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ABSTRACT

A theoretical study of the reactivity and regioselectivity of some ethylene compounds in nucleophilic substitution
was carried out using density functional theory with B3LYP/6-31G(d). The relative reactivity of these systems was
rationalized by means of the global electrophilicity index. Positional selectivity, namely 1, 2, 3 and 4, was predicted
using local electrophilic indices (Parr functions). The present study shows that the experimental results of the
relative reactivity and regioselectivity of these reactionsis correctly predicted using Parr functions.
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INTRODUCTION

The ethylene compounds represented in Figure 1 shownteresting reactivity [1-3]. These compounds te
considered equivalents of ketene with reversedripplavith an additional advantage in that halogeibstitution by
a nucleophilic reagent makes it possible to oltaimerous heterocyclic compounds of therapeuticestd4-7].

Our aim in this work is to present a theoreticaldgt on the reactions of nucleophilic substitutio¢e chose
ethylene molecules as substitutes (Figure 1) antpaced the results of our calculations with experital results
available in the literature [1-7].

MATERIALS AND METHODS

Density functional theory (DFT) computations werarried out using DFT/B3LYP [8] exchange-correlation
functionals, using the standard 6-31G(d) basis[$etOptimization was carried out using the Bermalgtical
gradient optimization method [10].

All computations were carried out with the Gausgi@nsuite of programs [11]. The global electrogityi index w
[12] is given by the expressiave /2.5, in terms of electronic chemical potentiaand chemical hardness Both
guantities may be considered in terms of the oaet@n energies of the HOMO and LUMO frontier molec
orbitals, agomo ande umos 1=(eHomoteLumo)/2 andy=(sLumo-enomo) respectively [13]. We introduced an empirical
(relative) nucleophilicity indeX [14], based on the HOMO energies obtained within Kohn—Sham scheme [15]
and defined asV = eyomovu) — Enomo(rcey- Nucleophilicity is calculated with reference tetracyanoethylene
(TCE), because this compound presents the lowesi®®nergy of a large series of molecules alreadgstigated
in the context of polar cycloadditions, which erblis to handle a nucleophilicity scale of positigkies easily.
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Figure 1. Ethylene compounds studied in this work

The R electrophilic and P nucleophilic Parr functions [16-24] which enablemcterization of the electrophilic
and nucleophilic centers of a molecule were obthimg analysis of the Mulliken atomic spin densifytize radical
anion and the radical cation respectively of theéemuales studied.

RESULTS AND DISCUSSION

Prediction of relative reactivity

The global indices obtained using DRafe a powerful tool for understanding the behawibpolar reactions. The
difference in global electrophilicity between twaactants [25] can be used to predict the polafithe process and
thus the feasibility of these reactions. Tablesahd 1b show the static global properties: electrafiemical
potentialy, global electrophilicityw, global nucleophilicityN, and the difference in global electrophilicityy and
global nucleophilicityIN., with regard to the reference value.

Table 1la. Global reactivity indicesu, i, w, N, and differences in electrophilicity4w and nucleophilicity ANma for the 2-acetoxy-3- bromo
prop-2-ene nitriles compounds 1-6 and ethylamine taulated using DFT/B3LYP/6-31G(d)

CompoundE/Z]  u (au) g(@au) | w(ev) | N(ev) |dw (eV)| ANmax
1 E -0.1671 0.1710 2.221 2.660 1.983 0.977
z -0.166 0.1626 2.306 2.804 2.068 1.02]

2 E -0.1621 0.1685 2.123 2.828 1.885 0.961
z -0.1608  0.1591 2.212 2990 1974 1.01]
3 E -0.1544 0.1579 2.05§ 3.179 1.82 0.974
z -0.15417 0.1642 1982 3.089 1.744 0.947
4 E -0.169¢ 0.1646 2.37§ 2.674 2.14 1.03(
z -0.169 0.1802 2.180 2.457 1.942 0.943
5 E -0.192 0.1591 3.151 2.144 2913 1.207%
z -0.1931 0.1722 2949 1932 2711 1.127
6 E -0.1597 0.1434 2420 3.233 2.182 1.114
z -0.1499  0.1551 1972 3.342 1.734 0.967
13 -0.072 0.3037 0.23§ 3.419 - 0.24(
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We can deduce from table 1a that:
» The electronic chemical potential of compound XBylemine) is greater than that of the ethylene poumds 1-
6, which implies that electron transfer takes plaom compound 13 to the ethylene compounds 1-6.

» The nucleophilicity index of compound 13 (3.419 e¥)greater than that of the six ethylene compounds
implying that in this substitution compound 13 bedmas a nucleophile while the six ethylene comgsui& and
Z) behave as electrophiles.

» The global electrophilic indices of the reactardasfem that compound 13 is a nucleophile and theesinylene
compounds are electrophiles.

We can also deduce from table 1b that:
» The electronic chemical potential of compound 1tBylamine) is higher than that of compounds 7-1Biciv
implies that the transfer of electrons takes pfemm compound 13 to compounds 7-12.

» The nucleophilicity index of compound 13 (ethylasjiiis higher than that of products 7-12, implyihgttin this
reaction compound 13 behaves as a nucleophile wbitgpounds 7-12 behave as electrophiles.

The difference between the global electrophilidityex and the reference is greater than 1 eV faramhpounds
(4w>1 eV), showing that this reaction has low polarity

Table 1b. Global reactivity indicesu, 5, @, N, and differences in electrophilicitydw and nucleophilicity ANmax for the ethyl carbonate
compounds 7-12 and ethyl amine 13 calculated usiiif-T/B3LYP/6-31G(d)

Compound | E/Z | u (au) 5 (au) w(v) | N(ev) | do (ev) | ANpax
7 E -0.1629 0.1747 2.068 2.722 1.83 0.933
z -0.1655% 0.1982  1.881 2.337 1.643 0.834
8 E -0.1578 0.1703 1.984 2.923 1.75 0.926
z -0.1587 0.1889  1.815 2.6472 1.577 0.84(
9 E -0.1508 0.1611 1.909 3.251 1.671 0.933
Z -0.149 0.1698  1.779 3.167 1.541 0.879
10 E -0.1679 0.1700  2.256 2.65] 2.01§ 0.984
YA -0.1652 0.187¢ 1.979 2.4864 1.74] 0.881
11 E -0.1890 0.1616  3.006 2.197 2.769 1.164
YA -0.185 0.164¢ 2.853 2.238 2.615 1.124
12 E -0.1543 0.1477  2.195 3.324 1.957 1.044
z -0.1526 0.152¢ 2.073 3.303 1.835 0.999
13 -0.072¢% 0.3037 0.234 3.419 - 0.24(

Prediction of the regioselectivity of the reactiorusing local electrophilicity indices

According to the polar model proposed by Chatt§P8j, the local philicity indices ¢ and N,) are reliable
indicators for predicting the most favored intei@ttbetween two polar centers. The most favoredisgmer is
that which is associated with the highest locattetghilicity index wy of the electrophile and the highest local
nucleophilicity indexN, of the nucleophile. We determin®fl for aromatic compounds 1-12 in order to prediet th
most likely electrophile/nucleophile interaction rabhghout the reaction pathway, and so elucidate the
regioselectivity of these reactions.

Table 2 presents local electrophilicity in positions 1, 2, 3 and 4 of compounds 1-12.

Analysis of local electrophilicity of the compounuglicates that the {Br) carbon is the most electrophilic in all
compounds except for compounds 5 and 11, wheris @e most electrophilic. Consequently, the niagbrable
regioisomeric channels involved in these reactamesthose in which there is initial formation oNaC(Br) bond.
Regioselectivity is correctly predicted by the Flanction.
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Table 2. Local electrophilicity e in positions 1, 2, 3 and 4 of the acetoxy-2 bron®propene compounds 1-6 and ethyl carbonate
compounds 7-12

Compound | C4(Br) C, C3(-N) | C4(=0)
1 0.767 0.428 0.040 0.017
0.735 0.491 -0.042 0.037
0.692 0.449| -0.037 0.035
0.778 0.418 0.045 0.017
0.691 0.437 -0.035 0.034
0.684 0.380 0.037 0.143
0.692 0.506 -0.049 0.037
0.793 0.362| -0.014 0.013
0.486 0.511 -0.066 0.033
0.493 0.259 -0.021 0.003
0.811 0.516] -0.041 0.037
0.809 0.357 -0.009 0.015
0.647 0.452| -0.045 0.027
0.447 0.176 -0.003 0.007
0.619 0.431] -0.043 0.025
0.837 0.327| -0.006 0.012
0.631 0.418 -0.040 0.025
0.746 0.338] -0.012 0.011
0.632 0.496 -0.057 0.027
0.606 0.477| -0.040 0.046
0.415 0.483 -0.068 0.022
0.324 0.609 -0.053 0.005
0.700 0.491| -0.054 0.037
0.591 0.539 -0.009 -0.004
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CONCLUSION

In this work, we carried out a theoretical exammmatof the reaction of a series of ethylene compisuwith
ethylamine in nucleophilic substitution. Our caltibns show that experimental regioselectivity @rectly
reproduced. The local electrophilicity index shotist the G(Br) atom is the most electrophilic in all the
compounds studied, except in compounds 5 and ltheise last two, which both include a nitrobenzeyde, the
C, atom is the most electrophilic. We can therefasactude that local electrophilicity as defined bgrbingo’s
group using the Parr function can adequately ptedgioselectivity in nucleophilic substitution.
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