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Abstract. In this work, we used QTAIM, ELF topological
electron density analysis, NCI, and IRI methodologies to
study the presence of intramolecular C—He**Cl interactions
in trichlorozincates derived from amino amides. Bond paths
(BP) are present between the chlorines of ZnCls™ group with
the aliphatic H10 and aromatic H4 hydrogens respectively
in compounds 1 and 2. p, and 6(H,Cl) values indicated that
the hyperconjugative component n(C13)—6*cio_mi0 is more
significant in compound 1 than in 2. Likewise, H4e++CI2
interactions have p, values near the lower limit of the range
reported by Koch and Popelier for C-HeeeX hydrogen
bondings. Additionally, the great ellipticity (¢) > 1 of bond
CPug...ci2 predicts the vanish of the BPy...cio with a small
change in the molecular geometry of compound 1. Again,
M and A2 values show that C10—H10Be++CI3 hydrogen
bonding is more stable in compound 1 than the other
intramolecular ~ C—Hee*Cl interactions present in
compounds 1 and 2. The source function (SF) suggests that
a methyl group at C10 contributes to weakening the
H10++=CI3 interactions. The enveloped plot of Vpy
confirms a higher charge concentration between the H10B
and CI3 attractors in compound 1 compared to 2. Finally,
ELF analysis showed that C—Hee*Cl interactions decrease
the volume of the monosynaptic basin V(H).
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Resumen. En este trabajo, nosotros usamos las metodologias de la topologia de la densidad electronica QTAIM,
ELF, NCI, e IRI metodologias para estudiar las interacciones intramoleculares C-He**Cl en tetraclorozincatos
derivados de amino amidas. Caminos de enlace (BP) estan presentes entre los cloros del grupo ZnCls™ con los
hidrogenos alifaticos H10 y los hidrogenos aromaticos H4 respectivamente en los compuestos 1 y 2. Los valores
de p» y 8(H,Cl) indicaron que el componente hipercojugativo n(CI3)—c*cio-ni0 contribuye de manera mas
significativa en 1 respecto a 2. Asimismo, las interacciones H4+++Cl2 tienen valores de p, cercanos al limite inferior
del rango reportado por Koch and Popelier para los puentes de hidrogeno C-HeeeX. Adicionalmente, la gran
elipticidad (¢) > 1 de CPus...ci2 predice el desvanecimiento del BPps...co en 1 con un pequefio cambio en la
geometria de la molécula. Una vez mas, los valores A; y A, muestran que el puente de hidrogeno C10—H10Bee+ClI3
de 1 es la interaccion intramolecular C—He**Cl mas estable en 1 6 2. La funcion fuente (SF) sugiere que la presencia
de un grupo metilo en C10 contribuye al debilitamiento de las interacciones H10+e+Cl3. El diagrama envolvente
de V?p, confirma una mayor concentracion de carga entre los atractores H10B y CI3 en 1 respecto a 2. Finalmente,
el analisis ELF mostrd que las interacciones C-He*Cl disminuyen el volumen de la cuenca monosinaptica V(H).

Introduction

Hydrogen bonds (X—He**Y) play a crucial role in the structure, function, and conformational dynamics
of biomolecules. [1] These non-covalent interactions are highly relevant to modern chemistry, as they promote
polymer assembly, the design of molecular cages, and the operation of host—guest systems. [2] Hydrogen bonds
can be classified as classical or non-classical. [3] Classical hydrogen bonds are strong interactions in which the
donor atom X is highly electronegative (e.g., O—He**O, N-He*O, N-He+**N). In contrast, non-classical hydrogen
bonds involve less electronegative donor atoms (such as C—H, Si—H, P-H) and are therefore weaker. [4-5] The
hydrogen bonding behavior of C—H systems as hydrogen bond donors was initially recognized by molecular
biologists, who highlighted their importance in stabilizing the secondary structure of biomolecules. [6] C-H
hydrogen bonds occur when the carbon atom is bonded to electron-withdrawing groups, as is the case in peptides,
aromatic rings, triazoles, and related systems. [7-8] In particular, C—He**Cl hydrogen bonds have gained
significant attention due to their role in substrate activation in metalloenzymes, drug polymorphism, anion—
receptor interactions, and sensor design, among others. [6, 9-10] However, the experimental identification of C—
Hee+Cl interactions based on geometric and spectroscopic parameters can be ambiguous. This behavior is due to a
delicate balance between hyperconjugative effects that lengthen C—H bonds and polarization effects that shorten
them. [5] As a result, the experimental determination of such interactions is not always straightforward or
conclusive. The low electronegativity of carbon cause weak C-HeeeCl interactions, making it difficult to
distinguish between these and hydrogen bonds or van der Waals interactions. Crystallographic studies have shown
that C-He++Cl-M systems preferentially form hydrogen bonds, whereas the C-He*+CI-C interactions correspond to
van der Waals close packing. [11] Structural studies facilitate the characterization of the intermolecular C-Hee*Cl
interactions because there are not apparent geometrical restrictions that prevent their directional behavior, and they
tend to have linear geometries. The correct assignment of intramolecular interactions is challenging because these
interactions are integral to the molecular conformation. In this context, we characterized the intramolecular C-
Hee<Cl interactions in coordination compounds 1 and 2. In these molecules the chlorine atoms are bonded to zinc
and close to adjacent hydrogen atoms. Thus, it is interesting to determine if the presence of the ZnCls group
contributes to the conformation of the organic fragment by means of weak intramolecular interactions or if its
molecular geometry is product of close packing phenomena.
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Scheme 1. Amino amide trichlorozincates 1 and 2.
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Spectroscopic studies provide evidence for the possible presence of C—He*Cl hydrogen bonds in
coordination complexes 1 and 2 (Scheme 1). [12-13] However, crystallographic data reveal Ces*Cl longer
distances than the sum of the van der Waals radii of carbon (1.70 A) and chlorine (1.80 A), as reported by
Pauling and Bondi. [14] Although the van der Waals distance criterion is discouraged by IUPAC, Ce++Cl longer
distances than 3.5 A raise doubts about the nature of the C—He++Cl contacts. This dubiety is because the van der
Waals rule is generally valid for strong hydrogen bonds, whose attractive interaction has a significant covalent
character. [15] It has been proposed that C—He*+Cl interactions are predominantly electrostatic in nature. [16]
Nevertheless, there are systems in which non-electronegative carbon atoms participate in hydrogen bonding
interactions. [17] In such cases, the commonly accepted van der Waals radius of hydrogen (1.2 A) may be
underestimated, and longer values than 1.2 A may be more appropriate. [18] Therefore, hydrogen bonds with
Ce++Cl distances exceeding 3.5 A are plausible. In light of these inconsistencies, non-covalent interactions can
be further evaluated and characterized using the quantum theory of atoms in molecules (QTAIM) and the
electron localization function (ELF). [13, 19-21] The presence of bond critical points (3,-1) between hydrogen
atoms and hydrogen bond acceptors is one of the criteria recommended by IUPAC to confirm the existence of
attractive X—HeeY intra- or intermolecular interactions. [ 18] Therefore, the identification of C—He*+ClI contacts
is not based solely on the presence of bond paths, but on a consistent evaluation of multiple descriptors. This
integrated approach is consistent with recent studies showing that the combined use of QTAIM, ELF, and
complementary real-space methods provides a more reliable characterization of non-covalent interactions as
NCI and IRI methods. [22-24]

In the present study, we employed the crystallographic structures of amino amide trichlorozincates 1
and 2, as reported by Islas-Trejo et al., to perform a topological analysis of the electron density. [12] The organic
fragments of compounds 1 and 2 are amino amides derived from glycine and alanine, respectively, and can thus
be considered structural analogs of dipeptides. The coordination of benzimidazolic nitrogen to the
trichlorozincate group (ZnCls") enables the investigation of intramolecular non-covalent C—Hee+Cl interactions
and provides molecular models relevant to macromolecular systems. Within the framework of the Quantum
Theory of Atoms in Molecules (QTAIM), we determined the electron density of the intramolecular C—He+Cl
interactions in compounds 1 and 2. We applied the criteria proposed by Koch and Popelier to characterize these
interactions. [25] Additionally, we confirmed the presence of such interactions through a topological analysis
of the electron localization function (ELF), non-covalent interaction (NCI), and interaction region indicator
(IRI) methods. [21-26]

Methodology

Computational details

The geometries of compounds 1 and 2 were obtained from the CIF files CCDC 2183163 and CCDC
2183174, published in the Cambridge Crystallographic Data Centre and included as supporting material in
reference 12. [27, 12] The wavefunctions of 1 and 2 were generated via single-point calculations on the
experimental geometries using the Gaussian 03 package at the B3LYP/6-311++G(2d,2p) level of theory. [28]
QTAIM analysis was performed using the AIMALL program. [29] ELF studies were carried out with the
Multiwfn software, and ChimeraX was used to visualize the localization domains of 1(r). [30-31]

Results and discussion

The interaction between two atoms results in the formation of a line of maximum density linking the
nuclei of the two atoms which is known as a bond path (BP). [20] Figures 1 and 2 display the molecular graphs
(networks of BPs connecting neighboring atomic nuclei) of compounds 1 and 2. In these graphs, BPs are
represented by black lines. Each BP contains a minimum in electron density known as a bond critical point
(BCP). In the molecular graphs of compounds 1 and 2, the BCPs are indicated by green dots. In the molecular
graph, the BPs corresponding to weak interactions are represented by black dashed lines. Thus, it can be
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confirmed that attractive interactions between H4+++C12 and H10Be++C13 are present in coordination compounds
1 and 2.

Fig. 1. Molecular graph of compound 1 determined by electron density topology. Green dots indicate bond
critical points (BCPs, 3,-1). Red dots represent ring critical points (RCPs, 3,+1), indicating the presence of a
ring.

Cl2

Fig. 2. Molecular graph of compound 2 determined by electron density topology. Green dots indicate bond
critical points (BCPs, 3,-1). Red dots represent ring critical points (RCPs, 3,+1), indicating the presence of a
ring.

Every BCP is defined by three eigenvalues (A1, A2, As) of the electron density (p). [19] The eigenvalue
As describes the curvature of p along the bond path and is positive. In contrast, A1 and A2 are negative and
represent the negative curvatures of p perpendicular to the bond path. [32] For this reason, every BCP is
topologically described as a (3,-1) critical point. [18] The sum of A1, A2, and A3 defines the Laplacian of p at the
BCP, denoted as V. Negative values of V°p, indicate a local concentration of electron density between two
attractors, which is characteristic of covalent interactions. [33] Furthermore, the ellipticity € = Ai/A2 - 1 indicates
the extent to which p at the BCP is elliptical. A minimum value of € = 0 corresponds to ¢ density, whereas
values close to one are associated with © density. [32]

QTAIM studies reveal the presence of two intramolecular C—Hee*Cl interactions in coordination
compounds 1 and 2 (figures 1 and 2). Closed-shell bonding interactions (such as hydrogen bonds and van der
Waals) are characterized by positive Laplacian values and low electron density at the bond critical point (3,-1).
[34] For comparison with well-established classical hydrogen bonds, earlier topological studies report that the
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water dimer (O-He++O) exhibits p, values next to 0.02 a.u. and positive Laplacian (V2p, = 0.06 a.u) consistent
with a classical hydrogen bond. [35] In contrast, non-classical hydrogen bonds, such as C-He*+O interactions,
display p» values that fall within the range of 0.002-0.034 a.u. and broader angular distributions. [25] The
interactions C4-H4e++C12 and C10-H10Be<+*Cl13 in compounds 1 and 2 display p, values that fall within the
range reported by Koch and Popelier for hydrogen bonds (Table 1). [25]

Table 1. Delocalization and Bond Indices of Compounds 1 and 2. [25,35]

Interaction Pb V2py el S(H,CI) €
Compound 1
C4-H4e++CI2 0.004 0.014 0.000 2.193
C10-H10Be*+CI3 0.012 0.036 0.224 0.073
Compound 2
C4-H4ee<C12 0.006 0.020 0.035 0.362
C10-H10Be++CI3 0.008 0.026 0.047 0.039

Furthermore, it is observed that the magnitude of p, in compound 1 is three times higher for the C10—
H10Be**Cl3 interaction (o, = 0.012 a.u.) compared to the value obtained for C4—H4e++Cl12 (o, = 0.004 a.u.).
The py, value for the C10-H10B+++Cl13 hydrogen bond is similar to that of interactions in which electronegative
groups are directly bonded to the carbon atom. [25] This behavior aligns with the 19 cm™ red shift observed in
the methylene scissoring vibration of compound 1. [11] This result indicates elongation of the C—H bond and
suggests that the hyperconjugative interaction n(CI3) — ¢*C10-H10 dominates the interaction, leading to an
accumulation of electron density in the internuclear region. [5, 36] Bader states that the delocalization index
O(A,B) provides a measure of the number of a,f electron pairs exchanged between the basins of atoms A and
B and serves as a physical indicator of covalency. [34] The §(H10B,Cl13) value of 0.224 indicates a polar
interaction with a significant covalent component. Increased sharing of electron density between the H10B and
CI3 basins results in a decrease of the delocalization index for the C10-H10B bond compared to C10-HI10A.
Hydrogen atom H10A does not participate in hydrogen bonding, and its delocalization index (C10-H10A) is
0.94, similar to that of C—H bonds in ethane. [37] In contrast, the delocalization index 6(C10—-H10B) is 0.88,
supporting the presence of hyperconjugative effects in the C10—H10Be+*Cl3 interaction.

On the other hand, the delocalization index for the C4—H4e++Cl2 interaction is effectively zero,
indicating that no a,f3 electron pairs are exchanged between the H4 and CI2 basins. [36] The intramolecular C4—
H4e++C]2 interaction gives rise to a ring critical point (RCP, 3,+1). As shown in Fig. 1, the bond path is curved
inward into the ring, and the distance between the BCP and RCP is very short. The proximity of these two
critical points, along with the high ellipticity value for the BP of C4-H4e+*CI2 (¢ = 2.192), suggests that a
change in molecular geometry could lead to the coalescence of the BCP and RCP and the subsequent
disappearance of the H4++*Cl2 bond path. [36]

The C4—H4e++C12 and C10-H10Be*+CI3 interactions in compound 2 exhibit similar p, values (0.006
and 0.008 a.u., respectively), but these are close to the lower electron density limits proposed by Koch and
Popelier for hydrogen bonding interactions. [25] Moreover, the electronic delocalization between the chlorine
and hydrogen atoms in these interactions is between five and six times smaller than that found for the C10-
H10Be++Cl3 interaction in compound 1. This behavior is consistent with the absence of a red shift in the C10—
H10 stretching vibration reported by Islas-Trejo et al. for compound 2, In contrast, coordination compound 1
exhibits a significant red shift (11 cm™). [12] The magnitudes of p, and 6 indicate that these interactions in
compound 2 correspond to very weak hydrogen bonds.

http://dx.doi.org/10.29356/jmcs.v70i1.2576
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Furthermore, as A» becomes more negative, the charge concentration between the attractors increases,
leading to a more stable system. Thus, A2 is 1.8 times more negative in the C10—-H10Be+CI3 interaction of
compound 1 (-=0.0098) compared to compound 2 (—0.0054). This phenomenon can be observed in the Laplacian
isosurface plots of compounds 1 and 2 (Fig. 3). At the isovalue L(r) = 0.03, the greater charge concentration
between the attractors H10B and C13 in compound 1 compared to compound 2 is confirmed. This result
demonstrates that the stabilizing components (A1 and A2) of the C10-H10Be**ClI3 interaction are more
pronounced in compound 1 than in compound 2.

Table 2. Atomic Charges and Source Function (SF) in Intramolecular C—He*+Cl Interactions in Compounds 1
and 2. [38,39]

Interaction q(0) q(H) q(C)H %SF
Compound 1
C4-H4e+-CI2 0.200 0.069 -0.727
C10-H10Bs+*+C113 0.515 0.071 -0.730 24.1
Compound 2
C4-H4e+-CI2 0.205 0.089 -0.707
C10-H10Be*<Cl13 0.418 0.011 -0.718 4.6

Fig. 3. (A) Isosurface plot of the Laplacian distribution for compounds 1 and 2. The L(r) = 0.03 surface shows
that charge concentration regions are shared between H10B and CI3 in compound 1, but not in compound 2.
(B) maps cut in the C10-H10B-CI3 plane of the molecule. Dotted blue lines mark regions of charge
accumulation (negative V?p,) while solid red lines mark regions of charge depletion (positive V2py).

The difference in the magnitude of py, for the C10-H10Be#*+CI3 interaction between compounds 1 and
2 can be attributed to the presence of a methyl group bonded to C10 in compound 2. The contribution to the
magnitude of p, from atoms and/or functional groups located at positions distant from the C—He++Cl interaction
can be quantified using the percentage source function (%SF) (Table 2). [20, 39-40] Thus, the p, magnitude for

http://dx.doi.org/10.29356/jmcs.v70i1.2576
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the H10B+++Cl3 interaction receives a greater contribution from the hydrogen atom H10A [%SF = 24.1 %] in
compound 1 compared to the methyl group attached to C10 [%SF = 4.6 %] in compound 2. This phenomenon
is related to the electron-donating capacity of substituent groups attached to carbon C10. Therefore, the SF
value indicates that the presence of a methyl group at C10 weakens the H10++Cl13 interaction. SF values record
the changes in the H-basin, the increase in electronegativity of donor and acceptor atoms, increases the py
magnitude. [39] Moreover, Gatti found that S% (H) values indicate the nature of the hydrogen bonding
interactions. [40] Thus, the source values for HIOB [S% (H10B) = -75 % for compound 1 and -12 % for
compound 2] are in concordance with the electrostatic nature of the C10-H10Be++CI3 interactions. The highly
negative S% (10B) value in 1 confirms the predominance of charge transference phenomena in this interaction.
On the other hand, the S% (H) value is positive in those interactions where donors are very polarized, such as
carboxylic acids and hydronium ions. [40]

Additionally, the atomic charges of the hydrogens involved in the C—He*+Cl interactions reveal that in
compound 1, the C10-H10Be*+Cl3 interaction induces polarization of the C—H bond (Table 2). [5] In contrast,
in compound 2, the positive charge on the hydrogen involved in the C10-H10+++Cl3 interaction is six times
smaller than in compound 1, although without significant electronic transfer. Complementarily, the electron
localization function (ELF) of the electron density allows for the classification of chemical bonds. [41]
According to Silvi, ELF analysis provides a molecular description consistent with the Lewis model, enabling a
chemical interpretation of the attractors and basins present in a system. [21] The graphical representation of the
ELF delineates the volumes of basins where Pauli repulsion is weak. When a hydrogen bond interaction forms,
the volume of the monosynaptic basin of the involved hydrogens tends to decrease. [21] Thus, in Fig. 4, it can
be observed that the V(H10A) basin is twice as large as the V(H10B) basin in compound 1. The volume of
V(H10A) (~1.999 A% is similar to that of the basins of the hydrogens in the methyl group (~2.000 A3) in
compound 1. In contrast, the volume of V(H10B) (0.962 A3) is close to that of the V(H) basins of ammonium
hydrogens involved in polar covalent N-H bonds (~1.091 A?). The volume of the V(H10) basin in compound
2 is also smaller (1.106 A3) than the monosynaptic basins of methylene hydrogens. This difference corroborates
the presence of the C10-H10+++Cl13 hydrogen bond in compound 2, although the basin volume (VH) predicts a
weaker Hee*Cl interaction in 2 compared to compound 1. Also, the getting of an A-He+*B complex can change
the basin number and the synaptic order. Thus, in strong hydrogen bondings, the disynaptic V(A,H) split results
in monosynaptic V(A) and V(H) basins. Nevertheless, these changes do not occur in weak interactions. [21]
The core-valence bifurcation index (CVBI) determines if an A-He**B complex can be considered as a single
chemical specie due to the electronic delocalization between V(A,H) and V(B) basins. [42] CVBI presents an
almost linear correlation with the binding energy of these non-covalent interactions, and allow distinguishing
the strength of A-Hee*B complexes. CVBI exhibits positive values in weak interactions, such as F-Hee*N,
(0.102) or Cl-He**CH,4 (0.074). In contrast, hydrogen bonding has negative CVBI as F-HeesNH; (-0.081). [43]
C10-H10Be++CI3 interactions have positive CVBI values in compounds 1 and 2, and they are weak interactions.
But, the CVBI is smaller in 1 (0.058) than in 2 (0.077), and this fact corroborates that the C10-H10Be*+CI3
interaction is stronger in compound 1.

\)\5@ 290

V(H1OA)J

V(H10B)

v(ciz)  VICR2) viciz) V(CI2)

Fig. 4. Localization domains of n(r) for compounds 1 and 2. The color code for the localization domains is as
follows: blue for lone electron pairs [V(CIl), V(N), and V(O)]; green for hydrogen-related domains [V(H)];
orange for bonding domains [V(C,C) and V(C,N)]; and dark blue for core domains [C(C), C(N), and C(CI)].
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The non-covalent interaction (NCI) maps show the presence of non-covalent interactions in
compounds 1 and 2 (A in Figs. 5 and 6). [26] In scatter map between RDG and sign(l)r , five spikes can be
found that disclose the nature of these interactions (B in Figs. 5 and 6). The blue spike indicates the existence
of H-bonding interactions. At the same time, green spikes reveal the presence of van der Waals interactions in
both compounds. Moreover, brown and red spikes indicate the existence of electronic repulsion zones in these
zinc compounds. Thus, in the NCI map of 1, the blue flattened disc correspond to an H-bonding interaction
between the imidazolic N-H donator and the oxygen of a water molecule (A in Fig. 5).

B

2.00 0.020
1.80 0.015
1.60 0.010
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Fig. 5. (A) NCI map of compound 1 of RDG = 0.5, (B) Scatter map between RDG and sign(l>)r of the grid
points of NCI analysis of compound 1.

According to the NCI analysis, the C-Hee+Cl interactions can be classified as van der Waals type in
compounds 1 and 2. However, brown isosurfaces, corresponding to steric repulsion zones, surround the
attractive green stains. Whereas the green area due to C10-H10Be++CI3 interaction is larger than the brown
zones in compound 1 (A in Fig. 5), the isosurface area corresponding to repulsion zones is longer in compound
2 (A in Fig. 6). This behavior indicates that C10-H10Be*+Cl3 interactions contribute significantly to the
conformation of compound 1. On the other hand, the larger brown zones indicate that the steric phenomena
govern the conformation of 2.

A B
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Fig. 6. (A) NCI map of compound 2 of RDG = 0.5, (B) Scatter map between RDG and sign(l>)r of the grid
points of NCI analysis of compound 2.
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The interaction region indicator (IRI) shows chemical bonds and weak interactions at the same time.
[44] Similar than NCI, the sign(l,)r, and the graphical representation, identify the nature of these interactions.
In figures 7 and 8, it can be seen that covalent and Zn-N coordinated bonds are represented as blue isosurfaces.
N-Hee+O and C10-H10Be++CI3 are present as flattened discs, indicating localized and directional non-covalent
interactions in compound 1 (Fig. 7). However, while the N-He*+O interaction is blue (strong hydrogen bonding),
the C10-H10Be*+Cl3 is yellowish green (weak hydrogen bonding).

steric effect

Zn-Cl bond
Zn-N bond

C-H-Cl
interaction

Fig. 7. IRI map of compound 1. [sovalue of IRI is set to 1.0 a.u.

The IRI map shows green extended stains in compounds 1 and 2. These spots indicate the presence of
non-directional attractive interactions corresponding to van der Waals interactions. This behavior is observed
in C4-H4e++Cl2 in compounds 1 and 2, and C10-H10Be*+Cl3 interactions in compound 2. The presence of
directional and non-directional interactions is in concordance with the geometry of these compounds. [12] The
bond angle in C10-H10Be+«Cl3 tends to linearity in compound 1 [151.9° (2)] and complies with the
requirements proposed by the IUPAC, in which hydrogen bonds should preferably be above 110°. [45]
However, the bond angle of C10-H10Be++CI3 interaction in compound 2 [128.6° (2)] is in agreement with the
low py (0.008 a.u.) and 1, (-0.005) values for a non-directional interactions.

N-H:-0 (
interaction i

Zn-Cl bond p

J
o Zn-N bond

Fig. 8. IRI map of compound 2. Isovalue of IRI is set to 1.0 a.u.

S
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Conclusions

The topological analysis of the electron density confirmed the presence of intramolecular C—Hee*Cl
interactions in compounds 1 and 2. The presence of bond paths between H and Cl atoms demonstrates the
existence of these interactions. However, the magnitudes of o, and 6(H,Cl) indicate that the hyperconjugative
component n(C13)—c*C10-H10 is more significant in compound 1 than in compound 2. Additionally, the
ellipticity of BCP_H4+++Cl2 in compound 1 exceeds one, predicting that a small change in the molecular
geometry may lead to the disappearance of the H4¢++CI2 bond path.

The source function (SF) value reveals that the presence of a methyl group at C10 contributes to the
weakening of the H10+++CI3 interaction. The highly negative S% (10B) value in 1 confirms the predominance
of charge transference phenomena in C10-H10Be+*Cl3 interaction. The Laplacian isosurface map of the
electron density for compounds 1 and 2 confirms a greater charge concentration between the H10B and CI3
attractors in compound 1. ELF analysis showed that the presence of a C—He++Cl interaction contributes to a
decrease in the volume of the monosynaptic basin V(H). Moreover, CVBI values corroborated that the C10-
H10Be++Cl3 is stronger in compound 1. NCI studies indicate that C10—H10Be**CI3 interactions contribute
significantly to the conformation of compound 1, but the steric phenomena govern the conformation of 2. The
IRI maps show that C10-H10Be<+*Cl3 is a directional interaction in compound 1, but it corresponds to van der
Waals interactions (non-directional) in compound 2.
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