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Using Molassembler to generate conformational ensembles
Release 1.1 of the open source Molassembler code1,2 can be obtained at https://scine.ethz.ch/download/
molassembler or, alternatively, at https://github.com/qcscine/molassembler. Extensive documentation is available.

The python code (using the Molassembler python API) distributed here to generate the TS structures from templates
is available at https://github.com/lcmd-epfl/molassembler_script. The script identifies the Cp rings in the provided
template. The template is interpreted as a graph with stereopermutators. The identified CP ring is then replaced by the
alternative Cp-derivative, which is provided as SMILES. The script then calls the Molassembler python API to generate 50
conformers while constraining the first coordination sphere of the metal center as in the 3D coordinates of the template.
These system-specific steps of the process are customizeable for other purposes (vide infra). All the generated structures
are available as separate Cartesian coordinates files (.xyz).

Table S1 collects timings for the execution of the steps in the protocol. We note that the timings for the entire
Molassembler-handled part of the process, i.e., functionalization and conformer generation, is negligible w.r.t. the subse-
quent steps.

Transferability of the proposed strategy
Molassembler can be used to generate conformational ensembles of transition metal homogeneous catalysts. Conveniently,
Molassembler is capable of interpreting, editing and manipulating arbitrary molecular graphs containing any element of
the periodic table (e.g., without intrinsic limitations due to Lewis rules, chirality or bond type definitions). Thus, exhaustive
conformational sampling of transition metal homogeneous catalysts can be performed using distance geometry methods
with minimal cost. Information on the timing of the structures generated in the work can be found in Table S1. Molassem-
bler is also capable of performing constrained conformer generation (incorporating fixed atomic positions or fixing the
stereochemistry of particular centers) and of exhaustively enumerating conformers of complex molecules by iterating over
stereopermutators. For more details, we refer the reader to the original Molassembler paper and documentation.1,2

As an example of transferability, we generate conformational ensembles for two exemplary Pd complexes contain-
ing Buchwald-type (dialkylbiaryl) phosphines XPhos (2-Dicyclohexylphosphino-2’,4’,6’-triisopropylbiphenyl) and John-
Phos ((2-Biphenyl)di-tert-butylphosphine),3 and present the superimposed conformational ensembles in Figures S1 and
S2 respectively. Conformer generation on a single core Intel(R) Core(TM) i7-9700K @ 3.60GHz CPU took 2.119 and 2.190
seconds respectively.

An example script (phosphine_conformer_generator.py) to generate conformational ensembles of phosphine-bearing
transition metal complexes using Molassembler is available at https://github.com/lcmd-epfl/molassembler_script.
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Figure S1. Conformational ensemble of Pd(XPhos)(Cl).

Figure S2. Conformational ensemble of Pd(JohnPhos)(Cl).
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Boltzmann-weighted enantiomeric ratios
For each selectivity (R/S), effective relative free energies ∆GT S

e f f ,R/S were computed as

∆GT S
e f f ,R/S =−RT ln

(
∑

i
e∆GT S

i,R/S/RT
)

where T=296.15 K and R is the gas constant and ∆GT S
i,R/S runs over the relative energies of all TS in the pathway with re-

spect to the lowest energy conformer, assuming Curtin-Hammett conditions. Enantiomeric ratios (er) were then computed
from the theoretical kinetic constants, given by

kR/S = exp(
−∆GT S

e f f ,R/S

kT
)

as

erR/S = 100×
kR/S

kR + kS

in which we assume identical concentrations and pre-exponential factors for all pathways. For an in-depth discussion
on Boltzmann-weighting of conformers and activation energies, we refer the reader to a recent publication by Williams.4

Density Functional Theory computations
The B3PW91 exchange-correlation functional was used based on previous reports indicating its accuracy for geometry
optimizations5 as well as extensive benchmarking that showed its accuracy for energy computations.6,7

Figure S3 gives er values obtained using solvated electronic energies (i.e., without free energy corrections, Fig-
ure S3a), free energy corrections but no solvation corrections (Figure S3b) and electronic energies (Figure S3c). Fig-
ure S4a shows er values obtained from free energies at the PBE0-D3/def2-TZVP SMD(ethanol)8–12//PBE0-D3/def2-
SVP level. Figures S4b and S4c provide er values obtained from solvated electronic energies at the ωB97xd/def2-
TZVP SMD(ethanol)13//B3PW91/def2-SVP and M06/def2-TZVP SMD(ethanol)14//B3PW91/def2-SVP levels. A com-
parison between Figure S4a and panel a from Figure 6 in the main text is given in Figure S5. B3PW91/def2-TZVP
SMD(ethanol)//B3PW91-D3BJ/def2-SVP results are collected in Tables S2-S13.

Figure S3. Comparison between predicted (top, bold) and experimental (bottom, italic) pro-R er colored by error
for each catalyst and protecting group combination (Boltzmann weighting all TS). a) Solvated electronic energies
computed at the B3PW91-D3BJ/def2-TZVP SMD(ethanol)//B3PW91-D3BJ/def2-SVP level. b) Free energies com-
puted at the B3PW91-D3BJ/def2-TZVP//B3PW91-D3BJ/def2-SVP level. c) Electronic energies computed at the
B3PW91-D3BJ/def2-TZVP//B3PW91-D3BJ/def2-SVP level.
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Figure S4. Comparison between predicted (top, bold) and experimental (bottom, italic) pro-R er colored by error
for each catalyst and protecting group combination (Boltzmann weighting all TS). a) Free energies computed at the
PBE0-D3/def2-TZVP SMD(ethanol)//PBE0-D3/def2-SVP level. b) Solvated electronic energies computed at the
ωB97xd/def2-TZVP SMD(ethanol)//B3PW91-D3BJ/def2-SVP level. c) Solvated electronic energies computed at
the M06/def2-TZVP SMD(ethanol)//B3PW91-D3BJ/def2-SVP level.

Figure S5. Comparison between predicted (top, bold) and experimental (bottom, italic) pro-R er colored by error for
each catalyst and protecting group combination (Boltzmann weighting all TS) computed at the B3PW91-D3/def2-
TZVP SMD(ethanol)//B3PW91-D3/def2-SVP and PBE0-D3/def2-TZVP SMD(ethanol)//PBE0-D3/def2-SVP lev-
els.
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