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= Automatic generation of
the catalytic cycle as PoC

Role of the Base in Buchwald—Hartwig Amination
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Figure 3. Free energy profile (FEP) of the catalytic cycle in benzene. Curved lines represent monotonous reactions without a potential energy
barrier, that is, a diffusion-controlled free energy barrier of ~20 kJ mol™" to association.” Dotted lines show multistep reactions with expected low
barriers, but potentially including low-energy intermediates. The boxed area includes multiple steps that we investigated further (vide infra).
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Meta-MD simulations

Reactants

= Run with two sets of params: S —————
. 100 Meta-MD simulations _
— Runs until bond breaks Reactions

Looking at simulation time steps,
gathering reaction steps for each
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1 Step Reactions
p @Meta-MD simulat@ Reactions P

= Sorted based on

canonical smiles: epcenyrtow s fomt AR
— Counts occurrence 3
Two types X +
_ Saves SMILES |

— Canonical smiles and CQ ’—\fo—*d“f >
; sz -

metal centers -> issue
Random

,Reactants canonical,Products canonical,Reaction eactant smiles am,product smiles am,counts

,
P,CC(C)(C)P(->[Pd+2](<-[Br ]}ﬁ—[c—]lcccccl}EC{E}EE]E}E{C}EC} .CC(C)(C)[o-],cc(C)(C)PI(C(C)(C)C)-=[Pd
1,CC(C)(C)P(-=[Pd+2](=<-[Br-])=-[c-]1lccceccl)(C(C)(C)C)C(C)(C)c.cc(c)(C)[o-],cCc(C)(C)[O-]-=[Pd+2](=-[B
2,CC(C)(C)P(-=[Pd+2](<-[Br-])=<-[c-]1lcccccl)(C(C)(C)C)C(C)(C)C.CcC(C)(C)[O-],CcC(C)(C)[O-]-=[Pd+2]1(=<-[
3,CC{C)(C)P(-=[Pd+2](<-[Br-])=<-[c-]1lcccccl)(C(C)(C)C)C(C)(C)C.cc(C)(C)[o-],cC(C)([O-])C[H]-=[Pd+2] (<
4 CC(C)(C)P(-=[Pd+2](<-[Br-])=<-[c-]lccceccl)(C(C)(C)C)C(C)(C)c.cc(c)(C)[o-],cc(c)([O-])C[H]-=[Pd+2]1(
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Common Intermediates

. Common 1-Step
= Unique Molecules: Reactions

— Onemol at a time

Avoid doing the same

calculations over and Find Common
over Intermediates

47 Unique_SMILES
0 C=CC)C
1 CC{C)(CIP(-> [Pd+2](<-[Br-]) <-[c-] 1 cceec ) (CIONCICICITHC)C
CC(C)O)[O-1-> [Pd]{ <~[Br-T){<-C1=CC=C=CC=1)<-P(CCHTICHTICHTICICICHCTIC
CC(CHCIPC(CHCIC)-> [Pd +2]( <-[Br-]){ <-[c-]2cecee2) < -[HICCT(C)C
CC(C){O)[O-1-> [Pd + 2] 1(<-[Br-T}{ <-[c-]12cecec2) < -[HICCICHCIP-> 1{C{CHCICIC(CHTIC
CO(C) )01 2-=[Pd] (= - [Br-1){ < -PICICHCICHCICHCICICIC) (C)C) <-c1oooc2
CC(C)CIOP(CIC)CICHTICHTIC)-> [Pd+ 2] <-[Br-]){ <-[c-]1cecce) <-[C-](CHTIC
CC(CHO)[O-]-> [Pd+2]{ <-[Br-]){ <-[c-]1cccee) < -P{CICHTICHTICHTIC)C(CHTIC
CCCIC[H]-> [Pd]{<-[Br-]){ <-[c-]2ccecc2) <-P{C(C)CIOHCITHCIC)OM
CC{CHa) O]
CC(CH[O-T)C[H]- > [Pd+2]( <-[Br-]){ <-[c-]1 ccccet} < -PC{CHCICHCIONCITICICHTIC
11 CC(C)(C)[O-]-> [Pd+2]12({<-[Br-])({ <-PICICHCICNCIONCICICIENCIC) <-C3=C-> 1[CH-]->2C=C=C3
12 CC{C)C)[O-]-> [Pd+2]1{ <-[Br-]){ <-[c-]2cccce2) < -[HICTIC)C)P-> 1C(CHC)C
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SMILES to XYZ

= RDKit: Intermediates

— Embedding comes with its own set of
Issues
Changing two dative to one
Planer configurations around metal
Adding Hydrogens
— Conformers
3+ 3 * Rotatable bonds

Showing conformers for: CC(C)(C)0c12->[Pd@SP2](<-[Br-1)(<-P(C(C)(C)C)(C(C)(C)C)C(C)(C)C)<-clcccc2 Showing conformers for: CC(C)(C)Ocl(->[Pd](<-[Br-])<-P(C(C)(C)C)(C(C)(C)C)C(C)(C)C)ccceccl
numbers of confs 6 numbers of confs 6

Problem! >:(

Embed SMILES + Find
Conformers
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Calculating Energies

" GFN2 - xTB:
— Geometry Optimization
— Initial Energies

= DFT:

- Single point on xTB structures

— Geometry optimization on the
lowest energy conformer

Calculating Energies

Combine with 1 Step
Reactions to Get Reaction
Energies

Gaussian
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Reaction Energies
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Next Steps

Generate More “Small”
Reactions

Reactants

= Evaluate energies: - —
. Compare tO artl‘cle 100 Meta-MD simulations Reactions
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Thank you for listening!
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