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nucleophilicity with substituent constants of Hammett, Taft, Brown and Okamoto's as well as
Exner for para substituent analogues of (Z)-C-phenyl-N-methylnitrones have been study. Based
on presented results it should be noted that tested models of substituent constants correlate in a
satisfactory way with computational data. The opposite conclusion is observed for spectral data
derived from analysis performed for synthesized nitrones. The obtained results constitute a useful
element for future research on reaction mechanisms involving the tested nitrones.

© 2025 by the authors; licensee Growing Science, Canada.

1. Introduction

Nitrones, namely also imine N-oxides, are heteroorganic compounds having a characteristic iminoxy group in their
structure (Fig. 1).! Compounds of this class are widespread in modern chemistry.?? This is due to their unique properties,
because nitrones are chemically similar in reactivity to carbonyl compounds such as ketones and aldehydes. Thanks to this,
nitrones are useful in reactions with nucleophilic agents.*
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Fig. 1. Resonance structures of nitrones.
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First of all, nitrones as nitrogen containing organic compounds>® themselves have biological potential. The main use
of these compounds consists in their application as spin-trapping agents to detect and identify transient radicals.” In a course
of reaction between nitrone and radicals, the aminoxyl in a form of spin adducts are created (Scheme 1). Spin trapping is
one of the very few analytical techniques that can identify the nature or structure of a radical intermediate. The EPR signal
that is produced by the aminoxyl spin adduct provides a wealth of information due to their ability to not only quantify the
number of radicals produced but also to identify radicals rather than just detect them, which is one unique feature of spin
trapping over the use of other techniques. A unique feature of the spin-trapping technique is its ability to discern various
radicals formed from each other based on their spectral profiles of their spin adduct. Therefore, with spin trapping, one
could differentiate O-centered radicals such as 0>, HO", and RO" as well as C, N, and S radicals.®®
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Scheme 1. Formation of aminoxyl spin adduct from nitrones.

The presented application of nitrones is commonly used in trapping free radicals generated inside the cells and tissues.
The first mentions about this topic come from the mid-1980s. In 1986 Novelli et al. reported that administration of (Z)-C-
phenyl-N-zert-butyl nitrone, (PBN) (Fig. 2), confers protection on rats from lethal whole-body trauma or circulatory shock.!°
In turn, in 2001 Zhao et al. tested another PBN derivative, which was (Z)-2.,4-disulfophenyl-N-tert-butylnitrone, referred to
as NXY-059 (Fig. 2). This nitrone was the first example of spin-trapping agent to reach Phase III clinical trials in the USA
for the treatment of acute ischemic stroke.!' Currently, these compounds are used in medicine against several ROS-related
disorders, such as brain injury,'? renal injury,'3 visual loss,'* as well as neuronal damage.'® In the next years, the anticancer
role of PBN and its derivatives against various types of cancer was also studied. These nitrones are reported to inhibit tumor
growth and progression in hepatocellular carcinoma, brain cancer and colon cancer models.'®!” Next to linear nitrones such
as PBN and also NXY-059, in the literature there are several examples of cyclic nitrones used as trapping free radicals. In
2009 Zuo et al. reported about the cardio-protective functions of the cyclic nitrone, 5,5-dimethyl-1-pyrroline N-oxide
(DMPO) (Fig. 2), against I/R injury.'®
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Fig. 2. Common cyclic and linear nitrones used as spin-trapping agents.

Nitrones have also found application in the fields of photodynamic therapy,'? fuel cell research,? nanotechnology,?' as
well as catalysis.?2 However, except for their biological importance, these chemical compounds are widely used as important
building blocks in the synthesis of heterocycles. In particular, nitrones are used as three atoms components?>** viq reactions
[3+2] cycloaddition (32CA).226 As a result of these reactions, it is possible to obtain isoxazolines as well as isoxazolines
(Scheme 2).27-%°
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Scheme 2. Explanatory scheme of application of nitrone via 32CA with acetylene and acetylene systems.
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Therefore, taking into account both the significant biological potential as well as the usefulness in the synthesis of
heterocycles, it was decided to carry out the study about the substituent effect for the selected series of para substituent
analogues of (Z)-C-phenyl-N-methylnitrones. This type of research is particularly desirable for scientists studying reaction
mechanisms. For this purpose the substituent constants of Hammett*® (representing the total of inductive and resonance
effects), Taft*! (representing the total the inductive and resonance effects without strong resonance interactions between
substituents and the reaction centre), Brown and Okamoto's’? (representing the total the inductive and resonance effects
with strong resonance interactions between substituents and the reaction centre) as well as Exner® (representing separate
the inductive or resonance effects) had been applied. Present research was explored on two independent approaches, namely
in an experimental way as well as based on quantum chemical calculations.

2. Results and Discussion
2.1. Selection of nitrones used in the presented study

The choice of nitrones tested in this article was dictated by two main criteria. One of them is the availability of reagents
necessary to carry out the synthesis. The second one was the fact of having biological activity through nitrones. Therefore,
the basic physicochemical parameters for selected nitrones were simulated by SwissADME.3* The obtained data were
evaluated using a drug-likeness model via rules of Lipinski et al.>> Additionally, in order to emphasize the authenticity of
the analysis performed, the potential use of selected nitrones was tested using the PASS program.3¢
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Fig. 3. Structures of tested para substituent analogues of (Z)-C-aryl-N-methylnitrones (1a-e).

Taking into account the above-mentioned elements, the homologous series of para substituent analogues of (Z)-C-phenyl
-N-methylnitrones 1a-e as the tested nitrones were analysed (Fig. 3). These compounds 1a-e have been evaluated according
to Lipinski et al.** rules. Based on information collected in Table 1 it can be concluded that all selected nitrones 1a-e are
characterized by appropriate lipophilicity, quantity of H-bond acceptors and donors as well as molecular weight.

Table 1. The selected physicochemical parameters of tested para substituent analogues of (Z)-C-phenyl-N-methylnitrone
(1a-e) together with evaluation according to Lipinski et al.> rules.

I . N‘tlrz’“e 1 Le Lipinski et al.* range
Molecular weight [Da] 135 153 169.5 214 180 <500 Da v
#H-bond acceptors 1 2 1 1 3 <10 v
#H-bond donors 0 1 0 0 0 <5 v
Lipophilicity Log Pou 1.66 2.09 225 2.40 0.49 <4.15 v

In order to explain a biological potential of selected para substituent analogues of (Z)-C-phenyl-N-methylnitrone 1a-e
the PASS3¢ analysis has been performed. Table 2 contains the most probable direction for biological implementation.
According to PASS analysis it should be noted that for all selected nitrones 1a-e can be applied as cerebral anti-ischemic
agents as well as in a role of interleukin antagonist.

Table 2. Prediction of the main biological activities of tested para substituent analogues of (Z)-C-phenyl-N-methylnitrone
(1a-e) using PASS.*® The results are expressed as molecule’s probability to be active (Pa) or inactive (Pi).

Activity Pa Pi
1a Antiischgmic, cerebral 0.950 0.004
Interleukin antagonist 0.909 0.003
b Antiischemic, cerebral 0.926 0.005
Interleukin antagonist 0.900 0.003
le Antiischgmic, cerebral 0.930 0.005
Interleukin antagonist 0.886 0.003
1d Interleukin antagonist 0.883 0.003
Antiischemic, cerebral 0.878 0.007
le Antiischgmic, cerebral 0.902 0.005
Interleukin antagonist 0.879 0.003

Therefore, both analysis of the physicochemical parameters as well as the prediction of the main biological activities
show that the chosen nitrones (1a-e) are valuable candidates for testing due to their potential properties.
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2.2. Synthesis and spectral characteristic of tested nitrones

Many methods for the synthesis of nitrones are available. To the most popular laboratory protocols include imine
oxidation,’” alkylation and arylation of oximes,>**" as well as condensation reactions of N-substituted hydroxylamines
with aldehydes or ketones.** In the presented work, the last method has been applied. For this purpose, in a role of
substrates para substituent analogues of benzaldehyde (2a-e) and N-methylhydroxylamine hydrochloride (3) were used
(Scheme 3). The choice of the synthesis method for the tested nitrones (1a-e) was dictated by several aspects: (I) common
and simple protocol; (II) availability of necessary reagents; (III) high yields of the final products.
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Scheme 3. Synthesis of the tested nitrones (1a-e) via condensation reaction between para substituent analogues of
benzaldehyde (2a-e) N-methylhydroxylamine hydrochloride (3).

First, the simplest (Z)-C-phenyl-N-methylnitrone (1a) has been synthesized. Searching for most convenient conditions
for carrying out this synthesis, several attempts of reaction have been made, changing the molar ratio of the reactants, the
used solvent, the reaction temperature as well as access to light (Table 3). On this basis, the most favourable conditions for
synthesis have been determined as the room temperature in the dark, and the use of isopropanol as the solvent. The optimal
moral ratio of reactants is the excess of hydroxylamine relative to aldehyde (Table 3).

Table 3. Optimization of reaction conditions for the sysnthesis of (Z)-C-phenyl-N-methylnitrone (1a).

Molar ratio 2a : 3 Solvent Temperature Access to light Reaction yield

1:1 Toluene Reflux Yes -

12:1 Toluene Reflux Yes -

1:1.2 Toluene Reflux Yes -

1:1 Toluene Reflux No 54%
1.2:1 Toluene Reflux No 44%
1:1.2 Toluene Reflux No 56%
1:1 Toluene Room temp. No 75%
1:1.2 Toluene Room temp. No 83%
1:1 Isopropanol Room temp. No 88%
1:1.2 Isopropanol Room temp. No 92%

In order to generate N-methyl-hydroxylamine (3) from its hydrochloride form, sodium bicarbonate was used. In turn,
in order to absorb water formed during the reaction, the sodium sulfate was applied. The reaction progress was monitored
via HPLC Under presented conditions and using the mentioned reagents, the conversion of the substrates lasted 24 hours.
First, the solvent was distilled from the obtained post-reaction mass using a vacuum evaporator under reduced pressure. In
order to separate the potential nitrone la from the remains of unreacted substrates and other inorganic compounds, the
extraction of dichloromethane has been applied. Finally, the reaction product was purified by crystallization from methyl
alcohol. The hypothetical (Z)-C-phenyl-N-methylnitrone (1a) was obtained as white, crystalline solid. The syntheses of the
remaining nitrones 1b-e were carried out according to the presented protocol.

The constitution of para substituent analogues of (Z)-C-phenyl-N-methylnitrones 1a-e have been confirmed based on
spectroscopic and physicochemical analysis. It should be underlined that obtained compounds are not novel connections
and they have been characterized in the past. So, first of all, melting points for all products were determined. Values for the
obtained connections are compatible with literature melting points for nitrones 1a-e. Based on this information, it may be
presumed that synthesized compounds are expected to be nitrones 1a-e. The similar situation is observed in a case of UV-
Vis analysis. In particular, measured absorption maxima for obtained connections are identical to the case of expected
nitrones la-e.

The analyses that fully explain the structure of the obtained compounds are '"H NMR and IR. The significant for these
considerations were the identification of (I) singlet in '"H NMR spectra, relating to the methyl group, as well as (IT) signals
relating to the iminoxy moiety in IR spectra. The most important results of performed analysis are collected in Table 4.
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Table 4. Selected physicochemical and spectral data for tested para substituent analogues of (Z)-C-phenyl-N-
methylnitrones 1a-e.

R [min] t[°C| UV-Vis [nm] Auax 'H Nglgﬂ'fpm' :Eclil?l\l D“:l\'lff (1)],
1a 3.13 80 288 378 1594 1163
1b 342 109 287 379 1596 1232
1c 4.50 132 305 3.80 1591 1165
1d 5.00 139 297 379 1581 1161
1e 3.58 212 293 378 1597 1333

2.3. Correlation of substituent constants with theoretical parameters

First, it was decided to determine basic reactivity descriptors for the tested para substituent analogues of (Z)-C-phenyl-
N-methylnitrones 1a-e. For this purpose, the well-established approach of Conceptual Density Functional Theory (CDFT)
was used.* The CDFT is a very important tool in understanding the reactivity of molecules in polar processes.** The theory
is to connect well established chemical concepts, like electronic chemical potential p and chemical hardness n with the
electronic structure of a molecule. Based on those, the indication of global electronic properties of substrates, such as global
electrophilicity o and global nucleophilicity N for molecules, can be established. As an effect, it is possible to assign addends
arole of either an electrophile or a nucleophile in studied reactions.*®*” Furthermore, with application of Parr functions, not
only global, but also local electronic properties of a molecule can be estimated, thus allowing to predict reactivity of
molecules in the studied reactions, based only on substrates structures.*® Thus, the global reactivity indices for the para
substituent analogues of (Z)-C-phenyl-N-methylnitrones 1a-e are presented in Table 5.

Table 5. HOMO and LUMO energies as well as global reactivity indices given in electronvolts [eV] for tested para
substituent analogues of (Z)-C-phenyl-N-methylnitrones 1a-e, according to B3LYP/6-31G(d) in gas phase.

HOMO LUMO Chemi?al Chemical Global electrophilicity index Global n}lcleophilicity
energy energy potential hardness o [eV] index
[eV] [eV] nleV] 1 [eV] N [eV]
1a -5.50 -1.27 -3.39 4.24 1.35 3.62
1b -5.55 -1.31 -3.43 4.24 1.39 3.57
1c -5.68 -1.53 -3.61 4.15 1.57 3.44
1d -5.67 -1.54 -3.61 4.13 1.57 3.45
le -6.23 -2.64 -4.43 3.59 2.74 2.89

Based on the obtained computational results, it is possible to determine the nature of the tested nitrones 1a-e. The
simplest (Z)-C-phenyl-N-methylnitrone (1a) the calculated value of global electrophilicity for this nitrone is 1.35 eV, and
the calculated value of global nucleophilicity is 3.62 eV (Table 5). This means that the nitrone 1a can be classified as both
a moderate electrophile and a strong nucleophile. Replacing the hydrogen atom in the para position of the phenyl ring in
nitrones 1b-d on the halogen atom does not significantly change the nature of the molecules. In particular, the
nucleophilicity index of nitrones 1b-d is slightly reduces, to 3.57 (1b), 3.44 (1c) and 3.45 (1d) eV, as well as the
electrophilicity index of nitrones 1b-d slightly increases, to 1.39 (1b), 1,57 (1¢) and 1.57 (1d) eV (Table 5). As a
consequence, all mentioned (Z)-C-aryl-N-methylnitrones 1b-d can be considered as moderate electrophiles and also strong
nucleophiles. Another situation is observed for introducing a strong electron-withdrawing substituent which is the nitro
group. Both global electrophilicity and nucleophilicity indexes have changed considerably. In particular, the nucleophilicity
index of nitrone 1e is drastically reduces, to 2.89 eV, as well as the electrophilicity index of nitrones 1e drastically increases,
to 2.74 eV (Table 5). In a consequence, the (Z)-C-(4-nitrophenyl)-N-methylnitrone le can be considered as a strong
electrophile and also a moderate nucleophile.

In the next part of presented research, it was decided to compare the obtained values of global electrophilicity and
nucleophilicity (Table 5) with substituent constants according to Hammett (c,),>° Taft (c,°),>! Brown and Okamoto's (c,")*?
as well as Exner (o1 and or)>® for para substituent analogues of (Z)-C-phenyl-N-methylnitrones 1a-e. The correlations
include the selected quantum-chemical calculation results collected in Table 6.

Table 6. Correlation between selected substituent constants and global electrophilicity and nucleophilicity for tested para
substituent analogues of (Z)-C-phenyl-N-methylnitrones 1a-e.

Dependency type Linear regression R?

Hammett constants 6, vs. global electrophilicity index o o,=185w+124 0.9738
Hammett constants o, vs. global nucleophilicity index N op =-0.95'N +3.64 0.9947
Tafi constants 6,” vs. global electrophilicity index o 6’ =1830+1.17 0.9549
Tafi constants 6,” vs. global nucleophilicity index N o, = -0.94'N + 3.68 0.9793
Brown and Okamoto's constants c," vs. global electrophilicity index ® o, =1.67'0 + 1.40 0.9843
Brown and Okamoto's constants o," vs. global nucleophilicity index N o, =-0.84N +3.56 0.9794
Exner induction constants o; vs. global electrophilicity index o o;=1300+1.13 0.3606
Exner induction constants o; vs. global nucleophilicity index N 0 =-0.72’"N+3.72 0.4255
Exner resonance constants o vs. global electrophilicity index or=117"0+2.03 0.2680

Exner resonance constants o vs. global nucleophilicity index N or =-0.54'N +3.26 0.2187




In the case of correlation studies for the substituent effect in organic compounds containing substituents directly
connected with the aromatic ring, Jaffe described that a determination coefficient R? above 0.99 indicates an excellent fit
and a satisfactory and fair fits range from 0.99 to 0.90. In turn, determination coefficient R? below 0.90 are considered as
not being adequately.*

Based on the data in Table 6, as well as the ranges identified by Jeff*® it should be concluded that both of Hammett, Taft
as well as Brown and Okamoto's substituent constants correlate in more than satisfactory way with global electronic
properties of tested para substituent analogues of (Z)-C-phenyl-N-methylnitrones 1a-e. In particular, in a case of correlation
of Hammett substituent constants for global electrophilicity indexes the determination coefficient R?is satisfactory (0.9738)
and for global nucleophilicity indexes the determination coefficient R?is excellent (0.9947) (Table 6). Similar results were
received for correlation of Brown and Okamoto's substituent constants with global electrophilicity indexes (0.9843;
satisfactory kind of fit) and with global nucleophilicity indexes (0.9794; satisfactory kind of fit) (Table 6). Slightly worse
but still acceptable results were obtained for correlation of Taft substituent constants with global electrophilicity indexes
(0.9549; satisfactory kind of fit) and with global nucleophilicity indexes (0.9793; satisfactory kind of fit) (Table 6).

A completely different situation is observed in the case of correlations of global electronic properties with both Exner
constants. In particular, all of the mentioned correlations have values less than 0.5 which means that they are considered as
not being adequate according to Jeff* recommendation. However, taking into account the separated inductive and resonance
effects for the series of tested para substituent analogues of (Z)-C-phenyl-N-methylnitrones 1a-e, higher values of the
determination coefficient R? are obtained in the case of correlation of global reactivity descriptors with Exner constants
representing the inductive effect. For correlation of Exner substituent constants for global electrophilicity indexes the
determination coefficient R? for inductive effect is 0.3606 and for resonance effect is 0.2680. In turn, for correlation of
Exner substituent constants for global nucleophilicity indexes the determination coefficient R? for inductive effect is 0.2680
and for resonance effect is 0.2187. and for global nucleophilicity index the determination coefficient R?is excellent (0.9947)
(Table 6).

Taking into account the correlations of the global reactivity descriptors with all tested substituent constants, it should
be concluded that the best results are obtained when using substituent constants representing the sum of inductive and
resonance effects. Global electrophilicity values have the best correlation with Brown and Okamoto's substituent constants.
In turn, global nucleophilicity values have the best correlation with Hammett substituent constants. For the series of tested
para substituent analogues of (Z)-C-phenyl-N-methylnitrones la-e, the dominant effect caused by the substituent is
inductive effect arising from differences in electronegativity between bonded atoms, which leads to a polarisation of the
bond.*%!

2.4. Correlation of substituent constants with experimental parameters

The obtained compounds were tested to confirm their constitution. The results of these analyzes were compared with
literature data.”>> In the next part of the presented study, it was decided to compare selected characteristic spectral data
with the tested substituent constants. For this purpose, UV-Vis, IR as well as NMR analysis data were used (Table 4). The
correlations include the selected experimental results collected in Table 7.

Table 7. Correlation between selected substituent constants and key spectroscopic parameters for tested para substituent
analogues of (Z)-C-phenyl-N-methylnitrones 1a-e.

Dependency type Linear regression R?

Hammett constants 6, VS. Amax of UV-Vis 6, =5.25'L+292.63 0.0482
Hammett constants o, vs. proton shift § CH;of '"H NMR o, =-0.01-8 +3.79 0.0803
Hammett constants op vs. signal v >C="N< of IR o, =4.29v +1590.7 0.0417
Hammett constants o, vs. signal v >N*=0” of IR o, =197.44-v + 1159.5 0.6607
Taft constants 6,° vs. Apax of UV-Vis 6,0 =2.8843-L +293.43 0.0182
Taft constants o, vs. proton shift § CH; of 'H NMR c," =-0.0103-3 +3.79 0.1774
Tafi constants 6,° vs. signal v >C="N< of IR 6, = 4.47-v +1590.9 0.0564
Tafi constants 6,° vs. signal v >N*= 0 of IR 6, = 175.06v + 1176.5 0.6496
Brown and Okamoto's constants 6," vs. Ay of UV-Vis o," =4.5823-L +292.61 0.0369
Brown and Okamoto's constants c," vs. proton shift § CH; of 'H NMR o," =-0.0065-5 +3.79 0.0569
Brown and Okamoto's constants c," vs. signal v >C="N< of IR o,  =5.15-v+1590.2 0.0603
Brown and Okamoto's constants c," vs. signal v >N" =0~ of IR G, =206.72+v + 1148 0.7294
Exner induction constants 6 Vs. Apa of UV-Vis o1 = 8.7949-A +290.01 0.0914
Exner induction constants o; vs. proton shift § CH; of '"H NMR or = 0.0093-6 + 3.7838 0.0879
Exner induction constants oy vs. signal v >C="N< of IR o1 =0.65'v+1591.5 0.0007
Exner induction constants o; vs. signal v >N*=0~ of IR or=173.62-v+ 1132 0.3836
Exner resonance constants o vs. Amax 0f UV-Vis or =-3.2632-A +293.16 0.0128
Exner resonance constants or vs. proton shift 8 CH; of '"H NMR or =-0.0237-6 + 3.7819 0.5237
Exner resonance constants o vs. signal v >C="N< of IR or =5.69'v+1593.3 0.0506

Exner resonance constants og vs. signal v >N"=0O~ of IR or = 80.283-v + 1231.5 0.0755
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Based on the data in Table 7, as well as the ranges identified by Jeff** it should be concluded that all tested substituent
constants do not show satisfactory correlation with selected spectroscopic parameters. In particular, the determination
coefficient R? of correlation of Hammett, Taft as well as Brown and Okamoto's substituent constants with Amay of UV-Vis,
proton shift § CHs of 'H NMR and signal v >C="N< of IR of tested nitrones 1a-e do not even exceed 0.2000 (Table 7). One
promoting dependency type is correlation for mentioned Hammett, Taft as well as Brown and Okamoto's substituent
constants with signal v >N*— O~ of IR. Nevertheless, the determination coefficient R? for these correlations still fluctuates
in the range of ca. 0.65-0.73 (Table 7). Therefore, even these values are not sufficient according to the ranges defined by
Jeff.*¥* Based on the correlation between Exner substituent constants and selected spectroscopic parameters, it cannot be
clearly stated which of the two effects, namely induction or resonance, is stronger for tested para substituent analogues of
(Z)-C-phenyl-N-methylnitrones 1a-e. In particular, the highest determination coefficient R? occurs for dependency of Exner
resonance constants with proton shift 8 CH; of 'H NMR (0.5237) and the rest of determination coefficient R do not even
exceed 0.1000 (Table 7). Additionally, a determination coefficient R? coefficient occurs alternately. This means that in the
case of Exner correlation with Ama, of UV-Vis the inductive effect prevails, while for proton shift § CH; of 'H NMR the
resonance effect definitely prevails. In turn, for IR signals it is either inductive (signal v >C="N<) or resonant (signal v
>N*—=0"), depending on the considered band (Table 7).

3. Conclusions

The summary of the presented correlation research for tested para substituent analogues of (Z)-C-phenyl-N-
methylnitrones 1a-e, it should be concluded that computational parameters in a form of the global reactivity descriptors
correlate in satisfactory way with all tested substituent constants. In particular, the best results are obtained when using
substituent constants representing the sum of inductive and resonance effects. Global electrophilicity values have the best
correlation with Brown and Okamoto's substituent constants. In turn, global nucleophilicity values have the best correlation
with Hammett substituent constants. In turn, the dominant effect caused by the substituent is an inductive effect arising from
differences in electronegativity between bonded atoms, which leads to a polarisation of the bond. In turn, in an experimental
data it should be mentioned all tested substituent constants do not show satisfactory correlation with selected spectroscopic
parameters. One promoting dependency type is correlation for mentioned Hammett, Taft as well as Brown and Okamoto's
substituent constants with signal v >N*"O~ of IR. Nevertheless, the determination coefficient R? for these correlations still
fluctuates in the range of ca. 0.65-0.73, so even these values are not sufficient. What is more, it cannot be clearly stated
which of the two effects, namely induction or resonance, is stronger for these correlations. The consistency in the obtained
results is not observable.

4. Experimental
4.1. Materials and Methods

Commercially available (Sigma—Aldrich, Szelagowska 30, 61-626 Poznan, Poland) reagents and solvents were used.
All reagents were tested with high pressure liquid chromatography before use.

4.2. Analytical Techniques

For reaction progress testing, high pressure liquid chromatography (HPLC) was performed a KNAUER apparatus
equipped with a UV-Vis detector with application of the standard procedure.’**¢ LiChrospher RP-18 10 pm column (4 x
250 mm) was applied and methanol-water MeOH:H>O (60:40 v/v) was used as eluent at a flow rate of 1.5 cm3/min. Melting
points were determined with the Boetius PHMK 05 apparatus and were not corrected. FT-IR spectra were derived from the
FTS Nicolet IS 10 spectrophotometer with Attenuated Total Reflectance (ATR). '"H NMR (60 MHz) spectra were recorded
with a NANALYSIS 60e spectrometer. All spectra were obtained in the deuterated chloroform CDCl; (visible at 7.27 ppm
for 'TH NMR) solutions and the chemical shifts (8) are expressed in ppm. TMS was used as an internal standard. UV-Vis
spectra were determined in methanolic solutions for the 190-500 nm range with a spectrometer UV-5100 BIOSENS. The
maximum of absorption was detected below 1 AU of absorbance and adheres to Beer-Lambert Law.

4.3. General synthesis procedure of (Z)-C-aryl-N-methylnitrones (la-e)

In an Erlenmeyer flask, equipped with a magnetic stirrer, 4 mmol of appropriate substituent analogue of benzaldehyde
(2a-e), 5 mmol of N-methylhydroxylamine hydrochloride (3), 5 mmol of sodium bicarbonate, 5 mmol of anhydrous sodium
sulfate and also 10 mL of anhydrous isopropyl alcohol. The mixture was stirred for 24 h without exposure to light. After
this time, the solvent was evaporated. From the obtained precipitate, which was a mixture of organic and inorganic residue,
I isolated the product by extraction from dichloromethane. The final nitrones (1a-e) were purified by crystallization from
methanol.

4.4. Physical and Spectral Data
e (Z)-C-phenyl-N-methylnitrone (1a): white crystal solid; m.p. 80 °C; Ry (MeOH:H,0O 60:40 v/v): 3.13 min; UV-Vis

(CH30H): Amax [nm] 288; FT-IR (ATR): v [em™!] 1594 (>C="N< nitrone moiety, strong), 1163 (>N*— O nitrone moiety,
strong); '"H NMR (60 MHz, CDCls): § [ppm] 3.78 (s, 3H, -CH3).



o (Z)-C-(4-fluorophenyl)-N-methylnitrone (1b): white crystal solid; m.p. 109 °C; R, (MeOH:H,0 60:40 v/v): 3.42 min;
UV-Vis (CH;0H): Amax [nm] 287; FT-IR (ATR): v [cm™!] 1596 (>C="N< nitrone moiety, strong), 1232 (>N"—=0O"
nitrone moiety, strong); 'H NMR (60 MHz, CDCls): § [ppm] 3.79 (s, 3H, -CH3).

o (Z)-C(4-chlorophenyl)-N-methylnitrone (1¢): white crystal solid; m.p. 132 °C; R (MeOH:H>O 60:40 v/v): 4.50 min;
UV-Vis (CH30H): Amax [nm] 305; FT-IR (ATR): v [em™!'] 1591 (>C="N< nitrone moiety, strong), 1165 (>N*—=O~
nitrone moiety, strong); 'H NMR (60 MHz, CDCl5): § [ppm] 3.80 (s, 3H, -CH3).

o (Z)-C(4-bromophenyl)-N-methylnitrone (1d): white crystal solid; m.p. 139 °C; R (MeOH:H,0O 60:40 v/v): 5.00 min;
UV-Vis (CH;0H): Amax [nm] 297; FT-IR (ATR): v [cm™!] 1581 (>C="N< nitrone moiety, strong), 1161 (>N"=0O~
nitrone moiety, strong); 'H NMR (60 MHz, CDCl;): & [ppm] 3.79 (s, 3H, -CH3).

e (Z)-C(4-nitrophenyl)-N-methylnitrone (1e): yellow crystal solid; m.p. 212 °C; R (MeOH:H,0 60:40 v/v): 3.58 min;
UV-Vis (CH30H): Amax [nm] 293; FT-IR (ATR): v [cm™'] 1597 (>C="N< nitrone moiety, strong), 1333 (>N*—=0O"~
nitrone moiety, strong); 'H NMR (60 MHz, CDCls): § [ppm] 3.78 (s, 3H, -CH3).

4.5. Computational Details

All computations were performed using the Gaussian 16 package®” in the Ares computer cluster of the CYFRONET
regional computer centre in Cracow. DFT calculations were performed using the B3LYP functional®® together with 6-
31G(d) basis set.*® This computational level has already been successfully used in optimization and evaluation of a various
organic molecules,*®% especially heteroatomic systems.®>-%> What is more, this computational level correlates well with
experimental results.*®-% Calculations of all critical structures were performed at temperature T = 298 K and pressure p = 1
atm in a gas phase. All localized stationary points were characterized using vibrational analysis. It was found that starting
molecules as well as products had positive Hessian matrices. Analyses of global electronic properties of tested nitrones
were performed according to Domingo’s recommendations.*>%>7% The physicochemical properties were evaluated by the
SwissADME online server.> In order to assess a Drug-Likeness, models based on rules of Lipinski et al.>> In turn, the
analysis and prediction of activity spectra for the substances were prepared by the PASS online server.*
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