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ABSTRACT

This papers presents a computational analysis on heptalene tri carbonyl chromium complexes containing two
ligands R=H (Complex 1) and R=Me (Complex 2) in diethylether solution, using density functional theory DFT at
PBE / TZP level.Frontier molecular orbitals of these compounds have been analyzed. The effect of the ligand on
reactivity reveals that the reaction mechanism pathway of n®, n° inter-ring haptotropic isomerization is difficult in
complex 2 (Ea=72.6 Kcal.mol™) than in complex 1 (Ea=52.2Kcal.mol?). TDDFT calculations predict that the
bathochromic effect of the HOMO-LUMO transition decrease when passing from the unsubstituted complex to the
substituted complex.
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1. INTRODUCTION

Inter-ring haptotropic rearrangement (IRHR) is a migration of organometallic group from one of the aromatic
ring to the other int-systems. At present, many examples of IRHR are known, such as in (naphthalene, biphenyl,
biphenylene, dibenzothiophene, anthracene, phenanthrene and fluoranthrene) - tricarbonylchromium complexes and
in some other Cr(CO); complexes with polyaromatic ligands including such complex systems as coronene and
nanotubes.

In 1961, Dauben and Bertelli have synthetized the bicyclid non-benzenoid hydrocarbon heptalene. The
chemistry of heptalenes which are nonplanar 12zn-clectrons systems with localized double bonds has been studied in
details. 8n- and 12w-annulenes, heptalene readily undergoes band isomerization, the kinetics of with has been studied
for a series of substituted compounds.

Our aim in this work is to study and compare the structure (distances, angles and frontier molecular orbitals)
of tricarbonylchromium complexes of heptalene ligand synthetized by Vogel in 1974, using the density functional
theory calculation (DFT), after that we determinate the influence of the substituent on reactivity and optical
properties. This study is observed in diethylether solvent.

2. MATERIALS AND METHODS

DFT calculations have been carried out with the Amsterdam Density Functional ADF program developed
by Baerends (1973). Electron correlation was treated within general gradient approximation (GGA), scalar
relativistic effects were considered at the level of Zero Order Regular Approximation (ZORA) with a TZP and the
basis set superposition error (BSSE). The geometry optimization of the two complexes, are performed using PBE
functional.

The geometrical structure of the singlet ground state and the lowest lying triplet excited state are optimized
by the DFT method with time-dependent functional theory approach TDDFT/SOAP model. Solvent is treated using
Conductor like Screening Model (COSMO).

3. RESULTS AND DISCUSSION

Geometrical optimization: Two models structure of heptalene tri carbonyl chromium complexes (Figure 1)
containing two ligands R=H (Complex 1) and R=Me (Complex 2). n°-structure corresponds to the 18-electrons.
Geometries of these complexes are described by DFT method and with constraint of symmetry, optimized structure
are given in Figure 1.

The important optimized geometry parameters are presented in Table 1. Analysis of bond orders predicts
that these complexes are totally symmetric in n8-coordinated molecules. In Table 1, we can see an increase in the Cr-
C, and Cr-Cs bond lengths by 0.022 A and 0.026A respectively, and a decrease in the Cr-Cz and Cr-C4 bond lengths
by 0.022 A and 0.011A respectively passing from the un substituted complex to the substituted complex. We can see
also that the angles C1-Cr-Crand Cr-Cg-O12 are larger in the complex 1 than in the complex 2. A large increase ofCg-
Cr-Cq angle bond can be seen easily when going from the complex 1 to the complex 2.

Complex 1

. - Complex 2
Figure.1.0Optimized geometrical structures of tricarbonyl chromium complexes of heptalene ligand with R=H
(Complex 1) and R=Me (Complex 2)
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Table.1. Selected DFT optimized distances (A) and angles (°)

Complex 1 | Complex 2

Bond Distances (&) | Cr-C; 2.220 2.220

Cr-C, 2.208 2.230

Cr-Cs 2.264 2.242

Cr-Cq4 2.257 2.246

Cr-Cs 2.204 2.230

Cr-Cs 2.220 2.220

Cr-Cg 1.865 1.852

Cr-Cqy 1.862 1.854

Cr-Cuo 1.862 1.863
Angles (°) C:-Cr-C, 72 37
Cs-Cr-Co 46 87
Cr-Cs-O12 179 176
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Frontier molecular orbitals analysis: The frontier molecular orbitals of these compounds are presented in  Figure
2. The HOMO/LUMO gaps are large in the two systems respectively (1.814 eV and 2.305 eV) and predict the
stability of these complexes. Furthermore, the molecular orbital diagrams indicate that the first complex contributed
to the ease oxidation and reduction process with 2-electrons, but the second complex undergo only to the reduction

with 2-electrons (Figure 2).
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Figure.2. DFT molecular orbital diagrams of the two complexes

Mechanism of n®, n° inter-ring haptotropic rearrangement: In this section, we examined the reaction of n®, n°
inter-ring haptotropic isomerization proposed by Ustynyuk (1994) in n®-tricarbonylchromium complexes of
heptalene (Figure 3). This reaction is observed in diethylether solvent.

Isomere 1

D
R R

Isomere 2

Figure.3. Haptotropic migration of Cr(CO)s;group in heptalene ligand with R=H (Complex 1) and
R=Me (Complex 2)
Mechanism in complex 1: The energetic profile of n®, nlinter-ringhaptotropic migration of Cr(CO); fragment in un
substituted complex is presented in Figure 4. The energetic barrier of this IRHR is 52.2 Kcal.mol*with a transition
state (TS) in an®-coordination mode. On the other hand, we can see that the heptalene slippage taken place in this
reaction pathway, when going from the non-coordinated heptalene to the coordinated heptalene, as we see on the
dihedral angle (Figure 5) it decrease from 180° to 17° and to -62° passing from the non-coordinated heptalene to the

reactant and to the TS respectively, and increase when going from the TS (-62°) to the product ~ (-339).
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Figure.4. Energy profile of the haptotropic migration in complex 1
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Figure.5. Dihedral angle of heptalene ligand in the mechanism 1
Mechanism in complex 2: In the substituted complex, the heptalene ligand undergoes n°, n°IRHR with a large
activation barrier (72.6Kcal.mol™) compared to the un substituted complex (Figure 6). We found TS in a n?
coordination fashion.

The presence of hexamethylheptalene ligand leads to the large difference in the planarity of all compounds
of the reaction mechanism (reactant, TS and product). In this search, we can see a large decrease in the dihedral angle
of the hexamethylheptalene ligand in the passage: non-coordinated heptalene (180°) —reactant (23°) — TS (-5°) —
product (-24°) (Figure 7).
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Figure.7. Dihedral angle of heptalene ligand in the mechanism 2
Acidity strength: The values of chemical descriptors [33-35] are display in Table 2. The complex 2 present a higher
capacity to donate electrons than the first complex causes bythe higher HOMO energy.

Results of electrophilicity indicate that the complex 1 present a higher capacity to attract electrons.
Table.2. Overall reactivity descriptors (eV)
Complex n 1] o | HOMO | LUMO
Complex 1 | -3.841 | 0.907 | 8.132 | -4.748 | -2.934
Complex 2 | -3.589 | 1.152 | 5.590 | -4.742 | -2.437
Optical properties: The absorption spectra of these compounds in the Et,O solution are determinate by the TDDFT
calculations. It is interesting to note that all the absorption peaks of the two complexes are observed in ultraviolet-
visible regions between 200-500 nm. In complex 1, the strong absorption bond observed at 200-335 nm (Figure 9).
It is dominated in the ultraviolet region and it’s mixed between ligand-to-metal (LMCT), metal-to-ligand (MLCT)
charge-transfer and intra charge transfer (ICT) configurations (Table 3). For the second complex, the strong

absorption peak appear in the region 215-259 nm with contribution to the LMCT transition.

Our calculation predict that the main difference between these complexes appear in the absorption peak of
the HOMO-LUMO transition, at 614 nm with 98% in complex 1 and at 503 nm with 97% in complex 2 (see Table
3 and Figure 8). This observation indicates that the bathochromic effect of the HOMO-LUMO transition decrease
when the substitute is changed (in the passage: un substituted complex —substituted complex).
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Table.3. Absorption bonds in the UV-visible region of the tow complexes in diethylether solvent

Complex | Transition E(eV)/(nm) | Oscillator (f) | Character

Complex 1 | (15%) HOMO-4—LUMO+4 | 5.71/217 0.047 LMCT
(17%) HOMO-4—LUMO+1 | 4.84/256 0.050 ICT
(35%) HOMO-4—LUMO 4.31/288 0.113 LMCT
(27%) HOMO—-LUMO+7 | 4.02/308 0.175 MLCT
(32%) HOMO-2—LUMO+1 | 3.26/380 0.087 MLCT
(94%) HOMO—LUMO+2 | 3.04/407 0.016 LMCT
(73%) HOMO-2—LUMO 2.74/452 0.048 MLCT
(98%) HOMO—LUMO 2.02/614 0.002 LMCT

Complex 2 | (25%) HOMO-4—LUMO++5 | 4.70/233 0.018 LMCT
(36%) HOMO-6—LUMO 4.60/269 0.114 ICT
(26%) HOMO-3—-LUMO+2 | 3.95/313 0.072 ICT
(43%) HOMO-3—LUMO+1 | 3.75/330 0.060 MLCT
(24%) HOMO-2—LUMO+1 | 3.48/356 0.052 MLCT
(53%) HOMO-1—-LUMO+1 | 3.31/375 0.038 MLCT
(96%) HOMO-2—LUMO 2.88/430 0.007 MLCT
(94%) HOMO-1—-LUMO 2.80/443 0.008 MLCT
(97%) HOMO—LUMO 2.46/503 0.010 LMCT
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Figure.8. HOMO-LUMO transition in the two complexes according to TDDFT calculations in Et,O solvent.
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Figure.9.UVAis absorption spectra of complex 1 and 2 in diethylether solution

4. CONCLUSION

The computational analysis of the geometric parameters using DFT calculations predicts that these
complexes are found in an®-coordination mode.

Results obtained by DFT study shows a quiet and a large difference between the dihedral angles of the
heptalene ligand in all compounds of the reaction mechanisms pathway. These results have significant effect on the
reaction mechanisms pathway of the two complexes, when the activation barriers are very large (Ea=52.2 Kcal.mol
! for the first complex and Ea=72.6 Kcal.mol for the second complex).

Concerning the UV-Vis absorption obtained by TDDFT calculations, we have note that the bathochromic effect of
the HOMO-LUMO transition decrease when going from the un substituted complex to the substituted complex.
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