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A new polymorph (II) of 2,5-dibenzylidenecyclopentanone (DBCP) has been obtained by slow evaporation of ethanol solvent at room
temperature. Interestingly, two conformational isomers of the title compound with slight difference in their bond lengths, torsion angles and
dihedral angles were found within the same crystal lattice of polymorph (II). The crystal structure of polymorph (II) showed monoclinic
P2, space group with a = 6.0983 (2) A, b = 14.9200 (7) A, ¢ = 15.0740 (6) A, V=1368.69 A*, Z = 2 as compared to orthorhombic €222,
space group with a = 11.803 (2) A, b = 5.698 (4) A, ¢ = 20.872 (2) A, V= 1403.6 A®, Z = 4 for previously reported polymorph (I)
crystallized in CHC15/MeOH solvent. The concomitant origin of polymorphism and conformational isomerism was credited to C-H O, n-n
and C-H 'w interactions resulting in intriguing supramolecular sheet-like multilayered molecular packing of polymorph (II). The results of
the complementary electronic structure calculations, performed by DFT/B3LYP method using 6-31G* basis set were found in good

agreement with the experimental results.
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Introduction

Polymorphism, a type of supramolecular isomerism is the
ability of the same molecule to exist in more than one type
of network superstructure resulting from interplay of kinetic
and thermodynamic parameters and can therefore be related
to structural isomerism at the molecular level."® The
different nature of intermolecular forces, not only influence
crystal packing but also affect physical, chemical and
mechanical properties of the organic solid-state materials.”"’
By slight variations in the crystallization environment such
as temperature, solvent, using of additives and
concentration; the same molecules can pack differently
forming different crystal lattices or polymorphs.™'®'” The
generality of this phenomenon can be estimated from this
fact that 80-90% of active pharmaceutical ingredients are
capable of existing in polymorphic forms'® and hence may
show distinguished physicochemical properties,
bioavailabilities and therapeutic effects due to different
arrangement of molecules in the crystal lattice.'**!

Molecules with conjugated backbone and spatially
separated electron donor/acceptor functionalities have
actively been investigated for their non-linear optical (NLO)
and thermotropic properties.”””® Similar molecules with
different substituents are also used as in vivo multiphoton
fluorescent markers and in the control of blood coagulation
pathways.”” Among diverse conjugated systems recently
explored, the molecular architectures having extended
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donor-(m-spacer)-acceptor-(n-spacer)-donor  (D-n-A-n-D)
motifs were found potential biophotonic materials.’® The
double Claisen-Schmidt condensation reaction of a ketone
having two active o,a” sites with two equivalents of
aldehyde is the best method to prepare compounds with (D-
n-A-n-D) motif, often referred to by their generic name of
bis-chalcone *'. Recently, desirable NLO properties were
obtained from piperidone-based bis-chalcones.’

In recent years, chalcones in general®” and bis-chalcones™
3% in particular, showed a number of biological applications.
Therefore, controlling the polymorphic properties of this D-
n-A-n-D class of compounds is important in medicinal
chemistry and this can be achieved through combined
experimental and computational approach to understand the
interplay of intermolecular interactions and relative stability
of different polymorphic forms of a compound. Herein, we
report both experimental and computational results of
second conformational polymorph of 2,5-dibenzylide-
necyclopentanone which show conformational isomerism i-e
two independent molecules with slightly different bond
lengths, torsion angles and dihedral angles are present in its
unit cell. The geometric parameters of two polymorphic
forms are also compared through quantum chemical
computations.

Experimental

Synthesis

2,5-dibenzylidenecyclopentanone (DBCP) was prepared
by the reaction of cyclopentanone with benzaldehyde in 1:2
ratio by continuous stirring for 6 hours at room temperature
in methanolic sodium hydroxide *°. The single crystal
suitable for X-ray analysis was obtained by slow
evaporation of its ethanolic solution at room temperature.
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X-ray Crystallography

Single crystal X-ray diffraction measurements for the title
compound were carried out using Bruker APEX-II CCD
area-detector equipped with the graphite monochromator at
140(2) K with MoK\a radiations ( A = 0.71073 A). Structure
solved by direct methods® full-matrix least-squares
refinement™ on F2 and 355 parameters for 5355 unique
intensities (R;; = 0.011). The crystal parameters are shown
in Table 1. CCDC-983901 contains the supplementary
crystallographic data for this paper.

Table 1. Crystallographic data for polymorph (II) of DBCP

Crystal data DBCP
CCDC Number 983901

M, 516.60
Crystal system, space group Monoclinic, P2,
Temperature (K) 140

a, 6.0983(2),

b, 14.9200(7),
c(A) 15.0740 (6)
B 93.687 (3)

v (A3) 1368.69 (10)
V4 2

Radiation type Mo Ka

m (mm-1) 0.08

Crystal size (mm) 0.17 x 0.10 x 0.10

Data collection

Bruker APEX-II CCD area-
detector diffractometer

Multi-scan (SADABS;
Sheldrick, 1996)

0.568, 0.746
11078, 5355, 2558

Diffractometer
Absorption correction
T mins T, max

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

Rint 0.246
Refinement

R[F2>2s(F2)], 0.111,
WR(F2), 0.335,
S 0.98
No. of reflections 5355
No. of parameters 361
No. of restraints 1

H-atom treatment H-atom parameters

constrained
0.84, -0.54

Apmaxs Apmin (e A-3)

Computational Detail

The molecular structure of DBCP is optimized using
DFT/B3LYP level of theory with 6-31G* basis set.*™* The
initial guess of compound was first obtained from the X-ray
coordinates. All calculations were performed using the
ORCA 3.0.1 program package** with Gabedit graphical user
interface™ on a personal computer without specifying any
symmetry for the title molecule.
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Results and Discussion

Crystal structure of polymorph (I1)

The crystal structure of polymorph (II) of 2,5-
dibenzylidenecyclopentanone (DBCP) is shown in the
ORTEP diagram with labeling in Figure 1. It crystallizes in
the monoclinic P21 space group with Z = 2, Z' = 0 in
contrast to the orthorhombic C2221 space group with Z = 4
for previously reported Polymorph (I).*
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Figure 1. The crystal structure of polymorph (II) of DBCP having
two conformational isomers.

Interestingly, in a unit cell of the polymorph (II), there are
two different/independent molecules (called conformer A &
conformer B) having slightly different bond lengths,
dihedral angles and torsions angles. The peripheral phenyl
rings and central cyclopentanone rings in both the
conformers A & B are not coplanar. The angle between the
least square planes of the rings containing the atoms C9 and
C2, and C9 and C19 in conformer A = 5.67° and 5.68° and
of the rings with C28 and C38, and C28 and C25 in
conformer B = 3.87° and 3.38°. The Bond lengths for C=C-
Car single bonds (C8-C9 1.496 A, C10-C9 1.471 A, C27-
C28 1.463 A, C29-C28 1.471 A) in both the conformers are
shorter than the normal single bond Ilength due to
conjugation and C=C-Car double bonds (C7-C8 1.320 A,
C10-C13 1.360 A, C29-C32 1.368 A, C26-C27 1.355 A are
also sli%htly different as compared to normal double bond
length.”® The bond lengths of carbonyl groups of two
conformers are C9-O1 1.220 A and C28-02 1.254 A,
respectively. All the other bond lengths are also different in
both the conformers. This difference in bond lengths, torsion
angles and bond angles can be attributed to the varied
amount of conjugation due to different conformations of two
molecules.

Another important aspect of polymorph (II) of DBCP,
other than having two different conformers in its unit cell, is
its intriguing supramolecular sheet-like multilayered
molecular packing stabilized mainly by C-H O, n-n and C-
H = interactions (Figure 2a). Two conformers (A and B) are
connected to each other in such a way that each A is
connected with two B by means of cyclic #5'%* and
Rgt10% type C-H O (C13-HI1302= 2.589 A, CI9-
H19702= 2.424 A, C25-H250l= 2.464 A, and C26-
H26-01=2.610 A) hydrogen bond motifs (Figure 1 & 2)*
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and m-m (C9-C27 3.393 A, C10-C28 3.339 A, C13-C29
3.385 A and C14-C32 3.381 A) interactions ** and vice
versa making chains like structure (Figure 2b). Each 1D-
supramolecular chain is further connected to the neighboring
chain by means of H-H (C36-H36"H23-C23 2.393 A)
interactions*”™* forming 2D-sheet like layer (Figure 2c).
These sheet-like layers are then stacked one above the other
by means of CH-x interactions (C22-C22-C16 2.891 A)*!
forming sheet-like multilayered structure. It is interesting to
mention here that chains of the every two neighboring layers
are connected with each other in a head to tail fashion
(Figure 2a).
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Figure 2. a) Sheet-like multilayered structure of polymorph (II)
stabilized by C-H O, n-t and C-H 'm interactions. b) C-H O and
n-m interactions in 1D-Supramolecular chain (side view). c). Inter-
chain hydrogen-hydrogen interactions between sheets forming 2D-
sheet like layer.
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Table 2. Measured and calculated bond lengths (A).

Bond X-ray B3LYP/6-31G
lengths, A Combined Conformer A
(A and B)

01-C9 1.220 1.225 1.221
Cl-C2 1.411 1.410 1.410
C1-C6 1.387 1.410 1.411
C1-C7 1.471 1.461 1.461
C2-C3 1.341 1.393 1.393
C3-C4 1.371 1.397 1.397
C4-C5 1.401 1.398 1.398
C5-C6 1.391 1.393 1.393
C7-C8 1.321 1.356 1.356
C8-C9 1.501 1.506 1.507
C8-Cl12 1.514 1.458 1.457
C9-C10 1.471 1.505 1.500
C10-Cl11 1.514 1.458 1.459
C10-C13 1.361 1.356 1.358
Cl1-C12 1.511 1.362 1.361
C13-C14 1.451 1.461 1.461
C14-C15 1.411 1.410 1.411
C14-C19 1.418 1.411 1.412
C15-Cl6 1.381 1.392 1.393
Cl16-C17 1411 1.399 1.398
C17-C18 1411 1.397 1.398
C18-C19 1.381 1.393 1.393
02-C28 1.254 1.225

C20-C21 1.386 1411

C20-C25 1.421 1.412

C20-C26 1.461 1.461

C21-C22 1.401 1.393

C22-C23 1.381 1.398

C23-C24 1.381 1.397

C24-C25 1.341 1.393

C26-C27 1.361 1.358

C27-C28 1.451 1.500

C27-C31 1.497 1.459

C28-C29 1.471 1.507

C29-C30 1.510 1.458

C29-C32 1.371 1.356

C30-C31 1.531 1.361

C32-C33 1.441 1.461

C33-C34 1.408 1.410

C33-C38 1.409 1.410

C34-C35 1.391 1.393

C35-C36 1.391 1.398

C36-C37 1411 1.397

C37-C38 1.391 1.393
Geometry optimization

The molecular conformations present in the two

conformer of polymorph (II) were investigated by geometry
optimization calculations using B3LYP/6-31G* basis
set,""* computations were carried out for conformer A & B
as such and for conformer A alone, initial geometry was
defined using crystallographic information. Superposed
structure of the molecule over X-ray structure is shown with
small conformational discrepancies between them (Figure 3).
These discrepancies are originated from dihedral angles
between ring planes and also because of slight difference in
estimated bond angles.
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The small differences between the -calculated and
observed geometrical parameters can be attributed to the
fact that the theoretical calculations were carried out with
isolated molecules in the gaseous phase whereas the
experimental values were based on the molecule in the
crystalline state. Geometric parameters bond lengths and
angles were listed in the Table 2 and Table 3, respectively
along with the experimental results. As can be seen from the
table all the bond lengths are extremely closed to
experimental results and the biggest deviations of the
selected bond lengths are 0.17 A (C30-C31).

Table 3. Optimized bond angles of conformers A & B and
conformer A in comparison with experimental results, (°).

Bond angle (°) X-ray B3LYP/6-311G
Combined A&B  Conformer A
C1-C7-C8 132.5 130.1 130.4
C7-C8-C9 119.3 120.7 120.4
C7-C8-C12 132.5 133.5 133.9
C9-C8-C12 108.0  105.6 105.6
01-C9-C8 125.6 1263 126.7
01-C9-C10 126.0  127.0 126.8
C8-C9-C10 108.3 106.5 106.4
C9-C10-Cl11 109.0 105.5 105.6
C9-C10-C13 119.5 121.2 120.4
C11-C10-C13 131.5 133.2 133.8
C10-C13-C14 130.7 129.6 130.4
C20-C26-C27 132.3 129.5
C26-C27-C28 120.1 121.3
C26-C27-C31 130.9 133.1
C28-C27-C31 108.9 105.5
02-C28-C27 126.6  127.1
02-C28-C29 124.1 126.2
C27-C28-C29 109.3 106.5
C28-C29-C30 108.7 105.6
C28-C29-C32 120.5 120.7
C30-C29-C32 130.7 133.5
C29-C32-C33 132.0 130.2

Experimental and computed vibrational spectra

It is normally observed that the calculated vibrational
frequencies are higher than the normal due to the neglect of
anharmonicity in the real system. Small differences between
the theoretical and experimental values vibrational modes
are observed. These differences can come from the non-
covalent interactions. Also experimental results are for solid
phase, and theoretical calculations belong to gaseous phase.
Comparison of the experimental and calculated spectra is
shown in Figure 4 and selected FT-IR and calculated
vibrational wave numbers and assignments are listed in
Table 4 for the conformer A and B considering a single
molecule in a lattice.

The IR spectrum of the compound showed stretching
band at 1687 cm-1 due to the carbonyl group while
stretching for carbonyl groups are calculated at 1782-1784
cm-1 for the carbonyl groups of conformer A and B in a
single lattice. The CH stretching modes, which were
observed at 3054 and 2911 for the 5-member ring and
phenyl group in the FT-IR spectrum, were calculated as
3257 and 3255 for CH stretching of cyclopentanone ring and
number of stretching between 3220-3177 for the phenyl
rings.
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Figure 3. Atom-by-atom superimposition of the structures
calculated (blue) on the X-ray structure (red) of polymorph (II) of
DBCP.

As can be seen in table C=C (a,p-unsaturated)
stretching mode, calculated as 1684-1674, were observed at
1622 in the FT-IR spectrum. These results obtained by the
calculations have shown an adequate consistency with the
experimental values, and small differences can be explained
by the existence of intermolecular interactions like C-H...n
and C-H...O.
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Figure 4. The experimental and calculated infrared spectra of the
tiled compound.

Frontier Molecular Orbitals analysis

The most important frontier molecular orbitals (FMOs) such
as highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) plays a crucial part
in the chemical stability of the molecule.”> The HOMO
represents the ability to donate an electron and LUMO as an
electron acceptor represents the ability to accept an electron.
The energy gap between HOMO and LUMO also
determines the chemical reactivity, optical polarizability and
chemical hardness—softness of the molecule.’
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Table 4. Selected vibrational assignments (cm'l) for polymorph

(ID).

Assignment Experimental Calculated 6-
31G* for confor-
mer A and B

S-member ring C-H str. 3054 3257, 3255

S-member ring C-H 3019 3240,3239

asym str.

phenyl rings C-H str. 2911 3220-3177

o, f-unsaturated -C=C-H 3166-3149

str.

carbonyl str. 1687 1784,1782

o,p-unsaturated C=C str. 1622 1683-1674

phenyl rings C=C str. 1600 1626-1653

In the present study, the HOMO and LUMO energies are
predicted at B3LYP method with 6-31G* basis set.
Accordingly to the results, the molecule contains 68
occupied molecular orbitals and 240 unoccupied molecular
orbitals. Figure 5 shows the distributions and energy levels
of HOMO and LUMO orbitals for the title molecule in
gaseous phase.

HOMO (-0.1992 eV)

LUMO (-0.676 V)

Figure 5. The molecular orbitals and energies for the HOMO and
LUMO of 2,5-dibenzylidenecyclopentanone in gas phase.

It is clear from the Figure 5 that isodensity plot for the
HOMO is well localized symmetrically over the
cyclopentanone and on ipso, ortho and para position of the
phenyl rings where the LUMO is populated on
cyclopentanone and one of the phenyl ring along with the
carbonyl group. The HOMO-LUMO energy separation can
be used as a sign of kinetic stability. A large HOMO-
LUMO gap implies high kinetic stability and low chemical
reactivity.”**> As can be seen the magnitude of energy
separation between HOMO and LUMO is 0.1768 eV this
small gap indicates the chemical softness and high reactivity
of compound.

Eur. Chem. Bull., 2014, 3(6), 587-592

Section A-Research Paper
Conclusion

The polymorph (II) of 2,5-dibenzylidenecyclopentanone
(DBCP) having two conformationally different/independent
molecules in its unit cell has been obtained by slow
evaporation of ecthanol solvent at room temperature and
further investigated by the computational calculations using
B3LYP method with 6-31G* basis set to explore its
structural aspects in comparison to its previously reported
polymorph (I). The polymorph (II) pack in 1D-
supramolecular chains mainly stabilized by C-H...O
hydrogen bonds, n-n, C-H...x interactions with every two
neighbouring chains moving in opposite directions. The
analysis of both the experimental and calculated molecular
geometries of polymorph (II) shows good agreement with
each other. In addition, all the vibrational modes are closed
to the observed vibrations and small energy difference
between the HOMO-LUMO orbitals frontier provides
significant information regarding the softness and high
reactivity of the molecule.
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