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Abstract

Hybrid-density functional theory (B3LYP/Def2-TZVPP) based method and NBO
interpretation were used to investigate the conformational behavior of 1,2-dihalodisilanes
[halo=F (1), Cl (2), Br (3), I (4)]. The B3LYP/Def2-TZVPP results showed that the anti
conformations of compounds 1-4 are more stable than their corresponding gauche
conformations. The stability of the anti conformation compared to the gauche conformation
increases from compound 1 to compound 4. The NBO analysis of donor-acceptor interactions
showed that the generalized anomeric effect (GAE) is in favor of the gauche conformations of
compounds 1 and 2. Contrary to compounds 1 and 2, GAE is in favor of the anti conformations
of compounds 3 and 4. The GAE values calculated (i.e. GAEni-GAEgauche) increase from
compound 1 to compound 4. On the other hand, the calculated dipole moment values for the
gauche conformations increase from compound 1 to compound 3 but decreases from compound
3 to compound 4. Based on the results obtained, there is no conflict between the GAE and the
electrostatic model impacts on the conformational preferences in compounds 1-3 but the
electrostatic model can not rationalize the increase of the instability of the gauche conformation
of compound 4 compared to its anti conformation on going from compound 3 to compound 4.
Consequently, in the conflict between the GAE and the electrostatic model, the former succeeded
in accounting for the increase of the anti conformation stability from compound 1 to compound
4. There is a direct correlation between the calculated GAE, A[rs;isi(G)-7sisi(A)] parameters. The
correlations between the GAE, bond orders, AGaniGauche, AGi(Gauche—>Gauche', Cy),
AG*(Anti—Gauche, C,), dipole-dipole interactions, structural parameters and conformational
behaviors of compounds 1-4 have been investigated.

Keywords: generalized anomeric effects; stereoelectronic interactions; ab initio; NBO; 1,2-
dihalodisilanes.

1. Introduction

Haloethanes are an alternative to chlorofluorocabons, CFCs, believed to be major
contributors to the seasonal ozone depletion over the Antarctic continent [1-5]. The widespread
use of these CFC replacements makes it desirable to investigate their properties [6]. The
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structures and rotational barriers about the C-C bonds of 1,2-difluoroethane and 1,2-
dichloroethane have been investigated experimentally [7-17] and theoretically [17-19].

Although the impacts of the anomeric effect associated with the electron delocalization and
the electrostatic model on the structures, conformationa behaviors 1,2-difluoro, -chloro, -bromo
and —iodoethane have examined by using CBS-4, hybrid-DFT and NBO interpretations, there is
no published experimental or theoretical data about the analogs of 1,2-dihaloethanes containg Si
atoms (i.e. 1,2-difluoro-1,2-disilane (1), 1,2-dichloro-1,2-disilane (2), 1,2-dibromo-1,2-disilane
(3) and 1,2-diiodo-1,2-disilane (4)]. In this work, the stereoelectronic interactions associated with
the generalized anomeric effect (GAE) and also the conformational and structural properties of
compounds 1-4 are investigated computationally using the hybrid-DFT based method
(B3LYP/Def2-TZVPP) and natural bond orbital (NBO) analysis (see scheme 1) [20-25].

X H X X
\ S \ S
WSI—Si wSIiT——Si

W \\

HH \x HH/ \H
Anti, Cyp, Gauche, C,

1: X=F, 2: X=Cl, 3: X=Br, 4: X=1
Scheme 1. Schematic representation of conformations of compounds 1-4.

Since the preferred geometry of many molecules can be viewed as the result of the
maximization of an interaction between the best donor and the best acceptor bonds [26], the
stereoelectronic interactions are expected to play an important role in the conformational
properties of these compounds [27-29].

The generalized anomeric effect (GAE), observable in acyclic compounds (such as
dimethoxymethanes), as well as within rings, is a generalized manifestation of the preference of
axial over equatorial C-1 alkoxy groups in pyranose sugars which has long been known as the
anomeric effect [30].

2. Computational details

B3LYP/Def2-TZVPP levels of theory with the GAUSSIAN 98 package of programs [20].
The NBO analysis was performed at the B3LYP/Def2-TZVPP level for the gauche and anti
conformations of compounds 1-4 by the NBO 5.G program contained in the PC-GAMESS
interface [25]. The bonding and antibonding orbital occupancies in the axial and equatorial
conformations of compounds 1-4, and also the stabilization energies associated with donor-
acceptor electron delocalization were calculated using NBO analysis. The stabilization energies
are proportional to S?/AE where S is the orbital overlap and AE is the energy difference between
the donor and acceptor orbitals [26,29].

In addition, the stabilization energy (£7) associated with i—j delocalization, is explicitly
estimated by the following equation:

FP(0.)

8.]- —&;

E, =

where ¢; is the i"™ donor orbital occupancy, ¢, &; are diagonal elements (orbital energies) and

F(i,)) off-diagonal elements, respectively, associated with the NBO Fock matrix. Therefore, there
is a direct relationship between F(i,j) off-diagonal elements and the orbital overlap (S).
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The GAE associated with the electron delocalizations shown in Fig. 1 can have negative or
positive values which depend on the relative magnitude of the various GAEqni and GAEgauche
contributions. Therefore, we can calculate the total GAE for compounds 1-4 as follow (equation

1):
GAE = 2 (GAE i) — 2 (GAE gauche) (Eq. 1)

The influence of the GAE associated with osji.y — 6*si2-x, Osit-x = 6¥si2.x and LP;Xgj; —
G*sip-x electron delocalizations (see Fig. 1) and electrostatic interactions on the conformational
properties of compounds 1-4 were quantitatively investigated by the NBO analysis [25]. Our
recent studies have shown that the NBO analysis is a sufficient approach to investigate the effect
of the stereoelctronic interactions on the stability, reactivity and dynamic behaviors of chemical
compounds [31-37].

(Osii-u = 6*six-x) (osil-x = 6*six-x) (LP3Xgii = 6%si2-x)

Fig. 1. Schematic representation of the electronic delocalization between bonding, non-bonding
and anti-bonding orbitals (osii.-u = G*si2-x, Osil-x —> G*siz-x, LP3Xsi1 = o%*gi2.x) in compounds
1-4.

3. Results and Discussion
3.1. Conformation preference

The Gibbs free energy, enthalpy and entropy differences (i.e. AG, AH and AS) for the gauche,
anti and corresponding interconversional transition state conformations of compounds 1-4, as
calculated at the B3LYP/Def2-TZVPP level of theory are given in Table 1. The absolute values
of the thermodynamic properties certainly can not be calculated at the accuracy level shown in
this table; the correction for anharmonicity in a C-H bond may alone be on the order of 0.2 kcal
mole™ (the value in the C-H radical). However, the quantities of interest here are the relative
values of the thermodynamic functions for different conformations of the same molecule. We
expect that the errors in such differences will be very small and that even the corresponding
errors between the different closely related compounds will be minimal. The smooth variation
among the calculated values supports this expectation.

The B3LYP/Def2-TZVPP method was used for compounds 1-4 (see Table 1). The calculated
Gibbs free energy difference (Ggauche—Ganii) Values between the anti and gauche conformations
(1.e. AGgauche-anii) of compounds 1-3 are 0.05, 0.57, 0.83 and 1.27 kcal mol'l, respectively, as
calculated at the B3LYP/Def2-TZVPP level of theory.

Similar to trend observed for 1,2-dihaloethane [38], two distinct transition states (excluding
the mirror image pathways), are required to describe the dynamic conformational properties of
compounds 1-4 (see Fig. 2). The racemization processes of the gauche (C, point group) ground
state conformation could take place by passing through the eclipsed (C, point group) or the plane
symmetrical (C,, point group) transitions state conformations as shown in Fig. 2.
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The calculated Gibbs free energy barriers for the interconversion processes in compound 1
between the gauche ground state conformation and its eclipsed and plane symmetrical transitions
state conformations are 1.53 and 2.29 kcal mol™, respectively, as calculated by the B3LYP/Def2-
TZVPP level.

Based on the results obtained from the B3LYP/Def2/TZVPP method, the calculated
activation Gibbs free energy values for the conformational interconversion processes between
the anti and gauche conformations by passing from the axial symmetrical transition state
structures (i.e. AG*)) increase from compound 1 to compound 3 but decrease slightly from
compound 3 to compound 4 (see Fig. 1 and Table 1). In addition, the calculated Gibbs free
energy differences between the anti conformations and their axial-plane symmetrical transition
state conformations (Ca, symmetry) in compounds 1-4 (i.e. AG*,) increase from compound 1 to
compound 4 (see Fig. 1 and Table 1).

B3LYP/Def2-TZVPP

1: AGY =153 2:AGT =175 3:AGT =187 4.a¢] =136
1: AG} =229 2:AGF =245 3:AGF =268 4 AG} =281

Anti, C,y, Gauche, C, Anti, czg

Fig. 2. B3LYP/Def2-TZVPP calculated free energy profiles of the conformational
interconversion processes for compounds 1-4.
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B3LYP/Def2-TZVPP calculated thermodynamic parameters [AH, AG (in hartree) and AS (in cal

mol'K™)], for the ground and transition state conformations of compounds 1-4.

Geometries

B3LYP/Def2-TZVPP

1_A: CZh
1-G, C,
[1-G—1-G'T, Csy

[1-A—1-GT, C,

2-A, Coy
2-G, C,
[2-G—2-G'T, Csy

[2-A—2-GT}, C,

3-A, Gy
3-G, G,
[3-G—3-G']}, Csy

[3-A—3-G}*, C,

4-A, Gy,
4-G, G,
[4-G—4-G'T, Csy

[4-A—4-G]}, C,

H S G AH* AS® AG*
781.297502-  79.876  -781.335454  0.000062 0.309 0.000000
(3.89)° (0.00)°
781.297564-  79.567  781.335369-  0.000000 0.000 0.000085
(0.00)° (0.05)°
781.297391-  74.797  781.332929-  0.000111 5.079 0.00244
(0.06)° (1.53)°
781.296124-  74.884  -781.331704  0.001378 4.992 0.003665
(0.86)° (2.29)°
1501.958951-  85.370  -1501.999513  0.000000 0.074 0.000000
(0.00)° (0.00)°
1501.958064- 85.296  1501.998591-  0.000887 0.000 0.000922
(0.55)° (0.57)°
-1501.957879  79.790  -1501.995790  0.000185 5.580 0.002801
0.11)° (1.75)°
-1501.956742  79.857  -1501.994685 0.001322 5.513 0.003906
(0.82)° (2.45)°
-5729.864883  90.987  -5729.908114  0.000000 0.044 0.000000
(0.00)° (0.00)°
-5729.863577 90.943  -5729.906787 0.001306 0.000 0.001327
(0.81)° (0.83)°
-5729.863455 84.919  -5729.903802 0.000122 6.068 0.002985
0.07)° (1.87)°
-5729.862027 85.213  -5729.902514 0.00155 5.774 0.004273
(0.97)° (2.68)°
-1177.092196  95.469  -1177.137557  0.000000 0.755 0.000000
(0.00)° (0.00)°
-1177.090518 94.714  -1177.135520 0.001678 0.000 0.002037
(1.05)° (1.27)°
-1177.090446  88.608  -1177.132547 0.00175 6.861 0.002973
(1.09)° (1.86)°
-1177.088682 89.150  -1177.131040 0.001836 6.319 0.00448
(1.15)° (2.81)°

“Relative to the most stable form. "Numbers in parenthesis are in kcal mol ™.
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3.2. Stabilization energies and GAE

The NBO analysis shows that the anti and gauche conformations of compounds 1-4 benefit
from donor-acceptor electron delocalizations. It has to be noted that the stabilization energies
associated with the electron delocalizations in 1,2-dihaloethanes [19] are greater than those
obtained for compounds 1-4. Based on the optimized ground state geometries using the B3LYP
method, the NBO analysis of donor-acceptor (bond-antibond, nonbond-antibond) interactions
showed that the stabilization energies associated with ogj;.p—0%*sip.x for the gauche
conformations of compounds 1-4 are 1.74, 1.82, 2.04 and 2.34 kcal mol™, respectively. There is
no osi1-u—0*sip-x electron delocalization for the anti conformations of these compounds (see
Table 2). Importantly, the stabilization energies associated with ogij.z—0%*six.x electron
delocalizations can not control the conformational behaviors of compounds 1-4. If there were
only osi;.y—6%*si2.x electron delocalizations, the gauche conformation stabilities would increase
from compound 1 to compound 4. However, there are also interesting Gsij.x—0*si>.x and LP;
Xsil—06%*sip-x electron delocalizations in the anti conformations of compounds 1-4 which increase
the stability of the anti conformations from compound 1 to compound 4, compared to their
corresponding gauche conformations.

Based on Eq. 1, the GAE values calculated (i.e. GAE,ni-GAEgauche) associated with og;i-
H—0%si2-X, Oc1-x—0%si2-x and LP;Xg;;—0*sip-x electron delocalization for compounds 1-4 are -
1.74, -0.64, 0.52 and 1.48 kcal mol'l, respectively (see Table 2). The GAE increases from
compound 1 to compound 4. Since the anti conformation stability increases from compound 1 to
compound 4 (compared to the corresponding gauche conformations), the rationalization of the
conformational preference can be accounted for solely in terms of the GAE.

3.3. Orbital occupancies

The NBO results showed that the ¢ ci;.p bonding orbital occupancies in the gauche
conformations of compounds 1-4 are 1.98241, 1.97785, 1.97479 and 1.97231, respectively (see
Table 2). Also, the o ¢j.x bonding orbital occupancies in the anti conformations of compounds 1-
4 are 1.99554, 1.98506, 1.97613 and 1.96352, respectively. In addition, the NBO results revealed
that the o c1.x anti-bonding orbital occupancies in the gauche conformations of compounds 1-4
are 0.02241, 0.02241, 0.02671 and 0.03058, respectively. Further, the o Clx anti-bonding orbital
occupancies in the anti conformations of compounds 1-4 are 0.01253, 0.02468, 0.03628 and
0.05130, respectively. These trends can be justified by the increase of the 6ci.y—6*c2.x, Oci-
x—6*c.x electronic delocalization from the gauche and anti conformations of compound 1 to
compound 4.

3.4. Orbital energies and off-diagonal elements

The stabilization energies associated with donor-acceptor electron delocalizations are
proportional to S*/AE where S is the orbital overlap and AE is the energy differences between the
donor and acceptor orbitals. Therefore, the stereoelectronic orbital interactions are anticipated to
be more effective for the anti rather than the syn or gauche arrangement between the donor and
acceptor orbitals, and the stabilization should increase as the acceptor orbital energy decreases
and the donor orbital energy increases.

The NBO analysis showed that the energy differences between donor (Ecsi ;1) and acceptor
(EG*Siz_X) orbitals [i.e. A(EG*SQ_X — Eosii-n)] for the gauche conformations of compounds 1-4 are
0.63, 0.54, 0.50 and 0.46 a.u., respectively. Also, the NBO results showed that the calculated
A(Ec*sp.x — Eos;x) values for the anti conformations of compounds 1-4 are 1.22, 0.76, 0.65 and
0.52 a.u., respectively. Based on the NBO results, the energy difference between donor (Ecs;i.n)
and acceptor (Eossip.x) orbitals [i.e. A(Ec*sg_x — Eosiiy)] decrease from the gauche
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conformations of compound 1 to compound 4. Also, the A(Ec*s,x — Eog;.x) calculated values
decrease from the anti conformations of compound 1 to compound 4.

Table 2

NBO calculated stabilization energies (E», in kcal mol™), generalized anomeric effect (GAE, in
kcal mol™), off-diagonal elements (F}, in a.u.), orbital energies (in a.u.) and orbital occupancies
and bond orders (Wiberg Bond Index, WBI) based on the geometries optimized at the
B3LYP/Def2-TZVPP level of theory, for the anti and gauche conformations of compounds 1-4.

1 2 3 4
A G A G A G A G
Donor—acceptor
(0 si1.ui—>0%*spx)%2 - 1.74 - 1.82 - 2.04 - 2.34
(0 5i1-x2>0* s5i2.)%2 - 0.00 - 1.16 - 2.16 -
(LP; X gi1—>0%* 5ip.x)%2 - 0.00 1.18 - 1.40 - 1.66 -
> - 1.74 1.18 1.82 2.56 2.04 3.82 2.34
GAE -1.74 -1.64 0.52 1.48
Orbital occupancy
G sil-H 1.97839 1.97785 1.98148 1.98130 1.98169 1.98161 1.98215 1.98219
Osilx 1.99422 1.99450 1.98837 1.98939 1.98495 1.98661 1.97919 1.98235
LP; X 1.95661 1.95593  1.94851 1.94841 1.94758 1.94893 1.94560 1.94927
6% si2-x 0.03003 0.03170  0.02998 0.02628 0.03364 0.02692 0.03928 0.02709
Orbital energy
Eocsiin -0.44573 -0.44627 -0.45378 -0.45319 -0.45699 -0.45573 -0.45739 -0.45588
E o x -1.04450 -1.04715 -0.67304 -0.67484 -0.60669 -0.60977 -0.51506 -0.51606
ELP; X1 -0.42820 -0.42734 -0.33826 -0.33548 -0.31311 -0.31183 -0.28451 -0.28221
Eoc*gox 0.17979 0.17893  0.08585 0.08756 0.04465 0.04682 0.01881 0.02188
A(E 5si2x - E 65 1.0) 0.62552 0.6252 0.53963 0.54075 0.50164 0.50255 0.45739 0.45588
A(E 6* si2.x - E0si1x) 1.22429 1.22608  0.75889 0.7624  0.65134 0.65659 0.51506 0.51606
A(E 6% si2.x - ELP3; Xc1) 0.60799 0.60630 0.42411 0.42304 0.35776 0.35865 0.28451 0.28221
Fjj (off-diagonal element)
G si 1.-H—2>0%si2-x - 0.021 - 0.020 - 0.020 - 0.021
Gsi1.x—0% si2.x - - - - 0.017 - 0.022 -
LP; X5 126% si2.x - - 0.014 - 0.014 - 0.014 -
1 (Debye) 0.0000 1.8503 0.0002 1.8659 0.0002 1.8822  0.0001 1.5404
Au 1.8503 1.8657 1.8820 1.5403
Bond order
(Wiberg Bond Index)
Sil- Si2 0.9049 0.9069 0.9123 09112 09171 09152 09269 0.9227
Sil -X 0.5720 0.5763 0.8724 0.8856 0.9238 0.9417 09802 1.0033
A(WBI 4nii-gauche), Sil- Si2 -0.0020 0.0011 0.0019 0.0042
A(WBI gayche-anti), Sil-X 0.0043 0.0132 0.0179 0.0231

The decrease of the calculated A(EG*SQ_X — Ecsiin), A(Ec*spx — Eos;x) and A(Ec*sp.x — Epps.
xsi) can be resulted from the decrease of the acceptor G*Siz_x antibonding orbital energies from the
anti and gauche conformations of compound 1 to compound 4 [may give rise to strong electron
delocalization (see Table 2)]. It should be noted that there is no significant differences between
the orbital overlap (S) [off-diagonal elements (£5)] values for the osii.u—6%si2-x, Oc1-x—0%si2-x
and LP;Xgi;—0%*gip.x electron delocalizations (see Table 2). Consequently, in the gauche and anti
conformations of compounds 1-4, the A(EG*siz_x — Eosiin), A(Eo*spx — Eogiix) and A(Eo*sp.x —
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Erpsxsii) could affect and control the order of the stabilization energies associated with Gg;;.
H—0%sip-x, 0c1.x—0%si2.x and LP;Xgsi;—0%*sip.x electron delocalizations.

3.5. Dipole moments

It has to be noted that there is a preference for the conformation with the smallest resultant
dipole moment especially in the gas phase [38]. Table 2 presents the calculated dipole moments
for the gauche conformations of compounds 1-4. The anti conformations of compounds 1-4 have
central symmetry (C;), therefore, they do not possess dipole moments.

Based on the results obtained at the B3LYP/Def2/TZVPP level of theory, the dipole moments
of the gauche conformations increase from compound 1 to compound 3 but decrease from
compound 3 to compound 4 (see Table 2). It can be expected that the increase of the dipole
moments from the gauche conformations of compound 1 to compound 3 may decrease their
relative stabilities compared to their corresponding anti conformations. Interestingly, the trend
observed for the variation of the calculated dipole moment values for compounds 1-3 is the same
with the observed for the variation of the calculated GAE vales. Since the calculated dipole
moment value decreases from the anti conformation compound 3 to compound 4, the electrostatic
model can not explain the increase of the anti conformation stability of compound 4 compared to
its gauche conformation in comparision to compound 3. Consequently, the GAE (i.e. GAE -
GAEgauche) succeeds in accounting for the increase of the anti conformation stabilities from
compound 1 to compound 4.

3.6. Bond orders

The bond orders of Sil-Si2 and Si-X bonds can be affected from osgijj.uy—06%*si2-x, Osii-
x—0%sp.x and LP3Xgi1—0o*sp.x electron delocalizations. Based on the NBO results, the
calculated bond orders [Wiberg Bond Index (WBI)] for Sil-Si2 bonds of the gauche
conformations increase from compound 1 to compound 4 (see Table 2). Also, the differences
between the WBI of Sil-Si2 and also Si-X bonds in the anti and gauche conformations [i.e.
A(WBI(Si1-S12)anti-gauche) and A(WBI(Si-X)gauche-anti)] increase from compound 1 to compound 4.
The NBO analysis showed that the calculated A(WBI(S11-S12)anii-gauche) parameters in compounds
1-4 are -0.0120, 0.0011, 0.0019 and 0.0042 respectively. Also, the calculated A(WBI(Si-X)gauche-
anti) parameters in compounds 1-4 are 0.0043, 0.0132, 0.0179 and 0.0231, respectively (see Table
2). The wvariation of the calculated A(WBI(Sil-Si2)anti-gauche) and A(WBI(Si-X)gauche-anti)
parameters are in accordance with the increase of the calculated GAE from compound 1 to
compound 4 (see Table 2).

3.7. Structural parameters

Representative structural parameters for the gauche and anti conformations of compounds 1-4
and their corresponding transition state structures, as calculated at the B3LYP/Def2-TZVPP level
of theory, are shown in Table 3. The structures of compounds 1-4 give evidence that in the
gauche conformation of compound 1, the Si;-Si; bond length is significantly contracted
compared to that in its anti conformation (see Table 3). Contrary to compound 1, the Si;-Si, bond
lengths in the anti conformations of compounds 2-4 are longer than those in their corresponding
gauche conformations. These facts can be explained by the increase of the non-bonded attractive
interactions (i.e. o sjj.x—>0™ sip.x and LP; X gi;j—0* sip.x electron delocalizations) form the anti
conformations of compound 1 to compound 4 (see Table 2).

Using the structural parameters obtained, “A” parameters were defined as A[ rsisi (G)- rsisi
(A)] and A[ rsix (A)- rsix (G)]. There is a direct correlation between the calculated GAE and A[ rs;;
(G)- rsisi (A)] and A[ rsix (A)- rsix (G)] parameters (see Tables 2, 3). These results indicate that with
the increase of A[ rsisi (G)- rsisi (A)] and A rsix (A)- rsix (G)] parameters from compound 1 to
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compound 4, the corresponding GAE values decrease. Consequently, the calculated A[ rs;si (G)-
rsisi (A)] and A[ rsix (A)- rsix (G)] parameters could be proposed as a criterion for the evaluation of
the GAE values in compounds 1-4.

Table 3
B3LYP/Def2/TZVPP calculated structural parameters for the ground and transition state
conformations of compounds 1-4.

Bond lengths (A) Bond angle (°) Torsion angle (°)

I'sisi T'Six Al 75isi (G)- 7sisi (A)] Al rsix (A)- 751 (G)] 0 ysisi P xcex

1-A, Cy, 2.362 1.614 107.7 180.0
-0.004 0.002

1-G, G, 2.358 1.612 110.2 69.0

[1-G—1-G']', C,y  2.370 1.613 108. 122.9

[1-A—1-G}, G, 2.375 1.610 109.2 0.0

2-A, Cy, 2.350 2.076 108.1 180.0
0.003 0.003

2-G, C, 2.353 2.073 109.9 65.2

[2-G—2-G'], C;, 2365 2.076 109.4 116.6

[2-A—2-G}, C;,  2.372  2.069 110.9 0.003

3-A, Cy, 2.347 2.249 108.0 180.0
0.004 0.007

3-G, G, 2.351 2.242 109.9 65.8

[3-G—3-G'}, G,y 2.363  2.247 1094 115.3

[3-A—3-G*, ¢, 2372 2.238 112.2 0.001

4-A, Cy, 2.346 2.473 108.3 180.0
0.0052 0.008

4-G, G, 2.351 2.465 110.3 66.8

[4-G—4-G']', Cyy  2.362  2.470 109.9 112.2

[4-A—4-GT, C, 2.372 2.461 114.0 0.0

4. Conclusions

The CBS-QB3, B3LYP/Def2-TZVPP calculations reported above and NBO analysis
provided a reasonable picture from energetic, structural, bonding and stereoelectronic points of
view for the conformational preference in compounds 1-4. Effectively, the CBS-QB3 and
B3LYP/Def2-TZVPP results showed that the calculated Gibbs free energy difference (Ggauche—
Ganii) values between the anti and gauche conformations (i.e. AGguuche-ani) 1ncrease from
compound 1 to compound 4. This fact can be explained by the decrease of the GAE values (i.e.
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GAE ni-GAEgauche) from compound 1 to compound 4. Based on the results obtained, there is no
conflict between the GAE and the electrostatic model impacts on the conformational preferences in
compounds 1-3 but the electrostatic model can not rationalize the increase of the instability of the
gauche conformation of compound 4 compared to its anti conformation on going from compound 3
to compound 4.
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