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Sadegh Salehzadeh

The papers mentioned in the title of the present comment article contain some calculations/results that are

in disagreement with some basic concepts of chemistry. The calculations include (i) the calculation of an

energy difference, more than 1000 J mol�1, between one pair of enantiomers, (ii) the calculation of an

energy difference between the Lewis structures (resonance forms), and (iii) the calculation of bond

orders in different pathways of resonance process.
Introduction

Herein, I want to discuss some results reported in two recently
published papers by Zolgol et al.,1,2 in order to clarify for
readers which calculations contain inaccuracies that are in
disagreement with basic concepts. The mentioned authors have
previously reported3 a short correction on ref. 2, which is not
enough.

(1) Calculating an energy difference between one pair of
enantiomers.

We know that each chiral center in a molecule is assigned
a prex (R or S), according to whether its conguration is right-
or le-handed. The R and S stereoisomers are non-
superimposable mirror images. Thus the R and S isomers
have identical chemical and physical properties in an achiral
environment, as they are mirror images of each other. They have
the same stability, both kinetically and thermodynamically, and
the number and the type of atoms, the type and the strength of
chemical bonds, the type and the strength of intermolecular
atom/orbital interactions and the geometry and the symmetry
of these molecules all are the same. Indeed, the energies of
enantiomers can be different, in the femtojoule to picojoule per
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mole range, only because of a parity violation.4 However,
recently Zolgol et al.1 during the study on the intermediate
molecule shown in Fig. 1 have reported that the S isomer is,
about 0.29 kcal mol�1 (z1200 J mol�1), more stable than the R
one. Also they have claimed that while the S isomer is more
stable than R one, the R isomer due to the lower bond order of
its C–H bond (0.91 against 0.93) has a higher rate of oxidation
reaction. Furthermore, the authors have proved that the tran-
sition state (TS) for R isomer is, about 4.5 kcal mol�1 (z19000 J
mol�1), more stable than S one while we remember that these
chiral molecules have reacted with an achiral ion.

Apart from this fact that it is unlikely to think a 0.02 differ-
ence in the value of bond orders can be a good reason for higher
reactivity of one compound over other one, the question is what
is the origin of above differences in values of bond orders,
degree of stability of above R and S isomers and corresponding
TSs reported by Zolgol et al.?

Indeed, in each of above R and S molecules with respect to
NH, NH2 and phenyl groups we can consider different
conformers or geometrical isomers (authors have mentioned
that the R and S isomers have the cis and trans isomers without
giving/comparing their relative energies).1 If the authors did not
compare the same conformers/isomers of R and S stereoiso-
mers, then we can easily nd why their S isomer is more stable
than R one. In the right side of Fig. 1, I have compared the same
This journal is © The Royal Society of Chemistry 2017
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Fig. 1 The schematic representation of chiral carbon in the compound studied by Zolfigol et al. (left), and molecular structures of its R and S
stereoisomers shown here (right).
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conformers of R and S isomers. If we compare the same
conformers of R and S stereoisomers, that are really the mirror
images of each other, then we can prove that they have the same
energy/stability. Thus, the observation of an energy difference
between the R and S isomers shows that we have not compared
the same conformers (i.e. not two mirror images) or we have not
been able to successfully optimize one of them. Authors,
instead of comparing the stability of R and S (which surely is the
same), should try to nd the best conformer with a minimized
energy for one of them (either R or S). Furthermore, it has not
been necessary to check the transition state (TS) of reaction for
both R and S isomers, while the interacted molecule with these
chiral molecules had been an achiral compound and both TSs
should have the same energy.
(2) Calculating an energy difference between the Lewis
structures (resonance forms).

Aer the careful study of recent published paper of Zolgol
research group2 I found that they have reported an energy
difference between the resonance forms of an ion (compound a-
1H in their paper).

We know that the structures shown in Fig. 2 are the different
Lewis structures, or in other words two possible resonance
forms, for “one ion” and not two different ions/isomers.
However, in Fig. 2 and 3 of ref. 2 cited here, two different
Fig. 2 The resonance forms (and not the real structures) of compound
a-1H which are introduced in ref. 2 as keto (left) and enolic (right)
forms that are in equilibrium.

This journal is © The Royal Society of Chemistry 2017
optimized structures are reported for above resonance forms.
Interestingly, in contrast to a real enolic form, herein a proton is
not bonded to oxygen atom and only with their imagination an
electron/charge is completely moved from nitrogen atom to
oxygen atom, so they have named it in Fig. 3 of ref. 2 as enolate
form. We know that there are some basic principles in the
resonance theory. First of all, resonance structures are not real,
they just show possible Lewis structures for a compound.
Resonance structures are not in equilibrium with each other, so
we use the resonance sign (4) between them. Resonance
structures are not isomers. Isomers have different arrangement
of both atoms and electrons. Resonance forms differ only in
arrangement of electrons, where atoms are in the same posi-
tions. In ref. 2, I believe the authors have misrepresented the
principles of resonance theory.

In Fig. 2 and 3 of their paper,2 the authors have put an equi-
librium sign (#) between the resonance forms. Secondly, I note
that the authors have reported (both in the text and in Fig. 3) an
energy difference of about 0.1 kcal mol�1 between the above
unreal structures. Thirdly, in the page 102 287, they have
mentioned that they have reported the bond lengths of enolic
form, which is not really an enolic form and is a resonance form
for ketonic form (see the le side of Fig. 2 presented here).
Interestingly, for another investigated oxidant (b), that has an alkyl
group instead of p-chlorophenyl moiety of the oxidant (a), they
have found that keto–enol forms have the same energy (see Fig. 5
and also right column in the page 102 287 of ref. 2). In Fig. 3, I
have shown two possible resonance forms for both the ketonic and
enolic tautomers of compounds a-1H or b-1H in Zolgol's
proposed mechanism. The optimized structure of each isomer is
not the samewith one of the two illustrated resonance forms for it,
but is somewhat similar to both of them. Thus into the optimized
structure of these isomers none of the atoms have the charge of�1
and none of the bonds has bond order of 2. Thus, the resonance
forms in the Zolgol's paper2 that authors have named them as
keto and enolic (enolate in Fig. 3 of ref. 2) forms, only exist on the
paper and aer optimization of the structure of compounds a-1H
and b-1H both of them, with respect to the oxygen atom in the le
side of these compounds, are ketonic (Fig. 3, X1 andX2). Thus only
if through a tautomerization process the proton of NH group in
these compounds transferred and attached to the oxygen atom in
RSC Adv., 2017, 7, 39704–39707 | 39705
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Fig. 3 Two selected resonance forms for each of two structural isomers correctly proposed here for compounds a-1H or b-1H which are
incorrectly reported in ref. 2. Ar¼ p-chlorophenyl, compound a-1H, and R¼ n-propyl, compound b-1H in ref. 2. The formal charge of all atoms,
except the indicated atom, in the resonance forms is zero.
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the le side of molecule, then we will have an enolic tautomer
(Fig. 3, Y1 and Y2). Obviously, the stabilities of above structural
isomers shown in Fig. 3 cannot be the same or very similar.

(3) Calculating the bond orders in different pathways of
resonance process.

As can be seen in Table 5 of ref. 1 and Table 1 of ref. 2, authors
have calculated the bond orders for different electron delocal-
ization pathways in both R and S stereoisomers. The pathways
shown in Fig. 4 of present paper are exactly those that have been
studied in above cited papers. Authors have assumed that
before removal of any atom from the studied molecule (for
example a hydride ion from a C–H group in their studied
compounds) and only with drawing the pathway of resonance
process on the paper they can easily calculate the changes in
bond orders into the chemical structure of molecule.1 Then with
comparison the value of calculated bond orders (Mulliken bond
orders are abbreviated as MBO pathways) they can nd which
pathway of electron delocalization is suitable and thus which
atom will be removed from the molecule.2 As can be seen in
Table 5 of ref. 1, they have proposed that, where all atoms are
xed, the movement of electrons (or may be the anomeric
effect), beginning from NH versusNH2 group has different effect
on bond orders of both R and S molecules. For each bond in
both above cases (pathways), most of bond orders have the very
similar or even the same values, indicating that all data are
related to a single structure or to two very similar structures that
are not optimized correctly. The data in Table 5 of ref. 1, show
that usually the difference between the bond orders is 0.01 or
Fig. 4 Different conjugated pathways (or resonance process) studied in

39706 | RSC Adv., 2017, 7, 39704–39707
0.02. Also, as expected, the value of bond orders for N2–C9 and
C4–C5 (see the le side of present Fig. 4) for both the R and S
molecules and for both pathways are 0.99 and 0.97, respectively.
Also the calculated bond order of C5–C8 for both pathways is
the same and for R and S isomer is 0.97 and 0.98, respectively.
Furthermore, the values of bond orders for single and double
bonds shown in Fig. 4 clearly show that the p electrons do not
move through the indicated pathways. Thus all above data
clearly indicate that their efforts in studying different pathways
of electron delocalization and also Table 5 of ref. 1 (similarly
Table 1 of ref. 2) are misleading. Indeed, in the optimized
structure of one molecule all orbital interactions and different
ways of electron delocalization exist at the same time. For
example, both the nN2/p*

C3�C4 and nN2/p*
C9�C8 donor–

acceptor interactions discussed in ref. 1 exist at same time and
not in two separate and detectable/traceable pathways. Thus we
cannot calculate different bond lengths and/or different bond
orders for one bond in onemolecule while we consider different
pathways for delocalization of electrons and/or for anomeric
effect in our mind.

(4) Discussion regarding electron transfer.

There is also another inaccuracy which is also related to our
knowledge of basic concepts of chemistry. We know that the
concept of “electron transfer” is absolutely different with that of
“donor–acceptor interactions inside the molecules”. We use the
term “electron transfer” where electron(s) move from one atom/
molecule/ion to another one, in a redox reaction. However, the
authors of above papers have named the donor–acceptor
ref. 1 (left) and 2 (right).

This journal is © The Royal Society of Chemistry 2017
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interactions such as nN2/p*
C3�C4 and/or the delocalization of

electron(s) inside themolecule, as an electron transfer (specially
see the ref. 1). We note that both the above orbitals (nN2 and
p*
C3�C4) belong to one molecule and therefore electron has not

transferred from one atom/ion/molecule to another one.
Furthermore, writing the nN2/p*

C3�C4 (nN2 to p*
C3�C4) does not

mean that the complete transfer of electron(s) occurs from one
orbital to another one. Thus it is misleading to use the term
“electron transfer” for description of above type of orbital
interactions inside the molecules.

Conclusions

Three issues with two recently published papers were reviewed
with respect to basic concepts of chemistry. Firstly, it was dis-
cussed that R and S stereoisomers in an achiral environment,
have the same energy (without considering the possible negli-
gible effect of parity violation effect), bond orders, reactivity, etc.
secondly, it was explained that resonance structures are not
real, are not isomers and are only possible Lewis structures. On
the other hand, keto–enol forms both are real, are not different
resonance forms of one compound and are two structural
isomers with different stabilities. Thus when we want to
compare the relative stabilities of keto–enol forms, we have to
check whether two unreal resonance forms are not considered
instead of two real isomers. Thirdly, it was discussed that
because the resonance structures are not real, we cannot
This journal is © The Royal Society of Chemistry 2017
calculate/report different bond orders for different resonance
structures, as we only have one real structure. Furthermore, it
was explained that the orbital interactions and/or electron
delocalisation inside the molecule are absolutely different with
the electron transfers between the atoms/ions/molecules.
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