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Abstract: This research paper describes the synthesis of new spiropyrazoline bearing a 1-pyrazoline
framework. In literature, only a few research works are devoted to synthesizing 1-pyrazoline
heterocycle since this heterocycle undergoes spontaneous isomerization to its 2-pyrazoline isomeric
form. Herein, the spiro 1-pyrazoline has been synthesized from thioaurone derivative through a
regiospecific 1,3-dipolar cycloaddition (1,3-DC) with phenyldiazomethane. The structure of the
obtained stable 1-pyrazoline has been established using IR and (*H and *C) NMR spectroscopy and
corroborated by mass spectrometry. Furthermore, the reaction's mechanism and regioselectivity have
been investigated using DFT calculations at the B3LYP/6-31G(d) level. The outcomes have shown that
the formation of the regioisomer 5 is more favorable than 5°, which is in good agreement with the
observed regioselectivity.
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1. Introduction

The diverse range of applications of heterocyclic compounds makes them important in
many domains, especially in medicinal chemistry [1,2]. Pyrazoline is a heterocyclic compound
bearing two contiguous nitrogen atoms inside the five-membered ring with one endocyclic
double bond. Based on the position of the double bond, we found three different isomeric
forms, namely 1-pyrazoline, 2-pyrazoline, and 3-pyrazoline (Figure 1) [3]. Recently, many
studies have raised the biological potential of pyrazoline [4]. A literature survey has shown that
pyrazoline possesses a large array of biological activity, such as antimicrobial [5-7],
antiamoebic [8,9], anti-inflammatory [10], anticancer [11,12], antidepressant [13], steroidal
[14], antiviral [15], etc.
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Figure 1. Structures of pyrazoline isomers.

Pyrazoline nucleus is widely found in naturally occurring compounds like alkaloids
[16]. It’s also found in diverse Synthetic bioactive compounds [17]. In fact, literature shows
that access to this heterocycle can be achieved by several methods [18]. Among the published
strategies for synthesizing pyrazoline heterocycle, 1,3-DC reactions are remarkable ways to
provide good selectivity, environmental, and reasonable chemical processes [19]. Depending
on the targeted isomer of pyrazoline nitrile imines, diazo compounds can be used as dipoles
towards olefins in 1,3-dipolar cycloaddition reactions. Despite the fact that 2-pyrazoline is the
most studied isomer, a few reported works devoted to the preparation of 1-pyrazoline were
found [20-23]. The 1,3-DC reaction of diazo compounds with olefins is known as a method
that can lead to 1-pyrazoline, which can be isomerized spontaneously to 2-pyrazoline [24,25].

Besides, thioaurone derivatives such as a,-unsaturated ketones bearing an exocyclic
double bond have been the focus of several research studies. Their biological activity has not
yet been deeply studied. A few conducted studies have shown that they were tested for their
anti-cancer activity [26,27] and also for their 12/15-lipoxygenase inhibitory [28]. In addition,
thioaurones are derivatives of the indigo compound, known for over a century as chromophores
and dyes [29,30]. Due to their conformational orientation properties, thioaurones are
considered photoswitches. This property makes them highly interesting compounds [31].
Moreover, thioaurones are widely used as starting materials to create new compounds with
high added value [32,33].

During our ongoing research on the development of new heterocycles with biological
interest [34-38], the aim of the current paper is the synthesis of an undescribed 1-pyrazoline
derivative from 4-methylthioaurone and phenyldiazomethane. We have also conducted a DFT
study of the mechanism of the involved reaction.

2. Materials and Methods

2.1. General.

All chemicals were of analytical grade and were utilized directly, with no further
purification. Melting points were determined using a previously calibrated KOFLER Bench,
with an uncertainty of +2°C. A Thermo Scientific TM Nicolet iS10 FT-IR spectrometer was
used to record IR spectra. A BRUKER AVANCE Il spectrometer (300 MHz for *H and 75
MHz for *3C) was used to record NMR spectra in the appropriate solvent mentioned in the
experimental section. The APT sequence was used to record *C NMR spectra. The
advancement of the reaction was monitored using silica gel TLC plates (Merck 60 F254,
thickness: 0.2 mm), and the spots were visualized with a UV lamp (254-365 nm). A Waters®
Acquity™ Ultra Performance LC system coupled to an AcquityTM triple quadrupole
(Waters®, Ireland) was equipped with an electrospray ionization (ESI) to record HRMS
spectra.
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2.2. General synthetic procedures.
2.2.1. 2-[(Carboxymethyl)sulfanyl]benzoic acid 1.

In a 500 mL two-neck flask fitted with a condenser containing 250 mL of water, 0.065
mol of thiosalicylic acid, 0.25 mol of sodium carbonate, and 0.065 mol of monochloroacetic
acid was dissolved. The mixture was heated at reflux for 4 hours, then activated carbon (19)
was added, and the refluxing was continued for 10 min. After filtration, hydrochloric acid (12
N) was added to the mixture until pH = 1. The obtained precipitate was collected by filtration,
rinsed thoroughly with cold water, and recrystallized in ethanol.

White solid, Yield = 77%, m.p. = 210 °C. *H NMR (300 MHz, DMSO-ds, & in ppm):
3.81 (s, 2H, CHy), 7.72 (td, 1H, 3Jo = 7.7 Hz, *Jm = 0.8 Hz), 7.36 (dd, 1H, 3Jo = 7.7 Hz, 3J4 =
0.8 Hz), 7.53 (td, 1H, 3Jo = 7.4 Hz, #Jm = 1.5 Hz), 7,91 (dd, 1H, 3Jo = 7.4 Hz, “Jm = 1.5 Hz),
12.94 (s, 2H, -COOH). *3C NMR (75 MHz, DMSO-ds, & in ppm): 34.4 (S-CH2), 124.5, 125.7,
128.1 (C1), 131.4, 132.9, 140.8 (C2), 167.8 (C1-COOH), 171.1 (CH2-COOH).

2.2.2. Synthesis of 3-acetoxybenzothiophene 2.

A mixture of 1 (0.05 mol), acetic anhydride (80 ml), and acetic acid (20 ml) was
introduced in a 100 mL flask equipped with a condenser and a stir bar. Then, the mixture was
heated for one hour under magnetic stirring, and acetic anhydride was distilled off under
vacuum. The obtained crude was transferred to a separatory funnel containing 60 mL of water
and extracted with diethyl ether (3 x 20 mL). The organic layers were gathered and dried over
anhydrous sodium sulfate Na.SO4 after filtration and elimination of the solvent using a rotary
evaporator. The crude material was purified by silica gel column chromatography using a
mixture of hexane/ether (4:1) to give a pure product.

Red oil, Yield = 70 %, ATR-IR: 1764 cm™ (C=0). *H NMR (300 MHz, CDCls, § in
ppm): 7.41-7.86 (M, 4H, Har), 7.46 (S, 1H, Hethylenic), 2.41 (s, 3H, COCH3). *C NMR (75 MHz,
CDCls, 6 in ppm): 21.0 (CHz), 111.9 (C>), 120.5, 122.9, 124.4, 125.2, 132.2, 136.9, 140.8 (Ca),
168.3 (C=0).

2.2.3. Synthesis of (Z) 2-(4-methylbenzylidene)benzo[b]thiophen-3(2H)-one 3.

An aqueous solution of sodium hydroxide (2N) (50 mL) was placed in a three-neck
flask fitted with a condenser, a nitrogen bubbler, and a dropping funnel. The solution was
bubbled for 2 to 3 minutes by a nitrogen stream, and 3-acetoxybenzothiophene 2 (20 mmol)
was added under magnetic stirring for 20 min. Then, 4-methyl benzaldehyde (20 mmol)
dissolved in ethanol (4 mL) was slowly dropwise under vigorous stirring until the formation of
a yellow solid, which was isolated by filtration, washed thoroughly with cold water and
recrystallized in ethanol.

Yellow solid, Yield = 86%, m.p. = 144 °C. ATR-IR: 1679 cm™ (C=0), 1580 cm
(C=C). 'H NMR (300 MHz, CDCls, & in ppm): 7.95 (s, 1H, Hg), 7.93 (d, 1H, 3Jo = 6.8 Hz),
7.61 (d, 2H, 3J = 8.7 Hz), 7.55 (dd, 1H, 3Jo = 6.9 Hz, 4Jm = 1.3 Hz), 7.49 (d, 1H, 3Jo = 7.7 H2),
7.32-7.26 (M, 3H, Har), 2.41 (s, 3H, CH3). *°C NMR (75 MHz, CDCls, § in ppm): 21.6, 123.8,
125.5,126.9, 129.2, 129.8, 130.3, 130.6, 131.0, 131.5, 133.1, 133.7, 135.1, 140.8, 146.1, 188.6
(C=0).
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2.2.4. Synthesis of spiro-1-pyrazoline 5

4-methylthio aurone 3 (0.55 mmol), tosylhydrazone 4 (1.1108 mmol), and cesium
carbonate Cs2COs3 (1.1108 mmol) were introduced in a 100 mL flask, fitted with a condenser
containing 1,4-dioxane (20 mL). Then, the reaction mixture was heated at reflux under
magnetic stirring for 4 hours. Diluted with water (20 mL) and extracted using dichloromethane
(3x20 mL). The organic layers were gathered and distilled to remove the solvent. The obtained
crude product was purified using silica gel column chromatography and a mixture of
hexane/ethyl acetate as eluent.

White powder, Yield = 52%, m.p. = 95 °C. ATR-IR: 3025 cm™ (=C-H); 2919 cm™ (-
C-H), 1669 cm™ (C=0); 1590, 1515, 1497, 1448 cm™ (C=C-C=C). *H NMR (300 MHz, CDCls,
8 in ppm): 2.43 (s, 3H, CH3), 3.87 (d, 1H, CH, 3J = 9.32 Hz), 3.94 (d, 1H, CH, 3J = 8.98 Hz),
7.20-7.56 (M, 12H, Har), 7.72 (d, 1H, Har, ) = 7.81 Hz). 3C NMR (75 MHz, CDCls, & in
ppm): 21.29 (CHs), 38.63 (Ca), 41.08 (Cs), 51.98 (Cs), 123.95, 124.67, 126.14, 127.62, 128.20,
128.30, 129.45, 129.60, 131.24 (Cq-CO), 133.45 (Cq), 134.47, 137.74 (Cq-CHs), 151.24 (Cq-
S), 195.65 (C=0). HRMS (ESI+): calcd for [M+H]": 371.1218, found: 371.0065.

2.3. DFT study.

The described 1,3-DC reaction between 4-methylthioaurone and phenyldiazomethane
has been subject to a theoretical using the Density Functional Theory (DFT) method. The
calculations have been conducted employing the B3LYP [39] functional conjointly with the 6-
31G(d) basis set [40]. Berny analytical gradients method has been employed to optimize the
structure of the involved chemicals in this study [41]. Frequency computations have been
performed to characterize the stationary points, ensuring that transition states (TSs) exhibit
precisely one imaginary frequency. The intrinsic reactions coordinate [42] (IRC) paths have
been drawn to illustrate the energy profiles connecting each transition state (TS) to the two
related minima [43]. The Gaussian 09 software suite has been used to perform all the
calculations [44], and the Gauss View 6.0 software has been used for the visualization of all
molecular structures as well as the calculation results. The expression @ = (u%/2n) has been
used to give the electrophilicity indices o [45]. The energies of the frontier molecular orbitals
Exomo and ELumo have been used to determine the electronic chemical potential (n) and the
chemical hardness (n) as follows p = (Enomo + ELumo)/2, and n = (ELumo — Enomo),
respectively [46]. Furthermore, the obtained HOMO energy within the Kohn-Sham [48] has
been used to introduce the empirical nucleophilicity index N [47] as N = Enomo(Nu) —
Exomo(TCE). The nucleophilicity has been compared to tetracyanoethylene (TCE), which
exhibits the lowest HOMO energy among a broad range of previously studied organic
molecules [47]. This choice allowed us conveniently to handle a nucleophilicity scale of
positive values.

3. Results and Discussion

3.1. Synthesis.

The starting material 4-methylthioaurone 3, its IUPAC name is (Z2)-2-(4-
methylbenzylidenebenzo[b]thiophen-3(2H)-one, has been prepared using our previously
published procedure [49,50]. The procedure starts with condensing thiosalicylic acid on 2-
chloroacetic acid to afford 2-[(carboxymethyl)sulfanyl]benzoic acid 1. Compound 1 has been
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then subjected to Ra&ssing decarboxylative cyclisation conditions [51] to give 3-
acetoxybenzothiophene 2. This later has been condensed with 4-menthylbenzaldehyde in the
presence of sodium carbonate, leading to 4-methylthio aurone 3 in excellent yield (Scheme 1).
To prevent intermediate 2 from dimerizing onto thioindigo [52], nitrogen steam has been used.

1) N32C03 / Hzo,

COOH A 4h COOH
@ + CICH,COOH -
SH 2)HCL, pH=1 s~ >CooH
1
AcOH / Ac,O
Reflux , 1h
0 OCOCH,

1) NaOH (2M) / N, A
O g 2) 4-MePhCHO S
3 (86 %) O 2

Scheme 1. Synthetic pathway of 4-methylthio aurone 3.

The obtained 4-methylthioaurone 3 has been used as a dipolarophile in the 1,3-DC
reaction with phenyldiazomethane 4. The reaction was performed in dioxane with the existence
of cesium carbonate Cs2COs as a catalyst to give spirocycloadduct 5 encompassing 1-
pyrazoline nucleus (Scheme 2). The reaction occurs in a regiospecific way to afford only a
single cycloadduct with good yield.

Dioxane

A

Scheme 2. Synthesis of spiro-1-pyrazoline 5.

The phenyldiazomethane 4 used as a dipole in the 1,3-DC reaction has been produced
in situ using a previously reported method [53] by the action of cesium carbonate on
tosylhydrazone precursor through the pathway depicted in scheme 3.
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Scheme 3. Synthesis of phenyldiazomethane 4.

3.2. Spectroscopic characterization.

The obtained spirocycloadduct 5 has been identified using spectroscopic techniques,
such as IR, (*H and *C) NMR, and corroborated by mass spectrometry. The infrared spectrum
of the spirocycloadduct 5 (Figure 2) shows the presence of a band at 3025 cm™, which
corresponds to the stretching of the aromatic C-H bonds, and a strong band at 1669 cm™
attributable to the stretching of the carbonyl group (C=0). It also displays four bands belonging
to the stretching of the aromatic skeleton (C=C-C=C) at a range of 1448-1590 cm™.
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Figure 2. ATR-IR spectrum of spiropyrazoline 5.
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Figure 3. 'H NMR (300 MHz, CDCls) spectrum of spiropyrazoline 5.
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The *H NMR spectrum of compound 5 (Figure 3) recorded in CDCls reveals in addition
to signals attributable to aromatic protons, a singlet signal at 2.43 ppm integrates 3 protons
assigned to the methyl protons. The spectrum exhibits two doublet signals centered at 3.87 and
3.94 ppm relative to the two methine protons of the pyrazoline ring, forming an AB system
with a coupling constant of 9 Hz attesting to an anti-disposition. The proton NMR data are in
favor of the regioisomer 5. In addition, the absence of singlet signals that could be attributed
to the protons of the two methine groups favors the observed regiochemistry.

Its °C NMR spectrum (Figure 4) shows the existence of the following characteristic
signals: a signal at 21.29 ppm assigned to the methyl carbon. Carbons of the two methine
groups at positions 4 and 3 of the pyrazoline ring resonate at 38.63 and 41.08 ppm, respectively.
The signal of the spiranic quaternary carbon (Cs) appears at 51.98 ppm. The signal 195.65 ppm
is attributable to the carbon of the carbonyl group.
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Figure 4. ®°C-APT NMR (75 MHz, CDCls) spectrum of spiropyrazoline 5.
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Figure 5. ESI+ spectrum of spiropyrazoline 5.
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The structure of the synthesized spiro-1-pyrazoline has been further confirmed by mass
spectrometry. The ESI+ spectrum of the spirocycloadduct 5 (Figure 5) shows a molecular peak
at 371.0065 Da, belonging to the exact mass of the proposed structure.

3.3. Theoretical study.
3.3.1. Global reactivity indices.

With the aim of giving more insight into the mechanism of the described 1,3-DC
reaction between the thioaurone derivative and phenyldiazomethane, as well as predicting the
behavior of synthons, we have conducted a theoretical study. For this reason, the global indices
chemical potential (1), chemical hardness (1), electrophilicity (o), and nucleophilicity (N) have
been calculated for reagents involved in the investigated 1,3-DC reaction. The obtained
outcomes are listed in Table 1.

Table 1. B3LYP/6-31G(d) electronic chemical potential p, chemical hardness 1, electrophilicity o,
nucleophilicity N, in eV, of the two reagents.

System U n o N
Dipolarophile 3 —3.96 3.40 2.30 3.46
Dipole 4 —-3.47 3.88 1.55 3.71

Based on the results presented in Table 1, a detailed analysis of the global indices
reveals significant insights into the reactivity of compounds involved in this 1,3-DC reaction.
The electronic chemical potential (p) of dipole 4 is —3.47 eV, slightly higher than that of
dipolarophile 3, which is —3.96 eV. This indicates that during the reaction, dipole 4 is likely to
donate electrons to dipolarophile 3, suggesting a charge transfer from 4 to 3. Additionally, the
nucleophilicity and electrophilicity indices further elucidate their reactivity profiles. The
dipolarophile 3 has a nucleophilicity index (N) and an electrophilicity index (o) values of 3.46
eV and 2.30 eV, respectively, while the dipole 4 exhibits slightly higher nucleophilicity (3.71
eV) but a lower electrophilicity (1.55 eV). Therefore, the reactivity pattern suggests that
synthon 4 is more likely to act as a nucleophile, while synthon 3 is predisposed to function as
an electrophile in the process of this reaction.

3.3.2. Energetic study.

Due to the asymmetry of both reagents, the 1,3-DC reaction between 3 and 4 can
proceed via two competing pathways.

Scheme 4. Regioselective pathways of the 1,3-DC reaction between synthons 3 and 4.

https://biointerfaceresearch.com/ 8 of 13


https://doi.org/10.33263/BRIAC151.006
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC151.006

These pathways correspond to two regioisomeric modes of approach: involving the
formation of single bonds Ci-Ns and C2-Cs to give regioisomer 5, or the formation of single
bonds Ci-Cs and C2-Ns to give regioisomer 5°. Each pathway is associated with a distinct
transition state, TS-1, and TS-2, respectively, as illustrated in Scheme 4.

The total and relative energies have been determined and listed in Table 2. The energy
profiles of the reaction pathways associated with the 1,3-DC between reagents 3 and 4 are
illustrated in Figure 6.
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Figure 6. Energies profiles for the studied reaction paths between 3 and 4.

Based on the results presented in Table 2, the 1,3-DC reaction between 3 and 4
demonstrates an exothermic nature, forming spiro cycloadducts 5 and 5’ releasing energies of
—10.78 and —10.72 kcal/mol, respectively. This exothermicity indicates that the reaction
proceeds with a strong preference for product formation under Kinetic control. The activation
energies for the transition states TS-1 and TS-2 are 16.67 and 21.37 kcal/mol, respectively,
highlighting that the formation of regioisomer 5 is kinetically more likely than 5°.
Consequently, regioisomer 5 not only emerges as the favored product in terms of kinetic control
but also aligns with thermodynamic favorability due to its lower formation energy. This
analysis is consistent with experimental observations, reinforcing that regioisomer 5 is
kinetically and thermodynamically favored in this reaction process.

Table 2. B3LYP/6-31G(d) total (E, in a.u.) and relative energies (AE, in kcal/mol) for the species involved in
the investigated 1,3-DC reaction between 3 and 4.

System E (u.a) AE (kcal/mol)
3 —1090.352784
4 —379.801663
3+4 —1470.154447
5 —1470.171530 —10.78
5 —1470.171621 —-10.72
TS-1 —1470.127878 16.67
TS-2 —1470.120388 21.37

https://biointerfaceresearch.com/ 9of 13


https://doi.org/10.33263/BRIAC151.006
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC151.006

Figure 7 illustrates the transition state geometries for the two reaction pathways. The
analysis of these geometries reveals that in the TS-1, the bond lengths of the newly formed
bonds C1-Ns and C2-Cs are 1.702 A and 1.704 A, respectively. In the TS-2, the bond lengths
for C1-Cs and C2-Ns are 1.927 A and 1.916 A. These observations indicate that the formation

of the new single bonds occurs asynchronously.

TS-1 TS-2

Figure 7. B3LYP/6-31G(d) geometries of the TSs involved in the regioselective reaction between 3 and 4.
Distances are given in Angstroms A.

The Intrinsic Reaction Coordinate (IRC) curve is essential for elucidating reaction
mechanisms, as it illustrates the progression of molecular structure from the reactant state to
the product state via the transition state. Analysis of the IRC curve for the studied 1,3-DC
reaction reveals that the reaction occurs in a concerted mechanism following the favored path
(TS-1).

4. Conclusions

In this work, we were able to synthesize new spiro pyrazoline encompassing 1-
pyrazoline moiety from thioaurone derivative and phenyldiazomethane using a 1,3-DC
reaction. The spectral data are in good agreement with the proposed structure of the
spiropyrazoline 5. The data also suggest that the cycloaddition reaction proceeds in a
regiospecific manner in favor of regioisomer 5. The regioselectivity and the mechanism of
this reaction were further investigated using DFT calculations at the B3LYP/6-31G(d)
level. The analysis of the energy profiles indicated that the formation of both possible
regioisomers 5 and 5” is exothermic. In addition, it also revealed that regioisomer 5 is
kinetically and thermodynamically more favorable rather than 5°, which aligns well with
the observed experimental results.
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