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Peaxtii Jlinbca-Anpaepa MK ITUKIIONICHTAIiCHOM 1
MPOCTHMHU aJKEHAaMH BiJOYBalOThCS y BHUIJISIII OMHO-
€TAalHOro TOro/pkeHoro Mexanizmy. Ilpore, y Bumaaky
CHIILHOETIEKTPOUIbHUX JieHOQIB (ki MicTaTth E-2-
ApUIIHITPOSTUIICHH), IBOCTAITHUIA MeXaHi3M, SKUH BiJ0y-
BA€ETHCS 3a MMOCEPETHULITBOM [[BUTTEP-10HA, MOXKE KOHKY-
pyBaTH 3 y3rOKEHUM MeXaHi3MoM. Tomy, Al o3HaioM-
JICHHSI 3 IPUPOTHUMH PEAKIISIMU MIJK [TUKJIOTIEHTA [ieHOM
i E-2-apunHiTpoeTwieHaMH, MPOBEACHO OCITIIKCHHS
DFT KoHKypyIOYHX IUISIXiB.

BusiBneno, mo npodini eHeprii Ha HDIAXax peaxiii
nyke noaioHi. Mixk MiHiMyMoM eHeprii cyOctpari (1+2a
abo 1+2g) i MiHIMyM eHepril UMKIOAaIyKTa, 3aBXKIU €
mume ofauH nepexinHuid crad (TS), sxkuii momepemxae
noBepxoBuii Minimym (LM), mo BiamoBimae mnepen-
peakuifHOMY KOMIUIEKCY. YcCi cipoOU BHSBUTH LBITTEp-
1I0HHOTO TIOCEpEHMKA Ha IUIAXaX peakiii He Oynu
YCHIITHAMHU.

YTBOpeHHs Tepen-peakiiiinoro kommuiekcy LM He
BHUMarae IpOXO/KEHHS 4epe3 OyIb-skuii Oap'ep akTH-
Bamii, TOMYy IO BIANOBIHA 3MiHa EHTAJBIIl HE
nepesuinye 0,3 kkan/mon. Crin 3a3HaunTy, 1m0 npu 298K
LM wmaroTh BUKIIOYHO eHTanbmiiiHy mpupony. Oxpim
TOrO, BIJCTaHb MiX OONAaCTAMH peakili B Iepel-
PeaKIifiHX KOMIUIEKcaxX CKiIamae OuTbIn, HDK 3.5A, mio
Ha0araTo NMEepeBHUIIYE TUIIOBI JOBKUHH MPU MTEPEXiTHOMY
crani. XXozen 3 LM He mae xapakrepy CT-koMILIeKCy.

[Nepexinni cranu MaroTh OitulaHapHy cTpyKTYpy. HOBi
3'eqHaHH B Mekax TS (opMmyloTbcs MiX o0nacTaMu
peakiiiit C4-C5 i C1-C6. INonepenne cnonyuenns C1-C6
3aBkad  (OpPMYeTbCs MIBHJIMIE HDK ocTaHHE. [Ipore,
cnonydeHHs C4-C5 e mumie Tpoxw MEHII PO3BHHYTE.
OTxe, Mipa cuMeTpii MpoaHali30BaHNUX KOMILJIEKCIB MOXKe
PO3TIISIATHCS SIK BUCOKA.
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The mechanism of the Dies-Alder reaction between
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[. Introduction

The Diels-Alder reactions between cyclopentadiene
and simple alkenes proceed via a one-step, concerted
mechanism [1]. However, in the case of strongly
electrophilic dienophiles (which include E-2-arylnitro-
ethenes), the two-step mechanism (paths C and D), pro-
ceeding via a zwitterionic intermediate, may compete
with the concerted mechanism (paths A and B) [2].
Therefore, in order to gain an insight into the nature of the
reaction between cyclopentadiene and E-2-arylnitro-
ethenes, DFT studies of the competitive paths were
undertaken.
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We expected that in this way we will  better
understand the mechanism of the reaction studied.

Il. Computational procedure

The quantumchemical simulations were carried out
using B3LYP/6-31g(d) algorithm in an analogous manner
as in the case of previously analyzed DA reaction of
cyclopentadiene with E-2-phenyl-1-cyanonitroethene [3].
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The reaction path simulations were performed taking into
account toluene (e=2.38) as the dielectric medium. The
calculations were performed for pairs of substrates with
largest (1+2a, Aw=2.87¢V) and smallest (1+2g,
Aw=1.59¢V) difference in electrophilicity.

[1l. Results and discussion

It has turned out that the energy profiles on the
reaction paths are very similar. Between the energy
minimum of substrates (1+2a or 1+2g) and the energy
minimum of the cycloadduct, there is always only one
transition state (TS), preceded with a shallow minimum
(LM) corresponding to the pre-reaction complex. The all
attempts to detect a zwitterionic intermediates on the
reaction paths were not successful.

Fig. 1. The enthalpy ptofiles for the Diels-Alder reaction
between cyclopentadiene 1 and E-2-arylnitroethenes 2a,g
in toluene solution

Formation of the pre-reaction complex LM does not
require passing through any activation barrier, because the
corresponding enthalpy change does not exceed 0.3
kcal/mol. It has to be pointed out that at 298K the LMs
are exclusively enthalpic in nature because the entropy
factor (TDS) makes the free energy change (DG) greater
than zero, that excludes existence of LMs as stable
intermediates.  Moreover, the distance between the
reaction sites in the pre-reaction complexes is more than
3.51&, which is far beyond typical bond lengths in
transition states. None of the L M s has the character of a
CT-complex.

The transition states (TS) have biplanar structure,
characteristic for concerted Diels-Alder reactions [1].
New s-bonds within the TS are formed between C4-C5
and C1-C6 reaction sites. The former bond C1-C6 always
forms faster than the latter one. However, the C4-C5 bond

is only slightly less advanced. Hence, the degree of
symmetry of the complexes analyzed can be considered as
high. The TS symmetry is determined to some extent by
the type of substituent in the phenyl ring at the reaction
site C6. This is reflected in the set of asymmetry indices
(DI), calculated from the relationship proposed in the ref.
[4]. The indices are 0.01 for the TSy and TSg transition
complexes of the reaction with more electrophilic
nitroalkene (2a), and, 0.13 and 0.14 for the corresponding
transition states of the reaction with less electrophilic
nitroalkene (2g). Despite high symmetry the transition
state complexes are polar in nature, as indicated by the
magnitude of their dipole moment (m> 5D) and charge
transfer index (t=0.21-0.25¢).

Fig. 2. Views of the TS structures of the Diels-Alder reaction
between cyclopentadiene 1 and E-2-arylnitroethenes 2a,g
in toluene solution.

Conclusion

The B3LYP/6-31G(d) calculations indicate that
electrophilicity of E-2-arylnitroethenes is not sufficient to
induce a zwitterionic mechanism of their Diels-Alder
reactions with cyclopentadiene. This conclusion corre-
lates well with experimental data [5].
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