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1 General remarks

The systems evaluated in this study were generally chosen to cover most transition metals
as well as various ligand types and coordination motifs and elements involved in the ligand
sphere. The structures of the TMCONF5 subset were chosen to represent the X-ray structure
conformation, energetically low lying conformers at the B97-3¢ and GFN2-xTB levels, an en-
ergetically high lying conformer at the B97-3c level and a structure in between the high and
low lying conformers at the GFN2-xTB level. By this selection process, a sufficiently large
conformational energy range was covered for the TMCONF5 subset. The varying number of
evaluated conformers for the TMCONF40 set results from subsequent removal of enantiomers

and identical structures originating from the B97-3c reoptimization.

In some cases (SIGSUX, MOGWIP, EGOZUV, BOBXAS) GFN1-xTB consistently
produced highly erroneous results based on the underlying optimization method. This issue
was observed mainly for early transition metals, and can be addressed to an erroneous charge
estimate. The corresponding compounds were considered as unreasonable outliers and were
excluded from the evaluation. In the case of UFF UWUBEYV and NOXPAR were excluded

accordingly.

As all geometry inputs were initially generated by the crest program in conjunction with
the GFN2-xTB method, in some cases chemical transformations differing from the X-ray input
structure are observed (FEGGII, DUGVEH, DEFVIT, CAFKOJ, GOZYAX). Neverthe-
less, the resulting structures were re-optimized with B97-3c to obtain the reference geometries
and thus, were still used to evaluate energy differences of their conformers.

Based on qualitative fractional occupation density (FOD) analysis, some structures of the
original benchmark set of Minenkov et al. were discarded. The respective FOD plots are

depicted in Figure S1.
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GENQIZ REMVOW LUWRUQ

ABAKOE BESJAM

Figure S1: Qualitative FOD analysis of discarded structures. The isosurface value is set to o

= (0.005 e-bohr—3.
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2 Statistical measures

Mean deviation (MD):

Mean absolute deviation (MAD):

1.
n

i

Pearson correlation coefficient (r,):

?:1 (El'z B Ez)(En B Er)

Tp

Y (B — B2 Y (B, — B,

Spearman correlation coefficient (rg):

?:l(R-Ti - ECC)(RW - Er)

Ts

N \/Z?:l(sz - RJJ)Q ?:1((R7’i - ET)Q

(S1)

With E; being the relative energy of the i of n conformers, and E the average relative

conformer energy over all n conformers for the tested method x and the reference r. For the

Spearman correlation coefficient p, the same notation is applied for conformer rankings R in-

stead of their relative conformer energies.
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3 Tabulated Data

Table S1: DLPNO-CCSD(T1)/def2-TZVPP/ VeryTightPNO energy contributions and confor-
mational energies.

Compound — # Eo / a.u. Ecorr / a.u. Ecc / a.. AFEcont / keal- mol™!
AXURER 1-CC -2335.647616806 -3.532125154 -2339.179741960 0.000
2-CC  -2335.646642303 -3.531931297 -2339.178573600 0.733
3-CC  -2335.644220411 -3.530611584 -2339.174831995 3.081
4-CC  -2335.644343349 -3.529247757 -2339.173591106 3.860
5-CC -2335.640072244 -3.531497151 -2339.171569395 5.128
AYISEG 1-CC -2511.716755331 -8.388613477 -2520.105368808 0.000
2-CC  -2511.706591515 -8.394192042 -2520.100783557 2.877
3-CC  -2511.706037280 -8.393212928 -2520.099250208 3.839
4-CC -2511.702944282 -8.394666688 -2520.097610970 4.868
5-CC  -2511.698406556 -8.395560162 -2520.093966718 7.155
HAYGUJ 1-CC -1416.825151316 -4.651155123 -1421.476306439 0.000
2-CC  -1416.819625969 -4.656926132 -1421.476552101 -0.154
3-CC  -1416.814470405 -4.655496558 -1421.469966963 3.978
4-CC -1416.812359084 -4.656875551 -1421.469234635 4.438
5-CC -1416.809034407 -4.657366401 -1421.466400808 6.216
WECSEC 1-CC -2865.408256915 -4.946961607 -2870.355218522 0.000
2-CC  -2865.407930474 -4.945817054 -2870.353747528 0.923
3-CC  -2865.403138532 -4.948201252 -2870.351339784 2.434
4-CC -2865.399586700 -4.950021705 -2870.349608405 3.520
5-CC  -2865.397191621 -4.947869676 -2870.345061297 6.374
YIDHAX 1-CC -1522.468113235 -6.058651789 -1528.526765024 0.000
2-CC  -1522.468048132 -6.057446548 -1528.525494680 0.797
3-CC  -1522.468499339 -6.055961892 -1528.524461231 1.446
4-CC -1522.463615449 -6.060817551 -1528.524433000 1.463
5-CC  -1522.464771468 -6.058000726 -1528.522772194 2.506
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Table S2: DLPNO-CCSD(T1)/def2-QZVPP/ VeryTightPNO energy contributions.

Compound

#

EO / a.u.

Ecorr / a.u.

ECC / a.u.

AXURER

1-CC
2-CC
3-CC
4-CC
5-CC

-2335.719068440
-2335.718223292
-2335.715775226
-2335.716076171
-2335.711670464

-3.805072151
-3.804641757
-3.803462524
-3.802054487
-3.804147578

-2339.524140591
-2339.522865049
-2339.51923775
-2339.518130658
-2339.515818042

AYISEG

1-CC
2-CC
3-CC
4-CC
5-CC

HAYGUJ

1-CC
2-CC
3-CC
4-CC
5-CC

-1416.880183611
-1416.874522600
-1416.869365218
-1416,867204151
-1416.863893700

-4.934282186
-4.939708095
-4.938458014
-4,939873591
-4.940218761

-1421.814465797
-1421.814230695
-1421.807823232
-1421.807077742
-1421.804112461

WECSEC

1-CC
2-CC
3-CC
4-CC
5-CC

-2865.491449875
-2865.491126846
-2865.486298686
-2865.482633868
-2865.480178747

-5.391680591
-5.390810085
-5.392774565
-5.394556251
-5.391915482

-2870.883130466
-2870.881936931
-2870.879073251
-2870.877190119
-2870.872094229

YIDHAX

1-CC
2-CC
3-CC
4-CC
5-CC

-1522.528014804
-1522.527965761
-1522.528598606
-1522.523451940
-1522.524723625

-6.463180505
-6.461740210
-6.460551098
-6.465010759
-6.462258199

-1528.991195309
-1528.989705971
-1528.989149704
-1528.988462699
-1528.986981824
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Table S3: DLPNO-CCSD(T1)/CBS(def2-TZVPP /def2-QZVPP) / VeryTight PNO energy con-

tributions and conformational energies.

Compound  # Eo / a.u. Ecorr / a.u. Ecc / a. AFEcont / keal-mol™!
AXURER 1-CC -2335.728910094 -4.007254961 -2339.736165056 0.000
2-CC  -2335.728082764 -4.006649355 -2339.734732119 0.899
3-CC  -2335.725631092 -4.005574181 -2339.731205274 3.112
4-CC -2335.725956556 -4.004133396 -2339.730089952 3.812
5-CC -2335.721532309 -4.006110707 -2339.727643016 5.348
AYISEG 1-CC - - - -
2-CC — - — —
3-CC —~ — —~ —
4-CC — — — —
5-CC — — — —
HAYGUJ 1-CC -1416.887763687 -5.144005780 -1422.031769468 0.000
2-CC  -1416.882083990 -5.149176060 -1422.031260050 0.320
3-CC -1416.876926358 -5.148058937 -1422.024985294 4.257
4-CC -1416.874758439 -5.149501613 -1422.024260052 4.712
5-CC  -1416.871449947 -5.149738872 -1422.021188819 6.639
WECSEC 1-CC -2865.502908764 -5.721101816 -2871.224010580 0.000
2-CC  -2865.502586205 -5.720434307 -2871.223020513 0.621
3-CC  -2865.497753057 -5.722087885 -2871.219840942 2.616
4-CC -2865.494072676 -5.723840855 -2871.217913531 3.826
5-CC  -2865.491609285 -5.720838057 -2871.212447342 7.256
YIDHAX 1-CC -1522.536265568 -6.762831183 -1529.299096751 0.000
2-CC  -1522.536218737 -6.761216774 -1529.297435511 1.042
3-CC  -1522.536876600 -6.760246583 -1529.297123184 1.238
4-CC  -1522.531693740 -6.764412913 -1529.296106653 1.876
5-CC -1522.532981356 -6.761707956 -1529.294689313 2.766
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