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Abstract

4-Methyl- (1) and 4-ethyl-8-hydroxyquinoline (2) crystallize from a mixture of diethyl
ether and chloroform in the triclinic space group P1. X-ray analysis reveals that both
compounds form discrete molecular dimers stabilized by intermolecular O-H:--N and
C-H:--O hydrogen bonds, resulting in R3(5) cyclic synthons. This pattern of hydrogen
bonds is further stabilized by intramolecular O-H:--N bonds so that the quinoline nitrogen
atom acts as a bifurcated binding site. The dimers exhibit a planar geometry and arrange
into layer-like structures held together by 7t---7 stacking and van der Waals forces. While
the fundamental bonding motifs are similar, the increased steric demand of the ethyl group
in compound 2 induces a shift in the crystallographic orientation of the layers and alters
the degree of -overlap compared to the methyl-substituted analogue 1.

Keywords: supramolecular motifs; synthons; graph-set analysis; hydrogen bond patterns;
van der Waals forces; 7t---7t stacking; C-H---O interactions; O-H---N bonds

1. Introduction

8-Hydroxyquinoline and its derivatives are heterocyclic compounds with a remark-
able range of applications reaching from metallurgy and material sciences to medicinal
chemistry (for some examples, see References [1-21]). Due to the close proximity of the
ring nitrogen atom and the hydroxy group, this scaffold exhibits excellent chelating prop-
erties against a wide variety of metal ions. Consequently, 8-hydroxyquinolines can be
used as reagents for the separation, detection and quantification of metal ions in analytical
chemistry [5], as extractants in metallurgy [6-8], as corrosion inhibitors [9], in organic
light-emitting diode materials [10-13], as building blocks of artificial receptors and other
supramolecular systems [14-16], and in drug development [17-21].

In addition to using 8-hydroxyquinoline for the construction of artificial receptors [15],
we have also employed 8-hydroxyquinoline derivatives, including those with alkyl or
alkanoyl groups in the 5-position, as ligands for indium ions. Our investigations included
solvent extraction experiments [22] and the formation of crystalline indium complexes [23].
More recently, our studies have focused on 4-substituted 8-hydroxyquinoline derivatives. In
this work we describe the crystal structures of two 4-alkyl-substituted 8-hydroxyquinolines
1 and 2 (see Figure 1). We discuss the supramolecular patterns as well as the similarities
and differences between both crystal structures.

Although some crystal structures of 4-alkyl-8-hydroxyquinolines in complexes with
various ions are known, often in combination with other ligand molecules [24-26], their
characterization as free ligands has not yet been described. However, it should be noted
that derivatives containing an aminoalkyl or nitroalkenyl group in the 4-position, such
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as 4-(2-aminopropyl)quinolin-8-ol and 4-(2-nitroprop-1-en-1-yl)quinolin-8-ol, have been
reported in the literature [27].

\
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OH OH
1 2
Figure 1. Structures of 4-methyl-8-hydroxyquinoline (1) and 4-ethyl-8-hydroxyquinoline (2).

2. Results and Discussion
2.1. Synthesis of 4-Methyl- (1) and 4-ethyl-8-hydroxyquinoline (2)

The quinoline scaffold was prepared by heating 2-aminophenol and the correspond-
ing vinyl ketone in a Doebner—Miller reaction, using a slightly modified version of the
procedures described in the literature [13,28]. A two-phase system containing concentrated
hydrochloric acid and toluene (v/v 2:1), based on the work of Matsugi et al. [29], was
employed to reduce the acid-catalyzed polymerization of the carbonyl compound in the
reaction mixture, resulting in a more straightforward purification process. First, toluene
and other steam-volatile compounds were removed from the crude product by steam distil-
lation. The remaining acidic mixture was then neutralized with a dilute sodium hydroxide
solution and steam-distilled again to obtain the product as white, high-purity solids with
yields of 26% (1) and 18% (2), see Scheme 1.

A
Y
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Scheme 1. Synthesis of 4-methyl- (1) and 4-ethyl-8-hydroxyquinoline (2) according to the Doebner—
Miller reaction. Reagents and conditions: 37 wt% HCl(aq) /toluene (v/v = 2:1), reflux, 6 h.

2.2. Structural Elucidation

The two alkyl-substituted 8-hydroxquinolines 1 and 2 crystallize from a mixture of
diethyl ether and chloroform (v/v = 1:1) as colorless platelets and needles, respectively.
Their molecular structures are shown in Figure 2. Both compounds crystallize in the triclinic
space group P1, each with one molecule in the asymmetric unit of the cell. The distance
between the hydroxy hydrogen atom and the nitrogen atom indicates the presence of
intramolecular O-H---N bonds [d(H---N) 2.25(2), 2.27(2) Al].

Each of the crystal structures is composed of discrete molecular dimers held together
by strong O-H---N hydrogen bonds [d(H:--N) 2.17(2), 2.18(2) A; Z(O-H---N) 135(2), 134(2)°]
and weaker C-H---O bonds [30-35] [d(H---O) 2.45,2.53 A; Z(C-H---O) 117, 113°], the latter of
which are formed with the participation of the arene hydrogen atom H(1). These hydrogen
bonds create a pair of cyclic synthons of the structure R3(5) [36,37]. Taking into account the
intramolecular hydrogen bond mentioned above, the nitrogen atom of the quinoline unit
acts as a bifurcated binding site. The structure of the molecular dimer is shown exemplarily
for compound 1 in Figure 3.
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Figure 2. ORTEP plots of the molecular structures of 1 and 2. The displacement ellipsoids are drawn
at a 50 % probability level.

Figure 3. Structure of the molecular dimer in the crystal of 1. The five-membered supramolecular
synthones [R3(5)] are marked by color highlighting.

According to the planar geometry of these dimers, both crystal structures exhibit
a layer-like packing arrangement. Since the outer region of these dimers is formed by
the hydrophobic molecular units, only van der Waals forces exist between the molecular
dimers within a given layer. A view of the crystal structures in the direction of their layer
normal (Figure 4) shows that 7t---7 stacking forces [38,39] between the bicyclic units of
the molecules contribute significantly to the stabilization of the crystal structures in the
direction of the stacking axis of the molecular layers.

However, a comparison of the two crystal structures reveals differences, which are also
reflected in the different cell dimensions. While the molecular layers present in the crystal of
compound 1 extend parallel to the crystallographic 212 plane, those in the crystal structure
of compound 2 run parallel to the 211 plane. A view at the sections of the molecular
layers of 1 and 2 shown in Figure S1 also reveals differences. Apparently, the increased
steric demand of the ethyl group in 2 induces a layer structure that differs from that of
compound 1. In addition, the information in Table 1 on the 7t---7 stacking forces present in
the crystal structures indicates a different degree of overlap between the quinoline groups of
adjacent molecules.
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Figure 4. Excerpts of the crystal structures of compounds 1 (a) and 2 (b) viewed in the direction of
the layer normal. The dashed lines correspond to hydrogen-bond interactions.

Table 1. Non-covalent interactions in the crystal structures of 1 and 2.

Atoms Distance (A) Angle (°) Slippage (A)
D-H---A D---A
7'['.-.7'[ Cg...cg H...A D_H...A
1

O(1)-H(10)---N(1) 2.735(2) 2.25(2) 114(2)
O(1)-H(10)---N(1) 2.869(3) 2.17(2) 135(2)

C(1)-H(1)---O(1) 3.002(3) 2.45 117

Cg(A)---Cg(A) @ 3.556(3) 1.063

https:/ /doi.org/10.3390/M2176
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Table 1. Cont.

Atoms Distance (A) Angle (°) Slippage (A)
Cg(B)---Cg(B) @ 3.631(2) 1.234
Cg(A)---Cg(B) ® 3.719(3) 1.504

2
O(1)-H(10)---N(1) 2.740(2) 2.27(2) 114(2)
O(1)-H(10)---N(1) 2.859(2) 2.18(2) 134(2)
C(1)-H(1)---O(1) 3.033(2) 2.53 113
Cg(A)---Cg(A) 2 3.662(2) 1.167
Cg(B)---Cg¢(B) 2 3.728(2) 1.345
Cg(A)---Cg(B) ® 3.753(2) 1.491

2 Cg means the centroid (center of gravity) of the aromatic ring. 1, 2: Ring A: N(1),C(1)...C(4),C(9); ring
B: C(4)...C©9).

3. Materials and Methods

3.1. Synthesis and Crystallization of 4-Alkyl-8-hydroxyquinolines 1 and 2
4-Methyl-8-hydroxyquinoline (1) and 4-ethyl-8-hydroxyquinoline (2) were synthesized

according to the pathway shown in Scheme 1. The synthetic procedure, melting points and

NMR spectroscopic data are given in the Supporting Information.

Recrystallization of the compounds from a saturated, hot 1:1-mixture of diethyl ether
and chloroform yielded suitable crystals for X-ray structure analysis upon cooling. The
crystallographic data are given below and in the Supporting Information (Tables S1 and S2).
Crystal Data for 1: C;gHoNO (M = 159.18 g/mol): triclinic, space group P1, a = 7.396(5) A,
b=76225)A, c = 8321(5) A, a = 63.82(5)°, B = 67.22(5)°, v = 70.21(6)°, V = 380.1 A3,
Z=2,T =183, u(MoKy) = 0.09 mm~!, Dy = 1.391 g/cm?, 6897 reflections measured
(2.8° < 6 < 25.7°), 1446 unique (Rjn; = 0.0295), which were used in all calculations. The
final R was 0.0412 [I > 20(I)] and wR was 0.1160.

Crystal Data for 2: Cy;1H;1NO (M = 173.21g/mol): triclinic, space group P1,
a=74483)A, b =752203) A, c = 7.953(3) A, « = 93.77(3)°, B = 91.95(3)°, v = 106.82(3)°,
V =380.1A3,Z=2,T=183, u(MoKy) = 0.09 mm !, Dyc = 1.354 g/cm?, 8463 reflections
measured (2.6° < 0 <26.0°), 1663 unique (Rjnt = 0.0363), which were used in all calculations.
The final R was 0.0488 [I > 20(I)] and wR was 0.1368.

3.2. X-Ray Structure Analysis

The data sets of the structures were recorded at a temperature of 183 K on a STOE
diffractometer (MoK radiation, A = 0.71073 A) equipped with an image plate system
IPDS-2 (STOE & Cie. GmbH, Darmstadt, Germany). Indexing and integration of the
reflections was performed using the IPDS software in the X-AREA program suite [40].
Data reduction and absorption correction were performed using the X-RED program [41].
Preliminary structure models were created using direct methods (SHELXT2018/2 [42]
employing the program XSTEP-32 [43]) and then refined by full-matrix least-squares
calculations based on F? for all reflections using the program SHELXL [44]. All non-
hydrogen atoms were refined anisotropically. With the exception of the O-H hydrogen
atoms, all other H atoms are included in the structure models in calculated positions
and were refined as constrained to bonding atoms. The graphical representation of the
molecular structures was performed using the program ORTEP-III [45].

4. Conclusions

The studies reveal that hydrogen-bonded dimers constitute a characteristic structural
motif in the crystal structures of 4-alkyl-substituted 8-hydroxyquinolines 1 and 2, as pre-
viously reported for unsubstituted 8-hydroxyquinoline [46]. The dimers are stabilized
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by strong O-H:--N hydrogen bonds and weaker C-H---O interactions, forming a pair of
cyclic synthons of the structure R3(5). Considering the additional intramolecular O-H---N
hydrogen bond, the quinoline nitrogen atom acts as a bifurcated binding site.

While the primary hydrogen-bonding motifs remain consistent in 1 and 2, the crystal
structures demonstrate that the supramolecular arrangement is sensitive to the nature of
the alkyl substituent. Even minor alterations, such as replacing a methyl group with an
ethyl group, can result in changes to the layer arrangement and 7-overlap, demonstrating
the sensitivity of the supramolecular architecture to subtle steric modifications.

Supplementary Materials: The following supporting information can be downloaded online.
Table S1. Crystallographic and structure refinement data of the crystal structures examined. Table S2.
Geometric parameters for non-covalent interactions in the crystal structures examined. Figure S1.
A view of the molecular layer in the crystal structures of 1 (a) and 2 (b). Figure S2. 'H NMR
(500 MHz) spectrum of 1 in acetone-d6. The hydroxy group of 1 is located at 8.72 ppm as a broad
singlet. Figure S3. 13C NMR (125 MHz) spectrum of 1 in acetone-dg. Figure S4. 'H NMR (500 MHz)
spectrum of 2 in CDCl3. The hydroxy group of 2 is located at 8.41ppm as a broad singlet. Figure S5.
13C NMR (125 MHz) spectrum of 2 in CDCls. Figure S6. 'H,1H COSY (500 MHz) spectrum of 2 in
CDCl3. Figure S7. 'H,'3C HSQC spectrum of 2 in CDCl3.
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