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1 Additional Computational Details

Frequency calculations were performed using the Gaussian modeling software package1 (com-
pounds 1-4, 13, 14, 16-18: B3LYP/G**6-31-D3, compound 15: B3LYP/G*6-31-D3, com-
pounds 5-12, 19-38: BP86/cc-pVTZ-D3,2–4 ultrafine grid, very tight conversion criteria).
The choice of the functional/basis set combination is based on the following considerations:
Pople double zeta basis sets are relatively cheap even for larger compounds. It is there-
fore possible to sample a higher number of conformers, which is crucial to obtain a good
estimate of the conformational ensemble of flexible molecules and thus meaningful results.
BP86/cc-pVTZ is relatively expensive, which makes the study of larger and flexible com-
pounds cumbersome. However, this combination of functional and basis set is known to give
good results in frequency calculations,5–7 since it benefits from a favourable error cancella-
tion. Thus, σ2 (the “error” for the frequency shifting) can be chosen to be lower, providing
better results. In general, large basis sets are to be preferred. However, for flexible molecules
smaller basis sets may be used to avoid restricting the conformational search.

The following values were used for µ, σ1, and σ2 in the IRSA scoring function (Eq. (1)
in the main text):

• σ1 = 1 for compounds 1-4, and σ1 = 0.2 for compounds 5-38.

• Values for µ and σ2 were based on Ref. 6, specifically µ = (1.011 + 0.961)/2 = 0.986
and σ2 = 1.011 − µ = 0.025 for B3LYP and the pople basis sets, and µ = (1.0325 +
0.9941)/2 = 1.0133 and σ2 = 1.0325− µ = 0.0192 for BP86/cc-pVTZ-D3.

µ is thus computed as the mean of the optimal anharmonic shifting values of fundamental
(0.9941 for BP86/cc-pVTZ) and combination (1.0325 for BP86/cc-pVTZ) vibrations, and
σ2 is the span of these two values.5–7 These values can be adjusted depending on the system
studied.
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2 Number of Conformers

Table S1: Number of conformers per compound/isomer, which were considered in the com-
putation of the final IR spectrum (those with negative frequencies were excluded, conformers
with an energy difference of 10−4 kJ mol−1 were considered to be duplicates). The number
in parentheses indicates the number of conformers with an energy below 10 kJ mol−1 for
compounds 8 to 15.

Compound isomer0 isomer1 isomer2 isomer3 isomer4 isomer5 isomer6 isomer7

1 1
2 1
3 1
4 1
5 1 1
6 3 3
7 1 1
8 2 (1) 4 (1)
9 4 (1)
10 4 (1)
11 4 (1)
12 283 (18) 210 (6)
13 174 (5) 130 (8) 156 (4) 163 (4)
14 34 (8) 31 (5) 34 (5) 21 (6)
15 190 (21) 195 (11) 195 (4) 196 (9) 195 (10) 191 (1) 196 (4) 196 (6)
16 1
17 1
18 1
19 1
20 1
21 1
22 1
23 1
24 1
25 1
26 1
27 13
28 12
29 13
30 6
31 4
32 3
33 1
34 1
35 1
36 2
37 2
38 2
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3 Definition of Isomers of Compounds 5–15

Table S2: Diastereoisomers of compounds 5–11.
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Figure S1: Filorexant (12): isomer0 (left) and isomer1 (right).
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Figure S2: Aprepitant (13): from left to right isomer0 to isomer3.
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Figure S3: Ezetimibe (14): from left to right isomer0 to isomer3.
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Figure S4: Simvastatin (15): (top) from left to right isomer0 to isomer3, (bottom) from left
to right isomer4 to isomer7.

4 Pearson Correlation Coefficients and Alignment Scores

for Compounds 5–15

Table S3: IRSA Pearson correlation coefficient rp for compounds 5–15. Isomer0 corresponds
to the correct isomer, whereas isomer1 to isomer5 are the other diastereoisomers.

Compound 5 6 7 8 9 10 11 12 13 14 15

isomer0 0.16 0.88 0.94 0.35 0.79 0.76 0.93 0.79 0.90 0.91 0.83
isomer1 0.16 0.58 0.67 0.24 0.83 0.66 0.46 0.77 0.94 0.70 0.79
isomer2 0.63 0.56 0.75 0.93 0.62 0.70
isomer3 0.85 0.12 0.56
isomer4 0.62
isomer5 0.53
isomer6 0.65
isomer7 0.69
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Table S4: IRSA alignment score s for compounds 5–15. Isomer0 corresponds to the correct
isomer, whereas isomer1 to isomer5 are the other diastereoisomers.

Compound 5 6 7 8 9 10 11 12 13 14 15

isomer0 0.61 0.49 0.51 0.67 0.37 0.25 0.47 0.29 0.43 0.18 0.23
isomer1 0.24 0.30 0.50 0.25 0.33 0.23 0.21 0.26 0.38 0.18 0.18
isomer2 0.17 0.12 0.35 0.36 0.19 0.14
isomer3 0.32 0.16 0.15
isomer4 0.15
isomer5 0.10
isomer6 0.16
isomer7 0.09

5 Spectral Data for Compounds 1–4
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Figure S5: (Left): Experimental (black) and theoretical (red) IR spectra of fenchone (1).
The blue lines correspond to the peak assignment made by the algorithm. (Right): Overlap
between the experimental (black) and theoretical (red) IR spectra after shifting the theoret-
ical spectrum based on the IRSA matching. The experimental IR spectrum was measured in
solution and taken from Ref. 8. The theoretical spectrum was calculated with B3LYP/G**6-
31-D3.
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Figure S6: (Left): Experimental (black) and theoretical (red) IR spectra of β-pinene (2).
The blue lines correspond to the peak assignment made by the algorithm. (Right): Overlap
between the experimental (black) and theoretical (red) IR spectra after shifting the theoret-
ical spectrum based on the IRSA matching. The experimental IR spectrum was measured in
solution and taken from Ref. 8. The theoretical spectrum was calculated with B3LYP/G**6-
31-D3.
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Figure S7: (Left): Experimental (black) and theoretical (red) IR spectra of propylene oxide
(3). The blue lines correspond to the peak assignment made by the algorithm. (Right):
Overlap between the experimental (black) and theoretical (red) IR spectra after shifting
the theoretical spectrum based on the IRSA matching. The experimental IR spectrum was
measured in solution and taken from Ref. 8. The theoretical spectrum was calculated with
B3LYP/G**6-31-D3.
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Figure S8: (Left): Experimental (black) and theoretical (red) IR spectra of camphor quinone
(4). The blue lines correspond to the peak assignment made by the algorithm. (Right):
Overlap between the experimental (black) and theoretical (red) IR spectra after shifting
the theoretical spectrum based on the IRSA matching. The experimental IR spectrum was
measured in solution and taken from Ref. 8. The theoretical spectrum was calculated with
B3LYP/G**6-31-D3.

6 Spectral Data for Compounds 5–15

Figure S9: Isomer0 (top) and isomer1 (bottom) of bicyclo[4.3.0]nonane (5). (Left): Unaligned
experimental (black) and theoretical (red) IR spectra. The blue lines correspond to the peak
assignment made by the algorithm. (Right): Overlap between the experimental (black)
and theoretical (red) IR spectra after shifting the theoretical spectrum based on the IRSA
matching. The experimental IR spectrum was measured in the gas phase and taken from
NIST SRD 35 database.9 The theoretical spectra were calculated with BP86/cc-pVTZ-D3.
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Figure S10: Isomer0 (top) and isomer1 (bottom) of borneol (6). (Left): Unaligned exper-
imental (black) and theoretical (red) IR spectra. The blue lines correspond to the peak
assignment made by the algorithm. (Right): Overlap between the experimental (black)
and theoretical (red) IR spectra after shifting the theoretical spectrum based on the IRSA
matching. The experimental IR spectrum was measured in solution and taken from Ref. 8.
The theoretical spectra were calculated with BP86/cc-pVTZ-D3.
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Figure S11: Isomer0 (top) and isomer1 (bottom) of pinene oxide (7). (Left): Unaligned
experimental (black) and theoretical (red) IR spectra. The blue lines correspond to the peak
assignment made by the algorithm. (Right): Overlap between the experimental (black)
and theoretical (red) IR spectra after shifting the theoretical spectrum based on the IRSA
matching. The experimental IR spectrum was measured in solution and taken from Ref. 8.
The theoretical spectra were calculated with BP86/cc-pVTZ-D3.
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Figure S12: Isomer0 (top) and isomer1 (bottom) of bridged decalin (8). (Left): Unaligned
experimental (black) and theoretical (red) IR spectra. The blue lines correspond to the peak
assignment made by the algorithm. (Right): Overlap between the experimental (black)
and theoretical (red) IR spectra after shifting the theoretical spectrum based on the IRSA
matching. The experimental IR spectrum was measured in the gas phase (GC-IR). The
theoretical spectra were calculated with BP86/cc-pVTZ-D3.
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Figure S13: Isomer0 (top), isomer1 (middle) and isomer2 (bottom) of 1,2,3-
trimethylcyclohexane (9). (Left): Unaligned experimental (black) and theoretical (red) IR
spectra. The blue lines correspond to the peak assignment made by the algorithm. (Right):
Overlap between the experimental (black) and theoretical (red) IR spectra after shifting
the theoretical spectrum based on the IRSA matching. The experimental IR spectrum was
measured in the gas phase and taken from NIST SRD 35 database.9 The theoretical spectra
were calculated with BP86/cc-pVTZ-D3.
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Figure S14: Isomer0 (top), isomer1 (middle) and isomer2 (bottom) of 1,2,3-
trimethylcyclohexane (10). (Left): Unaligned experimental (black) and theoretical (red) IR
spectra. The blue lines correspond to the peak assignment made by the algorithm. (Right):
Overlap between the experimental (black) and theoretical (red) IR spectra after shifting
the theoretical spectrum based on the IRSA matching. The experimental IR spectrum was
measured in the gas phase and taken from NIST SRD 35 database.9 The theoretical spectra
were calculated with BP86/cc-pVTZ-D3.
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Figure S15: Isomer0 (top), isomer1 (middle) and isomer2 (bottom) of 1,2,3-
trimethylcyclohexane (11). (Left): Unaligned experimental (black) and theoretical (red) IR
spectra. The blue lines correspond to the peak assignment made by the algorithm. (Right):
Overlap between the experimental (black) and theoretical (red) IR spectra after shifting
the theoretical spectrum based on the IRSA matching. The experimental IR spectrum was
measured in the gas phase and taken from NIST SRD 35 database.9 The theoretical spectra
were calculated with BP86/cc-pVTZ-D3.
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Figure S16: Isomer0 (top) and isomer1 (bottom) of filorexant (12). (Left): Unaligned ex-
perimental (black) and theoretical (red) IR spectra. The blue lines correspond to the peak
assignment made by the algorithm. (Right): Overlap between the experimental (black) and
theoretical (red) IR spectra after shifting the theoretical spectrum based on the IRSA match-
ing. The experimental IR spectrum was measured in solution and taken from Ref. 10. The
theoretical spectra were calculated with BP86/cc-pVTZ-D3.
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Figure S17: Isomer0 (first row), isomer1 (second row), isomer2 (third row) and isomer3 (fourth
row) of aprepitant (13). (Left): Unaligned experimental (black) and theoretical (red) IR
spectra. The blue lines correspond to the peak assignment made by the algorithm. (Right):
Overlap between the experimental (black) and theoretical (red) IR spectra after shifting
the theoretical spectrum based on the IRSA matching. The experimental IR spectrum was
measured in solution and taken from Ref. 10. The theoretical spectra were calculated with
B3LYP/G**6-31-D3.
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Figure S18: Isomer0 (first row), isomer1 (second row), isomer2 (third row) and isomer3 (fourth
row) of ezetimibe (14). (Left): Unaligned experimental (black) and theoretical (red) IR
spectra. The blue lines correspond to the peak assignment made by the algorithm. (Right):
Overlap between the experimental (black) and theoretical (red) IR spectra after shifting
the theoretical spectrum based on the IRSA matching. The experimental IR spectrum was
measured in solution and taken from Ref. 10. The theoretical spectra were calculated with
B3LYP/G**6-31-D3.
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Figure S19: Simvastatin (15): isomer0 (first row), isomer1 (second row), isomer2 (third row),
and isomer3. (Left): Unaligned experimental (black) and theoretical (red) IR spectra. The
blue lines correspond to the peak assignment made by the algorithm. (Right): Overlap be-
tween the experimental (black) and theoretical (red) IR spectra after shifting the theoretical
spectrum based on the IRSA matching. The experimental IR spectrum was measured in
solution and taken from Ref. 10.
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Figure S20: Simvastatin (15): isomer4 (first row), isomer5 (second row), isomer6 (third
row), and isomer7. (Left): Unaligned experimental (black) and theoretical (red) IR spec-
tra. The blue lines correspond to the peak assignment made by the algorithm. (Right):
Overlap between the experimental (black) and theoretical (red) IR spectra after shifting
the theoretical spectrum based on the IRSA matching. The experimental IR spectrum was
measured in solution and taken from Ref. 10. The theoretical spectra were calculated with
B3LYP/G*6-31-D3.
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7 Spectral Data of Compounds 16 and 17

Figure S21: Z-isomer (top) and E-isomer (bottom) of compound 16. (Left): Unaligned
experimental (black) and theoretical (red) IR spectra. The blue lines correspond to the peak
assignment made by the algorithm. (Right): Overlap between the experimental (black)
and theoretical (red) IR spectra after shifting the theoretical spectrum based on the IRSA
matching. The experimental IR spectrum was measured in the gas phase (GC-IR).
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Figure S22: E-isomer (top) and Z-isomer (bottom) of compound 17. (Left): Unaligned
experimental (black) and theoretical (red) IR spectra. The blue lines correspond to the peak
assignment made by the algorithm. (Right): Overlap between the experimental (black)
and theoretical (red) IR spectra after shifting the theoretical spectrum based on the IRSA
matching. The experimental IR spectrum was measured in the gas phase (GC-IR).
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8 Spectral Data of Compounds 18–26

Figure S23: Top row: compounds 18 (left), 19 (mid) and 20 (right). Middle row: compounds
21 (left), 22 (mid) and 23 (right). Bottom row: compounds 24 (left), 25 (mid) and 26
(right). Overlap between the experimental (black) and theoretical (red) IR spectra of the
correct isomer (isomer0) after shifting the theoretical spectrum based on the IRSA matching.
The experimental IR spectra were measured in the gas phase and taken from NIST SRD 35
database.9 The theoretical spectra were calculated with BP86/cc-pVTZ-D3.
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9 Spectral Data of Compounds 27–38

Figure S24: Top row: compounds 27 (left), 28 (mid) and 29 (right). Second row: compounds
30 (left), 31 (mid) and 32 (right). Third row: compounds 33 (left), 34 (mid) and 35
(right). Bottom row: compounds 36 (left), 37 (mid) and 38 (right). Overlap between
the experimental (black) and theoretical (red) IR spectra of the correct isomer (isomer0)
after shifting the theoretical spectrum based on the IRSA matching. The experimental IR
spectra were measured in the gas phase (GC-IR). The theoretical spectra were calculated
with BP86/cc-pVTZ-D3.
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10 Combined Analysis of IR and VCD Spectra for Bor-

neol

If both experimental IR and VCD spectra are available the alignment and analysis can be
performed in a combined manner using the scoring function,

se,t(ν̃e, ν̃t;σ1, σ2, µ) = e
1
2

(min(
Ie,VCD
It,VCD

,
It,VCD
Ie,VCD

)−1)2

σ21 · e
− 1

2

(min( Ie
It
,
It
Ie

)−1)2

σ21 · e
− 1

2

( ν̃eν̃t
−µ)2

σ22 . (1)

The output of the alignment program is shown for the correct and incorrect diastereomer of
borneol (6) as example in Figures S25 and S26.

Figure S25: Combined IR/VCD analysis of (+)-borneol (6). (1): Boltzmann weighted the-
oretical IR (red solid line) and VCD spectra (red dashed line), as well as the experimental
IR (black solid line) and VCD (black dashed line) spectra. The black dots mark the exper-
imental peaks selected automatically in the IR spectrum, and the corresponding peaks in
the VCD spectrum. (2): The matched peak assignments performed by the algorithm. (3):
The aligned spectra. (4): The alignment score, and the Pearson correlation coefficient of
the VCD spectra and the IR spectra are in good agreement. Note that also the absolute
stereochemistry can directly be determined here, since the correlation of the VCD spectra is
strongly positive. The experimental IR spectrum was measured in solution and taken from
Ref. 8. The theoretical spectra were calculated with BP86/cc-pVTZ-D3.
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Figure S26: Same analysis performed with the other diastereomer.
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