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This response to Dr Salehzadeh's comments on the papers mentioned in the title contains the comments
where they have mentioned disagreement with basic chemistry concepts. The response to the comments
include: (i) the experimental (X-ray) and theoretical reported results of the epimerism and the differences in
the stereoisomer properties, as they are definitely not pair of enantiomers, and (ii) a discussion regarding
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Introduction

Anomeric Based Oxidation (ABO) has opened up a new synthetic
and theoretical branch of oxidation to make organic molecules
where some of them have profound medicinal and biological
activities. In this response to the comments of Dr Salehzadeh
on the two recently published papers by Zolfigol et al.,'”* we
report on a study including a response to the main basis of the
“Comments”® problems to provide clarification for readers and
to avoid confusion on the basic concepts. The items have been
responded to one by one and some more advantages were added
to the subject of our studies. Fortunately, the subject of the two
papers and the other related published papers has interesting
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internal molecular orbital (MO) electron transfer.

advantages relating to ABO phenomena, the MBO method and
stereochemistry topics. These advantages were developed here
in the response to the mentioned comment.

1. The experimental (X-ray) and theoretical reported results
of the epimerism and the differences in the stereoisomer
properties

Amine molecules with different substituent groups on the
pyramidal N atom (R;R,R3N; R; # R, # R;) show chiral prop-
erties.” The barrier energy of the two enantiomers of this type of
amine could be between low and high energies depending on
the R;, R, and R; properties and the character of the molecular
structures. The barrier energy of the two enantiomers would be
high if there was a main steric restraint and strong hindering
effect on the N atom due to the structure becoming planar with
sp® hybridization.” The interconversion between the enantio-
mers would stop if the lone pair of the N atom became
protonated and/or the sp® N could not become planar because
of the above mentioned reasons. See Fig. 1. The two forms will
be diastereomers if another chiral centre (stereogenic centre)
appears in the molecule.

In this case, as there are two chiral centres, the two stereo-
isomers are epimeric diastereomers (and they are not
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Fig. 1 Interconversion of N-pyramidal atoms in enantiomeric amine
derivatives and the restriction effects on the interconversion process.

enantiomers). This type of diastereomer has different chemical,
energetic and structural properties such as differences in ther-
modynamic energy levels, kinetic properties, HOMO & LUMO
energy levels, AEgomo-Lumo, dipole moments and optical
activities.®

The experimental (X-ray) and theoretical computational
calculations have confirmed that the N atoms in the structures
of 1,4-dihydro-4-phenylpyridine derivatives have pyramidal
geometries. See the X-ray results for some 1,4-dihydro-4-
phenylpyridine derivatives reported in 2016 by Prasad and
Begum in the ESL.12'°** In the X-ray results the N atoms are not
planar (pyramidal form) and just one of the stereoisomers
(diastereomer) was represented.

The two compounds that the author® has pointed out are not
enantiomers and they are essentially diastereomers (epimers).
The main point is that in the structures of the epimer isomers
the N atom shows pyramidality. So, the two structures are not
mirror pictures of each other. As can be seen in Fig. 3 of the
paper “RSC Adv., 2016, 6, 50100-50111”> there are different
orientations of the N atoms in the two R and S isomers of
intermediate 7. So, for “7” there are two epimers and not two
enantiomers. Because of the different chemical properties of
the “epimers” they have different kinetic and thermodynamic
properties and this has been completely explained in the paper
“RSC Adv., 2016, 6, 50100-50111”.> Fig. 2 demonstrates the
possible diastereomer structures (CgNg, CzNg, CsNg and CgNg).
The pyramidality of the structures has been calculated in the
optimized structure using the DFT-B3LYP/6-31G** method. The
pyramidality differences between the sp> N and sp® N (and NH;
and *NHMeEt; * = chiral amine) were obtained to be about 57°
and 40°, respectively. This topic, i.e. the conversion of the
epimers to each other, is one of the new aspects in these studies.

Due to the existence of a nitrogen atom within the structure
that possesses four different substituents, the molecule has two
identified stereogenic centres so the existence of diastereomers
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Fig. 2 The stereochemistry relationships between the structures.

is likely. It is clear that the diastereomers are quite different in
terms of their chemical and physical properties. So it is not
surprising that the investigated intermediates S and R are
different from a chemical stability standpoint. Due to pyramidal
inversion at the N chiral centres, we have considered only the C
chiral centre. See Fig. 2.

Fig. 3 demonstrates the effect that a Lewis acid has on the
chiral N atoms (and also -NH, as an achiral functional group). It
can be seen that the relationship between structures A’-D’ (after
the addition of the Lewis acid on the N atoms) is the same as the
relationship between structures A-D. Upon addition of a Lewis
acid the chirality of the N1 atom would be rigid and the chirality
of this atom would be clearer. In this case, the C4 carbon atoms
retain their chirality states. The structures of A-D and A’-D’ are
shown in Fig. 3 and the stereochemical relationships between
the structures are shown in the box of Fig. 3.

Fig. 3 also shows the pyramidalities and the angle deviations
of the chiral N atoms in the possible diastereomer structures
(CgNg; CgNg; CsNg; CsNg). The pyramidalities for CsNg, CgNg,
CgNg and CsNp were obtained as 7.8, 10.1, 10.1 and 7.9°,
respectively. The angle deviations of the chiral N atoms from sp®
hybridization for CsNg, CgNg, CzNg and CsNi were obtained as:
30, 33, 33 and 30°, respectively. The van der Waals repulsions
and Pitzer strains™ between N-H and C-H and/or C-Ph bonds
are the main components, along with other substituent group
effects, for the construction of the A-D forms of the epimers.

The calculated relative energy between CsNg and CsNg (A and
D; as the most stable epimers) was zero. The calculated relative
energies between CgNg and/or CsNg (A and D) with CgNg (B) and
CgNg (C) were 0.31 and 3.61 kcal mol ', respectively. The
domain of the barrier energies for the N-inversion process are
about 8-12 kcal mol '. The N-inversion process in the inter-
conversion process of the epimers were calculated about 10.5
kcal mol ', respectively, by DFT-B3LYP/6-31G** method. The
energy level differences, barrier to the N-inversion in the

This journal is © The Royal Society of Chemistry 2017
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Fig. 3 The structures of A—D (precursors) and A'-D’ (after Lewis acid
addition). The stereochemical relationships between the structures
A-D and A’-D’ are shown in the box. The possible epimer structures
(CgNg; CgNs; CsNs; CsNg). The van der Waals repulsion and Pitzer
strain effects.? The pyramidality and angle deviations of the N chiral
atoms from sp? hybridization.

interconversion process of the epimers, pyramidality and other
structural and thermodynamic properties will change by
changing the calculation method. However, the concepts of the
discussed properties will stay the same. So, overall, in contra-
diction to Dr Salehzadeh’s comments, the structures are not
enantiomers and they are inherently structural diastereomers
(epimers). The zero energy differences between the two CsNg
and CgNg (A and D) epimers do not mean that they are struc-
turally the same. They are different and they are diastereomers.
In the 1,4-dihydro-4-phenylpyridine derivatives the N-H group
achieves a planar and sp> geometry (zwitterionic radical) after
hv irradiation (as a useful dyad).*®” To achieve the epimers in an
experimental attempt one could apply a simple Lewis acid (for
example D" and not H') to make the rigid structures and extract
them. The X-ray results®® (as discussed) have shown just
a pyramidal geometry for the N atom in the obtained crystals.
In the first paragraph of part 1 of the “Comments”® the
author has mentioned that: “Indeed, the energies of enantio-
mers can be different, in the femto-joule to pico-joule per mole

This journal is © The Royal Society of Chemistry 2017
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range, only because of a parity violation.* However, recently
Zolfigol et al. during the study on the intermediate molecule
shown in Fig. 1 have reported that the S isomer is, about
0.29 keal mol ™" (=1200 ] mol "), more stable than the R one”.°®
In 2017, Juaristi et al. have reported an interesting study about
stereoelectronic interactions as a probe for the existence of the
intramolecular a-effect.’ In Table S4 (ESI)t of their investiga-
tion the calculated differences in AE and AG for the axial/
equatorial conformational equilibria in some compounds
with and without an anomeric effect were reported.'> In some
cases the differences in AE and AG for the axial/equatorial
conformations were trivial, so that in some conformers the re-
ported calculated energy differences using the MP2/6-
311+G(d,p) level of theory were between 0.1 and
0.3 kecal mol " In our study, the reported difference between
the two diastereomers was 0.29 (=0.3) kcal mol '. We have
introduced the data with two decimal numbers in kcal mol *
(obviously, these data in our study were in kcal mol™, and not
in femto-joule to pico-joule per mole), so, the mentioned
phrases do not have any relationship with our study and,
secondly, as it was completely discussed the zero energy
difference between the two diastereomers does not mean that
they are same. The 0.29 kcal mol " value is another confirma-
tion for their differences and by using another QM method
(which calculates the steric restraint, van der Waals repulsions,
Pitzer strains and other important effects with higher accuracy)
we could see larger energy differences between these two
structures (see the interpretations). It is obvious that the two
diastereomers have different TS energies (different AG") in
reactions with chiral reagents. In the introduction section the
author of the “Comments”® also mentioned that “the authors
have proved that the transition state (TS) for R isomer is, about
4.5 keal mol™* (=19 000 J mol '), more stable than S one while
we remember that these chiral molecules have reacted with an
achiral ion.”® The author of the “Comments”® should note to
this point that the difference energy (4.5 keal mol ™) is related
to the two different TS forms of the ABO reactions of the two
diastereomers (with the special stereospecific structure of
{Fe;0,@Si0,@(CH,);Im}). In the next step of the reaction the
intermediate reacts with the achiral “C(CN); anion. In addition
to the other discussed reasons related to the small differences
in the energy levels, there are some studies in the literature that
show that the small amounts of energy (up to about 0.2-
0.5 kcal mol ') are determinative of the mechanism patterns,
TS and/or the results of the studies.™

In the paper “RSC Adv., 2016, 6, 50100-50111"> the R and S
signs were applied to introduce just the chiral position of the
anomeric chiral centre (to identify the structures) and we have
noticed to this point that they are definitely diastereomers
(epimers) which is in agreement with the discussion. In Fig. 1 of
the “Comments” the author of the “Comments” showed the
“schematic representation of chiral carbon in the compound
studied by Zolfigol et al. (left)” and the molecular structures of
the predicted R and S stereoisomers® (right). The figures on the
right side obviously have pyramidal and chiral N* atoms and
they agree with the above interpretations (in contradiction to Dr

RSC Adv., 2017, 7, 53617-53621 | 53619
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Fig.4 Anionic tautomers interconversion is the correct phrase for this
phenomenon and it is not an “equilibrium between different structural
isomers”.

Salehzadeh’s comments) that they are epimer diastereomers
and not enantiomers.

All of the concepts and signs applied agree with standard
texts and the IUPAC Gold book and are shown in Table S4 in the
ESIf section.'® As shown in Table S4 in the ESI{ section,
arrows 1 and 2 represent electron transfer (in contradiction to
Dr Salehzadeh’s comments). Fig. 3 in the text of the
“Comments”® was not in the main papers.™ Fig. 3 of Dr Sale-
hzadeh’s comments has incorrectly presented tautomers inter-
conversion as an “equilibrium between different structural
isomers”.® To the best of our knowledge, most of the structural
isomers are detectable and/or separable from each other,
whereas here the anionic tautomers are inseparable from each
other (Fig. 4).

2. Discussion regarding internal molecular orbital (MO)
electron transfer

Our explanation is obviously related to the ET process between
the MO of the discussed molecules (such as ny, — T*g3¢4 in the
ET from ny, and w*q3c4 and nny — T*c3c4 in the ET from ny, to
T*c3ca) and not between one atom/molecule/ion to another
one. The final result of such an internal MO-ET process is the
production of H’~ and the separation of H™ from the discussed
molecules in the ABO reactions. So, in addition to the above
explanation, as one can see, in agreement with Marcus theory,"
there is an outer sphere ET process to produce H’~ and then the
separation of H™ from the discussed molecules occurs in the
ABO reactions. Furthermore, an electron transfer phrase for the
ET between MO orbitals was applied in the important primary
and secondary sources. These concepts and our aims are too
obvious so we do not need to do more interpretation about
them.

Conclusion

The “Comments”® on the papers “RSC Adv., 2016, 6, 50100-
501117 and “RSC Adv., 2016, 6, 102280-102291” were investi-
gated. On the basis of the experimental (X-ray) and theoretical
reported results, the epimerism and effect on the stereoisomer
differences were discussed in part 1. The results have confirmed
that the structures of the discussed 1,4-dihydro-4-
phenylpyridine derivatives are epimer diastereomers (C and N
pyramidal atoms; CgNg, CzNg, CsNg and CgNg). In part 2, we
explained the internal molecular orbital (MO) electron transfer
on the basis of Marcus theory and its classification for ET
processes. In agreement with Marcus theory, there is an outer
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sphere MO-ET process to produce H°~ and then the separation
of H™ from the discussed molecules occurs in the ABO
reactions.?®
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