0
121.0
O3-C9-O2
122.8(2)
122.1
122.4
O3-C9-C8
123.3(3)
127.1
127.3
O2-C9-C8
113.9(3)
110.7
110.3
C6-O1-C7
118.4(3)
120.3
118.8
C9-O2-H2
109.5
108.0
106.1
Torsion Angles
C7-O1-C6-C1
C10-O4-C2-C1
C6-C1-C8-C9
C2-C1-C8-C9

-177.9(2)
176.2(1)
-96.9(4)
83.3(4)

-177.0
176.2
-89.6
89.5

Table 3. Hydrogen-bond geometry (Å, °)
D‒H....A
D‒H
H....A
....
i
O2‒H2 O3
0.82
1.84
C8‒H8A....O1
0.97
2.36
C7‒H7A....Cg1ii 0.96
2.934
....
iii
C8‒H8A Cg1
0.97
2.942
C8‒H8B....Cg1iii 0.97
3.309
Symmetry code: (i) 2-x, 2-y, 1-z (ii) -x, 1-y, 1-z (iii) -x, 1-y, -z
Cg1 denotes the centre of gravity for a six-membered ring .

-179.1
179.0
-89.6
89.6

D....A
2.654
2.754
3.791
3.516
3.516

D‒H....A
170.0
104.0
149.3
119.0
94.22
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3.2 Hirshfeld surface and 2D ingerprint plot
analysis
The HS and their respective 2D ingerprint plots
were generated using Crystal Explorer 21.5 and
the intermolecular interactions in the crystal
packing were quantified and decoded using dnorm
(normalized contact distance) and 2D ingerprint
plots, respectively. The short interatomic
contacts are shown as dark red spots while the
other intermolecular interactions exist as lightred spots. The di (inside) and de (outside)
illustrates the distances to the HS from the nuclei,
with respect to the relative van der Waal’s radii.
The relative contribution of the contacts over the
surface is visualized through the colour gradient
(blue to red) in the 2D ingerprint plots. The HS of
DMPAA mapped over dnorm in the range -0.7228
to 1.3703 a.u. is shown in Fig. 5. The red spots
corresponding to H...O contacts are due to the
existence of O-H...O hydrogen bonds. The white
areas represent H...H interactions and
.

correspond to the places where the distances
separating neighbouring atoms are close to the
sum of the van der Waals radii of the reference
atoms. The bluish region indicates areas where
neighbouring atoms are too far apart, for there to
be no interactions between them.

Fig. 5: Depicting Hirshfeld surface map

Fig. 6: Two-dimensional fingerprint plots.
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Fig. 7: Relative contribution of various intermolecular interactions to the Hirshfeld surface area.
The percentage of intermolecular interactions as
obtained from the 2D fingerprint plots is: H...H
(46.3%), O-H/H-O (34.2%) and C-H/H-C
(17.2%). The overall contribution of O...H
contacts (34.2%) is represented by two
symmetrical spikes [Fig. 6(b)] while the H...H
interactions (46.3%) of the entire surface is
represented by one spike [Fig. 6(c)]. A graphical
representation of the interactions contribution
as obtained from the fingerprint plots is shown
in Fig. 7.
3.2.1. Shape Index and Curvedness Map
Fig. 8(a) shows the molecular HS mapped over
the shape index of DMPAA indicating the touch
points for the pairs of red and blue colour regions
[29]. Hydrogen-acceptor groups constitute the
concave red regions on the shape index surface,
while the surface around the donor atoms i.e.
hydrogen-donor groups is highlighted as blue
bumps region. The near absence of adjacent red
and blue triangles clearly shows the nonoccurrence of π-π interactions (Fig. 8(a)). The
Fig. 8(b) illustrates the mapping over the
curvedness of the molecule which shows large
green areas separated by dark blue curves thus;
there are no flat patches on the surface and no
planar stacking present between the molecules.

Fig. 8: (a) Shape index plot mapped over HS (b)
Curvedness plot (indicating the non- planar
stacking of the molecules).
3.2.2. Crystal voids
The voids in the crystal structure of DMPAA as
shown in Fig. 9 have been detected by
constructing a (0.002 au) - isosurface of
procrystal electron density which used to find the
empty space in a crystal by determining the
shape and size of the molecules. This gives the
void volume as 67.07 A3 and with unit cell volume
of 503 A3 [Table 1], the estimated void volume of
DMPAA comes out to be 13.3 % of the unit cell
volume with no large cavities.

8

Ruchika Sharma et. al. /Ad. J. Chem. B, 2022, 4(1), 1-16

3.3. Energy Frameworks
The interaction energies were used to construct
the 3D topology of interactions (termed as energy
frameworks) using Crystal Explorer 21.5. These
were computed through a single point molecular
wave function calculated at the B3LYP/6-311
G(d,p) level. The total interaction energy around
the reference molecule (3.8 Å radius cluster)
indicates the dominance of dispersion energy (175.7 kJ/mol) over the electrostatic (-165.3
kJ/mol) and polarization energy components (44.5 kJ/mol), respectively.

Fig. 9: Unit cell void (0.002 au) – isosurface.
Table 4. Different interaction energies of the molecules pairs in kJ/mol [electron density B3LYP/6-31G
(d,p)].
N

Symop

R

E_ele

E_pol

E_dis

E_rep

E_tot

1

-x, -y, -z

8.04

-123.9

-29.1

-13.4

145.1

-74.5

2

x, y, z

10.28

1.1

-0.2

-2.2

0.1

-0.8

1

-x, -y, -z

7.81

-0.3

-1.0

-10.5

3.9

-7.8

2

x, y, z

8.16

-4.4

-1.4

-13.7

6.2

-13.8

2

x, y, z

7.66

-3.8

-0.7

-14.1

9.1

-11.2

1

-x, -y, -z

7.86

-8.0

-1.2

-18.2

12.2

-17.7

1

-x, -y, -z

5.37

-18.8

-8.9

-39.9

29.4

-43.0

1

-x, -y, -z

4.29

-4.3

-1.5

-48.5

22.5

-33.9

1

-x, -y, -z

8.18

-2.9

-0.5

-15.2

10.8

-10.0

The scale factors used are: k_ele = 1.057, k_pol = 0.740, k_disp = 0.871 k_rep = 0.618 [30].
The overall interaction energy is -212.7 kJ/mol.
The 3D energy frameworks are depicted in Fig.
10, which shows different interaction energies
through the tube size. The tube in the energy
frameworks determines the strength of

molecular packing in various directions.
Interaction energies with order of magnitude less
than a certain threshold can be neglected while
generating the energy frameworks.
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Fig. 10: The graphical representation of coulomb interaction energy (red), dispersion energy (green)
and total interaction energy (blue) of DMPAA along b-axis.
3.4. Molecular geometry
The optimized structure of DMPAA is shown in
Fig. 11. A comparison of the calculated and
observed values shows some variation
particularly in bond distances (Table 2). There is
some expected variation in the bond angle at C9
position of the acetic acid group. The global
minimum energy obtained for the optimized
structure is -685.28879650 au and 689.36690737 au, respectively, the difference
being -4.08 au.

Fig. 11: Optimized structure of DMPAA.

3.5. Atomic Mulliken charge
Mulliken atomic charge calculation plays a
significant role in the application of quantum
chemical calculation to molecular systems [31]. It
is related to the vibrational characteristics of the
molecule and helps us know how the electronic
structure changes as atomic displacement occur
and is connected on to the chemical bonds of the
molecule. The parameters like dipole moment,
polarizability and reactivity, rely on the atomic
charges of the molecular systems. The Mulliken
atomic charges for DMPAA as calculated by
HF/B3LYP and DFT/B3LYP methods using 6311G (d,p) basis set are given in Table 5 and their
plot is shown in Fig. 12. There is some excessive
charge delocalization in the molecule and it is
evident from the negative and positive charge on
atoms O4 and C9, respectively. All hydrogen
atoms show positive Mulliken charge values. The
range of hydrogen atom charge in case of HF/6311G (d,p) is 0.089 - 0.266, while the range of
hydrogen atom charges in case of B3LYP/6-311G
(d,p) is 0.091 - 0.224. The atom O3 possessing a
negative charge plays its role in the formation of
O2-H2….O3 intermolecular interaction.
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Atomic Mulliken Charges
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6

HF/6-311 G (d, p)

B3LYP/6-311 G (d,p)

Fig. 12: Mulliken population analysis of DMPAA.
Table 5. Atomic charges for optimized geometry of (2,6-dimethoxyphenyl)acetic acid.
Atom no.
HF/6-311 G (d, p)
B3LYP/6-311 G (d, p)
O1
-0.489
-0.368
O2
-0.421
-0.330
O3
-0.448
-0.330
O4
-0.490
-0.368
C1
-0.175
-0.124
C2
0.318
0.209
C3
-0.162
-0.124
C4
-0.068
-0.093
C5
-0.162
-0.124
C6
0.318
0.209
C7
-0.027
-0.130
C8
-0.195
-0.210
C9
0.551
0.358
C10
-0.027
-0.130
H2
0.266
0.244
H3
0.130
0.099
H4
0.097
0.091
H5
0.104
0.099
H7A
0.095
0.115
H7B
0.111
0.128
H7C
0.089
0.109
H8A
0.159
0.158
H8B
0.159
0.158
H10A
0.089
0.109
H10B
0.111
0.128
H10C
0.095
0.115
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3.6. Frontier molecular orbital analysis
The frontier molecular orbitals (LUMO and
HOMO) represent the ability to obtain and donate
an electron within the molecule. The HOMO
orbital is located at -6.03 eV over the entire
molecule while the LUMO orbital is at -0.16eV
(Fig. 13). The energy difference between these
two orbitals is 5.87 eV and it plays an important
role in the kinetic stability of the molecule and
also shows charge transfer from an electron
donor to the electron acceptor group within the
molecule. A large value of energy gap between the
molecular orbitals is related with the high kinetic
stability [32]. If the energy gap between HOMO
and LUMO is small, the molecule will be more
reactive. All global reactivity parameters are
given in Table 6.

Fig. 13. Frontier molecular orbitals of DMPAA.

Table 6. HOMO-LUMO and other related
molecular properties of (2,6-dimethoxyphenyl)
acetic acid.
Molecular parameters (eV)
B3LYP/6-311G(d,p)
ELUMO
EHOMO
ELUMO – EHOMO
Ionization potential (I)
Electron affinity (A)
Global hardness (η)
Chemical potential (μ)
Electronegativity (ϰ)
Global electrophilicity (ω)
Dipole moment

-0.16
-6.03
5.87
6.03
0.16
2.93
-3.09
3.09
1.63
1.52

3.7. Molecular docking analysis
The (2,6-dimethoxyphenyl)acetic acid - DNA
gyrase complex consists of hydrogen interactions
with residue GLY85, ASP81 and THR173 and
electrostatic interaction with residue GLU58 are
shown in Fig. 14(a). The binding energy, bond
length and bonding type of interaction in complex
DMPAA-DNA gyrase complex are given in Table
7. The docking outcome suggests that binding
energy of DMPAA-DNA gyrase complex (-5.1 kcal
m-1) is higher as compared to that of
Ciprofloxacin-DNA gyrase complex (-4.01 kcal m1) [33].
The DMPAA -CYP51 complex consists of
hydrogen interactions with residue ARG326 and
GLN72 are shown in Fig. 14(b) and the binding
energy, bond length and bonding type of
interaction
in
complex
DMPAA-CYP51is
presented in Table 7. The binding energy of
DMPAA-CYP51 complex (-5.6 kcal m-1) comes out
to be better than that of Fluconazole - CYP51 (3.59 kcal m-1) [33]. From Table 7, DMPAA display
strong attraction with the targets (DNA
gyrase/CYP51) and also have high docking
energy than the standard drugs (Ciprofloxacin
and Fluconazole). Hence, DMPAA may act as a
useful anti-microbial drug.
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Fig. 14: Molecular interaction of (2,6-dimethoxyphenyl)acetic acid with (a) DNA gyrase and (b) CYP51
binding site.
Table 7. Binding energy, hydrogen bonds of (2,6-dimethoxyphenyl)acetic acid
CYP51.
Binding
Distance
Complex*
Energy
Interactions
Bonding
Å
-1
(Kcal m )
GLY85[HN…O]
2.2852
Hydrogen
[O…OD2]ASP81
3.2860
Hydrogen
[O…OG1]THR173
3.0101
Hydrogen
1
5.1
[CH…OD1]ASP81
2.6493
Hydrogen
3.9290
Electrostatic
GLU58 [OE1…]
ARG326[H1…O]
2.0619
Hydrogen
2
5.6
ARG326[H2…O]
2.0992
Hydrogen
[O…OE1]GLN72
3.2144
Hydrogen
*1 = (2,6-dimethoxyphenyl)acetic acid +3G75
2 = (2,6-dimethoxyphenyl)acetic acid +CYP51
4. Conclusions
The structure exists in triclinic system with space
group P-1. The acetic acid group is held almost at
right angle to the benzene ring. Hydrogen-bond
analysis shows that molecules are packed
through intermolecular O-H....O bond which
makes a dimer with graph-set motif R22(8). The
HS and 2D ingerprint plots were employed to
investigate intermolecular interactions in the
crystal structure of DMPAA. The contribution of

with DNA gyrase and
Bonding
Types
H-bond
H-bond
H-bond
H-bond
Pi-Anion
H-bond
H-bond
H-bond

H-H contacts (46.3%) is signi icant. The void
volume in the unit cell is small and hence reveals
the absence of any large cavity. The threedimensional interaction energy analysis shows
that the dispersion energy frameworks dominate
the classical electrostatic terms. The molecular
structure and other related properties have been
investigated using DFT theory. The large value of
HOMO-LUMO energy gap (5.87 eV) indicates low
chemical reactivity and high kinetic stability of
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the molecule. The docking study suggests that the
DMPAA possesses greater binding affinity when
compared with standard drugs (Ciprofloxacin
and Fluconazole) and carries the potential to act
as an anti-microbial drug.
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