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Transition metals catalyze different reactions pathways such
as hydrogenation, cross-coupling, etc.
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reductive oxidative
elimination addition

R'-Pd'-R?
PtO,
—_—
Hz
(excess)

(R)-BOR® + X~ R2ZB(R%),
(3 equiv) transmetalation

Hydrogenation Cross-Coupling

(Jana et al., 2011)



Transition Metals have inevitable downsides due to its
affordability and toxicity
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Bismuth is el s B
Structure of the active pharmaceutical

Safe I‘, ingredient bismuth subsalicylate
(Svensson Grape et al., 2022)
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General Scheme of Bismuth Redox

Catalysis
(Cornella et al., 2022)

Bismuth goes
through different
redox catalysis
pathways

Bi,O, photocatalyzed a-alkylation of

aldehyde
(He et al., 2025)
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Polymerization via Bi(ll) radical
(Cornella et al., 2022)
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Computational Chemistry has several methods
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Density Bond Orders and Kinetic Bond E[Rp"F] = <¢HF|er|¢HF>

Orders from QUAO
(Rudenberg et al., 2020) i) ~ ZM Cpi ),

*DBO: density matrix of the total molecular wave function expanded in terms of QUAOSs**
**KBO: interatomic kinetic energy between QUAO a on atom A and QUAO b on atom B**

1_. _ _ .
VAV O+ D)o by () = Hy () = By, (") Basics of Hartree-Fock Method

- Slater Determinant to calculate total electronic molecular wave
function from each one-particle wavefunction
- Hartree-Fock energy derived from expectation value of
Hamiltonian of total electronic molecular wave function

_zil |2 - Optimization of coefficients for linear combination of basis sets of
p(r)= - i) atomic orbitals

aus

Basics of Density Functional Theory (DFT)



Types and positions of substituents on the phenyl rings affect the bonding profiles of
organobismth hydrides

Independent Variables Dependent Variables

p(1,2) = 37 3 14a(1))p,, ;, (Bb(2)!

Aa Bb

|
ugp = 011, 5, (Aal = —-V?IBb)A # B

Density Bond Orders and Kinetic Bond Orders
from QUAO
Types of Substituents (e.g., R=F, (Rudenberg et al., 2020)
NH,, OCH=z, CHs, SCHz, NOz) and
Respective Positions of
Substituents

Homolytic Cleavage Energy of Bi-H bond
(denoted by AH°)



ow of Computational Analysis

Doublet state (one unpaired
electron = radical)

: Method #:

calculate eometry
optimization

N

(combination of Hartree-Fock
and DFT) trials and errors on
different density functionals

(B3LYP, PBEO, etc) and
computational tools (GAMESS,

Method #2: quasi-
atomic orbitals analysis
of the molecule \l

use optimized xyz coordinates to run

create doublet state products. oriented localized molecular orbital

al) based on optimal
structure to run geometry
timization quasi-atomic orbital (QUAO)

Dependent Variables:
bonding properties (e.g.
kinetic bond order,
electron occupation, s,p-
character, etc.)

determination of optimal
structure in terms of all
constraints (types and
positions of substituents and
denticity of ligand)

synthesis/vel
molecule at lab (compare with
iginal structure)

verify local minimastate on PES
by running frequency analysis

v

Practical uses of
organobismuth catalyst in
industrial organic synthesis or
in lab environment

Research Question:
How to minimize bond
dissociation energy for
homolytic cleavage of Bi-H
through the quasi-atomic
orbitals analysis of the
organobismuth complexes



Flow of Computational Analysis

1) Preparation of Initial Input Files for Geometry Optimization
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2) Confirmation of Local Minima on Potential Energy Surface (PES)

Scaling factor for frequencies = 1.000000000 (already applied!)

**+imaginary mode***
**xinaginary mode***

31 639.65 cm**-1



Flow of Computational Analysis

3) QUAO Analysis

Pyridine

Bond Order KBO (hartree QUAO#1 OCC #1 (elec Orbital | AO#2 OCC #2 (ele OrbitalJ KBO (k)/mol Degeneracy Total Eléctron Density Degenerate Orbital #1 Degenerate Orbital #6

|

0.979136 -0.974245 22 0.872272 C4N2 SIGMA 13 1.129039  N2C4 Degenerate 2.0013107
0.979136 -0.974244 18 0.872272 C3N2 SIGMA 14 1.129039  N2C3 ¥ Orbital #1 2.0013106
0.982876 -0.851352 30 0.991798 SIGMA 8 1.00631 C1Cé 23.5: Degenerate 1.9981073
0.982876 -0.851352 26 0.991798 SIGMA 9 1.00631 Ci1C5 3.5224 Orbital #2 1.9981073
0.980294  -0.85007 25 1.012803 SIGMA 16 1.005509  C3Cs5 3, Degenerate 2.0183119
0.980294 -0.850069 29 1.012803 SIGMA 20 1.005509 C4Ce Z Orbital #3 2.0183119

.974435 -0.614151 34 0.85311 SIGMA 23 1.146795 C5H10 1.2452 Degenerate 1.9999048

0.974435 61415 35 0.85311 SIGMA 27 1.146795 C6H11 1.24 Orbital #4 1.9999048
0.973977 -0.612667 31 0.85114 SIGMA 7 1.151375  C1H7 2.0025149
0.97181 -0.603532 32 0.854174 SIGMA 15 1.155148  C3H8 1572 Degenerate 2.0093218
-0.97181 -0.603531 33 0.854174 SIGMA 19 1.155148  C4H9 8.4571 Orbital #6 2.0093218
0.66177 -0.26156 21 0.925332 C4(C6N2) Pl 12 1.142189 N2(C4C3) 67245 Degenerate 2.0675208
0.661769 -0.261559 17 0.925332 C3(C5N2) PI 12 1.142189 N2(C4C3) 3.67 Orbital #7 2.067521
0.664117 -0.235079 24 1.040311 C5(C1C3) PI 17 0.925332 C3(C5N2) Degenerate 1.965643
-0.664116 -0.235078 28 1.040311 C6(C1C4) PI 21 0.925332 C4(C6N2) Orbital #8 1.965643
66615 -0.234338 28 1.040311 C6(C1C4) Pl 10 0.926525 C1(C6C5) ! Degenerate 1.9668361
0.666149 -0.234337 24 1.040311 C5(C1C3) Pl 10 0.926525 C1(C6C5) 12526 Orbital #9 1.9668359

Sample QUAO Results of Pyridine
**Each degenerate orbitals show interaction between QUAOs**

4) Calculation of homolytic cleavage energy



Flow of Computational Analysis

5) Determination of optimal organobismuth hydride structure
based on QUAO profiles and homolytic cleavage energies

6) Experimental verification



