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Abstract: The quinoline ring is found in many biologically active natural alkaloids and is still being
highly exploited by researchers due to its numerous potential applications in fields ranging from
pharmacology to material science. During our synthetic attempts for new quinoline-4-carboxylic
acids, using an extended version of the Doebner reaction, a new puzzling compound emerged when
para-iodine aniline was reacted with salicylaldehyde and pyruvic acid in acetic acid as a reaction
medium. The chemical structure of this new compound was established based on the information
obtained from 1D and 2D NMR experiments (1H-, 13C-, and 15N-NMR), corroborated with MS
spectrometry and IR spectroscopy. The photophysical properties (UV–vis and fluorescence) were
also investigated. The proposed structure contains as the main elements a 1,4-dioxane-2,5-dione core
symmetrically substituted with a propylidene chain that has attached to it a salicylaldehyde fragment
and a pyrrole-2-one ring containing two 4-iodophenyl fragments. The isolation of this compound,
reported here for the first time, is direct evidence that unexpected compounds can emerge from
“classical” synthetic pathways when the right components are combined.

Keywords: iodo-quinolines; Doebner synthesis; salicylaldehyde; pyruvic acid; 1,4-dioxane-2,5-dione;
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1. Introduction

Quinoline is a scaffold highly exploited by researchers due to its numerous pharma-
cological applications [1]. The quinoline ring is found in many biologically active natural
alkaloids, and it has been used for the synthesis of a plethora of compounds, some of them
approved as medications in different pathologies. The best-known quinoline derivatives
are quinine and chloroquine, which have played historical roles in malaria treatment and
eradication from endemic regions [2]. Other biological activities encountered in quino-
line derivatives include anti-inflammatory [3–5], anticonvulsant [6,7], cardiovascular [8,9],
anticancer [10–12], or antimycobacterial [13,14]. Quinoline derivatives have also found
multiple applications in material science due to their optical and sensing properties. It
has been demonstrated that quinoline derivatives can be useful agrochemicals [15,16],
pH indicators and pigments [17–20], ligands in the synthesis of OLED [21,22], or used as
selective chemosensors for different ions in conjunction with conjugated polymers [23,24].

Several classical synthesis protocols are presented in the literature for the construc-
tion of quinoline scaffolds like Doebner–von Miller, Pfitzinger, Gould–Jacob, Friedlander,
Skraup, and Conrad–Limpach, their “strengths and weakness” being reviewed in several
papers in comparison with newer eco-friendly methods [25–28].

Our group has extensive experience in the synthesis of N-heterocycles as many of
them are interesting pharmacophores with a wide range of biological activities, such as
antibacterial, anticancer, anti-inflammatory, or antimalarial [29–35].
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Recently, we showed that, by using a Doebner synthesis protocol with acetic acid as
a solvent and catalytic amounts of trifluoroacetic acid, substituted quinoline-4-carboxylic
acids bearing an iodine atom could be obtained with yields between 50 and 90%. Aside
from the main quinoline derivative, we isolated several reaction by-products, such as
dihydro-pyrrol-2-ones and furan derivatives or 2-methyl-4-carboxyquinoline. In the same
study, we showed that all the newly synthesized quinoline derivatives demonstrated good
activity against S. epidermidis and C. parapsilosis. Due to their hydrophobic nature, these
derivatives can easily penetrate the stratum corneum, increasing their bioavailability for skin
infection [36].

Herein, we report the puzzling structure of a new by-product from the Doebner
reaction, obtained during our synthetic attempts for new quinoline-4-carboxylic acids
bearing an iodine atom. The chemical structure of this new compound, never reported
in the literature, was established from different 1D and 2D nuclear magnetic resonance
spectroscopy (NMR) techniques, corroborated with infrared (IR) and mass spectrometry
(MS) data. The photophysical properties were also investigated.

2. Results and Discussion
2.1. Synthesis

The compound described in this study emerged during our attempts to synthesize new
quinoline derivatives by reacting para-iodine aniline with various substituted aldehydes
using an extended version of the Doebner reaction, wherein acetic acid served as the
reaction medium [36]. Interestingly, in the presence of salicylaldehyde, which features an
activating electron-donating group (hydroxyl) in the ortho position, compound 4 turned
up as the primary product, accompanied by 2-methyl-4-carboxyquinoline (5) as a by-
product (Scheme 1). The formation of by-product 5 was consistent across different starting
aldehydes, as reported previously [36]; however, compound 4 was something that we never
encountered in our previous synthetic attempts.
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Scheme 1. Reaction scheme for the synthesis of compound 4.

Going further, we reacted para-hydroxyl benzaldehyde with para-iodine aniline while
keeping the rest of the experimental conditions constant and obtained the expected quino-
line derivative. Thus, we suppose that the ortho position of the hydroxyl group favors the
rapid bond of the aldehyde moiety with the reaction media because of the vicinity of both
oxygen atoms with an attracting effect.

2.2. Spectral Analysis

The structure of the newly synthesized compound 4 (Scheme 2) was determined
through spectral analyses, including IR and NMR spectroscopies and HR-MS spectrometry.
The unambiguous proton and carbon signal assignments as obtained from bidimensional
correlation experiments are presented in the Materials and Methods section. Because the
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new compound 4 was not crystalline, its chemical structure was deduced mainly from
protons’ interactions with neighboring protons, carbon, and nitrogen atoms, followed by
2D NMR experiments.
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Scheme 2. The structure proposed for compound 4 based on spectral information with the numbering
used for the NMR proton, carbon, and nitrogen signals’ assignments.

The 1H-NMR spectrum corresponding to the new compound 4 presents several signals
in the interval 4.80–13.50 ppm (Figure S1), most of them being separated and showing
first-order proton–proton couplings. By heating the DMSO-d6 solution up to 333 K, we
were able to obtain a better separation of the proton signals resonating in the interval
7.00–7.15 ppm (Figure 1); thus, all the 1D and 2D NMR experiments were recorded at this
temperature. A better separation of the signals favors an unambiguous interpretation of
the proton–carbon interactions that are crucial for solving the “puzzling” new structures.
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Figure 1. The 1H-NMR spectrum corresponding to newly synthesized compound 4, recorded
in DMSO-d6 at 333 K. A better visualization of the aromatic signals separation with increasing
temperature is presented in the insert. The signal resonating 12.77 ppm, assigned to OH proton, is
included in the left-side insert.

In the 13C-NMR spectrum (Figure S2), 23 well-resolved signals were observed, only
one resonating in the high-field region at 31.8 ppm, which can be associated with the
presence of an aliphatic carbon atom. In the low-field region, three signals, resonating
above 150 ppm, can be correlated with carbon atoms covalently bonded to oxygen.
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The proton–proton correlations obtained in the 2D TOCSY spectrum (Figure 2) indi-
cated four isolated spin systems: three aromatic and one containing aliphatic and olefinic
protons. One of the aromatic spin systems was readily assigned to the salicylic residue
(ring A) as it connected the doublet of doublets from 7.00 ppm (H19), triplet of doublets
from 7.08 ppm (H21), doublet of doublets from 7.14 ppm (H22), and triplet of doublets
from 7.23 ppm (H20). The other two aromatic spin systems, both corresponding to para-
substituted iodo-phenyls, were differentiated based on the three-bond correlation between
NH proton (8.68 ppm) and carbon C8 (119.9 ppm), identified in the HMBC spectrum. It
was found that the doublet from 7.11 ppm (H12) and its coupling partner from 7.84 ppm
(H13) belong to ring B, whereas the protons from ring C resonate at 7.31 ppm (H8) and
7.64 ppm (H9). The hybrid spin system contains a doublet at 4.89 ppm (H15), a doublet of
doublets at 5.00 ppm (H16), and a second doublet at 6.04 ppm (H23).
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compound 4, showing the four isolated spin systems.

The olefinic nature of the protons involved in this spin system was deduced based on
the carbon chemical shift values. In the proton–carbon direct correlations’ HSQC spectrum
(Figure 3), it was found that proton H15 is directly linked to a carbon atom at 110.6 ppm
and proton H23 is directly linked to a carbon atom at 111.7 ppm. A three-bond correlation
in the HMBC spectrum (Figure 4) between H16 (5.00 ppm) and C18 (149.6 ppm) pointed us
to covalently link this propylidene-like spin system with the salicylic residue (ring A).

As in our previous attempts to obtain quinoline derivatives using Doebner-type
reaction conditions, we obtained pyrrol-2-one derivatives as by-products [36]; we looked
into the possibility that our unknown compound also contained this ring. Indeed, we
identified in the proton–carbon and proton–nitrogen HMBC spectra several correlations
that enabled us to find and assign all the carbons and nitrogen atoms belonging to the
pyrrol-2-one residue (ring D). Thus, the carbonyl group CO-2 (165.0 ppm) was assigned
from the proton–carbon HMBC spectrum where three-bond correlations with both NH
(8.68 ppm) and H4 (7.03 ppm) protons were visible (Figure 4). The proton H4 resonates
as a singlet, indicating that no other protons are in its immediate vicinity. It also has
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correlations with carbon atoms situated two (C3 (133.6 ppm) and C5 (138.9 ppm)) and three
(C15 (110.6 ppm)) bonds apart, visible in the H,C-HMBC spectrum (Figure 4).
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significant proton–carbon HMBC couplings is illustrated on the left.

Finally, the 1,4-dioxane-2,5-dione-like residue (ring E) was deduced based on the H23
long-range interactions with C24 (140.3 ppm) and CO-25 (161.8 ppm) carbon atoms, visible
in the HMBC spectrum (Figure 4). All the direct and long-range proton–carbon correlations
visible in the HQSC and HMBC spectra, which allowed us to “assemble” the structure for
compound 4, are centralized in Table 1. As there were no additional proton and carbon
signals left unassigned, we duplicated the OC24-OOC25 “build-up” residue such that ring
E was formed and a symmetrical structure was obtained.
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Table 1. Proton–carbon interactions obtained experimentally in HSQC and HMBC spectra.

HSQC Direct Correlations (Chemical Shift, ppm)

H16 (5.00)–C16 (31.8) H19 (7.00)–C19 (116.2) H22 (7.14)–C22 (129.3)
H4 (7.03)–C4 (96.7) H8 (7.31)–C8 (120.0) H12 (7.11)–C12 (130.0)
H15 (4.89)–C15 (110.6) H21 (7.08)–C21 (124.0) H9 (7.63)–C9 (137.3)
H23 (6.05)–C23 (111.7) H20 (7.23)–C20 (128.1) H13 (7.84)–C13 (137.9)

HMBC long range correlations

C16 (31.8)–H15, H22 C8 (120.0)–NH C3 (133.6)–H4
C10 (83.6)–H8, H9 C17 (121.1)–H15, H16, H19,

H21, H23
C5 (138.9)–H4, H15, H16

C14 (93.3)–H12, H13 C24 (140.3)–H16, H23
C4 (96.7)–H15, NH C21 (124.0)–H19 C7 (140.8)–H9
C15 (110.6)–H16, H4 C20 (128.1)–H22 C18 (149.6)–H19, H20, H22
C23 (111.7)–H15, H16 C22 (129.3)–H20, H16 C25 (161.8)–H23
C19 (116.2)–H21 C11 (133.3)–H13 C2 (164.7)–H4, NH

Additional information to elucidate the structures of newly synthesized nitrogen-
containing compounds can be obtained from 15N NMR spectroscopy [37]. In our pre-
vious studies, we used 15N NMR to highlight the structural modifications in pyrrolo
[1,2-a]benzimidazole and pyrrolo[1,2-a]quinoxaline derivatives [38]. Thus, based on our
previous experience, we recorded the proton–nitrogen HMBC spectrum for compound 4
(Figure 5) to obtain further insights into the elements that comprise this new structure. Sev-
eral correlation signals were visible in the 2D proton–nitrogen HMBC spectrum, indicating
the presence of two nitrogen atoms at 91.8 and 143.5 ppm. The nitrogen atom resonating at
91.8 ppm was assigned to the NH group, as indicated by the direct couplings (annotated
on the spectrum in Figure 5) with the proton from 12.8 ppm. Another signal was generated
by the three-bond interaction of this nitrogen atom with aromatic proton H8, confirming
the residual 4-iodophenyl-amine fragment (ring C, Scheme 2). The second nitrogen atom
from the structure, resonating at 143.5 ppm, generated three-bond correlation signals with
protons H4, H15, and H12, supporting the presence of pyrrole ring D substituted with
4-iodophenyl (ring B) and an exo-cyclic double bond, as suggested in Scheme 2.
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The presence of oxygen atoms was supported not only by the carbon chemical shift
values but also by the molecular mass obtained through mass spectrometry. The exact
molecular weight was determined by high-resolution mass spectrometry, and the consis-
tency of the molecular formula has been assessed by comparison of the experimental and
simulated isotopic patterns (Figure S6).
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The supplementary information confirming mainly the functional groups proposed for
compound 4 was obtained from IR analysis. Aside from the strong band from 1742 cm−1

attributed to carbonyl groups (C=O bond in ester and amide), other strong bands are visible
at 1368 and 1211 cm−1 that can be associated with the different C-O bonds (carboxylic,
ether, and alcohol) present in the structure of compound 4 (see Figure S7). The two weak
bands from 3460 and 3300 cm−1 indicate the existence of N-H and O-H bonds. In the
fingerprint region, the medium band from 519 cm−1 is an indication of a C-I bond. The
aliphatic C-H bond can generate medium bands from 2972 and 1449 cm−1, whereas the
medium band from 3015 cm−1 supports the aromatic C-H bonds.

2.3. Photophysical Investigations

Our previous research on compounds with extended π conjugations that contain
pyrrole and other nitrogen heterocycles revealed that they have intriguing photophysical
characteristics that can make them useful as chemosensors [39,40]. This led us to investigate
the photophysical properties of the recently obtained compounds 4 and 5.

The electronic absorption spectra of reaction products 4 and 5 along with the starting
materials (iodaniline and salicylaldehyde) are presented in Figure 6a. For comparative
analysis, the DMSO solutions’ concentrations were 9 × 10−5 M for 4 and 9 × 10−4 M for the
rest of the compounds. The molecular architecture for compound 4 consists of a 1,4-dioxane-
2,5-dione core symmetrically substituted with a propylidene chain that has attached to it a
salicylaldehyde fragment and a pyrrole-2-one ring containing two 4-iodophenyl fragments,
which leads to an extended electron-rich conjugated system. Compound 4 presents an
intense absorption band at 360 nm, while compound 5 absorbs at 330 nm. The starting
materials, with lower absorption bands at working concentrations, have characteristic
absorption peaks at 305 nm for iodaniline and at 325 nm and 415 nm for salicylaldehyde.
The broad bands visible in this region are usually attributed to a mixture of p→p* and
n→p* electronic transitions [41,42].
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The photophysical properties of the emissions for compound 4 compared to salicy-
laldehyde have been investigated by fluorescence spectroscopy at 360 and 325 nm excitation
wavelengths, respectively, in the same solvent (DMSO) as with the UV–vis. The spectra
displayed emission bands located at 460 nm for compound 4 and at 475 nm for salicylalde-
hyde (Figure 6b). Compound 5 and iodaniline had no fluorescence and thus are not shown
in the figure. The emission band for salicylaldehyde is broad and structureless, while, for
compound 4, it is well-defined. This difference can easily be explained by the extended
conjugate system present in the compound 4 structure. For a better comparison of the peak



Molbank 2024, 2024, M1841 8 of 11

shape, the fluorescence spectra of the two compounds were recorded at a concentration
difference of 102 M.

3. Materials and Methods

All commercially available products were used without further purification unless
otherwise specified. Analytical thin-layer chromatography was performed with commercial
silica gel plates 60 F254 (Merck, Darmstadt, Germany) and visualized with UV light
(λmax = 254 or 365 nm). The melting point of the compounds measured on a MEL-TEMP
capillary melting point apparatus from ambient temperature up to 400 ◦C.

The NMR spectra included in this study were recorded on Bruker Avance NEO
600 MHz spectrometer (Bruker Biospin, Ettlingen, Germany) equipped with 5 mm inverse
detection multinuclear z-gradient probe. Proton and carbon chemical shifts are reported in
δ units (ppm) relative to the residual solvent signal (ref: DMSO-d6 1H, 2.51 ppm, and 13C,
39.47 ppm). H,H-TOCSY, H,C-HSQC, and H,C-HMBC experiments were recorded using
standard pulse sequences as delivered by Bruker with TopSpin 4.0.8 spectrometer control
and processing software. The 15N chemical shifts were obtained as projections from the 2D
indirectly detected H,N-HMBC spectra and are referred to liquid ammonia (0.0 ppm) using
nitromethane (380.2 ppm) as external standard.

The IR spectrum was recorded on a Shimadzu IRTracer-100 instrument (Shimadzu
USA Manufacturing, Inc., Canby, OR, USA) in transmission mode, covering the spectral
range 400–4,000 cm−1. The bands intensities are described as strong, medium, and weak.

The exact molecular weights of newly synthesized compounds were obtained on
either Bruker Maxis II QTOF spectrometer ((Bruker Daltonics, Bremen, Germany) with
electrospray ionization (ESI) in the negative mode, for compound 4, or on a Bruker RapifleX
MALDI-TOF/TOF (Bruker Daltonics, Bremen, Germany) equipped with a Smartbeam 3D
laser, in positive mode, for compound 5.

Spectroscopic-grade solvents were used for the photophysical characterization of the
synthesized derivatives. UV–vis measurements were performed on a Lambda 35 device
(Perkin Elmer, Shelton, CT, USA). The absorption spectra were measured in the 270–700 nm
range for identical sample volumes (3 mL) with the following parameters: slit width 1 nm,
scan speed 480 nm/min, and data interval 1 nm. The spectra of the samples were measured
at room temperature using 1 cm path length quartz cuvettes. Fluorescence measurements
were carried out using a FluoroMax-4 spectrophotometer (Horiba, Kyoto, Japan). The
emission spectra were collected using excitation wavelengths of 360 and 325 nm.

General procedure for synthesis of compound 4
In the first step, salicylaldehyde (1 mmol, 122 mg) was dissolved in approximately

1 mL of acetic acid. To this solution, a mixture containing pyruvic acid (1.5 mmol, 132 mg)
and TFA (20 µL) as a catalyst, in 0.5 mL acetic acid, was added and stirred for 10 min. In
the second step, iodo-aniline (1 mmol, 219 mg) was dissolved in about 4 mL of acetic acid
and added to the mixture, which was then heated to 80 ◦C for 24 h. The primary product
4 was obtained by filtering the resulting suspension and washing the solid with ethanol.
The secondary product 5 precipitated until next day from the reaction mixture and was
separated by filtration and washed with ethanol.

(3Z)-3,6-bis((E)-2-(2-hydroxyphenyl)-3-(1-(4-iodophenyl)-4-((4-iodophenyl)amino)-5-oxo-1H-
pyrrol-2(5H)-ylidene)propylidene)-1,4-dioxane-2,5-dione (compound 4): crystallized from acetic
acid; yellow powder; 70% yield (235 mg); mp 247–250 ◦C; IR ATR ν(cm−1): 3460, 3300,
3015, 2972, 1742, 1622, 1578, 1533, 1485, 1448, 1368, 1211, 903, 814, 756, 519.

1H NMR (DMSO-d6, 600.1 MHz, δ (ppm)): 4.89 (1H, d, 3J = 10 Hz, H-15), 5.00 (1H, dd,
3J = 10 Hz, 3J = 4 Hz, H-16), 6.05 (1H, d, 3J = 4 Hz, H-23), 7.00 (1H, dd, 3J = 8 Hz, 4J = 1 Hz,
H-19), 7.03 (1H, s, H-4), 7.08 (1H, td, 3J = 8 Hz, 4J = 1 Hz, H-21), 7.11 (2H, d, 3J = 9 Hz, H-12),
7,14 (1H, dd, 3J = 8 Hz, 4J = 1 Hz, H-22), 7.23 (1H, td, 3J = 8 Hz, 4J = 1 Hz, H-20), 7.31 (2H, d,
3J = 9 Hz, H-8), 7.64 (2H, d, 3J = 9 Hz, H-9), 7.84 (7.31 (2H, d, 3J = 9 Hz, H-13), 8.68 (1H, s,
NH), 12.77 (1H, bs, OH).
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13C NMR (DMSO-d6, 150.9 MHz, δ (ppm)): 31.8 (CH-16), 83.6 (C-10), 93.3 (C-14), 96.7
(CH-4), 110.6 (CH-15), 111.8 (CH-23), 116.2 (CH-19), 120.0 (CH-8), 121.1 (C-17), 124.0 (CH-
21), 128.1 (CH-20), 129.3 (CH-22), 130.0 (CH-12), 133.3 (C-11), 133.6 (C-3), 137.3 (CH-9), 137.9
(CH-13), 138.9 (C-5), 140.3 (C-24), 140.8 (C-7), 149.6 (C-18), 161.8 (COO-25), 164.7 (CO-2).

15N NMR (DMSO-d6, 60.8 MHz, δ (ppm)): 91.88 (NH), 143.49 (N).
HRMS-ESI (m/z): [M−H]− C54H35I4N4O8, calcd. 1374.8639, found 1374.8650.
6-iodo-2-methylquinoline-4-carboxylic acid (compound 5): crystallized from acetic acid;

brown powder; 27% yield (84 mg); mp 289–290 ◦C; IR ATR ν(cm−1): 3656, 3083, 2979, 2887,
1714, 1603, 1579, 1504, 1454, 1377, 1351, 1240, 1152, 1113, 1032, 937, 867, 810, 604, 519.

1H NMR (DMSO-d6, 600.1 MHz, δ (ppm)): 2.71 (3H, s, CH3), 7.79 (1H, d, 3J = 9 Hz,
H-8), 7.89 (1H, s, H-3), 8.05 (1H, dd, 3J = 9 Hz, 4J = 2 Hz, H-7), 9.10 (1H, d, 4J = 2 Hz, H-5),
14.00 (1H, bs, OH).

13C NMR (DMSO-d6, 150.9 MHz, δ (ppm)): 24.7 (CH3), 93.7 (C-6), 123.8 (CH-3),
124.5 (C-10), 130.8 (CH-8), 133.9 (CH-5), 134.4 (C-4), 137.9 (CH-7), 147.0 (C-9), 159.6 (C-2),
167.1 (COOH).

HRMS (MALDI-TOF/TOF) m/z calcd for [M+H]+ C11H8INO2
+ 313.96, found 313.95

4. Conclusions

An interesting puzzle between salicylaldehyde, iodo-aniline, pyruvic acid, and re-
action media was obtained as an unexpected product during a Doebner-type synthetic
protocol. The complex structure of this compound was established through conventional
spectroscopic methods (NMR, IR, and MS). The synthesis method is reproducible, lead-
ing to an interesting compound possessing an extended conjugated system. Given the
starting salicylaldehyde moiety present in the molecule and the extended conjugated sys-
tem, we investigated the photoluminescent properties of the compound, and the results
are promising.

Supplementary Materials: The following supporting information can be downloaded, Figure S1.
The 1H-NMR spectrum corresponding to newly synthesized compound 4, recorded in DMSO-d6 at
297 K. A better visualization of the aromatic signals is presented in the insert. The signal resonating
around 13 ppm, assigned to OH proton, is included in the left-side insert. Figure S2. The 13C-NMR
spectrum corresponding to newly synthesized compound 4, recorded in DMSO-d6 at 333 K. A
better visualization of the aromatic signals is presented in the insert. Figure S3. The H,H-TOCSY
spectrum corresponding to newly synthesized compound 4, recorded at 333 K. Figure S4. The
H,C-HSQC spectrum corresponding to newly synthesized compound 4, recorded at 333 K. Figure S5.
The H,C-HMBC spectrum corresponding to newly synthesized compound 4, recorded at 333 K.
Figure S6. HRMS-ESI spectrum with isotopic pattern in negative mode for compound 4. Upper trace
(red)—simulated pattern; lower trace (black)—experimental spectrum for C54H35I4N4O8 [M−H]−.
Figure S7. FT-IR spectrum of compound 4. Figure S8. The 1H-NMR spectrum corresponding to
synthesized compound 5, recorded in DMSO-d6. Figure S9. The 13C-NMR spectrum corresponding
to synthesized compound 5, recorded in DMSO-d6. Figure S10. FT-IR spectrum of compound 5.
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