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A new terpenoid-like bischalcone (1E,4E)-1-(4-nitrophenyl)-5-(2,6,6-trimethylcyclohex-1-enyl)-penta-1,4-
dien-3-one was synthesized from a B-ionone and 4-nitrobenzaldehyde by Claisen—Schmidt condensation
reaction and its structure was determined by single crystal X-ray diffraction analysis. Additionally, this
compound was featured by powder X-ray diffraction, "H, *C NMR and IR spectroscopy techniques. The
molecule in the asymmetric unit showed disordered occupancy sites over two positions for the
trimethylcyclohexene atoms. These two conformations were related by a rotation of about 180° around the
axis of the C—C bond linking the six-membered ring and the olefin carbons. Single-molecule calculations
using the DFT method have strengthened this structural finding, since our theoretical approaches also
suggest two well-defined conformations of similar energies which resemble the molecular geometries
determined by X-ray diffraction. Furthermore, the inspection of the crystal packing revealed that the

hydrogen bonding patterns are different for each conformation of the compound reported here.
DOI: 10.1134/S0022476613060164
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INTRODUCTION

Chalcones are compounds from either natural sources or synthetic pathways. In plants, these compounds are
biosynthesis precursors of flavonoids and isoflavonoids and play several physiological roles such as attraction of pollinators,
UV protection, and insect repellence [1-3]. Many biological properties are attributed to chalconas-like as anti-inflammatory
[4, 5], anti-mutagenic and antitumoral [1, 6-9], antifungal [10, 11], antimalarial [12-14] and anti-leshimanial effects [12].
Furthermore, chalcones have been subject of several theoretical and experimental studies that aimed the knowledge of their
crystal and molecular structures, chemical reactivity, antimicrobial activity, among other applications in the therapy field
[11, 15-17]. Chemically, chalcones (1,3-diaryl-2-propen-1-ones) are open-chain flavonoids with two aromatic rings joined by

three-carbons from an o—f-unsaturated carbonyl system and can be obtained by Claisen—Schmidt condensation reaction

'Ciéncias Exatas e Tecnologicas, Universidade Estadual de Goids, 75001-970 Anapolis, GO, Brazil;
hamilton@ueg.br. Hnstituto de Fisica, Universidade Federal de Goias, 74001-970 Goiania, GO, Brazil. Instituto de Quimica,
Universidade Federal de Goias, 74001-970 Goiania, GO, Brazil. The text was submitted by the authors in English. Zhurnal
Strukturnoi Khimii, Vol. 54, No. 6, pp. 1082-1091, November-December, 2013. Original article submitted May 16, 2012;
revised September 25, 2012.

1112 0022-4766/13/5406-1112 © 2013 by Pleiades Publishing, Ltd.



O
u, S ", I 1\ 7 1
. . ) 5
A/Metanol 17 2
NO 3 NO

1 2 2 3 2

Fig. 1. Synthesis scheme for (3) by Claisen—Schimidt condensation reaction.

between aldehydes and ketones aromatics in the presence of basic catalysts [3, 4, 11, 15].

Findik et al. [18] synthesized sixteen terpenoid-like bischalcones from o or B-ionones and aldehyde derivatives with
good yields, thirteen of which were new. All compounds were evaluated against twelve different human pathogenic micro-
organims using disk-diffusion technique. Starting from B-ionone (1) and 4-nitrobenzaldehyde (2), we have synthesized a new
terpenoid-like bischalcone (3), namely, (1E,4E)-1-(4-nitrophenyl)-5-(2,6,6-trimethylciclohex-1-enyl)-penta-1,4-dien-3-one.
This new compound possesses structural analogy with licochalcone A, an oxygenated chalcone isolated from Chinese
liquorice roots owning a potent antimalarial activity [14, 19-23].

Besides the synthesis of (3), its structure was elucidated by single crystal X-ray diffraction technique which has
revealed that 2,6,6-trimethylciclohex-1-enyl moiety is disordered over two positions. In this case, the molecule can possess
two well-defined energetically similar conformations which were also approached on single-molecule calculations using the
Density Functional Theory (DFT) method [24, 25]. In addition, we describe our results concerning the characterization by

complementary methodologies.
EXPERIMENTAL

Synthetic procedure. Compound (3) was synthesized by the Claisen—Schmidt condensation reaction between [3-
ionona (1) and p-nitrobenzaldehyde (2) in equimolar ratio (2.45 mmol), using LiOH.H,O as catalyst (2.2% w/w of B-ionona),
as shown in Fig. 1. The reaction mixture was stirred at 55°C for 90 min ending by neutralization with 0.1 M hydrochloric
acid solution. The obtained precipitate was filtered and the filtrate was extracted with CH,Cl,. Afterward, CH,Cl, was
evaporated using rotate evaporator under vacuum at room temperature. The mild yield was 82.2%. The precipitate formed
during evaporation was filtered, washed with ethanol, and air-dried. Crystals of (3) were obtained by recrystallization of the
initial solid (656.9 mg) in hexane/methanol (1:1) at room temperature.

Crystal structure determination. An orange prism-shaped crystal measuring 0.60x0.55x0.20 mm was selected for
the X-ray diffraction experiment. The X-ray diffraction intensities for that single crystal were measured using graphite
monochromated MoK,, (A =0.71073 A) radiation, in a Bruker Apex I Kappa-CCD diffractometer. The data collecting
strategy was calculated setting ¢ scans and ® scans with K offsets. The detector was an APEX-II CCD camera on a x-
goniostat. The final unit-cell parameters were based on all collected reflections. The Bruker Apex Il software [26] was used
for monitoring the diffraction frame acquisition, and the reflections were scaled with the softwares SAINT [27] and
SORTAV [28]. No extra absorption correction was applied because the absorption coefficient is negligible for this
compound. The structure was solved by direct methods with SIR-92 [29]. All atoms of asymmetric units (except hydrogen)
were readily found from the electronic density map constructed by Fourier synthesis. The model obtained was refined by a

full-matrix least squares on F'> with SHELXL-97 [30]. The hydrogen atoms were added to calculated positions and refined
with fixed isotropic displacement parameters [Ujso(H) = 1.2U (Cfp and Cfp in methylene groups) or 1.5U, (Cfp in methyl

groups)] using a riding model, with C—H bond lengths of 0.93 A (those bonded to CSZP ), 0.96 A (those bonded to Cj’p in

methyl groups), or 0.97 A (those bonded to C; fp in methylene groups). Anisotropic displacement parameters were used for all

non H atoms. The programs MERCURY [31] and ORTEP-3 [32] were used within the WinGX [33] software package to deal
with the processed crystallographic data and artwork representations. Crystal data collection and refinement results are
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TABLE 1. Crystal Data and Structure Refinement for (3)

Empirical formula C,0HsNO;
Molecular weight 325.39
Temperature, K 293(2)
Crystal system Monoclinic
Space group P2/c
Unit cell parameters a, b, ¢, A; B, deg 11.593(2), 11.715(2), 14.202(2); 110.14(5)
Volume, A’ 1810.9(5)
Z; Density, mg/m3 4;1.19
Absorption coefficient pt, mm™’ 0.08
F(000) 696
0 range for data collection, deg 2.31-25.12
Range of i, k, [ -13/13,-13/13,-16/16
Measured reflections/independent/R; 16991/3211/0.0608
Completeness for 0.5, % 99.7
Data/parameters 2166/294
GOOF on F? 1.042

Final R indices [/ > 20(/)]
R indices (all data)

R, =0.0501, wR, =0.1327
R, =0.0818, wR, =0.1601

Extintion coefficient 0.008(2)
Largest difference peak and hole, e/A™ 0.23 and —0.15
Ocupancy factor of conformation 1, % 55.12(2)

presented in Table 1. The CIF file containing full information on the studied structure was deposited with Cambridge
Crystallographic Data Centre (CCDC) under deposit code 818053, from where it can be obtained free of charge on request at
the following website: www.ccdc.cam.ac.uk/data_request/cif.

During the procedures of structure refinement, disordered sites were found for the atoms of trimethylcyclohexene
(hereinafter ring A). Trial refinements have been used with the split-atom approach for these extra sites. From statistical and
convergence points of view, the split-atom model with two sites of constrained 53% and 47% occupancy factors for these
carbons and hydrogens have resulted in the best structural refinement.

Theoretical approaches. The nature of the observed static positional disorder was investigated theoretically within
DFT with B3LYP/6-31G* method [34-36]. All the theoretical calculations were carried out using the GO9 program package
[37] in the gas phase. The structures of both conformers were taken from the X-ray data, but the hydrogen atoms were
optimized at the B3LYP/6-31G* level of theory.

Powder X-ray diffraction analysis. Samples of the crystalline material formed on the bottom of glass crystallizer
were ground and mounted on a sample holder (grooved glass slide) and exposed to X-ray beam (Cuk,, radiation, A =
1.5418 A) generated at 40 kV and 30 mA on a Shimadzu XRD-6000 diffractometer. The diffractogram was acquired at room
temperature under continuous scan mode (scan axis 6—20) with scan speed 1.000°/min. Intensity data were measured at each
0.020° in a 20 range between 5° and 40°. To compare the powder X-ray diffraction profile of (3), the CIF file of the structure
determined by single crystal, X-ray diffraction technique was used to simulate its theoretical powder X-ray diffractogram
with the software MERCURY [31]. Powder X-ray diffraction data were simulated by setting CuK, beam, 0.020° sampling
width, 5-40° 26-range and 0.1° 26-FWHM.

Additional methodologies for structure characterization. Infrared spectra were recorded as KBr pellets on a FT-
IR Perkin-Elmer instrument. The NMR spectra were recorded on a Bruker AVANCE III 500 spectrometer at 298 K and
CDCI; as solvent. The chemical shifts were referenced to the tetramethylsilane peak. Following 1D and 2D pulse sequences

from the Bruker user library were used for the NMR experiments:
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Fig. 2. ORTEP representation with displacement ellipsoids at 30% probability level
of (3) after static positional disorder modeled and atom-numbering scheme. The H
atoms are shown as spheres of arbitrary radii.

'H 1D (500.13 MHz): n/2 pulse for 'H 9.9 pus, spectral width 10000 Hz, acquisition time 3.28 s, relaxation delay
1.0 s and the 16 transient free-induction decay was collected with 64 K data points.

HSQC (500.13/125.76 MHz): 2D 'H/"C correlation via double inept transfer, phase sensitive using Echo/Antiecho-
TPPI gradient selection, with decoupling during acquisition, using trim pulses in inept transfer: 7/2 pulse for 'H 7.4 ps,
spectral width in #2 10 kHz, acquisition time 0.21 s, relaxation delay 1.0 s, 80 transients per increment, 256 complex data
points in F1, spectral width in 1 25 kHz and linear prediction in 1 up to 4 K complex data points.

HMBC (500.13/125.76 MHz): 2D 'H/"C correlation via heteronuclear zero and double quantum coherence,
optimised for long-range couplings, no decoupling during acquisition, using gradient pulses for selection: 7/2 pulse for 'H
7.4 us, spectral width in F2 10 kHz, acquisition time 0.21 s, relaxation delay 1.0 s, 90 transients per increment, 256 complex
data points in F'1, spectral width in F1 28 kHz and linear prediction in F1 up to 4 K complex data points.

The data obtained to compound (3) were: [on]zD0 +20.6° (¢ 0.002, CHCl3); UV (CHCl3) Apax(loge) 243 (3.11) nm, 287

(2.71) nm, 363 (2.38) nm; IR (KBr) Vinax 2928 (C;,~H), 2853 (C,,~H), 1735, 1708 (C=0), 1421 (N-O), 891 (Ar)em™; 'H

NMR (CDCls, 500 MHz) & 1.13 (6H, s, Me,s), 1.51 (2H, ddd, J=2.8, 3.2 and 6.1 Hz, H,), 1.65 (2H, dddd, J=2.8, 3.2, 6.1
and 6.4 Hz, H;s), 1.85 (3H, s, Me,), 2.12 (2H, dd, J=5.8 and 6.4 Hz, Hyg), 6.48 (1H, d, J=16.1 Hz, Hy,), 7.11 (1H, d,
J=15.9 Hz, Hy), 7.57 (1H, d, J= 16.1 Hz, Hy,), 7.67 (1H, d, J = 15.9 Hz, H;), 7.73 (2H, d, J = 8.8 Hz, H; and Hs), and 8.26
(2H, d, J= 8.8 Hz, H, and Hg); °C NMR (CDCls, 125 MHz) § 18.8 (Cys), 21.9 (Mey5), 28.9 (Mey3), 33.9 (Cyq), 34.1 (Cy3),
40.0 (Cy4), 124.3 (C,Ce), 128.9 (C3,Cs), 129.3 (Cyo), 129.4 (Cs), 136.5 (C12), 138.0 (Cy7), 139.7 (C-), 141.2 (C)), 144.5 (Cy),
148.5 (C,), and 188.2 (Cy).

RESULTS AND DISCUSSION

Crystallographic analysis. As it can be seen in Fig. 2, an ORTEP-3 [32] representation of the asymmetric unit
determined by X-ray diffraction analysis of terpenoid-like bischalcone (3), the stereochemistry around both C7=C8 and
C10=C11 double bonds is unambiguously described as an (E)-configuration. The asymmetric unit of (3) consists of a single
molecule, exhibiting disordered occupancy sites of the ring A. This disordering is a result of two well-defined molecular
conformations. These two conformations are separately shown in Fig. 3.

The bond length and angles between atoms of the two conformations involved with the static disorder are shown in
Table 2. The six-membered ring adopts half-chair and twist puckering modes in the conformations with major
(conformation 1) and minor (conformation 2) occupancies, respectively. In the conformation 1, C15 lies away from the least-

squares plane calculated through the other five cyclic coplanar atoms (r.m.s.d. of the C16'-C17'-C12'—C13'-C14' fitted
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Fig. 3. ORTEP representation with displacement ellipsoids at 30%
probability level of atom arrangement and atom numbering scheme

for the two disordered forms
(conformations 1 and 2). The H atoms are shown as spheres of

arbitrary radii.

obtained of compound (3)

TABLE 2. Selected Bond Lengths (A) and Angles (deg) for Non-Hydrogen Atoms at a Disorder Modeled Part of (3)

Bond anfor— Coqfor- Angles Cor}for— Copfor— Angles Cor}for— Cor}for-
tion 1 mation 2 mation 1 mation 2 mation 1 mation 2
Cl11-C12 1.428(1) 1.496(2) |C11-C12-C13| 113.2(1) 120.6(1) [|[C18-C13-C19| 112.7(6) 108.5(9)
C12-C17 1.330(2) 1.362(2) |C11-C12-C17| 122.5(1) 118.6(1) [[C13—C14-C15| 121.5(9) 120.2(1)
C12-C13 1.533(2) 1.560(2) |C13-CI12-C17| 124.1(1) 120.6(1) [|[C14-C15-Cl16| 116.2(1) 114.8(1)
C13-C14 1.481(1) 1.476(1) |C12-C13-C14| 110.5(9) 109.8(1) [[C15-C16-C17| 112.0(1) 118.2(8)
C13-C19 1.495(8) 1.484(1) |C12-C13-C18| 109.2(9) 114.7(1) ||[C16-C17-C12| 121.8(1) 122.4(1)
C13-C18 1.532(1) 1.552(1) |C12-C13-C19| 108.9(8) 110.7(1) ||[C16-C17—-C20| 114.8(1) 116.1(8)
Cl14-C15 1.455(1) 1.511(2) |C14-C13-C18| 106.4(7) 106.8(1) [|[C12-C17-C20| 123.4(1) 121.5(1)
C15-C16 1.432(2) 1.357(1) |C14-C13-C19]| 109.1(7) 105.8(1)
Cl16-C17 1.558(1) 1.523(1)
C17-C20 1.555(1) 1.584(1)

atoms is 0.0650 A) by —0.47(1) A, while the C14' and C15' deviations from the least-squares plane passing through the four
coplanar atoms of cyclohexene (r.m.s.d. of the C16'-C17'-C12'~C13’ fitted atoms is 0.0510 A) are 0.31(2) A and —0.17(1) A

in the conformation 2. Torsion values also describe both cyclohexene conformations observed. The lowest dihedral angles
within the cyclohexene are those on the C12—C13 and C12—C17 bonds in the conformation 1 and on C12'-C17' in the
conformation 2. These torsions, C17-C12-C13-C14 and C16—-C17-C12—-C13 for the conformation 1 and the C16'-C17'—
C12'—C13'’ for the conformation 2, measure 6(2)°, —7(2)° and —8(2)°, respectively. Dihedral angles are shown in Table 3 and
the intermolecular hydrogen bonds are shown at Table 4.

One more data collection at low temperature of 100 K was undertaken, but no significant improvements of

refinement statistics were achieved (100 K cell parameters a = 11.2795(8) A, b =11.5806(8) A, ¢ =14.140(1) A, B = 109.6(2)°

and Final R, = 0.0687 (I > 2c5(I))]. Moreover, the X-ray diffraction measurement at low temperature revealed that unit cell

parameters, crystal packing and molecular backbones do not vary significantly with the temperature in this range (Table 1).
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TABLE 3. Selected Dihedral Angles (deg) for Atoms at a Disorder Modeled Part of (3)

Dihedral angles Conformation 1 Dihedral angles Conformation 2
C10-C11-C12-C13 131.0(8) Cl10-C11-C12'-C13’ -27.03)
C10-C11-C12-C17 —42.0(3) cl1o-C11-c12'-C17 161.9(2)
C11-C12-C13-C18 61.2(2) C11-C12'-C13'-C1¥' 80.0(2)
C11-C12-C13-C19 —54.2(2) C11-C12'-C13'-C19’ —43.0(3)
C11-C12-C17-C20 -8.0(3) Cl11-C12'-C17'-C20’ -6.0(3)
C13-C12-C17-C20 179.8(2) C13'-C12'-C17'-C20' -177.9(2)
C17-C12-C13-C18 -126(2) C17-C12'-C13'-C1¥' —-109.0(2)
C17-C12-C13-C19 119.1(2) C17-C12'-C13'-C19’ 128.2(2)
C15-C16-C17-C20 -176.0(2) C15'-C16'-C17'-C20’ -152.4(2)
C12-C13-C14-C15 19(1) C12'-C13'-C14'-C15’ -37(1)
C13-C14-C15-C16 —44(2) C13'-C14'-C15'-C16’ 44(2)
C14-C15-C16-C17 40(2) C14-C15'-C16'-C17' -29(1)
C15-C16-C17-C12 -16(2) C15'-Cl16'-C17'-C12’ 13(2)
C16-C17-C12-C13 -7(2) Cl16'-C17'-C12'-C13’ -8(2)
C17-C12-C13-C14 6(2) C17'-C12'-C13'-C14’ 19(2)

TABLE 4. Hydrogen Bonding of Two Conformations Obtained for Compound (3)

D-H---A D-H, A |D---A, A|H---A, AD-H---A, D-H---A D-H A [D-AA|H-A A |[D-H-A,
deg deg
Conformation 1 Conformation 2
C8-H8:--03! 0.93 [3.392(4)| 2.56 150 C8-H8---03' 0.93 3.394(3) 2.56 150
Cl6-Hl6a--01" | 097 [3.3553)| 2.55 141 Cl4'-H14d---0O1 0.97 3.400(2) 2.48 159
C19-H19d---02""|  0.96 3.570(3) 2.62 170

Symmetry operations: ix, 12—y, —1/2+z; iix, —1/2—y, —1/2+z; iiix, —1/2-y, -1/2—.

I»HS

Fig. 4. Non classical H bonds of conformation 1 for the compound (3).

Therefore, these structure determinations at 293 K and 100 K demonstrate that no solid-solid phase transformation occurs

between the evaluated temperatures.
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Fig. 6. Molecular packing of the conformers 1 and 2 showing the difference between the two conformations
in the molecular packing.

The main difference between the molecular conformations of (3) is in the C11-C12 bond axis rotation, resulting in
different orientations for ring A. The values of the C10-C11-C12—C13 and C10-C11-C12—C17 dihedral angles change
between the two conformations by about 158° and 204°, respectively, while the values of the other torsions do not quite differ
for the two conformations (Table 3). These two conformations are related to different patterns of intermolecular interactions.
All hydrogen bonds contributing to the crystal assembly of (3) are non-classical, wherein C—H groups are hydrogen bonding
donors to both nitro and carbonyl oxygens (Figs. 4-6). The conformation 2 is stabilized by three hydrogen bonds, whereas the
conformation 1 is stabilized by only two hydrogen bonds contributing to the energy barrier found. The calculated energy

difference between the conformers (Fig. 3) is only 0.10 kcal/mol. This result shows that the two conformers are energetically
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a b

Fig. 7. Structure overlay of conformers of (3) for both calculated (gray) and experimental (black) geometric
parameters. Conformation 1 (a) and conformation 2 (b).

Simulated from
crystal structure

Normalized intensity, au

5 10 15 20 25 30 35 40
20, deg

Fig. 8. Comparation of theoretical and experimental
powder diffractogram for compound (3).

very similar and, at room temperature, the two conformations are equally populated. Fig. 7 shows the structure overlay of
conformers of (3) for both calculated (B3LYP/6-31G*) and experimental geometric parameters.

Additional analyses. The '"H NMR spectrum displayed two doublets at & 7.73 and 8.26 (J = 8.8 Hz, H,, H3, Hs, and
Hg), with 2 hydrogen each signal, typical of p-substituted aromatic ring. Two olefinic systems in #rans configuration were
characterized by doublets at 6 6.48 (J=16.1 Hz, Hyy), 7.57 (/= 16.1 Hz, Hy;), 7.11 (J=15.9 Hz, Hg), and 7.67 (J=15.9 Hz,
H;). These data associated with complex signals at 6 1.51 (ddd, J=2.8, 3.2, 6.1 Hz, Hy4), 1.65 (dddd, J=2.8, 3.2, 6.1, 6.4 Hz,
Hy4), and 2.12 (dd, J=5.8, 6.4 Hz, H¢), and three methyl groups at 6 1.13 (6H) and 1.85 (3H), referring to six-membered
unsaturated and trimethylated ring, leading to a proposed structure comprising one chalcone and one retinoid units. This
proposes were reinforced by "°C data obtained through HSQC and HMBC, wherein olefinic hydrogen correlates to carbonyl
group and rings.

To determine the solid-state phase of the crystalline material obtained after synthesizing (3), we have compared the
theoretical powder X-ray diffraction peak positions and intensities calculated from its crystal structures to the corresponding
experimental diffractogram as shown in Fig. 8. All peaks in the experimental X-ray diffractogram of ground samples of
crystalline material formed after the crystallization procedure were observed in the calculated X-ray diffractogram from the
single crystal structure of (3) (data collected at 293 K). Therefore, we can state that the obtained material has no extra
crystalline phase. Likewise, no broad hump was observed in the experimental X-ray diffraction profile, allowing us to
conclude that there are not amorphous solids together with the crystalline material of (3). To notice, preferred orientation
effects were observed in the experimental powder X-ray measured diffractogram. The X-ray diffraction intensities in the

simulated and the experimental diffractograms do not totally agree because of the preferred orientation of the Bragg (3 0 0)

reflection (in 24.5° in 20).
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CONCLUSIONS

As it can be seen in the X-ray data, the packing of both conformers are equally favorable. From these results we can

hypothesize that the observed disorder appears from (i) energetic similarity between both conformers and (ii) similar

probability of packing during the crystal growth process.
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