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Abstract: Structures containing 8-hydroxyquinoline scaffold are useful for anticancer drug
development. The title ester (5-chloroquinolin-8-yl)-2-fluorobenzoate was prepared by the reaction
of 2-fluorobenzoyl chloride with 5-chloro-8-hydroxyquinoline. The structure of the title compound
was assigned by diverse spectroscopic techniques. Moreover, a crystallographic study was
undertaken and its supramolecular characteristics were analyzed. Thus, the central ester fragment
C8/O1/C10(O2)/C11 is almost planar with a root mean square (r.m.s.) deviation of 0.0612 Å and
it makes dihedral angles of 76.35(6)◦ and 12.89(11)◦, with quinoline and phenyl rings respectively.
The structure shows C–H...X (X = halogen) non-classical hydrogen bonds. It also has a halogen . . .
halogen distance less than the sum of the van der Waals radii (3.2171(15) Å). As a result of interactions
with halogen atoms, chains of centrosymmetric dimer that form edge-fused R2

2(18) rings run parallel
to the plane (100).

Keywords: 8-hydroxyquinoline; antitumor agents; single-crystal X-ray diffraction; supramolecular
chemistry

1. Introduction

The N-heterocycles such as quinolines are important starting pharmacophores for preparing
therapeutic agents with a wide spectrum of biological activities, such as antimalarial [1], antiviral [2],
antibacterial [3], anti-inflammatory [4], and mainly antitumor [5–7] activities. The incorporation of
diverse halogen atoms into their structures, especially chlorine and fluorine, can lead to important
changes in their chemical, pharmacological and physical properties [8–10]. In this sense, and continuing
with our current studies on the structural properties of novel aryl and heteroaryl benzoates of synthetic
and biological interest [11–15], the fluoroquinoline-derivative 3 was obtained by a direct reaction of
2-fluorobenzoyl chloride 1 and 5-chloro-8-hydroxyquinoline 2 in the presence of triethylamine as base
(Scheme 1).
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Although compound 3 is a known and apparently commercial molecule [16], no details about 

its spectroscopic and crystallographic analysis could be found. For that reason, a complete analytical 

and spectroscopic characterization (i.e., FTIR, 1D NMR, mass and HRMS spectra) was performed in 

this work, see Material and Methods section. 

The most relevant spectroscopic features for compound 3 correspond to the presence of C=O 
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1H-NMR spectrum of the quinoline-derivative 3 recorded at 25 °C in CDCl3 shows nine different 

aromatic protons in the range of 7.22–8.95 ppm and the absence of the phenolic proton signal, which 

confirms the formation of the ester functionality. The presence of nine aromatic carbon atoms (=CH), 

six quaternary carbon atoms and the carbonyl group (C=O) at 162.8 ppm in the 13C-NMR spectrum, 

agrees with the proposed structure for compound 3. Two molecular ions with m/z 303/301 

(complying with the Cl-rule), and a base peak with m/z 123 [M–C9H5ClNO] in the mass spectrum, is 

also consistent with the structure 3. 

2.1. Structural Analysis 

Single crystals of compound 3 suitable for X-ray diffraction were grown via slow evaporation 

in acetone at room temperature. The X-ray diffraction analysis (see Figures 1–3 and Tables 1 and 2), 

also confirmed the proposed structure for the quinoline-ester 3. 
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Scheme 1. Synthesis of (5-chloroquinolin-8-yl)-2-fluorobenzoate 3.

2. Results and Discussion

The title product 3 was obtained in 92% yield from equimolar amounts of 2-fluorobenzoyl chloride
1 and 5-chloro-8-hydroxyquinoline 2 through a nucleophilic acyl substitution reaction as shown in
Scheme 1. Reaction proceeded at room temperature in dichloromethane as solvent and triethylamine
as base. The starting materials were consumed after 1h of stirring (TLC control) and the residue
was purified by column chromatography on silica gel using dichloromethane as eluent, affording a
white solid. After analysis by analytical and spectroscopic techniques (i.e., FTIR, 1D NMR and mass
spectrum), formation of the new ester 3 was confirmed.

Although compound 3 is a known and apparently commercial molecule [16], no details about its
spectroscopic and crystallographic analysis could be found. For that reason, a complete analytical and
spectroscopic characterization (i.e., FTIR, 1D NMR, mass and HRMS spectra) was performed in this
work, see Material and Methods section.

The most relevant spectroscopic features for compound 3 correspond to the presence of C=O and
C–O absorption bands at 1741 and 1213/1066 cm−1, respectively, in the FTIR spectrum. The 1H-NMR
spectrum of the quinoline-derivative 3 recorded at 25 ◦C in CDCl3 shows nine different aromatic
protons in the range of 7.22–8.95 ppm and the absence of the phenolic proton signal, which confirms the
formation of the ester functionality. The presence of nine aromatic carbon atoms (=CH), six quaternary
carbon atoms and the carbonyl group (C=O) at 162.8 ppm in the 13C-NMR spectrum, agrees with
the proposed structure for compound 3. Two molecular ions with m/z 303/301 (complying with the
Cl-rule), and a base peak with m/z 123 [M–C9H5ClNO] in the mass spectrum, is also consistent with
the structure 3.

2.1. Structural Analysis

Single crystals of compound 3 suitable for X-ray diffraction were grown via slow evaporation
in acetone at room temperature. The X-ray diffraction analysis (see Figures 1–3 and Tables 1 and 2),
also confirmed the proposed structure for the quinoline-ester 3.

Molbank 2017, 2017, M934 2 of 7 

the residue was purified by column chromatography on silica gel using dichloromethane as eluent, 

affording a white solid. After analysis by analytical and spectroscopic techniques (i.e., FTIR, 1D 

NMR and mass spectrum), formation of the new ester 3 was confirmed. 

 

Scheme 1. Synthesis of (5-chloroquinolin-8-yl)-2-fluorobenzoate 3. 

Although compound 3 is a known and apparently commercial molecule [16], no details about 

its spectroscopic and crystallographic analysis could be found. For that reason, a complete analytical 

and spectroscopic characterization (i.e., FTIR, 1D NMR, mass and HRMS spectra) was performed in 

this work, see Material and Methods section. 

The most relevant spectroscopic features for compound 3 correspond to the presence of C=O 

and C–O absorption bands at 1741 and 1213/1066 cm−1, respectively, in the FTIR spectrum. The 
1H-NMR spectrum of the quinoline-derivative 3 recorded at 25 °C in CDCl3 shows nine different 

aromatic protons in the range of 7.22–8.95 ppm and the absence of the phenolic proton signal, which 

confirms the formation of the ester functionality. The presence of nine aromatic carbon atoms (=CH), 

six quaternary carbon atoms and the carbonyl group (C=O) at 162.8 ppm in the 13C-NMR spectrum, 

agrees with the proposed structure for compound 3. Two molecular ions with m/z 303/301 

(complying with the Cl-rule), and a base peak with m/z 123 [M–C9H5ClNO] in the mass spectrum, is 

also consistent with the structure 3. 

2.1. Structural Analysis 

Single crystals of compound 3 suitable for X-ray diffraction were grown via slow evaporation 

in acetone at room temperature. The X-ray diffraction analysis (see Figures 1–3 and Tables 1 and 2), 

also confirmed the proposed structure for the quinoline-ester 3. 

 

Figure 1. Oak Ridge Thermal Ellipsoid Plot (ORTEP) drawing of the asymmetric unit for compound 

3; ellipsoids are displayed at the 50% probability level. 

Figure 1. Oak Ridge Thermal Ellipsoid Plot (ORTEP) drawing of the asymmetric unit for compound 3;
ellipsoids are displayed at the 50% probability level.



Molbank 2017, 2017, M934 3 of 7

Table 1. Selected bond lengths [Å], angles [◦] and torsion angles [◦] for compound 3.

Bond lengths

C(5)-Cl(1); 1.7310(19) O(1)-C(10); 1.355(2)
C(9)-N(1); 1.361(2) C(10)-O(2); 1.191(2)

C(1)-N(1); 1.300(3) C(10)-C(11); 1.473(2)
C(8)-O(1); 1.389(2) C(12)-F(1); 1.337(3)

Angles

C(8)-O(1)-C(10); 117.06(14) O(1)-C(10)-C(11); 110.26(15)

Torsion angles

O(2)-C(10)-C(11)-C(12); −11.7(3) O(2)-C(10)-C(11)-C(12); −11.7(3)
F(1)-C(12)-C(11)-C(10); −5.5(3) O(1)-C(10)-C(11)-C(16); −16.1(3)
C(9)-C(8)-O(1)-C(10); −70.6(2)

Short atomic contacts involving halogen atoms have been used as design devices in crystalline
engineering for many years [17]. At the present time, halogen bonds prove their importance, validating
their properties in the organization of molecules in the crystalline state. The study, at supramolecular
level, of intermolecular interactions in the title compound, showed that the crystal packing has
C–H . . . X (X-halogen atom) hydrogen short contacts. In addition, in the crystalline structure of
the present compound, non-covalent interactions between halogen atoms, analogous to hydrogen
bonds, were observed. The halogen bond is an attractive interaction between an electrophilic region
(σ-hole) [18] which emerges on the surface of the halogen atom, and it can interact favorably with
negative sites on other molecules. The title structure shows a halogen . . . halogen interaction, with a
Cl1...F1 distance less than the sum of the van der Waals radii (3.2171(15) Å). In the title compound 3,
central fragment C8/O1/C10(O2)/C11 is almost planar with a r.m.s. deviation of 0.0612 Å and it
makes dihedral angles of 76.35(6)◦ and 12.89(11)◦ between quinoline and phenyl rings, respectively.
The carbonyl O2 atom is syn positioned with respect to the fluorine atom. Bond lengths and bond
angles in crystals of 3 are in a good agreement with those of a similar compound, the 8-quinolyl
benzoate [19].

2.2. Supramolecular Features

The packing arrangement of the title compound 3 can be described by hydrogen C–H . . . F close
contacts and halogen bonded C–Cl . . . F intermolecular contacts and they are responsible for crystal
growth (See Table 2). In these interactions, the C6–H6 acts as a hydrogen-bond donor to the F1ii atom,
forming centrosymmetric dimers and edge-fused R2

2(18) rings. These rings are linked by halogen
C–Cl ... F bonds, which run parallel to (100) (see Figure 2), where the chlorine atom plays the role of
halogen bond donor for F1i.

Table 2. Non-classical hydrogen and halogen bonding lengths [Å] for compound 3.

D–H . . . A D–H H . . . A D . . . A D–H . . . A

C5–Cl1 . . . F1i 1.7310(19) 3.2171(15) 4.816(2) 152
C6–H6 . . . F1ii 0.93 2.57 3.491(3) 169.8
C15–H15 . . . F1iii 0.93 2.62 3.515(3) 161.5

Symmetry codes: (i) −x + 2, y − 1/2, −z + 3/2; (ii) −x + 1, y − 1/2, −z + 3/2; (ii) −x + 2, −y + 1, −z + 2;
(iii) x − 1,y,z.
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Figure 2. Partial packing diagram showing the two-dimensional sheet network of molecules in the bc
plane, the formation of which is governed by the occurrence of C–Cl . . . F halogen bonds and C-H . . . F
hydrogen bonds, forming edge-fused R2

2(18) rings parallel to (100). Hydrogen bonds are depicted
with dashed lines. (Symmetry code: (i) −x + 2,y − 1/2,−z + 3/2; (ii) −x + 2,−y + 1,−z + 2).

Interactions on the (100) plane are complemented by other weak hydrogen bonds: The C15–H15
acting as a donor with respect to the Fiii atom (see Figure 3 and Table 2). These interactions generate a
chain of molecules growing along [001].
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Figure 4. Schematic of short halogen interactions for the title compound.

This X . . . X halogen interaction (with X1 6= X2) is designated as unsymmetrical contact type II [20].
This interaction has been taken in such a way that the chlorine atom plays the role of the proton at the
hydrogen bond. The chlorine atom has been chosen because it is the heavier atom among the halogens
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and it is more polarizable and better fulfills the function of expressing an electropositive region on
its surface along the halogen bond. This halogen bond punctually proves its importance when its
role is validated in the crystalline growth of compound 3. Halogen bonds become fundamental in
the organization of molecules in the crystalline state, much more so when there are no other stronger
intermolecular interactions that can direct the growth process.

3. Materials and Methods

3.1. General Information

Melting point was determined on a Büchi melting point B-450 apparatus (Instrumart, South Bulington,
VT, USA). IR spectra were recorded on a Shimadzu FTIR 8400 spectrophotometer (Scientific Instruments
Inc., Seattle, WA, USA) using KBr disks. NMR spectra were recorded on a Bruker Avance
400 spectrometer (Bruker BioSpin GmbH, Rheinstetten, Germany) operating at 400.13 MHz for 1H
and 100.61 MHz for 13C, and using tetramethylsilane as an internal standard. NMR spectroscopic
data were recorded in CDCl3 using as internal standards the residual non-deuteriated signal for
1H-NMR and the deuteriated solvent signal for 13C-NMR spectroscopy. Chemical shifts (δ) are in
ppm, coupling constants (J) are in Hertz (Hz) and the classical abbreviations are used to describe
the signal multiplicities. The mass spectrum was obtained on a SHIMADZU-GCMS 2010-DI-2010
spectrometer (Scientific Instruments Inc., Columbia, NC, USA) equipped with a direct inlet probe
operating at 70 eV. High resolution mass spectra (HRMS) were recorded on an Agilent Technologies
Q-TOF 6520 spectrometer (Agilent Technologies, Waldbronn, Germany) via an electrospray ionization
(ESI). Silica gel aluminum plates (Merck 60 F254, Darmstadt, Germany) were used for analytical
TLC. The starting fluorobenzoyl chloride 1, 5-chloro-8-hydroxyquinoline 2, and triethylamine were
purchased from Sigma-Aldrich (San Luis, MO, USA); they were analytical grade reagents, and were
used without further purification.

3.2. Synthesis of (5-Chloroquinolin-8-yl)-2-fluorobenzoate (3)

2-Fluorobenzoyl chloride 1 (119 µL, 1.0 mmol) was added dropwise to a solution of
5-chloro-8-hydroxyquinoline 2 (179 mg, 1.0 mmol) and triethylamine (167 µL, 1.2 mmol) in
dichloromethane (5.0 mL). The mixture was stirred at room temperature for 1 h until the starting
materials were no longer detected by thin-layer chromatography. After solvent was removed under
reduced pressure, water (5.0 mL) was added, and the aqueous solution was extracted with ethyl
acetate (2 × 5.0 mL). The combined organic layers were dried with anhydrous magnesium sulfate,
and the pure product 3 was obtained as a white solid (277 mg, 92%) after purification by column
chromatography on silica gel using dichloromethane as eluent. Recrystallization of 3 from acetone
afforded crystalline white prisms suitable for single-crystal X-ray diffraction analysis. M.P. 129 ◦C.
FTIR (KBr): ν = 3072, 2942, 1741 (C=O), 1608, 1587, 1213, 1153, 1126, 1066, 1029 (C–O) cm−1. 1H-NMR
(400 MHz, CDCl3): δ = 7.21–7.27 (m, 1H), 7.31 (td, J = 1.1, 7.6 Hz, 1H), 7.50–7.56 (m, 2H), 7.60–7.64
(m, 1H), 7.66 (d, J = 8.0 Hz, 1H), 8.28 (td, J = 1.8, 7.6 Hz, 1H), 8.59 (dd, J = 1.6, 8.8 Hz, 1H), 8.94
(dd, J = 1.6, 4.2 Hz, 1H) ppm. 13C-NMR (100 MHz, CDCl3): δ = 117.3 (CH, d, JC-F = 22.0 Hz), 117.9
(C, d, JC-F = 9.5 Hz), 121.6 (CH), 122.6 (CH), 124.3 (CH, d, JC-F = 4.4 Hz), 126.2 (CH), 127.5 (C), 129.1
(C), 133.1 (CH), 133.2 (CH), 135.4 (CH, d, JC-F = 8.8 Hz), 141.8 (C), 146.6 (C), 151.2 (CH), 162.7 (C, d,
JC-F = 261.8 Hz), 162.8 (C, d, JC-F = 3.6 Hz) ppm. MS (EI, 70 eV) m/z (%): 303/301 (3/9) [M+], 123 (100),
95 (21), 75 (8). HRMS (ESI+): calcd. for C16H10ClFNO2

+ 302.0384 [M+H]+; found: 302.0378.

Crystal Data: C16H9ClFNO2 (M = 301.69 g/mol): monoclinic, space group P 21/c (No. 14),
a = 7.5003(6) Å, b = 22.0264(16) Å, c = 8.5046(7) Å, α = 90.0, β = 105.547(7), γ = 90.0, V = 1353.59(19)
Å3, Z = 4, T = 293(2) K, µ(MoKα) = 0.297 mm−1, Dcalc = 1.480 Mg/m3, 14033 reflections measured
(3.372◦ ≤ θ ≤ 27.664◦), 3079 unique (Rint = 0.0274, Rsigma = 0.0181) which were used in all calculations.
The final R1 was 0.0524 (I > 2_(I)) and wR2 was 0.0635 (all data).
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Data Collection and Refinement Details: Diffraction data were collected on a Rigaku XTABLAB P-200
DS diffractometer using CrystalClear [21]; using graphite monochromated MoKα radiation (0.71073 Å).
The corrected data were solved by direct methods with SHELXS-2014 [22] and refined by full-matrix
methods on F2 with SHELXL-2014 [23]. All H-atoms, were positioned at geometrically idealized
positions, C—H= 0.9300 Å, and were refined using a riding model approximation with Uiso(H) = 1.2
Ueq(parent atom). Correctness of the model was confirmed by low residual peaks (0.418) and holes
(−0.342 e.Å3) in the final difference map. (CCDC 1522239 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/
retrieving.html (or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: +44 1223 336033;
E-mail: deposit@ccdc.cam.ac.uk).

Supplementary Materials: Copies of the 1H-, 13C-NMR, DEPT-135 and Mass spectra, and the checkCIF and CIF
files for compound 3, can be found online.
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