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1 Setup of Internal Coordinates

Fig. S1 outlines the algorithm to determine BAT coordinates from the graph representation,

which ensures a consistent and reproducible definition of the coordinates.
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Figure S1: Algorithm for automated generation of BAT coordinates. a) Remove all terminal
nodes, b) remove one edge of every ring, ¢) add one node to the terminal atoms, d) determine
origin as one of the two most distant nodes and add atoms to the BAT coordinate matrix in
order of their shortest-path distance from the origin.

First of all, terminal nodes are removed and subsequently one edge of every ring is re-
moved from the molecular graph, leading to a graph containing only heavy atoms. For every
terminal node in this modified graph, one of the previously removed neighbors is added,
to provide reference atoms for the definition of proper dihedral angles. As origin for the
construction of the BAT coordinate matrix one of the two most distant nodes is chosen,
with respect to their shortest-path distance. In the following, all atoms contained in the
modified graph are added in order of their distance from the origin, using exactly one proper
dihedral angle per bond. Finally, every atom, which is not part of the modified graph is

added referenced via improper dihedral angles.



2 Structural Formulas
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Figure S2: Structural formulas of all mole@iles included in the CD25 benchmark set.?
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Figure S3: Structural formulas of a subset of molecules from the Astex dataset.?
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Figure S4: Structural formulas of a subset of large molecules from the BACE dataset.?
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3 Additional Benchmark

3.1 Astex set
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Figure S5: Individual energy deviations and relative runtimes of a subset of the Astex dataset

(see Fig. S3) for three different TTConf settings.?




3.2 Optimal Settings

® rank=2 X 51 @ rank=2 X

w124 X rank>5 X X > rank>5
5 X
;‘ X X . |somer(rankl>5) .k—\
§ 10 X X X X ) i

— 1
9 X X X = i
s 33 i X
S s s e X s :
c
s 1@ @ O 2 i
o
fel0 ® ° 52 G000 @ | X XXX X
b @ 6 & ©o @ £ :
=] 1
5 410 @ @ X 2 |
38 1{ GETRO0OBEH X XX X X
€ @ 0 o 1 1
3
c2i@ O i

1
o 0| COO0I00 ® ! X X
2 4 6 8 10 5 10 15 20 25 30
number of hydrogen-bond donors number of variables

«m@@*y] ed [ﬁﬁéﬁ

Figure S6: Assessment of the required rank to achieve a maximum AFE of 1kcalmol ™.
On the left side, the molecules are categorized by their number of hydrogen bond donors
and acceptors, while on the right side they are categorized by the number of variables and
flexibel rings. The set of molecules consits of the CD25 dataset (Fig. S2), a subset of the
Astex dataset (Fig. S3), and a subset of large molecules from the BACE dataset (Fig. S4).




3.3 Alanine oligomers

3.3.1 Runtime estimation
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Figure S7: Linear extrapolation of the respective CREST and TTConf runtimes for alanine
oligomers. As CREST uses a limited MD/MTD runtime for Ala;s to Alayy the regression is
split into 2-10 (left) and 12-20 monomer units (right).



3.3.2 Combining TTConf and MD

10.0
7.9
75 4 o] (o]
B 5.0 A Y . N - v
| E H é H
E 2.51 o = S 1.0 1.4
® 0.0 = mmm === - —gpaa— - _—-—---—-——-—---—-— - _—-—-—-'--—- --
v 0.6 | 08 0.1 - -0.4 0.6
~ —2.5- -1.6
4 3.0
_5.0 N
_7.5 N
-10.0 T T T T T T T T T T
2 4 6 8 10 12 14 16 18 20
N (monomers)
1024 —m— CREST
TTConf
- 101_
Q
£
e 1004
2
10—1 4
4 8 12 16 20 24 28 32 36 40

N (torsion angles)

Figure S8: Relative accuracy of TTConf (r = 3,s = 8) in terms of energy deviation of
the lowest energy conformers in comparison to CREST (top), in addition to the respective
runtimes (bottom) for alanine oligomers of 2 to 20 monomer units corresponding to 4 to
40 flexible torsion angles. Here, the regular TTConf runs were extended by short MD
simulations of 10 ps at 400 K on the lowest energy conformer in analogy to CREST, which
lead to significant improvements for Ala;, and Alagg.



4 Conformational ensemble
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Figure S9: Comparison of the number of conformers found in the conformational ensembles
obtained with TTConf (r = 3,s = 8) and CREST for the molecules of the CD25 dataset
within an energy window of 6 kcal mol™" with respect to the lowest energy conformer found
among both methods. The conformational ensembles are filtered using the default param-
cters of conformer filtering implemented in CREST: RMSD threshold = 0.125 A, energy
threshold between conformer pairs = 0.05 kcal /mol, rotational constant threshold = 1%.
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Figure S10: Distribution of conformers in a conformational ensemble by RMSD compared
with the minimum energy conformer. Results obtained in TTConf (r = 3, s = 8) calculations
(top) are compared with calculations obtained in CREST (bottom) for the CD25 dataset at
an energy window of 6kcalmol™' from the lowest energy conformer across both methods,
filtered with default CREST parameters (rthr = 0.125 A, ethr = 0.05 keal /mol, bthr = 0.01).
The white line on the violin plot indicates the median.
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Figure S11: Conformational ensemble of Apixaban (see Fig. S2). Panel A shows the con-
formational ensemble of the Apixaban molecule with an energy window of 1 kcal/mol and
RMSD threshold of 5 A, obtained with TTConf (r =3,s =38). Panels B and C compare the
conformational ensembles of Apixaban in an energy window of 6 kcal/mol, RMSD thresh-
old of 0.125 A and rotational constant threshold of 1% (CREST default settings), obtained
with CREST and TTConf (r = 3,s = 8). Panel B shows conformational partition function
as a function of temperature. Panel C shows the cumulative number of conformers in the

ensemble as a function of the energy window.
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Figure S12: Conformational ensemble of Pregabalin (see

RMSD threshold of 5 A, obtained with TTConf (r=3,s=

ensemble as a function of the energy window.
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Fig. S2). Panel A shows the
conformational ensemble the Pregabalin molecule with an energy window of 1 kcal/mol and
8). Panels B and C compare the
conformational ensembles of Pregabalin in an energy window of 6 kcal /mol, RMSD threshold
of 0.125 A and rotational constant threshold of 1% (CREST default settings), obtained with
CREST and TTConf (r = 3,s = 8). Panel B shows the conformational partition function
as a function of temperature. Panel C shows the cumulative number of conformers in the
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