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ABSTRACT

Reaction of 3-nitroisoxazoline-2-oxide with monosttuted ethenes, first time
documented fifty years ago, have been reviewedcttres of phenyl and cyano derivatives
of l-aza-2,8-dioxabicyclo[3.3.0]octane produced[3+2] cycloaddition (32CA) between
styrene and acrylonitrile with 3-nitroisoxazolinesfide were determined through single
crystal XRD analysis. The molecular mechanism ef title 32CA has been also analyzed
within the Molecular Electron Density Theory (MEDDased on the M06-2X(PCM)/6-
311+G(d,p) calculations.
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1. INTRODUCTION

Nitronates formally are esters of nitronic acidsiform of aliphatic nitro compounds.
Thanks to their unique build they possess 1,3-dipciharacter allowing them to participate in
32CA. Actually the relatively large library of bo#tyclic and cyclic nitronates is available.
Isoxazoline-2-oxides are example of cyclic nitr@satvhich should be classified as-type
three atom components (TACs) [1] and are useful synthesis of 1-aza-2,8-
dioxabicyclo[3.3.0]octanes through 32CA to substituethenes. Particularly, reaction of 3-
nitroisoxazoline-2-oxidel) with styrene 2a) has been first carried out half century ago [2].
This reaction theoretically leads to four regiod atereoisomeric 3(4)-exo(endo)-R-5-nitro-1-
aza-2,8-dioxabicyclo[3.3.0]octaneé2a(b - 6a,b) (Figure 1).
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Figure 1. Possible products of 32CA 3-nitroisoxazoline Neexwith monosubstituted
ethenes.

Tartakovskiiet al. [2] investigated title reactions and theglated the reaction product
from the postreaction mixture, but not diagnosed iitdividuality. Next, they proposed
structure based purely on elemental analysis angtion because of apparatus restrictions.
Therefore, the question on the real structure afuet derived in reaction between 3-
nitroisoxazoline-2-oxidel) with monosubstituted, simple ethene derivatigestiil actual and
require a deeper study. Based on the issues dedcabove, we analyzed in the detail
reactions of 3-nitroisoxazoline-2-oxid&) (with styrene 2a) and acrylonitrile 2b) as model
ethane derivatives. This is a continuation of oomprehensive, theoretical [3-6] and
experimental [5-8] study about regio-, stereoclwainaspects and molecular mechanism of

32CA involving nitro substituted components.

2. RESULTSAND DISCUSSION

Synthesis and spectral characteristics



We started our work from synthesis of 1,3-dipolamponent of studied reaction. To
synthesize 3-nitroisoxazoline-2-oxidb (L-bromo-3,3-dinitropropane is needédgure 2). It
can be prepared only through use of organomerawompounds. Apart from their high
toxicity, low stability causes the need to perfoemery step of the synthesis immediately. In
the first step a flow of ethene is passed through ethanolic solution of
bis(trinitromethyl)mercury until no more of bis(333trinitropropyl)mercury precipitate is
formed [9]. Filtered off and dried product is thdissolved in methanol and reacted with
hydroxylamine to remove two isolated nitro groupsecipitated potassium salt of bis(3,3-
dinitropropyl)mercury is filtered off, vacuum driethd added to 2N solution of hydrochloric
acid [10]. Produced bis(3,3-dinitropropyl)mercury then brominated with bromine in
tetrachloromethane in presence of catalytic amaofiriienzoyl peroxide. After filtering off
precipitated mercuric bromide the 1-bromo-3,3-doptopane is then separated from
postreaction mixture through vacuum fractionalitizgton [11]. In the last step the 1-bromo-
3,3-dinitropropane is treated with aqueous solutibpotassium acetate. In such environment
it undergoes intramolecular O-alkylation to fornmi@-oisoxazoline-2-oxide [12].

NH,OH-HCI
NO, KOH
HG[C(NO)sl, + H,C=CH, ———= O,N J\A vvwoz -
EtOH O,N NO, MeOH
Br2
J\Jlizi\ /\)’\Jl\ozK )\/\ /\/I\fz (CeHsCOR0n
NO,
NO, CH,;COOK
Ay R e
Br NO, H,O O’N‘o@

1

Figure 2. Synthesis of 3-nitroisoxazoline-2-oxidB.(

Based on the pure and individual 3-nitroisoxazelrexide (1) we started our tests
with choosing of reactions conditions involving etle derivativea and?2b. It was found,
that under the convenient conditions, the synthpsiseeds in anhydrous ethanol at room
temperature and full conversion bfs achieved after 5 to 7 days. Crude productsfipdrby
fractional crystallization from anhydrous etharand its individuality has been confirmed by
TLC and HPLC tests. In both cases, single addustis@ated from the reaction mixture.



For resolving of the structure of obtained adduets performed comprehensive study,
started from data of CHN elemental analysis. It feamd, that was convergent expected for
cycloadducts shown dfigure 1.

The IR spectra of the reaction products show thls®mdtion bands, which confirm the
presence of nitro group. The M@tretch and bend frequencies are located at 1563and
1351 cm' and 1553, 1354 respectively f8a and 3b. Besides the above-mentioned NO
vibrations, there are also the most prominent O-N-@eaks within the
isoxazolidinoisoxazolidine ring at 1033 ¢nand CH-stretch in the phenyl ring at 3029 and
2987 cmtand CH-bent 702 and 763 €omHowever, there are only very weak band 2245 cm
confirming the presence of nitrile group &. From the literature data it is known that this
band can be very weak or quite invisible in a sitmwhere the carbon at which the CN
group is located is connected to an exocyclic oryge®m [13]. This may suggest that the
nitrile group is located on the C3-position of theterocyclic system. This implies that the
analyzed product could be add3obr 4. However the IR spectrum does not allow to resolve
this problem unambiguously. Therefore, further wsial of the isolated compound was
necessary. Further information about the struotfirhe isolated compounds was obtained
from the 'H NMR spectra. In particular, the isoxazolidimmiazolidine system iBa has
two five-membered rings — each with distinctive toroenvironments and two isolated spin
systems ABX (including H4, H4’,H3 protons) and ABXMcluding H6, H6’, H7 and H7’).

So, two geminal proton (H4 and H4’) signals araistronger fieldd= 3.42 — 2.26
ppm), whereas the proton H3 is in a relatively vezakeld @ = 5.39 ppm) due to near
present oxygen atom and phenyl ring. Vicynal couyptonstant are equal to 10.9 Hz and 5.4
Hz for relation H3—H4 and respectively H3—H4'. Tlesnfirmscis relative configuration of
H3 and H4 protons, antlans relations of H3—H4'. Next, two geminal proton HiddaH7’
signals are in a stronger field € 4.43 ppm and = 4.30 ppm, respectively). The respective
values of coupling constants are equgi:nd= 14.5Hz, Jd¢.47= 7.3Hz and s-n7= 5.4 Hz. On
the other hand, the signals of protons H6 and Hé’ia weaker field (2.90 and 2.71). The
respective value of coupling constants are equalnek 13.3Hz, de¢.n7=5.4 Hz. The
multiplets corresponding to the five aryl protome ghifted in the evidently weakest field and
appear ad = 7.47 — 7.34 ppm. IF°C-NMR spectrum, signals of -GHcarbon atoms were
found at 67.9 (C7), 46.4 (C4), 39.3 (C6) ppm. Thsifon of the signals corresponding to the
carbon atom C5 with nitro group is shifted intoegionof much higher frequencies (114.8

ppm). In similar way, the NMR spectrurBb can be interpreted. Unfortunately, IR as well as



NMR spectrums not provide evidently supports foreniification of regio- and
stereochemistry of obtained adducts. For this mepwe applied data obtained using RTG
technique.

It was found, that the molecular structures3afand 3b, with the atomic numbering
scheme presented kigure 3, show selected geometric data giverTable 1. In the crystal
structure of3a there are two independent molecules in the asynunetit (Figure 3a). The
N1 atom in the studied compounds lies about 0.6ul\ dad the plane defined by the three
neighboring atoms (02, O8 and C5). Additionallye gum of the valence angles around the
N1 atom of 312.6 (1)° and 312.9 (1)° 3a, 313.14 (1)° in3b demonstrates cleasp’
hybridization (328° for spand 360° for s). The other geometric parameters3afand3b
(Tables S1 and S2 in Supplementary information) are normal and compeell with those

found in other crystal structures [14-17].

Figure 3. The molecular structures 8 (a) and3b (b) in the asymmetric part of unit cell.
Displacement ellipsoids are drawn at the 50% pribibalkevel.

Table 1. Selected geometrical parameters (A, ©) in theistudompounds

3a
Parameters A B 3b
N1-O8 1.480 (2) 1.479 (2) 1.397 (2)

N1-02 1.404 (2)  1.411(2) 1.494 (2)




08-C7 1.421(2)  1.423(3) 1.458 (2)

02-C3 1.469 (2)  1.469 (2) 1.420 (2)
N1-C5 1528 (3)  1.510 (3) 1.518 (2)
08-N1-C5 102.38 (15) 103.67 (16)  105.86 (13)
02-N1-C5 105.49 (16) 105.03 (15)  102.97 (13)
08-N1-02 104.72 (14) 10427 (15)  104.31 (12)
C3-02-N1-08 81.86 (18) -85.14 (17)  148.28 (13)
C7-08-N1-02 -151.02 (16)145.91 (16)  -82.74 (15)
N1-O8-C7-C6 49.4 (2) -45.8 (2) -41.15 (18)
08-C7-C6-C5 -37.0 (2) 36.4 (2) 38.32 (17)
C7-C6-C5-C4 128.7(2)  -131.8 (2) 94.77 (18)
C6-C5-C4-C3 -95.5 (2) 91.0 (2) -127.71 (16)
C5-C4-C3-02 -36.7 (2) 39.9 (2) 33.52 (18)
N1-02-C3-C4 39.9 (2) -40.7 (2) -44.92 (17)

MEDT study of the 32CA 3-nitroisoxazoline-2-oxide (1) with model ethane derivatives
(2a,b)

Analysis of the stationary points involved in th2CA 3-nitroisoxazoline-2-oxidelf
with model ethane derivative2gb) in ethanol indicates that this reaction takes phlaeea
one-step mechanism. These reactions begins wittothation of the molecular complex MC
(MC-1 andMC-2). Formation of these complexes are endergoniadaction with styrene
(2a) and acrylonitrile 2b) by 6.1 kcal/mol MC-1) and 6.5 kcal/molNI C-2), respectively.
Further conversion of the reactions lead to thesiteon state structured &1 and TS-2,
Figure 4). As the data of M06-2X(PCM)/6-311+G(d,p) calcidas show, this change
demands a Gibbs free energy of 26.7 kcal/mol factien with participation ofa and 27.5
kcal/mol for reaction with2b. Afterwards, the TSs are converted to prodBasand 3b
(Table2).

Table 2. Thermodynamic parameters for the 32CA 3-nitroisokag-2-oxide {) with model
ethane derivative4,b) in ethanol (T=298 KAH, AG in kcal-mof, AS in cal-mot- K™Y).

Functional Transition AH AG AS

1+2a—-MC-1 -6.7 3.6 -345

1+2a—»TS1 116 256 -47.0

1+2a—3a -23.5 -10.2 -44.3

1+2b—-MC-2 -21 6.3 -28.1

1+2b—»TS2 14.4 27.7 -44.6

1+2b—3b -16.2 -2.5 -46.0

M06-2X 1+2a—MC-1 -49 6.1 -37.0

B3LYP-D3




1+2a—>TS1 120 26.7 -49.3
1+2a—3a -37.3 -22.3 -50.4
1+2b—MC-2 -29 65 -314
1+2b—»TS2 140 275 -453
1+2b—3b -29.8 -15.5 -48.0
1+2a—-MC-1 -85 2.0 -429
1+2a—»TS1 125 253 -429
1+2a—3a -35.3 -21.8 -45.2
1+2b—-MC-2 -3.1 64 -31.6
1+2b—>TS2 142 27.3 -43.8
1+2b—3b -28.3 -14.1 -47.6

M11

TS 1 TS2
Figure 4. M06-2X(PCM)/6-311+G(d,p) Geometry of transitionts®{ S-1 andT S-2) of the

32CA 3-nitroisoxazoline-2-oxidel] with model ethane derivativega(b).

It should also be mentioned that DFT study usinffedint B3LYP and M11
functionals with 6-311+G(d,p), 6-31G(d) and 6-31«ds basic sets gives a similar
representation of these reactions. In the case atdulations based on M11(PCM)/6-
311+G(d,p) theory levels, we observed a decreasethen Gibbs free energy and
B3LYP(PCM)/6-311+G(d,p) calculations for reactiomgh 2a suggests a decrease the Gibbs
free energy Table 2). The thermodynamic parameters for the 32CA Jistixazoline-2-
oxide @) with model ethane derivativeab) for BSLYP, M06-2X and M11 functionals
with 6-311+G(d,p), 6-31G(d) and 6-31++G(d) basits sge given i ables S3 and$4 of the

Supplementary Materials.

Recently, Domingo proposed new reactivity theoEDT [1]. This theory, in which
stablishes that changes in electron—density, ard nmamlecular orbital interactions, are
responsible for reactivity in organic chemistryesisguantum chemical tools such as the
conceptual Density Functional Theory (DFT) reatyivindicator. Within MEDT, quantum

chemical tools based on the analysis of the eleaemsity, such as the Electron Localization



Function (ELF) [18], Bonding Evolution Theory (BET}9] and Catastrophe Theory (CT)
[20-22] are used to study the molecular electramsdg along the reaction path, in order to
study organic reaction. CT in combination with EfgFadient field constitutes a way to
rationalize the reorganization of electron pairgrgd a powerful tool for the unambiguous
determination of the molecular mechanisms of argsleemical reaction [20].

This theory is the basic tool for explaining theleoollar mechanism of many types of
reactions [23-27]. To present changes in the coafghe reactions of 3-nitroisoxazoline-2-
oxide (L) with styrene 2a) and acrylonitrile 2b), a MEDT study were carried out.

In order to characterize the molecular mechanisth@feaction of 3-nitroisoxazoline-
2-oxide () with styrene 2a), a BET study along the reaction was carried ®be complete
BET study is provided in the Supplementary Materid@lable S5). The sequential bonding
changes received from the MEDT analysis of theti@aaf 3-nitroisoxazoline-2-oxidelj
with styrene 2a) is shown inTable 3. From the BET analysis of this reaction some alipga
conclusions can be drawn: (i) molecular mechanisthe reaction of the 3-nitroisoxazoline-
2-oxide () to styrene Za) can be topologically characterized by eight défe phases, which
have been grouped into three different A-C Groupable 3, Figure 5); (ii) Group A,
containing Phases I-1V, in which the C3-C4 doubted breaks and we are also noticed
disappearance of pseudoradical center of V’(C5) fanchation a new pseudoradical center
near the atom N1 — V(N1); (iii) Group B, containiRgases V and VI, in which we observed
the formation of pseudoradical center V(C4) whishnext converted into the new bond
between atoms C4 and C5. At the beginning of thg pimase of Group B, th€S-1 is found;
(iv) The last Group C, containing Phases VII andl,\ih which the bond O2-C3 is formed.
(v) It is worth nothing that the formation of bor@tween atoms C4 and C5 takes place
homolitically, while the O2-C3 bond is formed hetgtically.

Table 3. Sequential bonding changes along the reactioneoBthitroisoxazoline-2-oxidel)
with styrene 2a), showing the equivalence between the topologibaracterization of the
different phases and the chemical processes oongualong them. Distances are given in
angstroms, A, GEDT values in average number oftreles, [e] and relative energies are

given in kcal- mot.
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In the case of reaction of the 3-nitroisoxazolinex@e (1) with acrylonitrile @b),

according to the BET analysis, we can distinguisie mopological changes along the reaction
path {Table 4, Figure 5). The complete BET study is provided in the Supmsetary

Materials Table S6). From this analysis, some appealing conclusionbmobtained: (i) the

reaction of the 3-nitroisoxazoline-2-oxid#) with acrylonitrile b) can be characterized by

nine different phases which, in turn can be reamphin three Groups A-C associated to

significant chemical change$dble 4, Figure 5); (ii) in Group A, which containing Phases I-

IV, we observed the rupture of the double bond betwatoms C3 and C4; (iii) in the next

Group B, which containing Phases V and VI,

we o= the formation of C4-C5 bond.



Formation of this bond takes place at C4-C5 length8.74 A. At the beginning of this
Group, we observed the presencel®&?2 of this reaction; (iv) Group C containing Phases
VII-IX. This group is associated with the formatiohO2-C3 bond. This O2-C3 bond, in the
case of reaction of the 3-nitroisoxazoline-2-oxid¢ with acrylonitrile @b), take place

homolitically.

Table 4. Sequential bonding changes along the reactioneoBthitroisoxazoline-2-oxidel)
with acrylonitrile @b), showing the equivalence between the topologibaracterization of
the different phases and the chemical processesrotg along them. Distances are given in
angstroms, A, GEDT values in average number oftreles, [e] and relative energies are

given in kcal- mot.
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Figure 5. M06-2X(PCM)/6-31G(d) IRC profile including the EL&itractor positions for the
most relevant points of the reaction of the 3-mtwgazoline-2-oxide 1) with styrene 2a)
(top) and acrylonitrileZb) (bottom).

3. EXPERIMENTAL

General

Materials used in our work were purchased fromnfagildrich, POCh, and
Chempure and were used as received except fonstymed acrylonitrile which were distilled
prior use. Reactions advancement were monitoradyuduka’s silicagel (60F254) on Al foil
TLC plates with benzene and THF (8:2 v/v) as elusolution. We also used Knauer HPLC
with LiChrospher RP-18 250 x 4 mm column with pideocan from the same manufacturer.
HPLC eluent was acetonitrile and water (60:40 vMEglting points were measured using
Boetius PH MK-05 apparatus and are uncorrectedné&teal analysis was performed with
Perkin Elmer PE 2400 analyzer. Infrared spectraeewecorded on Thermo Fisher Scientific
Nicolet iS 10 FT-IR using KBr pelletd NMR spectra were measured on Bruker AMX500

spectrometer using TMS as internal standard.

X-ray crystallography

The single crystals of the compoungs and 3b were mounted on a CCD Xcalibur
diffractometer (graphite monochromatic, Mekadiation,A\= 0.71073 A) at 100.0(1) K. The
reciprocal space was explored dyscans with detector positions at 60 mm distanme fithe
crystal. The diffraction data processing of studmmmpounds (Lorentz and polarization
corrections were applied) was performed using thysAlis CCD [28]. Both crystal structures
were solved by direct methods using SHELXS14progi2é30]. All non-hydrogen atoms
were located from difference Fourier synthesis r@fithed by least squares method in the full-
matrix anisotropic approximation using SHELXL14tsedre [29,30]. In both structures the H
atoms were located from difference Fourier synghasid were refined using a riding model.
The structure drawings were prepared using SHELXpkogram [29,30]. The
crystallographic data for the studied compoundsdwtdils of X-ray experiment are collected
in the Table 5. Crystallographic data for the both structuresenbeen deposited with the
Cambridge Crystallographic Data Centre as suppléamgpublication nos. CCDC: 1898859
for 3a and 1898860 for3b. These data can be obtained free of charge via

http://www.ccdc.cam.ac.uk/conts/retrieving.html, fsom the Cambridge Crystallographic



Data Centre, 12 Union Road, Cambridge CB2 1EZ, U&x: 144 1223 336 033;
email:deposit@ccdc.cam.ac.uk.

Tableb5. The crystal data, experimental details and refieret parameters f@a and3b.

Crystal data

3a 3b
Chemical formula GH1:N20O4 CsH7N304
M, 236.23 185.15
Crystal system, space Triclinic, P-1 Monoclinic,P2,/c
group
a, b, c(A) 8.0478 (3), 11.3416 6.1090 (3), 11.7490
t (4), 13.0227 (6) (5), 10.8456 (5)
o 68.287 (4), 82.932
o B,y (°) . 79_?()6)0 03 %2 90,105,082 (5), 90
V (A% 1083.37 (8) 751.63 (6)
g (mm?) 0.11 0.14
Crystal size (mm) 0.15x0.10x0.05 0.20 x 0.1520

Data collection

No. of measured,
independent and

observed Ip> 26(1)] 7431, 4172, 2254 4950, 1479, 1107

reflections
Rint 0.045 0.040
(Sin0/W)ma (A™) 0.617 0.616
Refinement
2 2 2
g[F > 2(F)L WRIF). 049, 0.082, 0.86  0.043, 0.085, 1.04
No. of reflections 4172 1479
No. of parameters 307 118
Apmas, Apmin (€ A°)  0.23-0.24 0.24-0.21

Synthesis of 3-nitroisoxazoline-2-oxide (1)

To a beaker containing solution of 4.7 g potassiwetate in 50 mL of distilled water,
10.2 g (0.048 mol) of 1,1-dinitro-3-bromopropanesvealded during 5 hours of stirring. The
reaction mixture was left to the next day. Preeijgitl crystals were filtered off, washed with
distilled water, dried, and crystallized twice fraathanol. Synthesized 3-nitroisoxazoline-2-
oxide weighted 5.2 g, which corresponds to 82%dyiel
Physical data fofl: m.p. 96.1 °C (96.5°C [12]), found: 27.35% C, 28H, 20.93% N, calc.
for CsHaN20,4 27.28% C, 3.05% H, 21.21% N NMR (500 MHz, CDCJ) § 4.72 (t, 2H),



3.82 (t, 2H); °C NMR (125 MHz, CDGJ) 126 (C3), 64 (C5), 28 (C4); IR spectrum (KB) (
cm™) 1619 (C=N), 1500, 1296 (N

32CA of 3-nitroisoxazoline-2-oxide (1) with styrene (2a)

In a Erlenmeyer flask 0.66 g (0.005 mol)loénd 2.60 g (0.025 mol) & in 10 mL
of anhydrous ethanol was combined. The reactionturexwas stirred in dark to full
conversion ofl (monitored with HPLC and TLC) for 7 days. The wuted alkene and
solvent was removed on rotary evaporator. The cpuaeuct was refined with fractional
crystallization from anhydrous ethanol to give 3®henyl-5-nitro-1l-aza-2,8-
dioxabicyclo[3.3.0]octane pure enough for XRD asalyYield of the main product was 1.02
g which corresponds to 86% of theoretical yield.

Physical data foBa: m.p. 81-83 °C, found: 55.90% C, 4.98% H, 11.75%cé&lc. for
Ci11H12N204 55.93% C, 5.12% H, 11.86% RH NMR (500 MHz, CDCJ) & 7.47 — 7.34 (m,
5HPh), 5.69 (ddJ) = 10.9, 5.4 Hz, 1H3), 4.43 (dd= 14.5, 7.3 Hz, 1H7), 4.30 (m,1H7), 3.42
— 3.26 (M, 2H4), 2.90 (dd] = 13.3, 5.4 Hz, 1H6), 2.71 (m, 1H6YC NMR (125 MHz,
CDCl;) 114.8 (C5), 85.4 (C3), 67.9 (C7), 46.4 (C4), 3&B); IR spectrum (KBr)v cm?)
702, 763, 2987, 3029 (Ph),1553, 1351 (zN@033 (O-N-O).

32CA of 3-nitroisoxazoline-2-oxide (1) with acrylonitrile (2b)

In a Erlenmeyer flask 0.66 g (0.005 mol)Jloénd 1.33 g (0.025 mol) @b in 10 mL
of anhydrous ethanol was combined. The reactiontureéxwas stirred in dark to full
conversion ofl (monitored with HPLC and TLC) for 5 days. The wwuted alkene and
solvent was removed on rotary evaporator. The cprdeuct was purified with fractional
crystallization from anhydrous ethanol to give 3®@yano-5-nitro-l-aza-2,8-
dioxabicyclo[3.3.0]octane pure enough for XRD asayYield of the main product was 1.02
g which corresponds to 86% of theoretical yield.

Physical data fo8b: m.p. 98-100 °C, found: 38.97% C, 3.62% H, 22.992%alc. for
CeH7/N30438.92% C, 3.81% H, 22.70% M4 NMR (500 MHz, acetone) 5.65 (dd,J = 8.4,
3.4 Hz, 1H3), 4.76 — 4.48 (m, 2H7), 3.79 (ddd&; 14.8, 3.4, 0.8 Hz, 1H4), 3.48 (dbF= 14.8,
8.4 Hz, 1H4), 3.31 (m, 1H6), 2.90 (ddii= 13.5, 6.3, 2.9 Hz, 1H6}*C NMR (125 MHz,
CDCls) 116.8 (CN), 114.7 (C5), 72.4 (C3), 64.9 (C7),741C4), 38.0 (C6); IR spectrum
(KBr) (v, cm?) 2245 (-CN),1553, 1354 (-N) 1001 (O-N-O).



DFT calculations

Calculations were performed using the Prometheumpoter cluster in the
CYFRONET regional computer centre in Cracow. Allcoéations were carried out with the
GAUSSIAN 16 package [31]. DFT calculations werefpened using the B3LYP-D3 [32-
35], M06-2X [36] and M11 [37] functional togetheitivthe 6-311+G(d,p), 6-31G(d) and 6-
311+G(d) basis sets. The stationary points wereackerized by frequency calculations in
order to verify the number of imaginary frequend®sro for local minima and one for TSs).
The IRC [38] paths, computed using the second dBterzalez-Schlegel integration method
[39,40], were traced in order to obtain the engrgfiles connecting TS to the two associated
minima of the proposed mechanism. Solvent effeetlo&nol in the optimizations were taken
into account using the polarizable continuum md@€&€M) as developed by Tomasi’'s group
[41-43] in the framework of the self-consistentatean field (SCRF) [44,45]. Values of free
energies in all calculations were calculated with standard statistical thermodynamics at
25°C and 1 atm [34].

Charge global electron density transfer (GEDT) [W@ls calculated according to the

formula:
GEDT=320a
where @ is the net charge and the sum is taken overalatbms of the substructure.

The topological analyses of the Electron Local@atrunction (ELF) were performed
with the TopMod [47] program using the correspogdiM06-2X(PCM)/6-311+G(d,p)
monodeterminantal wavefuctions. ELF calculationsenamputed over a grid spacing of 0.1
a.u. for each structure and ELF localization domawere obtained for an ELF value of 0.75.
For the Bonding Evolution Theory (BET) [19] studiéise corresponding reaction paths were
followed by performing the topological analysis tife ELF for at least 195 nuclear
configurations along the IRC paths.

4. CONCLUSIONS
The structural aspects of the 1-aza-2,8-dioxaba§@cB.0Joctane derivatives synthesis
on the basis of the 3-nitroisoxazoline-2-oxide bagn examined using experimental and
computational techniques. The constitution of igmaproducts has been confirmed without
any doubts using spectral methods and single ¢rysRD analysis. The molecular

mechanism of the 32CA reactions leading to 1-a8adiyxabicyclo[3.3.0]octane derivatives



has been studied within the MEDT using DFT methbtha M06-2X(PCM)/6-311+G(d,p)
calculations. These reactions take place througheastep mechanism. The reaction of the 3-
nitroisoxazoline-2-oxide 1) with styrene 2a), according to the BET analysis, can be
characterized by eight different phases, whilehareaction of the 3-nitroisoxazoline-2-oxide
(2) with acrylonitrile @b) we can distinguish nine different phases. Wouling is the fact
that the bond between atoms C4 and C5, in theafagactionl+2a, is formed homolitically,
while the bond O2-C3 take place heterolytically.thie case of reactiob+2b, both C4-C5

and O2-C3 bonds are formed homolitically.
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The structural aspects of the 1-aza-2,8-dioxabicyclo[ 3.3.0] octane derivatives synthesis on the
basis of the 3-nitroisoxazoline-2-oxide has been examined using experimental and
computational techniques.

The constitution of isolated products has been confirmed without any doubts using spectral
methods and single crystal XRD analysis.

The reaction of the 3-nitroisoxazoline-2-oxide (1) with styrene (2a), according to the BET
analysis, can be characterized by eight different phases, while in the reaction of the 3-
nitroi soxazoline-2-oxide (1) with acrylonitrile (2b) we can distinguish nine different phases.



