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Abstract: The crystal and molecular structures of the title compounds, phenyl
quinoline-2-carboxylate and 2-methoxyphenyl quinoline-2-carboxylate, two new derivatives
of quinolone-2-carboxylic acid, are reported and confirmed by single crystal X-ray
diffraction and spectroscopic data. Compound (I), CisH11NO2, crystallizes in the monoclinic
space group P2i/c, with 8 molecules in the unit cell. The unit cell parameters are
a=14.79103) A; b=5.76446(12) A; c =28.4012(6) A; p=99.043(2)°; V'=2391.45(9) A°.
Compound (II), Ci7H13NOs, crystallizes in the monoclinic space group P2i/n with 4
molecules in the unit cell. The unit cell parameters are a = 9.6095(3) A; b = 10.8040(3) A;
c=13.2427(4) A; B = 102.012(3)°; V = 1344.76(7) A3. Density functional theory (DFT)
geometry optimized molecular orbital calculations were performed and frontier molecular
orbitals of each compound are displayed. Correlation between the calculated molecular
orbital energies (eV) for the surfaces of the frontier molecular orbitals to the electronic
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excitation transitions from the absorption spectra of each compound has been proposed.
Additionally, similar correlations observed among six closely related compounds examining
small structural differences to their frontier molecular orbital surfaces and from their DFT
molecular orbital energies, provide further support for the suggested assignments of the title
compounds.

Keywords: X-ray crystal structure; DFT molecular orbital calculations; frontier
molecular orbitals

1. Introduction

Quinoline-2 carboxylic acid derivatives are a class of important materials as anti-tuberculosis agents,
as fluorescent reagents, hydrophobic field-detection reagents, visualization reagents, fluorescent labelled
peptide probes and as anti-hyperglycemics. Quinoline derivatives represent a major class of heterocycles
and are found in natural products [1,2], numerous commercial products, including fragrances, dyes [3]
and biologically active compounds [4,5]. Quinoline alkaloids such as quinine, chloroquin, mefloquine and
amodiaquine are used as efficient drugs for the treatment of malaria [6]. Quinoline as a privileged scaffold
in cancer drug discovery is also published [7]. The crystal structures of 4-methylphenyl quinoline-2-
carboxylate [8], 4-chloro-3-methylphenyl quinoline-2-carboxylate [9], 4-chlorophenyl quinoline-2-
carboxylate [10], 3,4-dimethylphenyl quinoline-2-carboxylate [11], 2-isopropyl-5-methylcyclohexyl
quinoline-2-carboxylate [12], 2,5-dimethylphenyl quinoline-2-carboxylate [13] and the synthesis and
theoretical studies of four Schiff bases derived from 4-hydrazinyl-8-(trifluoromethyl) quinoline [14] have
been reported. In view of the importance of quinolines, we report here the synthesis, crystal structures and
theoretical calculations for two new derivatives of quinoline-2 carboxylic acid, namely, phenyl
quinoline-2-carboxylate (I) and 2-methoxyphenyl quinoline-2-carboxylate (II) (Figure 1) supported by
density functional theory (DFT) calculations correlating the calculated molecular orbital energies (eV)
for the surfaces of the frontier molecular orbitals to the electronic excitation transitions from the
absorption spectra of each compound.
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Figure 1. The molecular structures of CicH11NO2 (I) and Ci17H13NO3 (II).
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2. Results and Discussion
2.1. Structural Study of (I): Phenyl Quinoline-2-Carboxylate

The asymmetric unit of In (I), CisHi1NOz2, contains two molecules. Bond lengths are in normal
ranges [15] (Table 1). The dihedral angle between the mean planes of the quinoline and phenyl rings is
55.3(9)° in molecule A and 56.4(9)° in molecule B (Figure 2a). The carboxylate group is twisted by
3.8(2)° (A) and 3.5(3)° (B), respectively from the mean plane of the quinoline group. A weak
C12B---H12B O1A intermolecular interaction is observed between a carboxyl oxygen atom and a phenyl
hydrogen atom from nearby molecules within the asymmetric unit forming dimers stacked along the a
axis of the unit cell (Figure 2b). No classical hydrogen bonds were observed. Additional weak C---H O
intermolecular interactions and n—n stacking interactions between the two rings of the quinoline group
and carboxyl oxygen atoms of nearby molecules are also observed (Table 2).

Figure 2. (a) Molecular structure of CisHi1NOz2 (I), showing the atom numbering scheme

with 30% probability ellipsoids; (b) Packing diagram for (I) viewed along the b axis. H
atoms not involved in hydrogen bonding have been removed for clarity.

Table 1. Selected crystal and DFT* bond lengths (A), bond angles (°), and torsion angles (°)

for (I), C1¢H11NO:s.
Atoms(I) Distance(I) DFT() Atoms(I) Distance(I) DFT()
O1A-CIA 1.354(3) *1.373 02A-C1A 1.192(3) *1.204
O1A-Cl11A 1.408(2) *1.397 N1A-C2A 1.313(3) *1.321
N1A-C10A 1.369(3) *1.359 CIA-C2A 1.510(3) *1.509
C2A-C3A 1.416(3) *1.422 C3A-C4A 1.362(3) *1.374
C6A-C7A 1.361(3) *1.377 C8A-C9A 1.373(3) *1.375
C9A-CI10A 1.414(3) *1.422 CI12A-C13A 1.384(3) *1.395
Cl4A-CI15A 1.390(3) *1.396 O1B-C1B 1.354(3) *1.397
02B-CI1B 1.197(3) *1.204 O1B-C11B 1.410(2) *1.397
NI1B-C2B 1.316(3) *1.321 NI1B-C10B 1.369(3) *1.359

C13B-C14B 1.387(4) *1.396 C15B-C16B 1.389(3) *1.395
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Table 1. Cont.

Atoms(I) Angles(I) DFT() Atoms(I) Angles(I) DFT()
Cl1A-O1A-Cl11A 120.80(16) *121.01 C2A-N1A-CI0A 117.27(18) *118.24
O1A-CIA-O2A 124.48(19) *124.54 OlA-CIA-C2A 109.42(17) *110.02
02A-CI1A-C2A 126.08(19) *126.44 N1A-C2A-Cl1A 114.84(18) *114.75
N1A-C2A-C3A 124.48(18) *123.74 C3A-C2A-Cl1A 120.65(18) *121.51
C4A-C3A-C2A 118.52(19) *118.54 C3A-C4A-C5A 119.70(19) *119.76
C4A-C5A-C6A 123.30(19) *123.68 C7A-C6A-C5A 120.2(2) *120.30
CI9A-CRA-CTA 120.9(3) *120.57 N1A-CI10A-C5A 122.32(18) *122.55
N1A-C10A—-C9A 118.32(19) *118.31 CI9A-CI10A-C5A 119.36(18) *119.14
C12A-C11A-O1A 122.01(19) *122.70 C12A-C11A-C16A 122.26(19) *121.25
C16A—C11A-O1A 115.47(18) *115.93 Cl11A)-12A-C13A 118.5(3) *118.65
C16A-C15A-C14A 120.3(2) *120.16 C1B-0O1B-Cl11B 119.21(16) *121.01
C2B-N1B-C10B 117.52(18) *118.24 02B-C1B-0O1B 124.19(19) *125.44
O1B-C1B-C2B 109.75(79) *110.02 02B-C1B-C2B 126.05192) *126.44
N1B-C2B-CIB 114.12(18) *114.75 N1B-C2B-C3B 124.43(19) *123.74
C8B-C9B-C10B 120.1(2) *120.26 N1B-C10B-C5B 121.97(19) *122.55
N1B-C10B—C9B 118.69(19) *118.31 C12B-C11B-O1B 120.97(19) *122.70
Atoms(I) Torsion(I) DFT() Atoms(I) Torsion(I) DFT()
OlA-CIA-C2A-N1A 175.65(17) *178.71 O1A-CIA-C2A-C3A -2.9(3) *—1.51
02A-C1A-C2A-N1A —2.8(3) *1.07 02A-CIA-C2A-C3A 178.7(2) *178.71
OlA-C11A-C12A-C13A -174.10(19) *-176.19 OlA-C11A-C16A-C15A 175.39(18) *176.26
N1A-C2A-C3A-C4A 0.8(3) *0.11 Cl1A-O2A—C11A-CI2A =57.0(3) *—47.75
Cl1A-02A—C11A-CI16A 128.7(2) *136.27 C2A-N1A-C10A-C9A 178.75(17) *179.87
C4A-C5A-C10A-N1A 0.6(3) *0.03 C10A-N1A-C2A-C1A —178.67(16) *—~170.93
O1B-C1B-C2B-N1B 175.70(17) *178.71 O1B-C1B-C2B-C3B —4.5(3) *—1.51
02B-C1B-C2B-N1B —4.1(3) *—~1.07 02B-C1B-C2B—C3B 175.7(2) *178.71
O1B-C11B-C12B-C13B 175.20(18) *176.19  O1B-C11B-C16B-C15B  —176.16(18) *—176.19
C4B-C5B-C10B—N1B —2.4(3) *—0.03 C10B-N1B-C2B-C3B 1.5(3) *0.15

Table 2. Weak Intermolecular Interactions for (I) CisH11NO2, (A and °).

D---H d(D---H) d(H...A) d(D...A) <(DHA)
C8A---HSA...02A " 0.95 2.64 3.418(3) 139.6
C8B---H8B...02B™”  0.95 295  3.38132) 141.5
CI2B---HI2B...01A  0.95 269  3.498(3) 143.5

Cgl---Cgl # — — — 3.8913(11)
Cgl---Cg2 ™ - - - 3.7842(12)
Cg5---Cg5 ™ - - - 3.8576(11)
Cg5---Cg6 ™ - - - 3.9654(12)

Notes: Symmetry transformations used to generate equivalent atoms: ¥ 2 —x, 2 =y, 1 =z, 1-x, 1 -y, 1 —z;
B2-x,1-y,1-2z%1-x, -y, 1-2z Cgl = NIA/C2A/C3A/C4A/C5A/C10A; Cg2 = C5A-C10A;
Cg5 =NI1B/C2B/C3B/C4B/C5B/C10B; Cg6 = C5B—C10B.

After a DFT geometry optimization calculation for (I), the dihedral angle between the mean planes
of the quinoline and phenyl rings becomes 46.9(1)°, a decrease of 8.4(8)° in molecule A or 9.5(8)° in
molecule B (Figure 2a). The mean plane of the carboxylate group (02/C1/01/C2) is twisted by 1.3(4)°,
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from that of the quinoline group, an increase of 3.8(2)° in molecule A or 3.5(3)° in molecule B,
respectively. These changes as well as changes in the C11/02/C1/O1 torsion angle from —3.2(2)° to 0.2(1)°
in molecule A or from —2.9(3)° to 0.2(1)° in molecule B after the geometry optimization DFT calculation
suggests that while the observed C---H...O and n—n weak intermolecular interactions (Table 2) may
influence somewhat the packing arrangement, only a high AEconfig value representing energy differences
between the optimized and experimental electronic transitions would be indicative of a significant
departure from the ideal molecular conformation in the gas phase and, therefore, influence the
crystal packing.

2.2. Structural Study of (II): 2-Methoxyphenyl Quinoline-2-Carboxylate

In (IT), Ci7H13NO3, the dihedral angle between the mean planes of the quinoline and phenyl rings is
67.4(6)° in the molecule (Figure 3a). The carboxylate group is twisted by 79.5(0)° from the mean plane of
the phenyl group. Bond lengths are in normal ranges [15] (Table 3). A weak C9---H9...02 intermolecular
interaction and weak m—r stacking interactions (Figure 3b) between the two rings of the quinoline groups
of nearby molecules are also observed (Table 4). No classical hydrogen bonds were observed.

After a DFT geometry optimization calculation he dihedral angle between the mean planes of the
quinoline and 2-methoxyphenyl rings becomes 72.2(8)°, an increase of 4.8(2)° (Figure 3a). The mean
plane of the carboxylate group (02/C1/01/C2) is twisted by 0.3(1)°, from that of the quinoline group, a
decrease of 13.3(5)°. These changes as well as changes in the C11/01/C1/02 torsion angle from 1.7(3)°
to 4.0(8)° after the geometry optimization DFT calculation suggests that while the observed C---H...O
and n—n weak intermolecular interactions (Table 4) influence somewhat the packing arrangement, only
a high AEconfig value representing energy differences between the optimized and experimental electronic
transitions would be indicative of a significant departure from the ideal molecular conformation in the
gas phase and, therefore, influence the crystal packing.

Figure 3. (a) Molecular structure of Ci17H13NO3, (II), showing the atom numbering scheme
with 30% probability ellipsoids; (b) Packing diagram for (II) viewed along the ¢ axis.
H atoms not involved in hydrogen bonding have been removed for clarity.
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Table 3. Selected crystal and DFT* bond lengths (A), bond angles (°), and torsion angles (°)
for (IT), C17H13NOs.

Atoms(IT) Distance(I) DFTI) Atoms(IT) Distance(Il) DFTII)
02-Cl 1.1997(16) *1.210 O1-Cl 1.3494(15) *1.358
O1-Cl11 1.4062(15) *1.358 03-Cl12 1.3626(16) *1.360
03-C17 1.4283(17) *1.419 N1-C2 1.3183(16) *1.320
N1-C10 1.3668(16) *1.361 Cl-C2 1.5021(18) *1.504
C2-C3 1.4131(18) *1.421 C3-C4 1.3596(19) *1.373
C4-C5 1.4140(19) *1.418 C5-Co 1.4178(19) *1.419
C5-C10 1.4194(18) *1.433 C6-C7 1.363(2) *1.377
C7-C8 1.412(2) *1.419 C8-C9 1.3660(2) *1.376
C9-C10 1.4197(18) *1.422 Cl11-C12 1.3950(18) *1.407
Cl11-Cl6 1.3757(19) *1.366 C12-C13 1.3930(18) *1.398
C13-Cl4 1.387(2) *1.399 C14-Cl15 1.379(2) *1.392
Atoms(IT) Angles(1I) DFT(2) Atoms(IT) Angles(I) DFT(I)
C1-01-C11 117.72(10) *117.76 C2-N1-C10 117.26(11) *117.91
01-C1-02 124.39(12) *124.52 O1-Cl1-C2 111.51(10) *112.25
02-C1-C2 124.39(12) *123.22 N1-C2-C1 117.83(11) *118.95
N1-C2-C3 124.33(12) *124.10 C3-C2-C1 117.82(11) *116.95
C4-C3-C2 118.66(12) *118.54 C4-C5-Co 123.26(12) *123.56
C4-C5-C10 117.54(12) *117.30 C6—-C5-Cl1 119.18(12) *119.14
C8-C9-C10 120.29(12) *120.36 N1-C10-C5 122.69(11) *122.58
N1-C10-C9 118.33(11) *118.31 C12-Cl11-01 119.51(11) *119.76
C16-C11-01 118.66(12) *118.90 C2-N1-C10 117.26(11) *117.91
Atoms(IT) Torsion(II) DFT(II) Atoms(IT) Torsion(I) DFTI)
01-C1-C2-N1 —13.46(16) *—0.14 01-C1-C2-C3 164.87(11) *179.72
02-C1-C2-N1 167.42(13) *179.29 02-C1-C2-C3 —14.25(19) *—0.56
02-C1-01-Cl11 1.74(19) *4.08 01-C11-C16-C15  —173.64(12) *-176.06
N1-C2-C3-C4 0.5(2) *0.15 Cl1-01-C11-C12  —104.49(14) *-72.68
C1-0O1-C11-C16  —104.49(14) *-111.70 C2-N1-C10-C5 0.68(17) *0.07
C2-N1-C10-C9 —177.81(11) *—180 C4-C5-C10-N1 0.30(18) *0.11
C11-01-C1-02 1.74(19) *4.08 C11-01-C1-C2 1.74(19) *176.78

Table 4. Weak Intermolecular Interactions for (I) C17H13NOs3, (A and °).

D---H dD---H) d(H...A) d(D...A) <(DHA)

C9---H9...02 " 0.95 2.61 3.4207(16) 143.8
Cgl---Cgl - - - 3.7719(7)
Cgl---Cg2 ™ - - — 3.6878(8)

Notes: Symmetry transformations used to generate equivalent atoms: #! —x, —1/2 +y, =1/2 — z; # —x, 1 -y,
1 —z; Cgl =N1/C2/C3/C4/C5/C10; Cg2 = C5-C10.

2.3. Computational Details

A density functional theory (DFT) molecular orbital calculation (WebMoPro) [16] with the
GAUSSIAN-03 program package [17] employing the B3LYP (Becke three parameter Lee—Yang—Parr)
exchange correlation functional, which combines the hybrid exchange functional of Becke [18,19] with
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the gradient correlation functional of Lee, Yang and Parr [19] and the 6-31 G(d) basis set [20] was
performed on each of the two molecules (I and IT) studied. No solvent corrections were made with these
calculations. Starting geometries were taken from X-ray refinement data. The optimized results in the
free molecule or gas phase state are, therefore, compared to those in the crystalline state. Experimentally
determined oscillator strengths (f) were determined by use of the equation relating them to the molar
decadic absorption coefficient (e) (f = 4.32 X 10 %emaxAx1/2) [21,22]. The molar decadic absorption
coefficient measures the intensity of the optical absorption at a given wavelength. Deconvolution of the
spectra to obtain the emax and Axi2 values was carried out by the IGOR program [23]. Discrepancies
between the experimental and calculated band centers and band intensities exist. However, this does not
prohibit us from making informed decisions on the observations since it is generally known that DFT
often underestimates HOMO-LUMO gaps, thereby having a tendency to give excitations far too low in
energy. All calculations were performed on a workstation PC using default convergence criteria.

2.4. Theoretical Density Functional Theory (DFT) Calculations for (I) and (II)

From a DFT molecular orbital calculation for each molecule (I) and (II), surface plots for the
two highest occupied molecular orbital (HOMO and HOMO-1) and four lowest unoccupied molecular
orbitals (LUMO, LUMO+1, LUMO+2, LUMO+3) are displayed to provide visual evidence of the
molecular orbitals involved in the spectroscopic electronic energy transitions examined. Based on
correlation of the energies of these HOMO-LUMO frontier surfaces to the UV-Vis absorption spectra
(Table 5), electronic excitation transition predications are suggested.

Table S. Experimental and Calculated Energy of Molecular Orbitals of (I) and Associated
Transitions.

Amax (nm/eV) Experimental (MO Contributions) %  Amax (nm/eV) Calculated (MO Contributions)

322/3.85 HOMO—LUMO 0.87 267/4.64 HOMO—LUMO
322/3.85 HOMO-1-LUMO 0.87 261/4.75 HOMO-1-LUMO
322/3.85 HOMO—LUMO+1 0.87 224/5.54 HOMO—LUMO+1
322/3.85 HOMO-1-LUMO+1 0.87 219/5.66 HOMO-1-LUMO+I
322/3.85 HOMO—LUMO+2 0.87 193/6.42 HOMO—LUMO+2
322/3.85 HOMO—LUMO+3 0.87 190/6.53 HOMO-1-LUMO+2
322/3.85 HOMO—-1-LUMO+2 0.87 189/6.56 HOMO—LUMO+3

Notes: f*, /= 4.32 x 10 %max Aw1/2 Frontier molecular orbitals from output in B3LYP G(d) calculation.
2.5. DFT Frontier Molecular Orbitals for (I)

Calculated molecular orbital energies (eV) for the surfaces of the frontier molecular orbitals for (I)
are shown in Figure 4a and Table 5. In HOMO—1 and HOMO, electronic clouds are distributed primarily
on the phenyl and quinoline groups, respectively. In LUMO, LUMO+1, electronic clouds are delocalized
primarily on the quinoline ring while In LUMO+2 and LUMO-3 electron clouds are delocalized on the
phenyl ring. The observed experimental absorption spectrum shows one intense band envelope at
Amax = 322 nm. Electronic transitions are generally paired between the various molecular orbitals of the
ground and excited states corresponding to this single band envelope as indicated in Table 5. Therefore,
the absorption band envelope at 322 nm is assigned to overlapping contributions from each of



Crystals 2015, 5 107

HOMO—LOMO, HOMO—-1—-LUMO, HOMO—LOMO+1, HOMO—-1—-LUMO+1, HOMO—-LUMO+2,
HOMO—-1—-LUMO+2 and HOMO—LUMO+3, respectively. The energy differences (AEconfig) between
the optimized and experimental electronic transitions for (I) are 0.79, 0.90, 1.69, 1.81, 2.57, 2.86 and
2.71 eV, respectively, that are associated with the broad band envelope at 322 nm. However, this
comparison while suggestive of some interaction, is inconclusive in relation to an extension of their

effects on crystal packing.
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Figure 4. Calculated frontier molecular orbitals for (I) and (II). (a) CicHiiNO2 (I);
(b) C17H13NOs (II).

2.6. DFT Frontier Molecular Orbitals for (II)

Calculated molecular orbital energies (eV) for the surfaces of the frontier molecular orbitals for (IT) are
shown in Figure 4b and Table 6. In HOMO—1 and HOMO, electronic clouds are distributed primarily on
the quinoline and methoxyphenyl groups, respectively. In LUMO, LUMO+1 and LUMO+3 electronic
clouds are delocalized primarily on the quinoline ring while in LUMO+2 electron clouds are delocalized
on the 2-methoxyphenyl ring. The observed experimental absorption spectrum shows one intense band
envelope at Amax = 254 nm and a second less intense band envelope at 319 nm. Electronic transitions are
generally paired between the various molecular orbitals of the ground and excited states corresponding to
these two band envelopes as indicated in Table 6. Therefore, the absorption band envelope at 254 nm is
assigned to overlapping contributions from each of HOMO—LOMO, HOMO-1—-LUMO and
HOMO—LOMO+1 while the band envelope at 319 nm is assigned to HOMO—-1—LUMO+I,
HOMO—LUMO+2, HOMO-1-LUMO+2 and HOMO—LUMO+3, respectively. The energy
differences (AEconfig) between the optimized and experimental electronic transitions for (II) are 0.23, 0.83
and 1.16 eV for the band envelope at 319 nm and 0.76, 1.11, 1.35 and 1.68 eV associated with the band
envelope at 254 nm, respectively. As with (I), this comparison while suggestive of some interaction, it
is also inconclusive in relation to an extension of their effects on crystal packing.
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Table 6. Experimental and calculated energy of molecular orbitals of (II) and associated

108

transitions.

Amax (nm/eV)  Experimental (MO Contributions)  f* Amax (nm/eV)  Calculated (MO Contributions)
319/3.88 HOMO—LUMO 1.97 302/4.11 HOMO—LUMO
319/3.88 HOMO-1-LUMO 1.97 263/4.71 HOMO-1-LUMO
319/3.88 HOMO—LUMO+1 1.97 246/5.04 HOMO—LUMO+1
254/4.88 HOMO-1-LUMO+1 0.72 220/5.64 HOMO-1-LUMO+1
254/4.88 HOMO—LUMO+2 0.72 207/5.99 HOMO—LUMO+2
254/4.88 HOMO—LUMO+3 0.72 199/6.23 HOMO—LUMO+3
254/4.88 HOMO-1—-LUMO+2 0.72 189/6.56 HOMO-1—-LUMO+2

Notes: f*, f=4.32 X 10 %emax' Aw1/2 Frontier molecular orbitals from output in B3LYP G(d) calculation.

2.7. Comparison of the Frontier Molecular Orbitals from Six Related Quinoline-2-Carboxylate

Derivatives to the Title Compounds

A display of the DFT frontier molecular orbitals from six similar and related quinoline-2-carboxylate

derivatives previously published in this laboratory is shown in Figure 5a—f.
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Figure 5. Calculated frontier molecular orbitals for compounds III-VIIIL. (a) calculated
frontier molecular orbitals for Ci7Hi3NO2 (III) (Reprinted with permission from [8],
Copyright 2012 Acta Crystallographica Section E); (b) calculated frontier molecular orbitals
for CisHisNO2 (IV) (Reprinted with permission from [11]. Copyright 2014 Acta
Crystallographica Section E); (¢) calculated frontier molecular orbitals for C20H25NOz (V)
(Reprinted with permission from [12], Copyright 2014 Acta Crystallographica Section E);
(d) calculated frontier molecular orbitals for CisHisNO2 (VI) (Reprinted with permission
from [13], Copyright 2013 Acta Crystallographica Section E); (e) calculated frontier
molecular orbitals for CisHio0NO2Cl (VII) (Reprinted with permission from [10], Copyright
2013 Acta Crystallographica Section E); (f) calculated frontier molecular orbitals for
Ci7Hi2NO2C1  (VIII) (Reprinted with permission from [9]. Copyright 2013 Acta
Crystallographica Section E).

110

The absorption spectra for each of the six molecules shown above display two intense absorption
maxima with Amax between 251-253 nm and 316-320 nm indicating slight shifts in band maxima being
related most likely to the various substituted groups on the phenyl moiety. The oscillator strengths of
each of these two band envelopes in (III-VIII) are also in similar ranges as recorded for molecules (I)
and (II) (see Table S1-S6 for DFT HOMO-LUMO assignments of molecules III-VIII). From the DFT
calculated frontier surface molecular orbitals for compounds (III-VIII) in Figure 5, it is therefore
suggested that each of these molecules can be assigned to similar transitions within the band envelopes
as described for molecules (I) and (II) providing further support for these collective HOMO-LUMO

assignments in the title molecules.
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3. Experimental Section
3.1. Synthesis of Phenyl Quinoline-2-Carboxylate and 2-Methoxyphenyl Quinoline-2-Carboxylate

The two quinoline-2-carboxylates (I) and (II) were prepared by the following method (Scheme 1).
To a mixture of quinaldic acid (1.73 g, 10 mmole) and o-methoxyphenol (1.24 g, 10 mmole) (I) or phenol
(0.9 g, 10 mmole) (IT) in a round-bottomed flask fitted with a reflux condenser and a drying tube,
(0.150 g, 10 mmole) of phosphorous oxychloride was added. The mixture was heated with occasional
swirling maintaining the temperature at 348353 K. At the end of eight hours (I) or six hours (II) the
reaction mixture was poured into a solution of 2 g of sodium bicarbonate in 25 mL of water. The
precipitated esters were collected on a filter and washed with water. The yield of crude, air dried
2-methoxyphenyl quinoline-2-carboxylate (I) was (80%—90%) and air dried phenyl quinoline-2-carboxylate
(IT) was (55%—60%). X-ray quality crystals of both (I) and (II) were obtained by recrystallization from
absolute ethanol.

HO
X
+
_ OH Poc13 75-85°C
N
o)

D
e
N HO
@ig\’(m; POCl3,80-90°C @ij\’( O i
N
o)
(II)

Scheme 1. The synthesis of CicH11NO2 (I) and Ci17H13NO3 (II).

The melting points were determined on SELACO melting point in open capillary tubes and are
uncorrected. Reactions were monitored by Thin-layer chromatography (TLC) using pre-coated sheets of
silica gel G/UV-254 of 0.25 mm thickness (Merck 60F2s4) using UV light for visualization. All the
solvents and reagents used for the synthesis were of analytical grade and procured from Sigma Chemical
Co. (St. Louis, MO, USA). NMR spectra (‘H and '3C) for the compound was recorded on a 500 MHz
NMR Spectrometer (Bruker advance, Reinstetten, Germany) using deuteriated DMSO as the solvent.
The chemical shift values (ppm) and coupling constants (J) are given in 6 and Hz respectively. Mass
spectral analysis was carried out in the ESI positive mode using HRMS mass spectrometer (Waters
Q-Tof Utima, Manchester, UK). OD of the samples was measured using UV/Vis spectrometer, UV-1800
Shimadzu, Tokyo, Japan.
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Phenyl quinoline-2-carboxylate (I): C16H11NO2; 363 K; "THNMR (500 MHz, DMSO) § 8.6 (1H, d,
J = 8.5 Hz), 8.35(1H, d, J = 8.5 Hz), 8.30(1 H, d, J = 8.5 Hz), 8.09(1H, d, J = 8.15 Hz),7.92(1H, dd,
J1=8.38 Hz, ). =6.91 Hz, J3= 1.3 Hz), 7.79 (1H, ddd, J1 = 8.10 Hz, J> = 6.91 Hz, J3 = 1 Hz), 7.52 (1H,
t, J = 7.65 Hz, 8.26 Hz). 3CNMR (125 MHz, DMSO) & = 46.768, 47.449, 47.789, 120.586, 121.037,
125.646, 127.405, 128.602, 129.457, 130.361, 137.824, 146.798, 146.989, 150.801, 163.314. IR
(KBr, vimax/cm 1) 3054, 1757, 1588, 1485, 1456, 1196, 1132, 1094. HRMS: Mass (ESI): [M + 1] for
Ci16H11NO», Calculated: 249.08; Found: 249.75.

2-Methoxyphenyl quinoline-2-carboxylate (I): C17H13NO3; 395 K; 'HNMR (500 MHz, DMSO)
6=28.65(1H, d, J=8.7 Hz), 8.36 (1H, d, /= 8.5 Hz), 8.32(1H, d, J = 8.5 Hz), 8.13(1H, d, /= 8.21 Hz),
7.95(1H, ddd, J1 = 8.2 Hz, J» = 6.78 Hz, J3 = 1 Hz), 7.82 (1H, t, J = 7.82 Hz, 7.23 Hz), 7.37(1 H, dt,
J1 =83 Hz, - = 1.31 Hz), 7.31 (1H, dd, J1 = 7.8 Hz, J» = 1.37 Hz), 7.10 (1H, dt, J1 = 7.55 Hz,
J2=1.04Hz), 3.88 (3H, s). ?'CNMR (125 MHz, DMSO) 6 = 56.264, 113.739, 121.692, 122.071, 123.543,
128.287, 128.871, 130.018, 130.527, 130.700, 131.773, 139.134, 141.003, 147.994, 148.371, 152.303,
164.134. IR (KBr, vma/em™!) 3055.1, 3009.7, 2926, 2835, 1736, 1606,1501,1463,1440, 1262, 1198,
1169, 1120, 1084, 1045, 842,777, 754. HRMS: Mass (ESI): [M + 1] for C17H13NOs3, Calculated: 279.09;
Found: 279.78.

3.2. Data Collection and Refinement

Crystallographic data for both (I) and (II) were collected with an Agilent Gemini R EOS CCD area
detector using CrysAlisPro software [24] and graphite-monochromated Cu-Ko A = 1.54178 A) radiation
at 173(2) K. Using Olex2 [25], the structures were solved by Superflip [26] using Charge Flipping and
all of the non-hydrogen atoms were refined anisotropically by full-matrix least-squares on F? using
SHELX2014 [27]. In [T & II] the hydrogen atoms were placed in their calculated positions and included
in the refinement using the riding model with C—H lengths of 0.95 A (CH), 0.99 A (CH2) or 0.98 A
(CH3). The isotropic displacement parameters for these atoms were set to 1.2 (CH, CH2), or 1.5 (CHa),
times Ueq of the parent atom. Idealized Me groups were refined as rotating groups in (II)
[C17(H17A,H17B,H17C)]. An absorption correction was performed on each structure using CrysAlis
RED [24] and both structures were checked using PLATON [28].

Crystal data for (I): yellow needle, 0.14 x 0.12 x 0.06 mm, CisH11NO2, M: = 249.08, monoclinic
P2i/c,a=14.7910(3) A; b = 5.76446(12) A; c = 28.4012(6) A; p = 99.043(2)° and V' = 2391.45(9) A3;
Z =8, F(000) = 695, T=123(2) K, peaic = 1.258 g-cm >, u = 0.652 mm™!, 13890 reflections measured
C18<h<14, 6<k<6,-34<1<34;3.15<0<71.46°), Rint = 0.0373, 4561 merged reflections,
GOF = 1.080, R(F) [I > 26 (I)] = 0.0630, wR(F?) = 0.1857, w = 1/6X(Fo*) + 0.0541P?], where
P = (Fo* + 2F?)/3, min./max. Ap = —0.30, +0.31 e A3, The quoted wR(F?) values are for all data or give
the applied sigma limit for observed data. Cambridge Database deposition number: CSD-1039091.

Crystal data for (IT): colorless needle, 0.22 x 0.18 x 0.08 mm, C17H13NOs3, M: = 279.09, monoclinic
P2i/n, a=9.6095(3) A; b =10.8040(3) A; c = 13.2427(4) A; p = 102.012(3)°; and V' = 1344.76(7) A3;
Z =4, F(000) =597, T=173(2) K, peatc = 1.343 g-em 3, p = 0.696 mm !, 8310 reflections measured
11 <h<11,-9<k<13,-15<1<16; 521 <0<71.29), Rint = 0.0326, 2582 merged reflections,
GOF = 0.973, R(F) [1 > 26 (I)] = 0.0383, wR(F?) = 0.0979, w = 1/6*(Fo*) + 0.0541P?], where
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P = (F*+2F2)/3, min./max. Ap =—0.18, +0.26e A3, The quoted wR(F?) values are for all data or give
the applied sigma limit for observed data. Cambridge Database deposition number: CSD-1039092.

4. Conclusions

The crystal and molecular structure of two new derivatives of quinolone-2-carboxylic acid have been
determined along with the frontier molecular orbitals of each compound displayed through density
function theory (DFT-B3LYP 6-31G(d)), geometry optimization and molecular orbital calculations.
Correlation between the calculated molecular orbital energies (eV) for the surfaces of the frontier
molecular orbitals to the electronic excitation transitions from the absorption spectrum of each
compound has been determined. In each compound, the DFT molecular orbital calculation, supported
by a geometry optimization calculation confirmed that the excitation energies of the surfaces of the
frontier molecular orbitals from the HOMO-1 and HOMO to LUMO, LUMO+1, LUMO+2 and
LUMO+3 electronic excitations closely match the Amax values of the absorption spectra in overlapping
contributions from three to five of these excitations within each band envelope. In the crystal structures
of both (I) and (II) no classical hydrogen bonds were observed. In (I) weak C---H...O intermolecular
interactions and n—n stacking interactions between the two rings of the quinoline group and carboxyl
oxygen atoms of nearby molecules are present, while in (II), weak C---H...O and m—m stacking
interactions between the two rings of the quinoline groups of nearby molecules are observed. While the
energy differences (AEconfig) between the optimized and experimental electronic transitions for (I) and
(IT) associated with the band envelopes for each structure are suggestive of some interaction, it is
inconclusive in relation to an extension of their effects on crystal packing.
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