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Abstract

Iron dibromide complexes bearing bidentate a-diimine (Dl) ligands
AN=C(Me)-(Me)C=NA" (Ar = dpp and Mes; dpp = 2,6-
diisopropylphenyl; Mes = 2,4,6-trimethylphenyl), upon reduction,
have been shown to promote catalytic hydrosilylation of 1-hexene
with phenylsilane in a range of good to excellent yields. To better
understand the factors responsible for the variation in vyields,
proposed A'DI iron catalysts bound by cycloctadiene (COD) have
been explored computationally for electronic structure analysis.
The electronic structure of proposed iron-COD hydrosilylation
catalysts was studied using computational analysis to predict
properties of the catalysts before they will be synthesized
experimentally. Density Functional theory (DFT) calculations were
performed at the B3LYP level of theory on a series of proposed
iron-COD  catalysts. Geometry  optimization, @ Mossbauer
parameters, and numerical frequency computations have been
performed, and computed values were compared to experimental
data where possible. Computational analysis has been performed
for dPDIFe(COD) and isomers of 2PDIFe(COD). These catalysts
are predicted to have high spin iron(l) centers antiferromagnetically
coupled to a redox-active, monoreduced DI ligands as the lowest
energy electronic structure outcome. These predictions will be
used in ongoing projects to identify the optimal Mossbauer isomer
shift ranges to produce high yield reactions.
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Using catalysts and employing less toxic and more abundant
compounds are key principles in green chemistry.*

Iron has unpaired electrons and is paramagnetic, which allows for
electron transfer to form radical ligands, or “redox-active” ligands.

Ligands used in this study can aid in delocalizing the electrons,
stabilizing the catalyst and minimizing radical formations in the
organic species.>

This study included computations on multiple iron cyclooctadiene
(COD) complexes bound by alpha diimine (DI) ligands through
multiple computations.

A'DIFeBr, precatalysts were found in previous experimental
studies to provide a range of hydrosylilation yields. Understanding
the active catalyst will be necessary to explain the observed
yields.®

Electronic models of the A'DIFeCOD active catalysts will be
explored.
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Electronic Structures

« dPPDIFeCOD active catalyst compound was shown to be in the
monoreduced resonance form in the literature.’”8

« Mossbauer data also showed the high spin state for the iron center.’

« The precatalysts had the neutral ligand form and the active catalyst
had a ligand in the monoreduced form, showing that this ligand was
behaving in a redox-active fashion.®

« Redox-active behavior allows for the transfer of an unpaired electron
from the iron center to the ligand which allows for hydrosilylation to
be selectively favored.

« The goal of this project is to reproduce the data for 9°PDIFeCOD and
expand data for other smaller steric substituents in the series.
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Computational Methods

« All DFT calculations were performed in the gas phase with the
ORCA program package.®

« The geometry optimizations of the complexes and single-point
energy calculations on the optimized geometries were carried
out at the B3LYP level of DFT.%-1

* Triple-C quality basis sets def2-TZVP with one set of polarization
functions on the metals and on the atoms directly coordinated to
the metal center were used. For the carbon and hydrogen
atoms, slightly smaller polarized split-valence def2-SV(P) basis
sets were used.1%14

* Numerical frequencies were calculated at the same level of
theory to confirm that a global energy minimum had been
achieved and that there were no imaginary frequencies for BS31
of 9PPDIFeCOD(A), ?-P'DIFeCOD (B-E), msDIFeCOD (F), and
2BUD|FeCOD (G).

* Non-relativistic single-point calculations on the optimized
geometry were carried out to predict MGssbauer spectral
parameters (i.e. isomer shifts and quadrupole splittings).

Structure A: Structure B: Structure C: Structure D:
dppDIFeCOD meso-2iprDIFeCOD-b meso-2iprDIFeCOD-f rac-2iprDIFeCOD-{l

Structure E: Structure F: Structure G Structure H:
rac-2iprDIFeCOD-fr mesDIFeCOD 2tBuDIFeCOD depDIFeCOD

2-P'DIFeCOD (B-E): racemic (D/E) and meso (B/C) isomers were
explored with different input conformations for geometry optimization
to determine if each would converge to the same outputs

Computational Results

Comparative values for structures A-E

* For each of the structures & each electronic structure model, geometry
optimization, numerical frequency, and Mossbauer computations were performed.

* For the lowest energy electronic structure model of BS31 for each complex, a spin
density plot and a qualitative molecular orbital picture was created; rac-
2P DIFeCOD-fr (E) will be used as an example.

« For 2P'DIFeCOD, both racemic conformations, rac-fr (E) and rac-fl (D), had the
lowest Final Single Point Energies and were energetically similar, but rac-fr (E) was
the global minimum, so only E is included.

Catalyst Model FSPE Global
(kcal/ or local
mol) minimum

Computed Experiment Computed Experimental
IS (mm/s) allS(mm/s) QS (mm/s) QS (mm/s)

A BS31 -1741002 | global 0.39 0.48 1.554 1.30(1)
E BS31 -1593205 | global 0.47 n/a 1.249 n/a

F BS31 |-1593216 | global 0.579 0.46 1.397 0.98

G BS31 -1593216 | global 0.672 n/a 1.657 n/a

H BS31 -1642474 | TBD TBD n/a TBD n/a

rac-2P"'DIFeCOD-fr (E) Spin Density plot (left) and Qualitative
Molecular Orbital diagram (right) for BS31 model

« The Spin density plot shows overall unpaired electrons as 1.99 consistent with the
expected number of 2 unpaired electrons on Iron.

« The qualitative molecular orbital diagram shows antiferromagnetic coupling which
indicates a reasonable overlap of 0.45 which is expected in the BS31 model.

Mossbauer trend arrow

« Computational data from this project is shown on the top for 4BuDIFeCOD (G),
mesDIFeCOD (F), rac-*F"DIFeCOD-fr (E), and 9*PDIFeCOD (A) respectively.

 Literature experimental data is shown for the comparisons found on the bottom of
the arrow.’

« The predicted Mossbauer isomer shift from computational work is within tolerance™®
for the experimental isomer shift and quadropole splitting for ®°PDIFeCOD and
mesDIFeCOD was within tolerance for the quadropole splitting and only 0.02 outside
of tolerance for the isomer shift’
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Conclusions

For all structures studied, the BS31 energy model was
the lowest energy model.

High spin Fe(l) antiferromagnetically coupled to the
monoreduced DI resonance form (denoted as BS31) is
the lowest energy electronic structure description.

The reproducibility of the 9PDIFeCOD and MesDIFeCOD
Mossbauer literature data furthers confidence in the
computational data predicted for unknown compounds
such as ?FP'DIFeCOD that have yet to be isolated
experimentally.

The computed ?P"DIFeCOD catalyst is predicted to
have a similar isomer shift to the experimental
mesDIFeCOD and 9PDIFeCOD isomer shifts.

The computed ?P'DIFeCOD catalyst is predicted to
have a less covalent isomer shift than the computed
depDIFeCOD isomer shift, which will be interesting to
study in the lab for impact on catalysis.

Future Work

Continue to add computational and experimental
Mossbauer shifts to the Mossbauer arrow for more
compounds with new ligands.

Run numerical frequency computations for H to see Iif
It is a global minimum.

Compare computational Mossbauer trend arrow with
reactivity in the lab to predict an optimal Mossbauer
range for highly reactive catalysts in the series.
Synthesize studied active catalysts in the lab,
specifically ?P'DIFeCOD to compare experimental
Mossbauer data and reactivity with computations.
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