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The reactivity of three-membered heterocycles such as phenyl-substituted aziridines, azi-
rines, epoxides was studied in comparison with styrenes, azomethines and carbonyl compounds
which are most often used in organic synthesis in nucleophilic and electrophilic reactions. In ac-
cordance with electronic reactivity indices of nucleophilicity and electrophilicity calculated on
the base of DFT approach, the substituted molecules of azirines, aziridines, and epoxides exhibit
the similar reactivity to aldehydes and styrenes. In all cases, our predictions were checked against
the experimental observations given in literature. All considered compounds mainly characterizes
by the properties of medium-strength electrophiles. Aziridines, azirines, epoxides with two aryl
groups show the best electrophilic properties. This observation can be used in predictions of reac-
tivity for these classes of compounds. Among three-membered heterocycles, the best nucleophil-
ic properties were observed for substituted epoxy cycles. We have found that the dual descriptor
based on Fukui functions cannot be recommended for predictions the reactivity of aziridines and
epoxides. The values of the dual descriptor on both carbon atoms in three-membered ring signifi-
cantly differ, while the experimental data on nucleophilic addition indicate that the reaction
proceeds at both carbon atoms. Nevertheless, for phenyl-substituted azirines, the descriptor based
on Fukui functions shows its effectiveness quite well.

Keywords: aziridines, azirines, epoxides, reactivity indices, Fukui functions, dual descrip-
tor, three-membered heterocycles, nucleophilic and electrophilic reactions

Introduction

Aziridines, azirines and epoxides can enter into the same reactions as aldehydes, imines, derivatives
of substituted ethylenes, which are the most typical reagents and also products of the transformation of
three-membered cycles. At the same time, they can exhibit different reactivity, which has been experi-
mentally shown in reactions of addition, substitution at a double bond under the attack of electrophilic
and nucleophilic reagents. Aziridines have been studied in nucleophilic addition reactions with regiose-
lective ring opening by various nucleophiles [1]. Also they have been investigated in nucleophilic addi-
tion reactions with allyl zinc halide with comparison with epoxides [2], where allyl zinc halide presuma-
bly exhibits ambident nucleophilic properties. Aziridines have been studied in reactions with nitriles too
[3]. Azirines have been studied in reactions with electrophiles with regioselective ring opening [4], as
well as in the reaction of O-acylation of the H-C(sp®) bond of 3-aryl-2H-azirines [5], where a hydrogen
atom is removed by the acetoxy radical, which leads to the 2H-azirine radical formation.

The comparison of the reactivity of three-membered rings with carbonyl compounds gives that they
mainly exhibit electrophilic properties. For example, carbonyl compounds were studied in the reaction
of diamine addition and in the synthesis of azomethines, which were involved in the nitroaldol reaction.
A rational method for the preparation of imidazo[1,2-a]pyridines can be obtained through the binucleo-
philic addition of 2-aminopyridines to nitroalkenes [6]. The addition of various reagents to the double
bond of substituted ethylenes has been studied in the following reactions. The reactivity of styrenes upon
interaction with the NalO,/hydroxylamine hydrochloride system was studied. As a result, f-iodohydrins,
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as well as their esters and acetates were synthesized using this system in the presence of O-nucleophiles
(water, alcohol, acetic acid) [7]. The reactivity of other compounds containing C=C fragments activated
by the electron accepting substituents was also studied. Thus, a three-component one-pot reaction of
thioamination of 1,4-naphthoquinone by C-H functionalization in the presence of (diace-
toxy)iodobenzene was developed [8]. The interaction of styrenes with benzoyl substituents with the
NalO4/hydroxylamine hydrochloride reagent system in solvent ethylene glycol leads to the formation of
2,3-disubstituted 1,4-dioxanes. Carrying out the reaction with other activated styrenes in the absence of
ethylene glycol led in one step to the formation of diiodo-substituted derivatives. The advantages of
these methods of synthesis using three-membered cycles is the availability of reagents and catalysts, as
well as a high yield of target products, which allows them to be considered as potential methods of
“green chemistry”.

Reactivity indices are used in studies of various compounds based on the theoretical foundations of
the concept of electrophilicity and nucleophilicity of organic compounds and to predict their reactivity
[9]. List of descriptors contains global reactivity indices such as ionisation potential (I = —Eyomo), €lec-
tron affinity (A = —Erymo), electronic chemical potential (u = —(Enomo + ELumo)/2), Mulliken electrone-
gativity (y = —u). Structures can be characterized by pairs of opposite parameters, such as chemical
hardness (N = (ELumo — Enomo)/2) and softness (S = 1/1), Gazquez's electroaccepting and electrodonat-
ing power, electrophilicity index (m = p*/2n) and nucleophilicity indexes (N = Eyomo(Nucleophile) —
Enomo(tetracyanoethylene)), and Roy's nucleophilicity index (N' = 10/®’). The maximum number of
electrons that a compound can acquire (AN,,,, = —1/1) also can be good reactivity descriptor for electro-
philes.

Studies of usage in reactions with different compounds classes are necessary for most of reactivity
indices. On the example of studies carried out in [10], an application of the method was found to de-
scribe the selectivity of substitution at the sp’-hybridized carbon atom in the aromatic and aliphatic se-
ries. It was shown that the observed regularities correspond to the concept of Pearson [11] with the pos-
sibility of dividing them according to the principle of HSCA (hard and soft acids and bases). In accor-
dance with the concept of reactivity descriptors based on quantum chemical calculations of the electron-
ic structure, local softness and hardness were used to predict the sequences of reaction steps and eva-
luate the reactivity of carbonyl compounds with respect to nucleophilic attack [12]. The results showed
that local hardness can be used as a meaningful parameter. On the other hand, relative electrophilicity
and nucleophilicity provide truer trends in intramolecular reactivity describing. In difficult cases, for
example, in systems having a,p-unsaturation or a phenyl group, the reaction centers involved in the de-
localization of a positive charge on the carbonyl carbon can have comparable values of relative electro-
philicity. This suggests that, despite the dominance of one of the electrophilic centers, one should not
forget about the influence of the others.

Reactivity indices are also used to predict the behavior of large biomolecular systems [13]. To reli-
ably determine regioselectivity in such systems, the method based on fragmentation was developed [14].
The descriptor used as a key tool in this model is the local hardness, since its dominant component is the
electronic contribution to the molecular electrostatic potential, which is effective at relatively large dis-
tances from atoms. To solve the problem of calculation performance, the authors of [15] proposed to
compare only those fragments for which the number of electrons is the same, for example, in DNA base
pairs.

In a number of cases, the applicability of reactivity indices correlated with the orbital occupancy has

been shown. For example, the evaluation of molecular descriptors describing the reactivity of 2-
substituted nitrobenzenes in hydrogenation showed that the use of such parameters as electron affinity
and the volume of substituents in the second position makes it possible to obtain models with good pre-
ap(r)
N ]v(r) ’
where p(r) is electron density, N is the number of electrons, and v(r) is the external potential (electron-
nucleus attraction potential plus any other potential applied to the system) [17]. They were used in paper
[18] to predict the sites of electrophilic and nucleophilic attack in the series of molecules with a closed
shell. In all cases, the atoms with the maximum value of the Fukui functions f and /* were defined as the
preferred centers of electrophilic and nucleophilic addition respectively. The predictions made in this
way agreed with experimental observations and did not depend on calculation methods.

dictive properties [16]. Also, good used reactivity indices are the Fukui functions f (1) = [
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2%p(r)
ON?
to the change in the number of electrons [19], was established in pericyclic reactions, when the reactants
simultaneously accept and donate electrons. The dual descriptor proved to be useful for ambiphilic rea-
gents when it was necessary to take into account both the orbital electron transfer effect and the electros-
tatic potential. The reactivity indices are compared with the rate constants. For example, it was found
possible to quantitatively describe the reactions of protonation of radical anions and dianions of aromatic
compounds using reactivity indices [20]. The experimental rate constants of the protonation reaction
correlated with the descriptors, which were calculated using the values of electron affinity and ionization
potential. Thus, prediction of trends in catalytic processes can provide an effective screening of high-

performance catalysts using reactivity indices [21].

The aim of our work is to compare the reactivity of aziridines, azirines, epoxides, in comparison
with aldehydes, azetidines and substituted styrenes in addition, substitution reactions at double bond un-
der the action of electrophilic and nucleophilic reagents. We have used such reactivity indices as ioniza-
tion potential, electron affinity, electronic chemical potential, electrophilicity index, nucleophilicity in-
dex and Roy's nucleophilicity index, as well as Fukui function and dual descriptor, that take into account

the features of the electron density distribution, calculated on the basis of density functional theory me-
thods.

As a key one, the dual descriptor Af (r) = [ ] "’ which is the response of the electron density
v(r

Computational details

We calculated main global reactivity descriptors for optimized equilibrium model structures 1-15
based on conceptual DFT [22], such as the ionisation potential I, electron affinity A, electronic chemical
potential p, electrophilicity index , nucleophilicity index N and Roy's nucleophilicity index N'.

The reactivity indices were calculated for the studied compounds including 1-tosyl-2-
phenylaziridine 1, 2-phenylepoxide 2 and 3-benzoyl-2-phenylepoxide 3, 2-phenylazirine 4, 2-methyl-3-
phenylazirine 5 and 2.3 -diphenylazirine 6. Also, for comparison, the same descriptors were calculated
for styrene 7, nitrostyrene 8, ethoxyacetylstyrene 9 and benzoylstyrene 10, 2-
(benzylideneamino)pyridine 11 and 2-(benzylideneamino)benzene 12, benzaldehyde 13, naphthoqui-
none 14, 4-hydroxycoumarin 15, tetracyanoethylene (TCE) as a reference compound in the calculation
of nucleophilicity index.
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The electrophilicity o scale allowed the classification of organic molecules as strong electrophiles
with ® > 1.5 eV, moderate electrophiles with 0.8 < @ < 1.5 eV and marginal electrophiles with @ < 0.8
eV [23]. An analysis of a series of common nucleophilic species participating in polar organic reactions
allowed a further classification of organic molecules as strong nucleophiles with N > 3.0 eV, moderate
nucleophiles with 2.0 < N < 3.0 ¢V and marginal nucleophiles with N < 2.0 eV [24]. The quantum
chemical calculations were carried out at the B3LYP/6-31G(d) level of theory in Gaussian-09 [25]. No
symmetry restrictions were applied during the geometry optimization procedure. The Hessian matrices
were calculated for all optimized model structures to prove the location of correct minima on the poten-
tial energy surface (no imaginary frequencies were found in all cases).
To identify the nucleophilic and electrophilic regions of the molecules that will be the first to be at-
tacked by the reagents, the Fukui functions /= and the dual descriptor Af were calculated using the Mul-
tiwfn software [26].

Results and Discussion

Azirines, aziridines, epoxides, and imines have similar reactivity to keto-compounds, which were
included in the comparison sample. Let's analyze the calculated reactivity descriptors given in Table 1.
According to the values of the electronic chemical potential p among three-membered cycles, one can
notice, that 2-benzoyl-3-phenylepoxide 3 is more reactive than 2-phenylepoxide 2, and among azirines,
on the contrary, 2-phenylazirine 4 is the most reactive. Keto-compounds of our sample naphthoquinone
14 and benzaldehyde 13 have the highest values of p (Fig. 1a), but the electronic chemical potential of
4-hydroxycoumarin 15 is much lower. Ethylenes also show rather high values. Especially, nitrostyrene 8
is the most reactive in this indicator. Then there is a tendency to decrease when replacing a substituent
by benzoyl and ester group. Styrene 7 is the least reactive.

In order to compare the reactivity of compounds 1-15 in reactions with electrophilic reagents, such
as in reactions from [4], let's compare their nucleophilicity indices N [12] and Roy's nucleophilicity N'
index [28] (Fig. 1b). According to the nucleophilicity scale [24], styrene 7, 2,3-diphenylazirine 6 and
azomethines 11, 12 are strong nucleophiles. Naphthoquinone 14 is a weak nucleophile. Aziridines, azi-
rines, epoxides are medium strength nucleophiles.

Table 1
Global reactivity descriptors for optimized equilibrium model structures 1-15, all values are given in eV
Structure Enomo ELumo 1 A u [0 N N'

1 —6.554 -1.026 6.55 1.03 -3.79 2.60 2.57 2.57

2 —6.500 -0.202 6.50 0.20 -3.35 1.78 2.62 2.98

3 —6.498 -1.729 6.50 1.73 —-4.11 3.55 2.62 2.26

4 —6.788 —1.449 6.79 1.45 —4.12 3.18 2.33 2.32

5 -6.716 —1.404 6.72 1.40 —4.06 3.10 2.40 2.36

6 —6.038 —1.537 6.04 1.54 -3.79 3.19 3.08 2.47

7 —6.031 -0.832 6.03 0.83 —-3.43 2.26 3.09 2.86

8 —6.946 —2.632 6.95 2.63 —4.79 5.32 2.18 1.79

9 -6.339 —1.695 6.34 1.70 —4.02 3.48 2.78 2.31

10 —-6.312 -2.094 6.31 2.09 —4.20 4.19 2.81 2.12
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Table 1 (end)

Structure EHOMO ELUMO I A % (0] N N'
11 —6.094 —1.775 6.09 1.77 -3.93 3.58 3.03 2.33
12 -5.903 —1.553 5.90 1.55 -3.73 3.20 3.22 2.50
13 —6.943 -1.712 6.94 1.71 —4.33 3.58 2.18 2.17
14 -7.174 -3.171 7.17 3.17 -5.17 6.68 1.95 1.56
15 —6.397 —1.590 6.40 1.59 -3.99 3.32 2.72 2.35
TCE -9.121 —4.959 9.12 4.96 —7.04 11.91 0.00 1.00
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Fig. 1. Values of a) electronic chemical potential y; b) nucleophilicity indexes; c) electrophilicity index
in the series of studied structures

According to traditional estimates, for a high probability of electrophilic attack, the reaction centers
must have high value of the Fukui function /. The most positive part of the function /= shown in Fig. 2
in compounds with three-membered cycles 1-6 is localized on heteroatoms, but in 2,3-diphenylazirine 6
it also is localized on the carbons of the azirine ring. At the same time, all heterocycles, except aziri-
dine 1, are characterized by different f~ value on two carbon atoms of the cycles. It shows their inequi-
valence in reactions with electrophilic reagents. In compounds of other classes increased values of ™ are
observed on the atoms at double bond C=C, C=N and C=0 because of these sites are favorable for elec-
trophilic attack.

The dual descriptor shows a favorable center of electrophilic attack if 4f' < 0. These sites (Fig. 3),
in three-membered cycles are also located on heteroatoms and, in addition, on carbons in epoxedes add
azirines. At the same time, in epoxide 2 unsaturated carbon is more nucleophilic, but in epoxide 3 car-
bon with more electron acceptor benzoyl group is more nucleophilic. The same is observed for azirines.
Decreased values of the function is characterized only for carbon saturated by electron acceptor group in
2,3-diphenylazirine 6. In structures with double bonds decreased values of Af are localized at the C=C
site, on the nitrogen atoms of C=N bond and carbonyl oxygen.
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Fig. 2. Fukui function f~ with a contour of 0.007 at.u. On the maps, dark lines and a light surface
correspond to the positive and negative areas of the f~ function, respectively
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To compare the electrophilic reactivity of compounds 1-15 in addition reactions with nucleophilic
reagents, as well as in aza-Henry and Michael reactions, it is necessary to pay attention to the electrophi-
licity index o (Fig. 1c). For all studied compounds, this parameter is greater than 1.5. This means that,
according to the electrophilicity scale [23], all compounds are enough strong electrophiles. At the same
time, the values of the electrophilicity index for different classes of substances (azirines, epoxides, im-
ines, alkenes, carbonyl compounds) lie approximately in the same range. However, within each class
studied, the values vary greatly depending on the substituents. Thus, among carbonyl compounds, naph-
thoquinone 14 is the best electrophile; among ethylenes, nitrostyrene 8 and benzoylstyrene 10 are the
best, among three-membered cycles, 3-benzoyl-2-phenylepoxide 3 is the best. The tendency of this de-
scriptor change is mostly like evaluations of global reactivity calculated by electron chemical potential p
(Fig. 1a). This suggests that all the studied compounds mainly exhibit the properties of electrophiles.

The dual descriptor Af > 0 usually indicates a favorable site for nucleophilic attack. These sites
shown in Fig. 3, among three-membered cycles inside ring are typical only for azirines and located on
carbon atom at C=N bond. Also, they are bright in naphthoquinone 14 on the carbonyl carbon atoms of
the benzaquinone ring, in structures 8—10 they are located on carbon with the phenyl substituent at C=C
bond.

In reactions where hydrogen atom abstraction occurs [5], compounds with low bond polarity and
low electron affinity will have the best reactivity. According to the relevant descriptor A (Table 1), such
among those studied are epoxides, aziridine and azirines.

In reactions of addition, the nucleophile or electrophile attacks one atom at the double bond. Com-
parison of the experimental data for each compound with the values of Af (Table 2) shows that in most
cases Af reproduces attack centers with nucleophilic and electrophilic reagents, except for 2-phenyl-N-
tosylazirine 1 and 2-phenylepoxide 2. Also, for compound 10, the reaction with formation first of a
three-membered ring, and then with a nucleophilic attack [7] occurs on each carbon atom. However, the
calculated Af data show that these carbon atoms differ significantly in their electro- and nucleophilicity.

4 O

Fig. 3. Dual descriptor Af with contour 0.007 a.u. On the maps, light and dark surfaces
correspond to the positive and negative regions of the Af function, respectively
(see also p. 156)
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Fig. 3. End

Table 2

Comparison of calculated and experimental data. Gray indicates where the double descriptor does not reproduce

or does not fully reproduce

Reaction electrophilic center

Structure Ay reaction on attack by Nu (exp.) Center with more positive value of Af’
N(Ts)-C(Ar); both atoms are prone
1 (1], 12], 131 N(Ts)-C(Ar) to nucleophilic attack
0-C(R); both atoms are prone

2 [2] 0-C(R) to nucleophilic attack

7 [7] C(Ar)=C C(Ar)=C

8 [7] C(Ar)-C(=0) C(Ph)-C(=0)
[7] C=C(NO,) C=C(NO,)

9 [7] C(Ar)=C-C(=0) C(Ph)=C-C(=0)
[7] C(Ar)=C-C(=0) C(Ph)=C-C(=0)

10 [7] C(Ar)-C-C(=0) of intermediate C(Ar)=C-C(=0)
[7] C(Ar)-C(=0)
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Table 2 (end)

. Reaction electrophilic center . ..
Structure Ay reaction on attack by Nu™ (exp.) Center with more positive value of Af
11 [6] N=C N=C
13 [6] C=0 C=0
14 [8] c=C C=C
. Reaction nucleophilic center Center with more Center .Wlth more
Structure Ag reaction . : negative value
on attack by E (exp.) positive value of of Af
4 [4] N=C(Ar) N=C(Ar) N=C(Ar)
5 [4] N=C(Ar) N=C(Ar) N=C(Ar)
6 [4] N=C(Ar) N=C(Ar) N=C(Ar)
C(Ar)=C-C(=0) with triatomic _ . _ .
10 [7] cycle formation C(Ar)=C-C(=0) C(Ar)=C-C(=0)
Conclusion

The reactivity of the studied molecules of azirines, along with substituted styrenes, azomethines and
carbonyl compounds, can be described using such descriptors as the nucleophilicity index, electrophi-
licity index, electronic chemical potential, and the Fukui functions.

Azirines, aziridines, and epoxides show similar reactivity to aldehydes and styrenes in reactions
with electrophiles and nucleophiles according nucleophilicity index and electrophilicity index. This ob-
servation can be used in reactivity predictions for these classes of compounds. Epoxides have the best
nucleophilic properties in list of three-membered heterocycles according nucleophilicity index and Fu-
kui functions. The considered compounds mainly exhibit the properties of electrophiles. Structures with
aryl substituents have the best electrophilic properties in all classes of the considered compounds.

The dual descriptor of the Fukui function cannot be used in describing the reactivity of aziridines
and epoxides, since the difference in the value of the function on both atoms at the considered C—C bond
in the triatomic cycle gives the second kind error: carbon atoms carry a significantly different value of
the descriptor, while the experimental data on nucleophilic addition indicate that the reaction proceeds at
both atoms.
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TEOPETUYECKASA OLLEHKA PEAKLUMOHHOW CMTOCOBHOCTU
®EHUNSAMELUEHHbLIX ABUPUHOB, ASUPUONHOB U 3NOKCNOO0B

0.C. BopoduHa', A.C. Hosukoe?, I'.B. 3bipsiHoe®*, E.B. Bapmaweeuy’

" FOxHO-Ypanbckull 20cydapcmeeHHbiil yHusepcumem, 2. Yensburck, Poccust

2 CaHkm-ITemep6ypackutli cocydapcmeeHHbill yHugepcumem, 2. CaHkm-lemepbype, Poccusi

% Ypansckul gpedepanbHbill yHUSepcumem um. nepsozo lMpesudenma Poccuu Bb.H. EnbyuHa,
2. EkamepuHbype, Poccus

* Mhecmumym opaaHu4eckoz2o cuHmesa um. M.5. Nocmosckozo Yparnbcko2o omdeneHus
Poccutickou akademuu Hayk, 2. EkamepuHbype, Poccus

W3ydena peakimoHHasi CIIOCOOHOCTh TPEXWICHHBIX TETEPOLUKIIOB, TAKMX Kak (peHmI3aMe-
LIEHHbIE a3UPUJUHBI, A3UPUHBI U 3MOKCUbI, B CPABHEHUH CO CTUPOJAMHU, a30METUHAMH U Kap-
OOHWJIBHBIMU COEAMHEHUSMH, KOTOPbIE HAN0OJIee YaCTO HCIONB3YIOTCSI B OPraHUYECKOM CHHTE-
3€ B peakIMsX ¢ HyKIeOUIbHBIMU U DJIEKTPOPUILHBIMHU peareHTaMu. B COOTBETCTBHHU C UHICK-
caMU HYKJICO(PWIBHOCTH U 3JIEKTPOPHILHOCTH, PACCYUTAHHBIMU Ha ocHOBe MeTona DFT, 3ame-
[ICHHBIE MOJICKYJIBl a3MPHUHOB, a3UPHJAMHOB M SMOKCHUOB MPOSBISIOT PEAKIMOHHYIO CIIOCO0-
HOCTb, aHAJIOTUYHYIO albAerufiaMm U cTuposiaM. Bo Bcex ciiydasx NpOBOJMIIOCH CPaBHEHUE pe-
3yJbTATOB PAcyeTOB C JINTEPATYPHBIMHU SKCIIEPUMEHTAIBHBIMU JTaHHBIMHU. Bce paccMoTpeHHbIe
COCITUHCHUS B OCHOBHOM XapaKTEPHU3YIOTCSI CBOMCTBaMHU JIEKTPOQIIOB cpenHeil cribl. Hau-
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Jy4Inue SJIeKTPO(UIbHBIC CBOWCTBA MPOSBIAIOT a3UPUIMHBI, a3UPHHBI, SMOKCHIBI C JABYMS
ApWIBHBIMHE TPYMIaMH, 3TO HaOJIIOJCHHE MOYKHO UCIIOIB30BaTh AJIS NPEICKa3aHUsl PEaKIHOHHOIM
CIIOCOOHOCTH 3THX KJIACCOB cOeAMHEHHH. Cpeny TPEXWICHHBIX FeTePOLMKIOB HAMITYYIINE HYK-
JeoUIbHBIC CBOWCTBA HAOMIOAAIOTCS Y 3aMELICHHBIX SMOKCHAHBIX IUKIOB. OOHAPYKEHO, YTO
IyaJbHBIIl JIECKPHUIITOP, OCHOBAaHHBIN Ha QyHKIMAX DyKyd, He MOXKET OBITh PEKOMEHIOBaH IS
NPOTHO3UPOBAHHUS PEAKLOHHON CIOCOOHOCTH a3UPHAMHOB M SIIOKCHAOB, TAK KaK 3HAUCHUS Iy-
AIBHOTO JICCKPUIITOPA Ha 000MX aToMax yIjiepoja B TPEXWICHHOM LHKJIE CYIIECTBEHHO Pa3iiH-
YaloTCsl, a IKCIIEPUMEHTAJIbHBIE JaHHBIE N0 HYKICO(PHILHOMY NPUCOSIUHEHHIO CBHICTENbCTBY-
I0T O TOM, YTO PEaKIiys MPOTeKaeT Mo o0ouM aroMam yriepona. Tem He MeHee, 1l (peHHI3a-
MEICHHbIX a3UPUHOB JIECKPUIITOP HA OCHOBE (PyHKIMIT DPYKyH JOCTATOYHO XOPOIIO MOKA3bIBAET
cBOO 3()(HEKTHBHOCTD.

Knrouesvle crnosa: asupudumsl, asupumsvl, 3MOKCUObI, UHOEKCbI PEAKYUOHHOU CHOCOOHOCMU,
@dyukyuu Dykyu, OyanbHuIl OEKCKPUNMOp, MpexujleHHble 2emepoyuKivl, HyKieopuivbHble u
INEKMPOPUNbHBIE PeaceHmbl

Bopoanna Oabra CepreeBna — muaammii Hay4uHelii cotpynank HJI Muoromacirabaoro moje-
JUPOBAaHUSI MHOTOKOMITOHEHTHBIX (DYHKIIMOHAJIBHBIX MaTepuanoB, HOKHO-YpanbCckuil TocyaapcTBeH-
HbIl yHEBepcuTeT (T. Yensounck). E-mail: borodinaos@susu.ru

HoBukoB Anexcanap CepreeBu4 — KaHIUIAT XUMHUECKUX HAYK, CTapIINN HAyYHBIH COTPYAHUK,
Wucturyr xumuun, Cankrt-lIletepOyprekuii rocynapctBeHHbIN yHHBepcuTeT (r. Caukt-llerepOypr).
E-mail: a.s.novikov@spbu.ru

3pipsinoB I'puropuii BacuibeBuy — 10KTOp XMMHUYECKUX HayK, npodeccop PAH, Bexymuii Hayy-
HBbII cOTpynHUK, MHCTUTYT Opranmdeckoro cuHrteza uM. M.A. IlocToBCKOro YpanbCKoro oTiaencHUs
Poccuiickoii akagemun Hayk (. ExarepunOypr); rnaBHBINA HAyYHBIH COTPYAHUK, YpanbcKkuil (eaepaib-
Held yHuBepcuteT WM. nepBoro llpesmmenta Poccum B.H. Enpumna (r. ExarepunOypr). E-mail:
g.v.zyrianov@urfu.ru

Bapramesuy Exarepuna BiaaauMupoBHAa — JOKTOpP XMMHUYECKUX HAayK, BEAYIUMN HAay4HBIH CO-
tpyauuk HWUJI MuoromacmraOHOro MoAenupoOBaHHS MHOTOKOMIIOHEHTHBIX (DYHKIIMOHAJbHBIX Mate-
puanos, FOxHo-Ypanbkckuii rocynapcTBeHHbid yHuBepceuTeT (T. Yensounck). E-mail: bartashevichev(@
susu.ru

Ilocmynuna ¢ pedaxyuio 8 agzycma 2023 2.

OBPA3EIl HIUTUPOBAHUS

Borodina O.S., Novikov A.S., Zyryanov G.V., Barta-
shevich E.V. Theoretical evaluation of phenyl-substituted
aziridines, azirines and epoxides reactivity // BectHHK
IOYpI'Y. Cepus «Xumus». 2023. T. 15, Ne 4. C. 149-159.
DOI: 10.14529/chem230406

FOR CITATION

Borodina O.S., Novikov A.S., Zyryanov G.V., Barta-
shevich E.V. Theoretical evaluation of phenyl-substituted
aziridines, azirines and epoxides reactivity. Bulletin
of the South  Ural  State  University.  Ser. Chemistry.
2023;15(4):149-159. DOI: 10.14529/chem230406

BecTtHuk KOYplY. Cepusa «Xumus».
2023. T. 15, Ne 4. C. 149-159

159



