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VY wiif mpe3eHTali MU MPEACTABIIEMO JIETali Teope-
TUYHOTO BUBYEHHS, CIIPSIMOBAHOIO HA TIOKPAIIEHHS PO3Y-
MIHHS peakili HITpoeTeHy Ta AU(EHWIHITPOHY. 30Kpe-
Ma, MM TOSICHWIIM SIBUILE periocnenudiyHoCTi BiIHOCHO
LIMPOKOBIZIOMOT Teopii 1HAEKCIB peakiiiHOl 34aTHOCTI, a
takox 3aificHmin B3LYP/6-31G(d) monentoBanHs 1ist-
XiB peakiii 3a yMOB, sIKi BiZoOpakaloTh II€ B €KCIIe-
PHUMEHTI.

Byrio BCTaHOBIICHO, IO BEJIWYMHU IHICKCIB W BKa-
3yIOTh, II0 HANMOTYXXHIMIMH KaTIOHHWH LIEHTP y MoJje-
KyJIi HiTpoeTeHy po3MilieHuii Ha D-kapOoHi HITPOBHHI-
JIOBOI MOJIEKYJH. X04a Yy HITPOHI HalOLIbII HYKIEO]iIb-
HUH LIEHTp po3MilieHuid y kucHeBomy artoMi >C=N(O)-
MOJICKYJTH. SIKIIO PEriOCeNIeKTUBHICTh IIMX PeaKIin
BU3HAYAETHCS  ENEKTPOQIIEHO-HYKIICO(DIIEHOI B3a€EMO-
JIi€r0, TPOAYKTH TMOBHHHI OyTH 4-HITPOOKCA30JIiIMHAMHU.
ExcriepuMeHTanbHi  AOCTIHKEHHS YITKO MiATBEPANIIN
perioceneKTHUBHI repeadayeHHsl.

AHati3| iHIeKciB Wy Ta Ny He HaJau >k0aHOI iHdop-
Malii moa0 MeXaHi3My peakitii. ToMmy, A1 BHACHCHHS
uporo nutanHs, Mu nposenu B3LYP/6-31G(d) ninpaxys-
Ku mpodiniB eHeprii peakuii. Bymo BcraHOBiEHO, MmO
mpoditi eHeprii peakiiiii, BUABIAETHCA, TOCUTh CXOXKi. B
000X BHWIIQJIKAX MDK MPOJAYKTAMH Ta MiHIMaJIbHUMHU
cyOcTpaTaMy BHHHUKAE JIMIIE OAMH MepexigHuii ctan TS,
SIKOMY IIepe/lyBaB HE3HAYHUH JIOKIbHUN MiHIMYM TIepea-
peakuiiiHoro koMruiekcy L M.

B 000x mepexismHUX craHax HOBiI S 3B’sI3KH (OpMY-
I0ThCSL  CHHXPOHHO. Xo04Ya, piBE€Hb IXHBOTO IPOrpecy-
BaHHA pi3HUA. 3B’s30k  C5-O1 Oinbll NpOrpecUBHHIA.
HNoro noexuna cranosuts 1.789A s TSy ta 1.782A
AT Sg. T S 38°s3ku (C3-C4), chopmoBani y Komri-
nexcax TS Ta TSg, - 3aBIOBKKY Biamosimao 2.491A, ta
2.418A. OGumBa KOMILIEKCH — MIOJISIPHI, K MiATBEPIKY-
€TBCs TXHIM JUTIONSIPHIM MOMEHTOM Ta PIBHEM Iepenadi
3apsAdiB MK CyOCcTpykTypamu. IIpoTe, MOJSPHICTH ITUX
CTPYKTYp HEICTOTHA MIO0 CIPUYMHHUTHU IBITTEP-10HHHUN
MEXaHi3M PEaKIIii.
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Global and local reactivity indexes indicate polar character
of the [2+3] cycloaddition of nitroethene to (Z)-C,N-
diphenylnitrone. The regiosdectivity of these reaction is
determined by the attack of oxygen-centered nucleophilic ste
of the nitrone on b-carbon atom in nitroethene. This is
confirmed by B3LYP/6-31G(d) simulations of the reaction
pathways.

Keywords — [2+3] Cycloaddition, Nitrone, Nitroethene,
B3LYP/6-31G(d) calculations, Electrophilicity indexes.

[. Introduction

Previously we found experimentally that [2+3] cycload-
dition of nitroethene (1) to (Z)-C,N-diphenylnitrone (2) is
regiospecific, yielding the 4-nitroisoxazolidines as the
only reaction products [1]:
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In this presentation, we report details of theoretical studies
aimed at better understanding of the nature of these. Therefore,
(1) we explained the regiospecificity phenomenon with respect
to the widely promoted theory of reactivity indexes and (ii) we
performed B3LYP/6-31G(d) simulations of the reaction
pathways, under the conditions resembling these used in the
experiment. We expected that in this way we will better
understand the course of title reaction.

Il. Computational procedure

The global (M ®, N) and local (my, Ny) reactivity
indexes for reactants 1 and 2 were estimated according to
the equations presented in paper [2]. The critical points on
the potential energy surface (PES) were localised in a
similar manner as in the case of the previously analysed
reaction of 2-nitropropene-1 with (Z)-C,N-diphenylni-
trone [3], using the hybrid B3LYP functional and the 6-
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31G(d) basis set. The calculations were carried out in
simulated presence of toluene as a solvent. All
calculations were performed for T=298K and p=1atm.

[1l. Results and discussion

Comparison of the chemical potential values (M) of
addents suggests that charge transfer during the
cycloaddition reaction occurs from the nitrone [NM{2)—
0.1312a.u.; to the nitroethene 1 [n{1)=0.1958a.u.]. The
global electrophilicity (W) of the nitroethene 1 is 2.61 eV.
Hence, 1 may be considered as a strong electrophile. The
nitrone 2 is in the same group, despite their electrophilicity
being slightly lower [w=1.67eV]. Therefore, they act as
nucleophiles in the reactions in question. The nucleophilicity
index N describes their nucleophilic strength, which is
3.64¢V. The electrophilicity difference (Dw) of the reagent
pair 1+2 is approx. leV. Therefore, the reaction can be
considered as polar processes and may be forecast using
local electrophilicity (W) and nucleophilicity (N, ) indexes.

The values of w index suggest that the strongest
electrophilic centre in the nitroethene molecule is located on
b-carbon of the nitrovinyl moiety [w(1)=0.26eV]. However,
in the nitrone 2, the most nucleophilic centre is located on the
oxygen atom of >C=N(O)- moiety [No(2)=0.57¢V]. If the
regioselectivity of this reaction is determined indeed by
electrophile-nucleophile interactions, the products should be
4-nitroisoxazolidines 3,4. Experimental studies have clearly
confirmed the regioselectivity predictions [1].

The analysis of Wy and Ny indexes provides no
information about the reaction mechanism. Therefore, we
performed B3LYP/6-31G(d) calculations of the reaction
energy profiles to clarify this issue.

It was found that the energy profiles of the reactions
1+2® 3 and 1+2® 4 appear to be quite similar. In both cases,
only one transition state TS, preceded by a shallow local
minimum of the pre-reaction complex LM, occurs between
the products and substrates minima. This is conclusively
confirmed by IRC calculations.

Fig. 1. Typical enthalpy profilefor 1+2[2+ 3] cycloaddition

LM formation is related to the system enthalpy reduced
by 0.5 kcal/mol for the pathway A and by 1.4 kcal/mol for
the pathway B. Moreover, both LMs are exclusively

enthalpic in character. Within both LMs the distances
between the reaction centres are much longer than the
lengths of typical o bonds formed in the transition
complexes. The LM and LMpg structures have no features
of orientation complexes (OC).

Any further approach of the reaction centres leads to a
transition state. As the critical point on the energy profile is
reached, the system enthalpy (AH') increases by 12.1
kcal/mol on the pathway A and by 11.9 kcal/mol on the
pathway B. The formation of TSy and TSg complexes
coincides with the system entropy (AS ), which is reduced by
46.6 cal/molK and 45.0 cal/molK, respectively. This is
typical for concerted [2+3] cycloadditions proceeding via
highly rigid transition complexes.

In both TS's new S bonds form simultaneously. Their
degree of advancement (1), however, is different. The C5-O1
bond is more advanced. Its length is 1.789A (l¢s5.0:=0.757)
for TSy and 1.782A for TSs (Ics.01=0.760). The other s
bonds (C3-C4), formed in the TS, and TS complexes, have
the length of 2491A (I;3.04=0.431), and 2.418A
(Ic3.c4=0.452) respectively. Both complexes are polar, as
confirmed by their dipole moments (Np>5.5D) and the
degree of charge transfer between the substructures (t=0.15-
0.16e). However, polarity of the structures is not sufficient,
to induce zwitterionic reaction mechanism.

TSa TS

Fig. 2. Views of the TS structures of 1+2 reaction

Conclusion

The analysis of reactivity indexes indicates polar character
of the [2+3] cycloaddition reaction of nitroethene to (Z)-C,N-
diphenylnitrone. Their regioselectivity is determined by the
attack of the nuclephilic oxygen atom in >C=N(O)- moiety of
the nitrone on b carbon atom in nitrovinyl moiety of the
nitroethene. This is confirmed by the B3LYP/6-31G(d)
simulations of the reaction pathways. Although the transition
complexes, involved in the reaction mechanism, are
considerably asymmetric and polar, the cycloaddition
proceeds via the concerted mechanism.
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