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Ab inintio molecular orbital and density functional theory method
were used to investigate the structural and dynamic behavior of
1,8-di-tert-butyl naphthalene (1), 1,8-bis(trimethylsilyl)naphthalene
(2), 1,8-bis(trimethylgermyl)naphthalene (3), and 1,8-bis(trimethyl-
stannyl)naphthalene (4). HF/3-21G//HF/ 3-21G results revealed that
the ring flipping barrier height of compound 1-4 is 92.59, 32.13, 26.76,
and 15.46 kJmol~! respectively. The obtained results show that the
transition state structure for ring flipping of the bulky-groups is in
a planar form with naphthalene ring. Contrary to compound 1, the
ring flipping of compounds 2-4 occurred easily at room temperature.
Also, MP2/3-21G/ / HF /3-21G energy calculation, show that the enan-
tiomerization energy of compounds 1-4 are 97.99, 33.24, 26.80, and
15.38 kJ-mol~! respectively. The required energy for ring inversion of
compounds 1-4 are 85.09, 27.26, 21.54, and 10.21 kJ mol 1 respec-
tively, as calculated by B3LYP/3-21G//HF/3-21G method. It can be
concluded that the lower energy barrier of the ring flipping of com-
pounds 2-4 is related to the increasing of the bond lengths of Si—C,
Ge—C, and Sn—C, in contrast to C—C bond.

Keywords: Ab initio calculations; molecular modeling; peri-substituted
naphthalene; ring flipping

Steric strain associated with 1,8-disubstituted naphthalene is a
case in point and much work has been done on the subject.! The
subsituents in the 1 and 8 positions of naphthalene ring may be
accommodate by distortion of the peri bonds in in-plane deflection or
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out-of-plane defection of the substituents. A notable example is the
1,8-di-tert-butylnaphtalene (1) compound, in which nonbonded repul-
sions results in a warped naphthalene ring.2~" Previously obtained
results show that the skeletal distortion decreasing in the order 1,8-di-
tert-butylnaphtalene (1) > 1,8-bis(trimethylgermyl)naphthalene (3) >
1, 8-bis(trimethylstannyl)naphthalene @).® 1,8-di-tert-butylnaphtalene
(1), 1,8-bis(trimethylsilyl)naphthalene (2), 1,8-bis(trimethylgermyl)-
naphthalene (3), and 1,8-bis(trimethylstannyl)naphthalene (4) with Cy
symmetry are chairal and enantiomerization proceed via ring flipping
in these molecules.

The structures and M—Cyaphthalene bond rotations in compounds 1-4
have been investigated experimentally (x-ray) and theoretically (em-
pirical force filed, EFF).°~!1 There is no published data, experimentally
or theoretically, for enantiomerization path of compounds 2—4. In this
work, the structures and the ring flipping of compounds 1-4 were in-
vestigated computationally using ab initio and DFT methods.'?~1¢ The
successful application of density functional theory (DFT) based meth-
ods broadened the applicability of the computational methods and now
represents an interesting approach for determining activation barrier
and molecular energies.'?1%15 The BSLYP method combines Becke’s
three-parameter exchange function with the correlation function of Lee
et al.1314

e S S

IZM ]}An
J M=C (1)
M=Si ()
M = Ge (3)
M=S8Sa (4)

CALCULATIONS

Ab initio calculation were carried out using HF/3-21G level of theory
with the Gaussian 98 package programs'? implemented on a Pentium-
PC computer with 550 MHz processor. Initial structure geometries of
compounds 1-4 isomers were obtained by a molecular mechanic pro-
gram PCMODEL (88.0),'7 and for future reoptimization of geometries
PM3 method of MOPAC 6.0 computer program was used.!®1? Gaussian
98 package programs (serial number: PC42919962W-0772N) finally

was used to perform ab initio calculation at HF/3-21G level. Energy
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minimum molecular geometry was located by minimizing energy with
respect to all geometrical coordinates without imposing any symmetri-
cal constraints.

The nature of the stationary points for reactant compounds has
been fixed by virtue of the number of imaginary frequencies. For mini-
mum state structures, only real frequency values and in the transition
state, only single imaginary frequency value (with negative sign) are
accepted.?’

The structure of the molecular transition state geometries was lo-
cated by using the optimized geometries of the equilibrium molec-
ular structure according to the procedure of Dewar et al. (keyword
SADDEL).2! These geometry structures were then reoptimized by
QST3 option at the HF/3-21G level. The vibrational frequency of ground
state and transition states was calculated by subroutine FREQ.

RESULTS AND DISCUSSION

Corrected zero point (ZPE®) and total electronic (E.;) energies (Eg =
ZPE® + E.)) for ground-state and transition-state structure of com-
pounds 1-4, as calculated on the ab initio HF/3-21G level of theory,
are given in Table I. For single point energy calculations, the ab ini-
tio MP2/3-21G//HF/3-21G and DFT method (B3LYP/3-21G//HF/3-21G)
were used.

Enantiomerization of the axial symmetrical (Cq point group) struc-
tures of compounds 1-4 can take place via the plane-symmetrical (Cy)
geometry (near Cy, or quasi Cy, symmetry).

The ring inversion (enantiomerization) energy barrier in compound
1, as calculated by HF/3-21G//HF/3-21G, MP2/3-21G//HF/3-21G, and
B3LYP/3-21G//HF/3-21G methods, are in good agreement with the re-
ported empirical force filed (EFF)!? and dynamic 'H-NMR data.? How-
ever, there is no published data for rings flipping of compounds 2-
4. According to the HF/3-21G//HF/3-21G, MP2/3-21G//HF/3-21G, and
B3LYP/3-21G//HF/3-21G calculation, the energy barrier for ring in-
version of the axial symmetrical (Cy point group) structure of 1 via
the planar form is 92.59, 97.99, and 85.09 kJ mol ! respectively. HF/3-
21G//HF/3-21G and B3LYP/3-21G//HF/3-21G methods show lower en-
ergy barrier for enantiomerization of compounds 1-4 in comparison
the obtained values by MP2/3-21G/HF/3-21G method (see Table I
and Figure 1). Study on the B3LYP/3-21G//HF/3-21G method show
that enantiomerization of compounds 2-4 is fast at room tempera-
ture. The energy barriers of the enantiomerization of compounds 2-4
are 27.26, 21.54 and 10.21 kJmol~!, respectively, as calculated by
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M=C 9259 (HF) -/ G M=Ge 26.76 (HF )
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M= Si (HF) M=Sn (HF)
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FIGURE 1 Calculated HF/3-21G/HF/3-21G, MP2/3-21G//HF/3-21G, and
B3LYP/3-21G//HF/3-21G profile for rings flipping of compounds 1-4 with C,
symmetry via C; (for tin Cyy) transition-state structures.

B3LYP/3-21G//HF/3-21G method. If the process is fast, the time-
averaged symmetry of compounds 2—-4 becomes Cs,, which is the max-
imum symmetry allowed by the chemical structure of these molecules
(see Figure 1). It is interesting to note that all these three methods
predict the higher energy barrier for ring flipping of compound 1 than
2-4. The reason of this fact may be is the greater peri-repulsion in
compound 1.

As the C—M (M=C, Si, Ge, and Sn) bond lengths increase, the folding
of the naphthalene rings also increase. This can be explain with increas-
ing the crowding bulky effect in compound 1 to 4, as a peri-substituted
repulsion.

The relevant structural parameters for ground-state and transition-
state geometries of compounds 1-4, as calculated by HF/3-21G level of
theory, are given in Table II.

The comparison of the calculated structural parameters by HF/3-
21G level of theory with previously reported experimentally data shows
fairly small difference.®” Theoretical calculations provide structural
parameters for isolated molecules at 0-K. Therefore, theoretical cal-
culations are not reported in principle to reproduce the experimental
values quantitatively.?? Nevertheless, it is possible to carry out ab initio
calculations at the Hartree-Fock level, from which many properties and
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structures can be obtained with an accuracy that is competitive with
experiment,23-26

Study on the HF/3-21G method show that the naphthalene rings in
compounds 1-4 are fairly twisted from coplanar form (see Table II); for
example, the dihedral angle between planes C1-C9-C10 and C9-C10-C5
for compounds 14 is 158°, 165.8°, 166.5°, and 168.6° respectively.

Since in compounds 2-4 the Cyy1)—M bond lengths increase, con-
sequently, the bond angle M-C1-C9 and M-C8-C9 were expanded in
ground-state and transition-state structures (see Table II). The aver-
age of bond angles M-C1-C9 and M-C8-C9 in the transition structures
of compounds 1-4, are 132.5, 135.45, 135.2, and 136.2 respectively, This
fact causes that the flipping of the crowded groups in compounds 2-4
occur easily at room temperature (see Table I).

CONCLUSION

Ab initio HF, MP2, and B3LYP density functional theory calculations
provide a picture from both structural and dynamic point of view for
compounds 1-4. The results calculated by HF/3-21G//HF/3-21G, MP2/3-
21G//HF/3-21G, and B3LYP/3-21G//HF/3-21G methods show that the
energy barrier of ring flipping in compounds 2-4 is higher than
compounds.

The reason of this may be the increase of the M—Cary1) bond lengths
in carbon family atoms and the expansion of the M-C1-C9 and M-C8-C9
bond angles. Further, a part of two bulky groups is due to the increase
in bond lengths of M—Cy,y1 and further expansion of M-C1-C9 and M-
C8-C9 bond angles. Consequently, in compounds 2-4, the flipping of
crowded bulky groups occur easily at room temperature, as calculated
by all these three methods.
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