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Synthesis of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-
one and analysis of its structure by X-ray crystallography,
NMR, UV-Vis spectroscopy and DFT calculations

Michael Yu. Volkov,*™ Alsu R. Sharipova,” Olga A. Turanova,® Aidar T. Gubaidullin,®’
Amina F. Shaidullina, Ludmila I. Savostina,” < and Alexander N. Turanov®

1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one was obtained
by a two-step synthesis. From X-ray crystallography, NMR and
UV-vis spectra it follows that in the crystalline state and in
solutions, regardless of the polarity of the solvent, 1-phenyl-3-

Introduction

B-Enaminones are universal reagents in a wide variety of
syntheses because their characteristic pentad of atoms allows
them to readily react with both electrophiles and
nucleophiles."™ Their high reactivity makes them convenient
and often indispensable building blocks for the synthesis of N-
heterocycles.”! B-enaminones are of particular interest as bio-
logically active substances. These compounds are widely used
in the creation of antibacterial, antidiabetic, anti-inflammatory,
anticonvulsant and antitumor agents.*® B-enaminone mole-
cules having a chelate structure are wide used as ligand
systems.”" The presence of double bonds in B-enaminone
molecules determines the possibility of their cis-trans isomer-
ization. The study of isomerization processes of f-enaminones is
important for both applied and fundamental science*® and
NMR, UV spectroscopy and some other methods are suitable for
this.33

In this work the synthesis, structure and identification of
isomers of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one is
considered.

Due to limited rotation around the C=C double bond, B-
enaminone molecules can exist in the form of cis- and trans-
isomers (see Figure 1). Formation the cis-isomer (stabilized by
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(quinolin-8-ylamino)prop-2-en-1-one exists in the ketone form
of the cis-isomer. DFT calculations confirmed that the cis-isomer
is the most energetically favorable among all its isomers.
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Figure 1. Isomers of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one.

an intramolecular hydrogen bond) most easily occurs in non-
polar mediums, since they provide conditions for the preserva-
tion of the intramolecular hydrogen bond. At the same time, in
polar solvents the probability of the existence of the trans-
isomer increases due to the possible formation of intermolecu-
lar hydrogen bonds. Bulky substituents usually additionally
stabilize the trans-isomer."¢"”

The ketoimine form (A) can exist in sterically strained
systems. The transition to the enolimine form (C) occurs, as a
rule, if there is a significant gain in the conjugation energy of
the molecule as a whole (for example, the formation of a
pseudo-aromatic ring). This form can be stabilized by some
structural fragments, such as, for example, aromatic rings."®
The enaminoketone form (B) is the most stable due to the
presence of a strong hydrogen bond and the formation of a
pseudo-aromatic ring, which increases the thermodynamic
stability of the molecule."” A large amount of evidence has
been collected using NMR, UV, IR spectroscopy as well as X-ray
crystallography which showed that the most of the pB-
enaminones exists in the tautomeric enaminoketone form."*-"

The structure of the molecule, the electronic contribution
and volume of substituents, intramolecular hydrogen bonds,

© 2024 Wiley-VCH GmbH
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temperature and solvent polarity affects both the tautomeriza-
tion process and the isomerization process.”?

Tautomerization processes lead to a rearrangement of
electronic levels, which to some extent affects other properties
of molecular systems. Thus, for example, tautomeric chains
embedded in a polymer can act as a switch regulating the
electronic properties of the conjugated system through the
polymer backbone, thereby creating the ability to control the
optical parameters of the polymer.”

Experimental Section

Materials

All reagents were purchased from commercial sources and used
without further purification. All the used solvents were preliminarily
purified by distillation until their constants coincided with the
literature data. Deuterated acetone was used without prior
purification. Elemental analysis was performed on an EuroVector
EA3000 CHNS—O Elemental Analyzer. Melting points were meas-
ured using optical microscope Boetius equipped with a heating
stage.

Recording of NMR spectra

All 'H and CNMR spectra of the solutions were recorded by a
Bruker Avance 400 NMR spectrometer at room temperature. 1-
phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one was dissolved at a
concentration of 50 mmol/L in the following solvents: carbon
tetrachloride, deuterated acetone and deuterated dimethyl
sulfoxide. The resulting solutions were placed in a 5mm glass
tubes. The carrier frequencies for the 'H and ">C nuclei were 400
and 100 MHz, respectively. During the record of '"HNMR spectra the
following acquisition parameters were used: the duration of 90°
pulse — 10 ps, the spectrum width - 7 kHz, delay between scans -
15s and number of scans — 128. During the record of *CNMR
spectra with proton decoupling the following acquisition parame-
ters were used: the duration of 90° pulse — 10 ps, the spectrum
width — 25 kHz, delay between scans — 15 s and number of scans —
4096. During the record of "CNMR spectra without proton
decoupling the following acquisition parameters were used: the
duration of 90° pulse - 10 ps, the spectrum width — 21 kHz, delay
between scans - 5 s and number of scans - 65536. The 'H and the
BCNMR spectra of the substance in deuterated acetone and
deuterated dimethyl sulfoxide were calibrated by the signal of the
residual protons and the signal of the methyl groups of the solvent,
respectively.”” The '"HNMR spectrum of the substance in carbon
tetrachloride was calibrated by the signal of chloroform,” which
was added into the solution at a concentration of 1 mmol/L. The
BCNMR spectrum of the substance in carbon tetrachloride was
calibrated by the signal of the solvent.” In the Fourier transform of
the obtained FIDs, a 1-Hz line broadening for 'H spectra and 3-Hz
line broadening for *C spectra were applied.

During the record of 'H-'H gradient-selected multiple-quantum
filtered 2D COSYNMR spectra (Bruker pulse program
“cosygpmfqf”)??® the following acquisition parameters were used:
'H spectrum width - 7.2 kHz, delay between scans - 6 s, number of
scans - 8, the duration of the gradient pulses - 2 ms, number of
points in the FID — 4096 and number of t; increments - 1024. The
spectra were zero-filled to a final size of 4096x4096 prior to Fourier
transformation. During the record of '"H—'H 2D NOESYNMR spectra
(Bruker pulse program “noesyph”)?® the used parameters were: 'H
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spectrum width - 3.2 kHz, delay between scans — 11 s, number of
scans — 16, number of points in the FID — 4096 and number of t,
increments — 256. The spectra were zero-filled to a final size of
4096x4096 prior to Fourier transformation. The mixing time was
1.2 s for the CCl, solution, 2.2 s for the acetone-Dy solution and
0.8 s for DMSO-D solution. These values were chosen on the base
of the relaxation times T, determined by the inversion-recovery
pulse sequence for some NMR signals of interest in these solutions.

During the record of 'H-"C phase sensitive gradient-enhanced 2D
HSQC NMR spectra with using echo-antiecho coherence selection
(Bruker pulse program “hsqcetgpsi2”)®**" the following acquisition
parameters were used: C spectrum width - 6.2 kHz, 'H spectrum
width - 3.6 kHz, delay between scans - 6 s, number of scans - 16,
the duration of the gradient pulses — 1 ms, number of points in the
FID - 2048 and number of t, increments — 512. The spectra were
zero-filled to a final size of 2048x2048 prior to Fourier trans-
formation. During the record of 'H-"°C gradient-enhanced 2D
HMBC NMR spectra with using low-pass J-filter (Bruker pulse
program “hmbcgplpndgf’)®? the following acquisition parameters
were used: "*C spectrum width - 11.3 kHz, 'H spectrum width - 3.7
kHz, delay between scans - 5 s, number of scans — 16, the duration
of the gradient pulses - 1 ms, number of points in the FID - 4096
and number of t, increments — 512. The spectra were zero-filled to
a final size of 4096x4096 prior to Fourier transformation.

The evolution time in 2D HSQCNMR experiments was optimized for
a one-bond C—H scalar coupling of 164 Hz. For each of the
solutions, three separate 2D HMBCNMR spectra were recorded with
evolution times optimized for multiple C—H bond couplings of 7.0,
3.7 and 1.2 Hz, respectively. Then these three 2D HMBCNMR
spectra of each of the solutions were combined into one total
spectrum. All the above-mentioned C—H coupling constants were
found on the base of the >CNMR spectra of the studied substance
recorded without proton decoupling. The data acquisition and also
the processing of 1D and 2DNMR spectra were carried out by the
Bruker XWIN-NMR 3.5 software.

Recording of electronic and emission spectra

The electronic spectra of the substance were recorded in various
organic solvents of different polarity (hexane, carbon tetrachloride,
chloroform, acetone, acetonitrile, dimethyl sulfoxide) at a concen-
tration of 4.4x107° mol/L. The electronic spectra were recorded on
a Varian Cary 100 spectrophotometer using 10 mm quartz cell at
room temperature in the range from 200 to 800 nm at a speed
600 nm/min and a slit width of 1.5 nm. The spectra of fluorescence
were studied with a Fluorat-02-Panorama spectrofluorimeter (Lu-
mex, Russia). The emission spectra of compound were recorded
between 400 and 600 nm, every 1 nm, with excitation wavelength
set at 440 nm. Excitation at longer wavelengths was not used
because it results in emission with lower intensity. UV irradiation of
the solutions used both for recording the electronic absorption
spectra and for recording the NMR spectra was carried out by a
Vilber Lourmat lamp with a power of 6 W in the irradiation mode
indicated by the manufacturer as 365 nm.

Collecting of X-ray diffraction data

The X-ray diffraction data for the crystal of 1-phenyl-3-(quinolin-8-
ylamino)prop-2-en-1-one were collected by a Bruker D8 Quest
single crystal X-ray diffractometer equipped with an Incoatec IuS
microfocus source (Mo Ka, A=0.71073 A), a multilayers optics
monochromator and a PHOTON Il area detector, in the ® and ¢-
scan modes at 100(2) K. The frames were integrated with the Bruker
SAINT software package using a narrow-frame algorithm. Data were
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corrected for absorption effects using the Multi-scan method by
SADABS program.®¥ The structure was solved by direct method
using SHELXS and refined by the full matrix least-squares using
SHELXTL programs.®? All non-hydrogen atoms were refined
anisotropically. The hydrogen atoms were inserted at calculated
positions and refined as riding atoms except the hydrogen atom of
amino-group, which was determined on the base of the electronic
density distribution and was refined isotropically. Data collection:
images were indexed and integrated using the APEX3 data
reduction package.® All calculations were performed on PC using
WinGX suit of programs.®® Analysis of the intermolecular inter-
actions was performed using the program PLATON.®” The Mercury
program package® was used for the figures preparation.

Carrying out of quantum chemical calculations

Quantum-chemical calculations of the molecular structure, energies
of states of the isomers, as well as UV spectra were performed by
the ORCA software package.”® The DFT method using the
CAM-B3LYP functional” and the def2-TZVP basis set”” were
applied. Solvent molecules were not taken into account in the
calculations.

Synthesis scheme of f}-oxymethyleneacetophenone and 1-
phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one

Sodium salt of B-oxymethyleneacetophenone: metallic sodium
(2.17 g, 0.094 mol) and benzene (20 ml) were added to the mixture
of ethyl formate (7.6 ml, 0.094 mol) and acetophenone (11.02 ml,
0.094 mol) cooled to 5°C. The reaction mixture was stirred for
20 hours, while its temperature gradually increased to room
temperature. The resulting yellow precipitate was filtered off and
then washed with benzene and ether. Then it was air-dried. Yield
51%. Ty >300°C. Found, %: C 63.53; H 4.15. C,H,NaO,. Calculated,
%: C 63.62; H 4.37.

1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one: a mixture of ami-
noquinoline (0.49 g, 0.003 mol) and hydrochloric acid (0.3 ml,
0.003 mol) in ethanol was added to a solution of sodium salt of -
oxymethyleneacetophenone (0.57 g, 0.003 mol) in the same sol-
vent. The reaction mixture was boiled for 2 hours and then part of
the solvent was distilled off and left at room temperature until the
next day. The precipitate was filtered off and washed out with hot
chloroform. The filtrate was evaporated and ethanol was added.
The resulting yellow crystals were filtered off and recrystallized
twice from ethanol. Yield 40% (after two recrystallizations). Ty=
129°C. UV-Vis spectrum (CH,CN, A, nm (g, dm® cm™ mol™): 391
(28016), 325 (3409). Found, %: C 78.89; H 5.11; N 10.20. Cy5H,,N,0.
Calculated, %: C 78.81; H 5.14; N 10.21.

Results and Discussion

Stages of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one
synthesis

B-Enaminone is obtained from acetophenone by a two-step
synthesis (see Figures2 and 3). It is assumed that in the
beginning sodium reacts with traces of ethanol present in the
initial ethyl formate and forms catalytic amounts of sodium
ethylate. The carbanion generated by the action of sodium
ethylate from acetophenone is added to the carbon atom of
the carbonyl group of ethyl formate. The resulting anionic
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Figure 2. Possible mechanism of the first stage of enaminone synthesis.
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Figure 3. Second stage of the synthesis of the enaminone.

intermediate detaches the ethoxyanion and becomes stabilized
in the form of B-ketoaldehyde. The increased acidity of the
hydrogen atoms of the CH, group causes enolization of the
aldehyde group. Subsequent interaction of the enol form with
sodium leads to the formation of the sodium salt of f-
oxymethyleneacetophenone.

Mixing the reagents leads to strong heating of the reaction
mixture, therefore the reaction is carried out under slight
cooling with the addition of cold benzene. The product is a
high-melting yellow powder.

1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one is obtained
by boiling aminoquinoline hydrochloride and the sodium salt of
B-oxymethyleneacetophenone in ethanol. The yellow crystalline
precipitate was filtered off and air-dried.

The chemical structure of all obtained compounds was fully
characterized by UV-Vis, '"H and *C NMR spectroscopy and
elemental analysis. The final product is also characterized by X-
ray crystallography. Single crystals were obtained by second
recrystallization of the product from ethanol. Crystals formed
within 24 hours.

Molecular structure from X-ray crystallography

The crystal data and the refinement parameters are given in
Table 1. According to the obtained data, 1-phenyl-3-(quinolin-8-
ylamino)prop-2-en-1-one crystallizes from ethanol individually
as a cis-isomer in the enaminoketone form (B) (see Figure 1).
The geometry of the molecule of the substance is close to flat,
however, there is some turn of the aminoquinoline and phenyl
rings relative to the plane of the central pseudo-aromatic ring
formed due to a strong intramolecular hydrogen bond
N11-H11...014 (d(N11-H11) 0.91(3) A, d(H11...014) 2.02(2) A,
d(N11...014) 2.675(2) A, /(N11-H11...014) 128(2)°) (see Fig-
ure 4). The corresponding angles are 18.07(8)° and 11.84(7)°,
while the angle between the planes of the aminoquinoline and
phenyl rings is 10.78(9)°. The aminoquinoline bicycle is slightly
deviated from the flat shape and its six-membered rings make
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Table 1. Experimental crystallographic data for 1-phenyl-3-(quinolin-8-
ylamino)prop-2-en-1-one.

Formula CigH1sN,O
Crystal class Orthorhombic
Space group Pna2,

7,7 4,1

a=19.7848(11) A,
b=12.7239(7) A,

c=5.4267(3) A

Cell parameters

v, A2 1366.12(13) A®

M (g/mol) 27431

T, K 100(2)

Size, mm 0.052x0.081x0.428
F(000) 576

Pealc 9/cmM® 1.334

u, cm™’! 0.84

0, deg 2.608 < 6 < 28.951
Refl. Meas. 25687
Independ/Rint 3402/0.1030
Completeness 99.6 %
Param./restr 194/1

Refl. [I>26(N)] 2676

R,/WR, 0.0483/0.1021
R./WR, (all refl) 0.0661/0.1070

Goodness-of-fit 0.995
0.205/-0.218

pmax/pmin (eAis)

C12 cC13

O C14
N11 014

Figure 4. Two projection of the molecule in the single crystal of 1-phenyl-3-
(quinolin-8-ylamino)prop-2-en-1-one with a numbering scheme. The dis-
placements of the ellipsoids are drawn with a probability level of 50%. The
hydrogen atoms are represented as fixed-size spheres. H-bonds are shown
by blue dashed lines.

an angle of 178.1(1)° between themselves. Thus, complete
conjugation of aromatic fragments in the molecule is not
observed. Note that intramolecular hydrogen bonding
N11=H11...N1 (d(N11=H11) 0.91(3) A, d(H11... N(1) 2.26(3) A,
d(N11... N(1) 2.685(3) A, Z(NT1—=H11... N(1) 108(2)°) is observed,
although its parameters exceed the formal criteria for the
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formation of hydrogen bonds, for example, accepted in the
PLATON program. The supramolecular structure of the single
crystal is shown in Supporting Information.

Analysis of NMR spectra

The assignment of 'H and CNMR signals to hydrogen and
carbon atoms of the molecules of 1-phenyl-3-(quinolin-8-
ylamino)prop-2-en-1-one in the solutions was performed by the
ratios between integrated intensities of the signals and 2DNMR
spectra ("H-'H COSY, 'H-"*C HSQC and HMBC spectra are
shown in Supporting Information).

The listed below 'H and *C NMR resonances were assigned
to the hydrogen and carbon atoms of the molecule in
accordance with the numbering scheme shown in Figure 4.

'H NMR (CCl,, 400 MHz): §=13.09 (d, J=12.7 Hz, TH, H11),
8.98 (dd, J=1.1 Hz and 4.0 Hz, 1H, H10), 8.02 (dd, J=1.1 Hz and
8.1 Hz, 1H, H8), 7.91 (dd, J=7.9 Hz and 1.9 Hz, 2H, H16 and
H20), 7.56 (dd, J=8.1 Hz and 12.7 Hz, 1H, H12), 7.27-7.42 (m,
7H, H4, H5, H6, H9, H17, H18 and H19), 6.04 (d, J=8.1 Hz, 1H,
H13) ppm.

3C NMR (CCl,, 100 MHz): §=189.5 (C14), 149.1 (C10), 141.2
(C12), 140.0 (C15), 139.4 (C2), 138.7 (C3), 135.7 (C8), 131.4 (C18),
129.2 (C7), 128.5 (C17 and C19), 128.1 (C16 and C20), 127.0 (C5),
122.2 (C9), 120.7 (C6), 109.1 (C4), 95.8 (C13) ppm.

'H NMR ((CD,),CO, 400 MHz): §=13.25 (d, J=11.2 Hz, 1H,
H11), 9.00 (dd, J=4.1 Hz and 1.7 Hz, 1H, H10), 8.36 (dd, J=8.3
Hz and 1.7 Hz, 1H, H8), 8.01-8.08 (m, 3H, H12, H16 and H20),
7.73 (dd, J=6.6 Hz and 2.2 Hz, 1H, H4), 7.49-7.64 (m, 6H, H5,
H6, H9, H17, H18 and H19), 6.31 (d, J=8.1 Hz, 1H, H13) ppm.

3C NMR ((CD,),CO, 100 MHz): §=190.9 (C14), 150.1 (C10),
143.4 (C12), 140.4 (C15), 139.3 (C2), 138.3 (C3), 137.0 (C8), 1324
(C18), 129.8 (C7), 129.3 (C17 and C19), 128.3 (C16 and C20),
127.9 (C5), 123.2 (C9), 122.1 (C6), 110.6 (C4), 95.8 (C13) ppm.

'H NMR ((CD,),SO, 400 MHz): §=13.14 (d, J=13.0 Hz, 1H,
H11), 9.02 (dd, J=4.2 Hz and 1.7 Hz, 1H, H10), 8.40 (dd, J=8.3
Hz and 1.6 Hz, 1H, H8), 8.15 (dd, J=13.0 Hz and 8.3 Hz, 1H,
H12), 8.03 (m, 2H, H16 and H20), 7.83 (dd, J=7.5 Hz and 1.3 Hz,
1H, H4), 7.50-7.67 (m, 6H, H5, H6, H9, H17, H18 and H19), 6.30
(d, J=8.0 Hz, 1H, H13) ppm.

3C NMR ((CD5),SO, 100 MHz): §=189.5 (C14), 149.4 (C10),
143.4 (C12), 138.8 (C15), 137.5 (C2), 136.5 (C3), 136.4 (C8), 131.8
(C18), 128.6 (C17 and C19), 128.4 (C7), 127.3 (C16 and C20),
127.1 (C5), 122.5 (C9), 121.4 (C6), 110.3 (C4), 94.8 (C13) ppm.

Figures 5 and 6 show a comparison of the 'H and "CNMR
spectra of the substance in the above-mentioned solvents. The
strong difference in the NMR spectra of these solutions can be
explained by the different polarity of the solvent molecules,“**
since the electric dipole moments of the solvent molecules
affect the distribution of electron density throughout the
molecule of the studied substance and, consequently, on the
degree of shielding of nuclei by their electron shells. This
substance has already been studied by NMR in deuterated
chloroform™ (it should be noted that the authors of that paper
made a misprint when interpreting the "HNMR spectrum of this
compound - the proton with §=13.34 ppm was designated by
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Figure 5. 'HNMR spectra of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one

in solutions of carbon tetrachloride (top), deuterated acetone (middle) and
dimethyl sulfoxide (bottom).
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Figure 6. CNMR spectra of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one
in solutions of carbon tetrachloride (top), deuterated acetone (middle) and
dimethyl sulfoxide (bottom).

them as Hs,, but it would be correct to denote that as Hg).
Despite the fact that the 'HNMR spectra of the substance in
chloroform and carbon tetrachloride differ from each other,
many of the splitting constants of the 'HNMR signals are almost
the same (for example, 12.9 Hz vs. 12.7 Hz for the proton H11,
8.0 Hz vs. 8.1 Hz for the proton H13, 4.2 Hz vs. 4.0 Hz for the
proton H10, 8.0 Hz vs. 8.1 Hz for the proton H8, 8.0 Hz vs. 7.9 Hz
for the protons H16 and H20). Since the splitting constants of
'HNMR signals depend on many factors characterizing the
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structure of the molecule (such as the lengths of chemical
bonds, dihedral angles between bonds, etc.), the coincidence of
these constants indicates the similarity of the structure of the
molecule of the substance in solutions of chloroform and
carbon tetrachloride.

Chemical shifts of the signals, the values of their splitting, as
well as cross-peaks in 2DNMR spectra allows us to find out
exactly what isomers of 1-phenyl-3-(quinolin-8-ylamino)prop-2-
en-1-one are present in the studied solutions. If the ketoimine
isomer (A) would be present in any of the studied solutions,
then the H11 hydrogen atom would be absent in this solution,
and the C13 carbon would be bonded not to one hydrogen
atom, but to two hydrogen atoms (see Figure 1). This would
lead to the fact that the "HNMR signal with a chemical shift § >
13 ppm would disappear, and the signal of H13 protons would
be observed not in the range of 6.0-6.3 ppm, but in the range
of 3.5-4.5 ppm which is typical of CH, groups of the ketoimine
isomer of the molecules having a phenyl and pyridine rings as
well as the characteristic pentad of atoms O—C—C—C—N (see, for
example, "H chemical shifts of CH, groups of compound K in®%),
However, only signals of the solvents are observed in the
chemical shift range of 0-6 ppm in the 'H NMR spectra of 1-
phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one in the given sol-
utions (this region of the spectra is shown in Supporting
Information).

Because in the cis- and trans-forms of the enaminoketone
isomer (B) the hydrogen atom H11 is bonded to the nitrogen
atom N11, the closest hydrogen atom to H11 is the H12 atom.
In the enolimine isomer (C), the hydrogen atom H11 is bonded
to the oxygen atom 014, so the closest hydrogen atom to H11
is the H13 atom. As is well known, the dipole-dipole interaction
of nuclear spins in solutions is averaged to zero, therefore only
the scalar J-coupling leads to the splitting of the signals in NMR
spectra of solutions. The nuclear spins of the hydrogen atoms
H11 and H12 in the cis- and trans-forms of the enaminoketone
isomer (B) will interact with each other through three chemical
bonds H11-N11-C12—H12, and in the enolimine isomer (C) the
nuclear spins H11 and H13 will interact with each other through
four chemical bonds H11-014-C14-C13—H13. The scalar J-
coupling decreases sharply with increasing number of chemical
bonds between interacting spins. The scalar J-coupling con-
stants of protons interacting with each other through three
chemical bonds *J are in the range of 0-24 Hz and through four
chemical bonds *J are in the range of 0-4 Hz*" There are
extremely rare exceptions when *J is equal to 18 Hz, but this is
possible only in very strained molecules, such as bicyclo™'"-
pentane,*® where several routes are available for coupling
between the protons. But in the enolimine isomer (C) there is
only one such route for the nuclear spins H11 and H13,
therefore their coupling constant *J should be no more than
4 Hz. However, in the all three solutions of 1-phenyl-3-(quinolin-
8-ylamino)prop-2-en-1-one the splitting constants of the H11
proton signal are equal to 11-13 Hz, consequently in these
solutions the molecules of the substance are the cis- or the
trans-form of the enaminoketone isomer (B) (see Figure 1).

The cis- and trans-forms of the enaminoketone isomer (B)
have the same chemical structure, but different spatial con-

© 2024 Wiley-VCH GmbH
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struction. The transformation from one form to another occurs
as a result of rotation of one part of the molecule relative to
another part around the double bond C12—C13. As a conse-
quence, in the cis- and trans-forms the scalar J-coupling
constants between the H12 and H13 protons will differ from
each other, because according to the Karplus equation the
coupling constant 3J depends on the dihedral angle between
the H12—C12—C13 and C12—C13-H13 planes. As a rule, the
scalar J-coupling constant in the trans-conformation is greater
than in the cis-conformation.”” *! Consequently, if we could
induce  cis-trans-isomerization  of  1-phenyl-3-(quinolin-8-
ylamino)prop-2-en-1-one molecules, then on the base of the
change in the coupling constant *J we could determine which
form of the enaminoketone isomer (B) (cis- or trans—) is present
in the initial solutions.

In many compounds containing a C=C or N=N double
bond, the cis-trans-isomerization is induced by UV
irradiation.”**'> However, irradiation of the all three solutions
of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one with UV
light does not lead to the cis-trans-isomerization, but it results
in the formation of a brown precipitate. This precipitate is
poorly soluble in many organic solvents, however is quite
soluble in chloroform. The chemical shifts and relative inten-
sities of the signals in the region of 6-11 ppm in the '"HNMR
spectrum of the brown precipitate (recorded in a solution of
deuterated chloroform) indicate that most likely it consists of
heterocyclic compounds (this spectrum is shown in Supporting
Information).

A strong change in the polarity of the solvent from nonpolar
carbon tetrachloride to highly polar dimethyl sulfoxide also
does not lead to cis-trans-isomerization, since the value of the
splitting of the H13 proton (equal to the scalar J-coupling
constant of the H12 and H13 protons) in the studied solutions
is the same and equal to 8.05+0.05 Hz. It is obvious that this
method is unpromising, therefore in order to distinguish
between cis- and trans-isomers, 2D NOESYNMR spectroscopy
was used.

NOESY spectroscopy is based on the nuclear Overhauser
effect and allows us to identify spins undergoing cross-
relaxation. The intensity of cross-peaks in NOESY spectra
depends on the distance r between cross-relaxing spins as 1/r°,
therefore, the closer the spins are located to each other in
space, the more intense cross-peaks corresponding to these
spins will be observed. For the enaminoketone isomer (B) the
distance both between the spins H13—H12 and between the
spins H13—H11 greatly depends on the fact that in cis- or in
trans-form the molecule is. In the cis-form the distance between
the spins H13—H12 is about 2.4A and the distance between the
spins H13—H11 is about 3.7A, so that the cross-peak H13—H12
should be much more intense than the cross-peak H13—H11. In
the trans-form the distance between the spins H13—H12 is
about 3.1A and the distance between the spins H13-H11 is
about 2.5A, so that the cross-peak H13—H11 should be much
more intense than the cross-peak H13—H12. In the NOESY
spectra of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one in
the all three solutions an intense cross-peak H13—H12 is visible,
and the cross-peak H13—H11 is either very weak or not visible

ChemistrySelect 2024, 9, €202304190 (6 of 9)

at all (they are shown in Supporting Information). Consequently,
the cis-form of the enaminoketone isomer (B) is present in the
studied solutions of the substance.

Exposing the solutions of 1-phenyl-3-(quinolin-8-
ylamino)prop-2-en-1-one in acetone and DMSO to light at room
temperature for several months leads to the formation in them
of a small amount of the trans-isomer (~7%). Low-intensity
'HNMR signals corresponding to the most of the protons of the
trans-isomer of the substance overlap with the intense signals
of the cis-isomer and are not visible among them. However,
some NMR signals of the trans-isomer are located separately
from the signals of the cis-isomer. In order to identify these
signals, we used the fact that cis-trans-isomerization leads to a
change only in the scalar J-coupling constants of the H12 and
H13 protons (see Figure 4), which interacting with each other
through a double C=C bond, whereas the scalar J-coupling
constants of the rest of protons should remain almost
unchanged. In the (CD,),CO solution the following signals of
the trans-isomer were observed: 9.77 (d, J=12.9 Hz, 1H, H11),
8.84 (dd, J=4.2 Hz and 1.7 Hz, 1H, H10), 8.49 (t, J=12.7 Hz and
12.9 Hz, 1H, H12), 7.10 (d, J=12.7 Hz, 1H, H13) ppm, while in
the (CD,),SO solution the observed signals were: 10.35 (d, J=
13.1 Hz, 1H, H11), 8.93 (dd, J=4.2 Hz and 1.7 Hz, 1H, H10), 7.94
(dd, J=8.3 Hz and 1.6 Hz, 1H, H8), 7.11 (d, J=12.6 Hz, 1H, H13)

ppm.

Molecular geometries and energies from DFT calculations

The calculated ground state energies of isomers and tautomers
of the molecule are presented in Table 2. The cis-isomer is
energetically more favorable, but the total ground state energy
of the cis-isomer is only 0.093 eV more favorable than the
energy of the trans-isomer.

For all isomers and tautomers, absorption spectra were
calculated by the ESD method (Excited States Dynamic, taking
into account vibrational modes).®¥ Within the framework of the
ESD method, a search for the optimal geometry of the ground
state (see Figure 7) and the first excited state was carried out
with the calculation of Hessian for each state separately (AH
method). Knowing the square of the length of the displacement
vector of the geometry of the ground state relative to the
geometry of the first excited state is very important for this
technique: if the square of the length of the displacement
vector is 8 or more, then this technique may not work. The
ORCA software package also has several other methods for

Table 2. Ground state energies of isomers and tautomers of the molecule
and the energy difference relative to the minimum energy value calculated
by the DFT method.

Conformation E eV AE, eV
B —23916.820 0
trans- —23916.727 0.093
C —23916.400 0.42

A —23916.167 0.65

© 2024 Wiley-VCH GmbH
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Figure 8. UV absorption spectra corresponding to various conformations of
1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one: the cis-isomer (blue), the
trans-isomer (red), the enolimine tautomer (grey) and the ketoimine
tautomer (green).

Analysis of Uv-vis spectra

The electronic spectra of 1-phenyl-3-(quinolin-8-ylamino)prop-
2-en-1-one were recorded in different solvents and under the
influence of temperature and light irradiation with =365 nm.

c » The bathochromic shift of all absorption bands indicates the
» delocalization of electrons in the molecule of the substance.

3 The electronic spectra of the solutions of the studied

» substance demonstrate low-intensity broad excitation band of

n-electrons of the aromatic system, which is in the range A, =

325-329 nm and weakly dependent on the polarity of the
» solvent (see Figure 9). This band is partially overlapped by the

intense band of the n-n* transition. In acetone, the absorption

band of the benzene ring is not visible at all, since it is hidden

by the solvent band. Changing the solvent polarity had weak
Figure 7. Optimized geometries of isomers and tautomers of the molecule of  effect on this band that confirms the local nature of its
1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one: (a) cis-isomer, (b) trans- electronic transition. This band indicates that the benzene ring
isomer, (c) enolomine tautomer, (d) ketoimine tautomer. Here red balls are . :
oxygen atoms, blue balls are nitrogen atoms, dark gray balls are carbon deviates from the plane of the central part of the molecule,
atoms, light gray balls are hydrogen atoms.

d v

1.6
finding the potential energy surface (PES) for the excited state: 1.44
AHAS, VG and VH, which differ in different ways of calculating
the matrix of second derivatives of the excited state (ES
Hessian). Thus, in the AHAS (Adiabatic Hessian After Step)
method, ES Hessian is calculated for the geometry, which is
obtained as a result of a geometry update step along the PES,

D. arb. unit
=
bd

depending on the gradient of the excited state and the Hessian Ly

of the ground state. The AH method was used in order to 0.44

calculate the absorption spectra of the cis-isomer, the trans- 0.2

isomer and ketoimine tautomer, but for the enolimine tautomer

the AHAS method was used due to the large square of the o 350 400 450 500

length of the displacement vector. The calculated absorption
spectra are presented in Figure 8.

A, nm

Figure 9. UV-Vis spectrum of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-
one recorded at a concentration of 4.4x107° mol/L in different solvents:
chloroform (black), acetone (red), acetonitrile (green), carbon tetrachloride
(blue), hexane (purple).
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leading to incomplete conjugation of aromatic fragments in the
molecule both in all solutions and in the solid state. The same
conclusion follows from the results of both the DFT calculations
and the X-ray crystallography of the grown single crystal of 1-
phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one.

Intense absorption bands in the range of 388-399 nm are
attributed to the n—n* transition (exact A values corresponding
to the maxima of the n-n* absorption bands at 25°C, as well as
the extinction coefficients of 1-phenyl-3-(quinolin-8-ylamino)-
prop-2-en-1-one in various solvents are listed in Table 3).
Structural transformations of molecules are most easily ob-
served just on the basis of changes in this band, since the n-n*

Table 3. UV absorption data of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-
1-one in different solvents at a concentration of 4.4x10~> mol/L.

Solvent A NM at 25°C €maw dM* cm™" mol™
hexane 388 21239
carbon tetrachloride 395 31018
chloroform 397 31107
Acetone 392 28082
Acetonitrile 391 28016
dimethyl sulfoxide 399 35711

D. arb. unit

350 400 450 500

A, nm

0.64

D. arb. unit

350 400 450 500

A, nm
Figure 10. UV-vis spectra of 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one
during UV irradiation within 2 min in an carbon tetrachloride solution (top)

at a concentration of 3.4x107° mol/L and in an acetone (bottom) solution at
a concentration of 2.5x10° mol/L.
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transition is sensitive to the polarity of the solvent and the
effect of conjugation of double bonds in molecules. The
increase the polarity of the solvent usually results in a
bathochromic shift of the absorption bands indicating that the
molecule in the excited state is more polar than in the ground
state.*™ Absorption bands of the studied substance in CCl, and
CHCI; solutions are bathochromically shifted relative to the
bands observed in solutions of the substance in more polar
acetone and acetonitrile.

The solutions were irradiated with UV light at 365 nm (see
Figure 10). The hypochromic effect observed during irradiation
correlates with the polarity of the solvents: the UV irradiation of
the solutions during 2 minutes causes a decrease in the
intensity of the bands the n—-n* transition by 0.0359, 0.0083 and
0.0008 for CCl,, acetone and DMSO, respectively. Such correla-
tion indicates an increase in the strength of intermolecular
interactions between the solute and the solvent in this series.
Thus, we can conclude that during the irradiation of solutions
at least a weakening and partial breaking of the intermolecular
bonds of the substance with the solvent occurs in them.*®

Conclusions

In the present work the synthesis of 1-phenyl-3-(quinolin-8-
ylamino)prop-2-en-1-one is described and the possible reaction
mechanism is proposed. This compound exists in the solid state
in the B-enaminoketone form of the cis-isomer and is stabilized
by intramolecular hydrogen bonding. In the crystal the
geometry of the molecule is close to flat, but due to small
deviations of its fragments from the plane, a complete
electronic conjugation of aromatic rings in the molecule is not
observed. In the dissolved state, regardless of the polarity of
the solvent, the molecules are also in a stable enaminoketone
form of the cis-isomer, which is stabilized owing to forming the
pseudo-aromatic ring. Despite the fact that the total energies of
the ground state of the cis-isomer and trans-isomer are very
close (—23916.820 and —23916.727 eV from the results of the
DFT calculations), a small amount (~79%) of the trans-isomer is
formed only when the substance is kept in acetone and DMSO
for a long time (more than two month) in daylight.

Supporting Information Summary

Supporting Information contains the 'H NMR spectrum of the
brown precipitate dissolved in deuterated chloroform and
formed by 365 nm UV-light irradiation of 1-phenyl-3-(quinolin-
8-ylamino)prop-2-en-1-one molecules in carbon tetrachloride;
2D NMR COSY, NOESY, HSQC and HMBC spectra of the
substance in carbon tetrachloride, deuterated acetone and
deuterated dimethyl sulfoxide; 3D-supramolecular structure
formed in 1-phenyl-3-(quinolin-8-ylamino)prop-2-en-1-one sin-
gle crystal and also a UV-vis spectrum of the substance in
dimethyl sulfoxide at 70°C and at room temperature.
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Crystallographic data

Crystallographic data (excluding structure factors) for the
investigated structure has been deposited in the Cambridge
Crystallographic Data Centre as supplementary publication
number CCDC 2279360. Copies of the data can be obtained
free of charge upon application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (fax: 44(0)1223 336033; e-mail:
deposit@ccdc.cam.ac.uk).
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