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Quinolinones are a class of organic compounds known as alkaloids found in several plants and
also can be synthesized. Their large use in therapies regards their wide biological potential like
antitumor, psychiatric and neurological agents. Two substances were structurally characterized:
(E)-3-(2-nitrobenzylidene)-2-(4-methoxyphenyl)-1-(phenylsulfonyl)-2,3-dihydroquinolin-
4(1H)-one (NMQ), and (E)-3-(2-chlorobenzylidene)-2-(2-methoxyphenyl)-1-(phenylsulfonyl)-
2,3-dihydroquinolin-4(1H)-one (CMQ). These compounds were synthesized, crystallized,
characterized by single crystal X-ray diffraction and theoretical calculations. The NMQ and
CMQ crystals are formed by a pair of enantiomers and crystallized in the centrosymmetric group
P21/c with similar volume and density. Differences noted on crystal packing and supramolecular
arrangement are associated to substituent group chlorine in CMQ and nitro in NMQ. The calculated
infrared (IR) spectra show a good agreement with experimental values. The highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energies show CMQ
more kinetically stable with a higher resistance to transfer charge than NMQ.
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Introduction

Organic compounds known as quinolinones alkaloids
are found in several plants and have been used as remedies
since ancient times.! The 4(1H)-quinolinones are a class of
these compounds that occurs naturally in the environment
and also can be synthesized.?® Their application is largely
known as antibiotic in the treatment of infection,* but other
studies have shown that these compounds may be used
in many areas, for example, in medicine with different
biological potential uses,™!! like antitumor'>"3 or psychiatric
and neurological agents!* or in engineering by their
photophysical properties."” For a better understanding of
where and how these substances may be used, the structural
investigation is a significant tool. It provides a complete
knowledge of the molecular structure embracing the atomic
architecture, molecular conformation and crystal packing.

*e-mail: hbnapolitano @ gmail.com

Owing this information, it is possible to open new frontiers,
including the development of novel materials and drugs.'®
This sort of analysis is largely applied for the acquaintance
of quinolinones providing, for example, information about
the relationship between structure and activity in biological
tests.!”!8

With the aim to obtain structural information of novel
4(1H)-quinolinones, two substances were analyzed:
(E)-3-(2-nitrobenzylidene)-2-(4-methoxyphenyl)-
1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1H)-one (NMQ),
and (E)-3-(2-chlorobenzylidene)-2-(2-methoxyphenyl)-
1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1H)-one
(CMQ). Thus, the purpose is the structural elucidation
throughout the single crystal X-ray diffraction methodology,
encompassing crystalline arrangement, interatomic distance
and angles, molecular geometry, inter and supramolecular
interactions and Hirshfeld surface analysis. In this aspect,
this work provides important information for future studies
and applications of the 4-(1H)-quinolinones.
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Experimental
Synthesis and crystallization

NMQ (5) and CMQ (6) were obtained from sulfonamide
chalcones 1 and 2, and reacted with benzaldehydes 3
and 4 (2:1), respectively (Scheme 1), in alkaline reaction
environmental for 24 h. The resulting precipitates S and 6
were purified by multi-solvent slow recrystallization from
dichloromethane (CH,Cl,) and ethanol (CH,CH,OH) (4:1),
after drying at room temperature.

Crystallographic characterization

A radiation of graphite monochromated MoKa. with
a wavelength of 0.71073 10\, at room temperature, was
focused in a single crystal of NMQ and CMQ using a
Bruker Apex II CCD diffractometer. This was executed
to collect the diffraction data. Right after, this data
were processed utilizing the Bruker program APEX2,"
choosing the direct methods as the option for the structure
solution. The software SHELX2016* was employed for
the refinement, opting for the least square methods. For
the positioning and calculation of the hydrogen atoms,
the refinement was fixed with individual displacement
parameter [Uiso(H) = 1.2 Ueq or 1.5 Ueq], using 0.97 A
as the lengths of C—H for aromatic groups, and 0.97 A for
methyl groups. Structural information described in tables,
figures and molecular representations were made using the
softwares WinGX,?! Ortep?! and Mercury,? respectively.
The PLATON? program was also utilized to verify the
possible interactions involving hydrogen bonds.

Hirshfeld surface analysis

To measure the intermolecular interactions in the
crystal arrangement of NMQ and CMQ, Crystal Explorer
3.1 software?* was selected as a tool of Hirshfeld surface
(HS) analysis. Due to this, the graphical representation of
the normalized contact distances (d,,,), shape index and
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Scheme 1. Synthesis of NMQ (5) and CMQ (6).
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2D fingerprint plot of both compounds was possible. To
represent the HS, it was used a diagram that illustrated the
molecular interactions with different grades, which change
according to the atoms and connections types on the surface
of the molecule.”® It allows a visualization and a better
understanding about which interaction is more and less
significant for the crystal packing.?” The base to generate an
HS is to branch the space in regions according to electronic
distribution engendering the weighting function W(r),
which corresponds to the value of 0.5. In this equation,” the
sum of the electronic contribution of part of the molecule
overlaps the contribution of all the crystal, represented by:

pmolecule (r)
W () = Hmolecule 1) (1)
( ) pcrystal (r)

Meanwhile, when near contacts are present, it is
possible to analyze using the distance function. It enables
the formation of two regions in the intermolecular contact
characterized by donation and acceptance properties and
can be equated d,,,,,.%

d - rivdW dc B rcvdW
= ( R )+( LYW ) 2)

1 ¢

norm

The two regions compose the surface taking intern and
extern atomic nucleus as references. The accept region (d,)
is the distance from an internal atom to HS, while the d,
region is equivalent to the donor region measuring from
an external atomic nucleus until HS.?® These two distances
combined in a 2D graph, called fingerprint, give unique
information about the contacts present in the structure.”
Another useful appliance provided by HS is the recognition
of hydrophobic interactions by means of shape index (S)
analysis, which is a dimensionless qualitative measure of
surface shape, defined in terms of principal curvatures x,
and k, by the function:

T K, — K,

2 K
S=Zarctan—

(5) R1 = p-CH3, R2 = O'N02
(6): Ry = 0-OCHg; Ry = Cl
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Computational details

Theoretical calculations, at density functional theory
(DFT) methods, were done with Gaussian 09 package® to
obtain the optimized geometry, vibrational wavenumbers
and theoretical vibrational spectra of CMQ and NMQ. In the
literature, M06-2X/6-311++G(d,p) method has been used to
obtain vibrational frequencies®** and have proved to be one
of the best density functionals for non-covalent interactions.**
In addition, there is already a scale factor calculated®-* for
vibrational wavenumbers obtained using it. The starting
geometries considered were those provided by the CIF file of
each molecule. VEDA 4 program?®” and Gauss View package™®
were used to obtain the suggested vibrational frequency
assignments. To obtain more coherent values between
theoretical and experimental wavenumbers, the vibrational
frequencies were scaled using as scale factor® 0.9489.
In general, the scale factor equation is represented by*

)
el = ECZ(M) (4)

G . . . . .
where €., is the harmonic approximation, ®, is the
computed harmonic vibrational frequency of mode m in

J. Braz. Chem. Soc.

wavenumber, 7/ is Planck’s constant. The scale factor is
the constant A.

The frontier molecular orbitals (FMO) and molecular
electrostatic potential map (MEP) calculations were
performed at same level of theory and, to comprehend
reactional aspects of these molecules, the HOMO-LUMO
energy gap, softness and hardness were obtained, as
previously described.*

Results and Discussion
Solid state characterization

The molecule NMQ possesses a p-methoxyphenyl
group connected to the chiral center C10 and an
o-nitrobenzylidene group connected to a ¢~ insaturation
in relation to ketone. A similar pattern occurs with
the molecule CMQ, which has an o-methoxyphenyl
group connect at atom C10 and an o-chlorobenzylidene
group connected to ketonic ring. Both molecules have a
phenylsulfonyl group connected to the nitrogen present
in the heterocyclic ring of the quinolinone, constituting a
backbone together with the benzene ring connected to C5
and C6 atoms. The NMQ and CMQ crystals are formed

Figure 1. Ortep representation of the asymmetric units with 50% probability of NMQ (a, b) and CMQ (¢, d) from two perspectives.
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by a pair of enantiomers that have a chiral center located
at carbon 10 (Figure 1). Both molecules crystallized in the
centrosymmetric group P21/c with one molecule in the
asymmetric unit, and for molecules at the unit cell. Figure 1
shows the Ortep representation of the R-enantiomer,
arbitrarily chosen as asymmetric unit. The resume of
crystallographic information of the analyzed compounds is
described in Table 1. The intermolecular interactions data
for NMQ are shown in Table 2.

Interactions of the type C—H---w and .- were also
identified as non-classical interactions and are described
in Table 3. The non-classical interactions are indicated on
Figure 2.
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There is a bifurcated interaction C15-H15---O4 and
C29-H29B---O4 which forms a line of molecules in the
direction of c axis, alternating between R and S enantiomers,
as shown in Figure 3. Figure 3 also shows how these lines
are interconnected by the gntacts C13-H13---06, forming
a layer along the plane (ac). Each layer interacts with its
inverse layer by means of the dimers formed by the contact
C9-H9---O1 (Figure 4). The structure occurs by stacking
these pairs of layers in the direction of b axis. Figure 4
shows the packaging of the crystal.

From the graphical analysis of NMQ HS, it was verified
that the most dominant interactions correspond to the
contacts C13—-H13:--0O6 and C15-H15-.-O4. The other

Table 1. Refinement, structure and crystal data for the compounds NMQ and CMQ

CMQ
Empirical formula C,0H,;N,O,S C,,H,;CIN,O,S
Formula weight / (g mol ) 515.98
Temperature / K 296 (2)

Crystal system, space group
Unit cell dimensions

monoclinic, P 21/c
a=9.4515(9) A
b=19.3086(16) A
c=14.5216(12) A
B =102.448(3)°

monoclinic, P 21/c

a=11.22577)A

b=10.4938(5) A

c=21.4824(12) A
B =95.2952)°

Volume / A? 2519.8(2)
Z, calculated density 4,135 gcem? 4,1.360 mg m?
Absorption coefficient / mm! 1.859
F (000) 1072
Cell measurement theta / degree 1.8t025.0 1.82 t0 26.43
hkl indices -10<h<11 -14<h< 13
-22<k<22 -13<k<13
-17<1<17 -26<1<25
Reflections collected / independent 87505/5296 29845/4019
Refinement method min square F? min square F?
Goodness-of-fit (goof) 1.058
Final indices R [I> 2 (I)] R, =0.0442 R, =0.0517
wR,=0.114 Rw, =0.1439
R indices (all data) R, =0.0564 R, =0.0673
wR, =0.130 Rw, =0.1578

NMQ: (E)-3-(2-nitrobenzylidene)-2-(4-methoxyphenyl)-1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1 H)-one; CMQ: (E)-3-(2-chlorobenzylidene)-

2-(2-methoxyphenyl)-1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1 H)-one.

Table 2. Intermolecular interactions of NMQ, with distances and angles between the donor atom, hydrogen and acceptor atom

Code D-H--A dpy/A dya/ A dp.a/A Op 4.4 / degree Symmetry code

IN C15-H15--04 0.966 2.527 3.126 120.18 X, 1.5-y,-12+z
2N C13-H13--06 0.974 2.358 3.130 135.73 —-1+x,15-y,-12+z
3N C29-H29B.--04 0.921 2.701 3.271 120.88 X, y,—l+z

4N C9-H9---01 0.954 2.676 3.519 147.80 1-x,1-y,2-z

NMQ: (E)-3-(2-nitrobenzylidene)-2-(4-methoxyphenyl)-1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1H)-one; D: donor atom; A: acceptor atom; d: distance;

0: angle.
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Table 3. NMQ non-classical interactions C—H---1t and -+t

Code Intercation Symmetry code
NMQ

SN C26-H26--C,1 -x,1-y,2-2

6N C2-C3 -1+x,y,2

NMQ: (E)-3-(2-nitrobenzylidene)-2-(4-methoxyphenyl)-1-
(phenylsulfonyl)-2,3-dihydroquinolin-4(1H)-one.

interactions can be considered secondary, including the
dimer formed by the contact C9—H9---O1. It was probably
due to the approximation caused by the packing, as well
as the contact C29-H29B---O4, as they are not evidenced
by the characteristic color of the most intense contacts, as
shown in Figure 5.

With the Hirshfeld surface, it was possible to confirm
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some secondary interactions, such as C26—-H26---Cgl and
Cg2---Cg3 (Figure 6).

Table 4 summarizes the non-classical and intermolecular
interactions of CMQ.

There is a bifurcated interaction C2—H2---O3 and
C20-H20---03 which forms a line of molecules in
the direction (ES, and as also happens with NMQ
bifurcated interactions, C2—-H2---O3 and C20-H20---O3
alternated between R and S enantiomers, forming a
centrosymmetric interaction. Between these inverse layers
occurs an interaction provided by the dimer C15-H15---02
(Figure 7).

The only non-classical interaction that occurs in CMQ
molecule is centrosymmetric and it is between C14-H14
atoms and Cgl ring forming a layer that stabilized the
packing in (a_cs direction, illustrated by Figure 8.

Figure 3. (a) NMQ chain of molecules formed by contacts C15-H15---:O4 and C29-H29B---0O4; (b) NMQ layer formed by the contacts C13—H13:--06.
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Figure 4. (a) NMQ dimer formed by interaction C9-H9---O1; (b) NMQ crystal packing.

d. . value

The CMQ structure occurs by stacking the layer formed
by C2-H2---O3 and C14-H14---O3 in the direction of
(ac) with the non-classical C14—H14---Cgl and the dimer
C15-H15---02 forming chains between the layers. The
Figure 9 shows the packaging of the CMQ crystal.

It was verified, as well as NMQ molecule, from
the graphical analysis of HS from CMQ, that the
most dominant interactions correspond to the contacts
C2-H2---0O3. After that, the dimer C15-H15---O2,
contributes with 18.2% of the interactions of the system.
The other bifurcated interaction can be considered
secondary, C20—H20---O3, which was probably due to the

(b)

Figure 5. (a) Contact C15-H15---O4 evidenced by the red spot on HS; (b) contact C13—H13---O6 evidenced by the red spot on HS.

approximation caused by the packing as it is not evidenced
by the characteristic color of the most intense contacts,
as shown in Figure 10.

Unlike the NMQ molecule, when using the shape index
analysis for CMQ, it was not noticeable 77 contacts,
bought by the low percentage of C:--C interactions
indicating fingerprint with value of 3.6% and elevated
distance (3.9 A) between the rings of the sulfonyl group.
Additionally, the non-classical interaction C14-H14--- Cg1
can be seen in Figure 11 contributing with 18% of the
stabilizing packing system, proven by the fingerprint
analysis.
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Figure 6. Fingerprint and Hirshfeld surface of the asymmetric unit revealing the contacts H---C (a) and C---C (b), including reciprocal contacts.

Table 4. Non-classical and intermolecular interactions of CMQ, with distances (d) and angles (0) between the donor atom (D), hydrogen and acceptor atom (A)

CMQ intermolecular interaction

Code D-H--A dp /A dyn /A dy.a /A Op_y1..5 / degree Symmetry code

1C C15-H15--02 0.930 2.547 3.233 130.90 X, 1=y, 1-z

2C C2-H2--03 0.930 2.444 3.350 164.67 1-x,-12+y,12 -z
3C C20-H20--03 0.930 2.667 3.441 141.15 X, —12+y,12-2

CMQ non-classical intermolecular interaction

Code Interaction

Symmetry code

4C Cl14-H14---Cgl

X, 12-y,12+z

CMQ: (E)-3-(2-chlorobenzylidene)-2-(2-methoxyphenyl)-1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1 H)-one.

Theoretical analysis

In Table 5, the experimental and theoretical vibrational
wavenumbers and theoretical infrared intensities are
presented. The assignments presented show a good
agreement between the theoretical scaled wavenumbers
and the experimental values, thus, we expect reliability
of the obtained band assignments. A brief discussion is
given for vibrations of the main groups in CNQ and NMQ
structures.

In the studied compounds, we have two types of double
bonds between carbons; the first is found in the aromatic
rings and the other in the vinyl group. For v(C=C) in
aromatic rings, bands are expected at 1600 to 1475 cm™!
and for vinyl group, when conjugated with carbonyl
group, between 1660 and 1600 cm™.* For CMQ, the

v(C=C) vibrations in aromatic rings are found at 1599
to 1463 cm™ and 1590 to 1551 cm™ in experimental and
calculated spectra, respectively. On the other hand, for
NMQ, these vibrational modes occur at 1607 to 1458 cm™
(experimental) and at 1601 to 1554 cm™' (calculated). The
(C-C) stretching in vinyl group for CMQ is observed
at 1599 cm™ in experimental spectra and calculated at
1623 cm™'. In NMQ, these vibrations are assigned at 1607
and 1625 cm™, respectively.

The carbonyl group absorbs in the range from 1850 to
1650 cm!, but conjugation effects, such as those occurring
in title compounds, result in a dropping of the (C=0)
frequency.*! The band at 1668 and at 1676 cm™', in IR
spectrum, and the scaled frequencies at 1710 and 1714
cm! are assigned to v(C=0) vibration in CMQ and NMQ,
respectively. For SO, group, in sulfonamide moiety, an
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(@) (b)

Figure 7. (a) CMQ chain of molecules formed by contacts C2-H2---O3 and C20-H20---O3 growing in the direction [110]; (b) CMQ dimer formed by
interaction C15-H15---O2.

Figure 9. CMQ crystal packing.
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Figure 11. Hirshfield surface shape index for CMQ molecule illustrating the contact C14-H14---Cgl and fingerprint for C---H and H---H interactions

including reciprocal contacts.

asymmetrical stretching band occurs at 1325 cm™', while
the symmetrical stretching band appears in the region of
1140 cm™.” In the title molecules, the scaled frequencies
at 1299 and at 1298 cm™' have been assigned to asymmetric
stretching and the scaled frequencies at 1111 and at
1113 cm™ have been assigned to symmetric stretching

mode of SO, group in CMQ and NMQ, respectively. In
the experimental spectra, the band of asymmetric vSO,
mode appears at 1359 and 1349 cm’!, in CMQ and NMQ,
respectively, while symmetric stretching vibration appears
at 1165 cm™! for both compounds.

The conjugation of NO, group with an aromatic
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Table 5. Vibrational assignments, experimental and calculated wavenumbers of CMQ (I) and NMQ (II)

Vibrational mode Unscaled IR freq. IR intensity / (km mol") Scaled IR freq.* IR observed / cm’!
V(C-C),, (I) 1676-1635 (I) 1590-1551 (I) 1599-1463
(II) 1687-1638 (II) 1601-1554 (II) 1607-1458
v(C=C) I 1710 1) 159.33 I) 1623 (I) 1599
(ID) 1713 (II) 63.24 (1D 1625 (ID) 1607
v(C=0) (I) 1802 I) 141.65 I 1710 (I) 1668
(II) 1806 (II) 137.65 (Imn 1714 (ID) 1676
VaymS 0z (T) 1369 (I) 200.52 I) 1299 I 1359
(1) 1368 I 171.67 (1) 1298 (1) 1349
VS0, I 1171 I 172.92 I 1111 I) 1165
an 1173 1) 179.34 In 1113 n 1165
V,ymNO, I 1703 I 1616 I 1525
VymNO, (II) 1466 Im 1391 (II) 1349
v(O-CHy) I 1147 I) 56.87 (I) 1088 (I 1027
(I 1109 (II) 33.63 (I1) 1052 I1) 1030
v(C-Cl) (I) 1066 T)47.35 I) 1012 (I 1027

*Scale factor 0.9489; v: stretching; I: CMQ ((E)-3-(2-chlorobenzylidene)-2-(2-methoxyphenyl)-1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1H)-one);
II: NMQ (E)-2-(4-methoxyphenyl)-3-(2-nitrobenzylidene)- 1 -(phenylsulfonyl)-2,3-dihydroquinolin-4(1 H)-one.

ring moves its stretch frequency in a range of 1550 to
1490 cm!, for asymmetric mode and 1355 to 1315 cm’,
for symmetric mode.*! Among the compounds present
in this study, only NMQ has a nitro group present in its
molecular structure. Therefore, the asymmetric stretching
vibration is observed at 1525 cm™ in the IR spectra and at
1616 cm™ in calculated spectra. In relation to symmetric
stretching vibration, it is observed at 1349 and 1391 cm
in experimental and calculated spectra, respectively. The
v(O-CH;) mode appears in region*>* at 850 to 1100 cm,
so, in the experimental spectrum, this deformation appear in
aband at 1027 cm™, for CMQ, and at 1030 cm! for NMQ.
In terms of scaled frequencies, these values are at 1088
and 1052 cm, respectively. Finally, in organic chlorine
compounds, like CMQ, the v(C—Cl) frequencies appears
in the region* of 1129-480 cm™". In this study, this scaled
frequency appears at 1012 cm™, while the experimental
band appears at 1027 cm’'. The graphical representation
of the observed and scaled calculated spectra of CMQ and
NMQ are shown in Figure 12.

The results of molecular orbital geometry and molecular
electrostatic potential map calculations are presented
in Figure 13. In CMQ, HOMO orbital is distributed in
the region of the anisole ring, while the LUMO orbital
is widely distributed by dihydroquinoline nuclei and
chlorobenzene regions. For NMQ, HOMO orbital is
distributed over nitrobenzene, while LUMO is dispersed
over dihydroquinoline nuclei and nitrobenzene.

Using the DFT values of energy of HOMO and LUMO

orbitals, some global reactivity descriptors (E,,,, hardness

and softness) were calculated.® In a general way, it is know
that larger HOMO-LUMO energy gap indicates more
stable (less reactive) compounds. This measure can also
be interpreted in terms of hardness and softness, in other
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Figure 12. Overlapping of experimental (black) and scaled theoretical
(red) IR spectra of CMQ (top) and NMQ (bottom).
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Figure 13. The HOMO, LUMO and MEP graphical representation for CMQ (a) and NMQ (b) molecules calculated using M06-2X/6-311++G(d,p) theory level.

words, the resistance of an atom to a charge transfer and
the availability to receive electrons, respectively.***” The
calculated energies for E,,,, hardness and softness are,
respectively: 5.91, 2.95 and 0.34 eV for CMQ and 5.73,
2.86 and 0.35 eV for NMQ. The high values of E,,, and
hardness, when compared to NMQ, indicate that CMQ is,
slightly more resistant to a charge transfer; it means, more
electronic chemical stability. In relation of the capacity
of both molecules to receive electrons (softness), we can
expect the same behavior since the calculated values are
almost equal.

The MEP analysis show high electron density sites
(red regions), where are located the groups with O atoms.
In CMQ, the local minimum on SO, group is about
—0.054 a.u. That value for (C=0) group is —0.047 a.u. and
for (O—CHs;) group is —0.041 a.u. From these results, it is
possible to suggest a rank of sites that are most probable
to suffer electrophiles attack as follow: SO, > (C=0) >
(O—CH,). For NMQ that rank is: SO, (—0.050 a.u.) > (C=0)
(-0.042 a.u.) > NO, (-0.038 a.u.) > (O—-CH,) (-0.025 a.u.).
On the other hand, low electron density sites (blue
regions) are located at aromatic rings in both molecules.
So, using the value of eletrostatic potential, it is possible
to suggest a rank of sites that are most probable to suffer
nucleophiles attack. That rank for CMQ is: methoxibenzene
(0.027 a.u.) > cholorobenzene (0.023 a.u.) > aromatic ring
at dihydroquinolin-4(1H)-one nucleus (0.020 a.u.). For
NMQ it is: nitrobenzene (0.033 a.u.) > methoxibenzene
(0.030 a.u.) > aromatic ring at dihydroquinolin-4(1H)-one
nucleus (0.022 a.u.).

Conclusions

Both NMQ and CMQ molecules crystallized in the
monoclinic space group P21/c with similar volume
and density, regarding their structural similarity. It
is unmistakable, for both compounds, that the most
contributing intramolecular interaction is of O---H kind.
Another similarity is the presence of a dimer and a C-H---t
interaction. Differences can be noted in the direction of the
crystal packing, probably because the substituent group
chlorine in CMQ and nitro in NMQ. Furthermore, the
occurrence of a non-classical 7t---7 interaction, present in
NMQ and absent in CMQ, can be explained due the nitro
group acting as an stronger electron withdrawal agent
than chlorine, resulting in a larger approximation of the
rings. The calculated IR spectra show a good agreement
between theoretical and experimental values (correlation
coefficient, R?, equal to 0.9611), so it was possible to
assign the regions of absorptions of main groups in both
structures. The HOMO and LUMO energies show CMQ
more electronic stable than NMQ with a higher resistance
to charge transfer. In addition, the regions near to O atoms
have a higher electrophilic character while, aromatic rings
have nucleophilic character.

Supplementary Information

'H NMR, FTIR, melting point and yield of
(E)-3-(2-nitrobenzylidene)-2-(4-methoxyphenyl)-
1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1H)-one (5)
and (E)-3-(2-chlorobenzylidene)-2-(2-methoxyphenyl)-
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1-(phenylsulfonyl)-2,3-dihydroquinolin-4(1H)-one (6) are
available free of charge at http://jbcs.sbq.org.br as PDF file.
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