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Figure S1. MS/MS spectra of [LippCD+Na]* (m/z 1469.63, EC = 95 eV) corresponding to the blue group isomers : 1 (a), 2 (b), 5 (c) and
6 (d). Figure S2. MS/MS spectra of [LipBCD+Na]* (m/z 1469.63, EC = 95 eV) corresponding to one isomer of each group: blue group
1 (a), red group 3 (b) and black group 9 (c). Note that spectra are identical for (a) compounds 1, 2, 5, 6; (b) compounds 3, 4, 7 and 8;
(c) compounds 9, 10, 11 and 12. Figure S3. Raw data used to build the PCA, obtained from the intensities of fragment ions observed
in MS/MS spectra. Figure 4. The descriptive values CCS (black), FWHM (blue) and area (red) of ion mobility distributions obtained
with different solvents conditions (in-flow solvent and sample solvation) for native BCD (a) and LipBCD(OHs) isomer 4 (b). (c) Su-
perimposition of the arrival time distributions obtained by the in-flow injection analysis (FIA) of pure native CD and LipCD(OHs)
isomer 4, diluted in H:O/MeOH 50/50 v/v and push with H20 (blue), H-O/MeOH 50/50 v/v (red) and MeOH (black) as in-flow solvent.
(d) Comparison of CCS values obtained by UHPLC-IM-MS of the mixture (black) and by FIA-IM-MS of each pure isomers with
H20/MeOH 50/50 v/v as in-flow solvent (red). Figure S5. Distribution of theoretical CCSt values obtained for the minimal structures
of the twelve isomers of LippCD using the Trajectory Method and the Projection Approximation. Figure S6. EIC of [LippCD+Na]*
(m/z 1469) obtained from preparative scale LC-MS. Figure S7. 'H NMR spectra (600 MHz, DMSO/D20 98/2, v/v, 298 K) of isomers 3,
4,7 and 8 (from bottom to top). The expansion of the spectral area (2.9 - 3.9 ppm) highlights the similarity of the spectra in the same
group (red group here). The stars indicate the proton of Coleate grafted on BCD. Figure S8. "H NMR spectra (600 MHz, DMSO/D20
98/2, v/v, 298 K) of isomers 1, 3 and 9 (from bottom to top). The expansion of the spectral area (2.9 — 4.2 ppm) highlights the spectra
differences between the groups. The stars indicate the proton of Colate grafted on CD and the colors their corresponding group.
Figure S9. Partial contour plot of HSQC experiments (600 MHz, DMSO/D:0 98/2, v/v, 298 K) of isomers 3 (a), 4 (b), 7 (c) and 8 (d) of
the same LipBCD(OHs) red group. Figure S10. Partial contour plot of HSQC experiments (600 MHz, DMSO/D20 98/2, v/v, 298 K) of
isomers 9 (a), 10 (b) and 11-12 (c) of the same LipBCD(OHz) black group. (d) Superimposition of partial contour plot of HSQC and
HMBC experiments of the 11-12 isomer mixture (arbitrarily noted a and b). Figure S11. Partial contour plot of HSQC experiments
(600 MHz, DMSO/D20 98/2, v/v, 298 K) of isomers 1 (a), 2 (b), 5 (¢) and 6 (d) of the same LippCD(OHs) blue group. Figure S12. 2D
TOCSY experiments (600 MHz, DMSO/D20 98/2, v/v, 298 K) of isomer 3 performed with a mixing time of 100 ms (a) or 160 ms (b).
The presence or absence of long distance correlation peaks is highlighted by solid or dash rectangles. Figure S13. 2D ROESY experi-
ments (600 MHz, DMSO/D:0, v/v, 298 K 98/2, tm = 800 ms) of isomers 1- 12. Figure S14. Superimposition of extracted columns from
ROESY NMR experiments (600 MHz, DMSO/D:0 98/2, v/v, 298 K, tm = 800 ms) containing dipolar correlations of His oleate (methyl,
0=0.77-0.90 ppm) in (a) OHz2 black group (color: 9 blue; 10 red; 11-12 green), (b) OHs blue group (1 blue, 2 red, 5 green and 6 purple)
and (c) OHsred group (3 blue; 4 red; 7 green; 8 purple). Figure S15. DOSY experiments (600 MHz, 298 K) of isomer 7 performed in
(a) D20, concentration of 7 increases by a factor 2 from green to blue contour plots; (b) DMSO, concentration of 7 increases by a factor
10 from green to blue contour plots. Table S1. Comparison of CCS directly measured with DTIMS with our CCS obtained after
calibration of TWIMS. Table S2. Assigning the H1 hypothesis from the score obtained with Equation (S1).

Int. J. Mol. Sci. 2022, 23, 13352. https://doi.org/10.3390/ijms232113352 www.mdpi.com/journal/ijms



Int. J. Mol. Sci. 2022, 23, 13352 2 of 14

2: TOF MSMS 1469.91ES+
100+ 497.3073

509.1467
. . By 659.3614
Copyright: © 2022 by the authors. Licen- 347.0025 671200451 418
see MDP], Basel, Switzerland. This article 510.1496 983.4694
T 185.0302 4792043 ga42507 11455228 1307 5758 14696305 /
is an open access article distributed un- LA A S AN A A S R L A A A A NS R A SRS A A A NS AR mz
P 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
der the terms and conditions of the Crea- 2: TOF MSMS 1469.91ES+
) o ) 100+ 497.3072
tive Commons Attribution (CC BY) li-
cense  (https://creativecommons.org/li- 509.1464
= 659.3613
CenseS/by/4.0/). 347.0925 671.2013821 4155
510.1490 833.2562983.4702
185.0387 ;48.0959 \ 11455247 4307.5779 1469i6313
B e 74
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
(b) 2: TOF MSMS 1469.91ES+
100 497.3070
509.1471
< 659.3616
347.0027 671.2014 554 4174
479.2968 |[510.1495 822.4203 983.4717
185.0391336.2499 | | 1145{5225 1307,5789 1469i6334 /
T T I T T f T T T T N T T T T T T T T T T T T T T T T T miz
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
(C) 2: TOF MSMS 1469.91ES+
100 497.3068
- 509.1462
& 659.3615
347.0923 671.2026821 4153
510.1497 833.2547983.4703
185.0399 348.0953 \ 11455244 13075707 14696326
T e 174
(d) 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

Figure S1. MS/MS spectra of [LippCD+Na]* (m/z 1469.63, EC = 95 eV) corresponding to the blue
group isomers : 1 (a), 2 (b), 5 (c) and 6 (d).
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Figure 52. MS/MS spectra of [LippCD+Na]* (m/z 1469.63, EC = 95 eV) corresponding to one isomer
of each group: blue group 1 (a), red group 3 (b) and black group 9 (c). Note that spectra are identical
for (a) compounds 1, 2, 5, 6; (b) compounds 3, 4, 7 and 8; (c) compounds 9, 10, 11 and 12.
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Figure S3. Raw data (points) used to build the PCA, obtained from the intensities of fragment ions
observed in MS/MS spectra. Lines have been added to improve the readability of the differences

between groups, represented by the colors blue, red and black. The boxes show the only two varia-
bles whose values in the red group are less than or equal to those in the blue and black groups.
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Figure S4. The descriptive values CCS (black), FWHM (blue) and area (red) of ion mobility distri-
butions obtained with different solvents conditions (in-flow solvent and sample solvation) for na-
tive BCD (a) and LipBCD(OHs) isomer 4 (b). (c) Superimposition of the arrival time distributions
obtained by the in-flow injection analysis (FIA) of pure native CD and LipBCD(OHs) isomer 4,
diluted in H.O/MeOH 50/50 v/v and push with H2O (blue), H:O/MeOH 50/50 v/v (red) and MeOH
(black) as in-flow solvent. (d) Comparison of CCS values obtained by UHPLC-IM-MS of the mixture
(black) and by FIA-IM-MS of each pure isomers with H:0/MeOH 50/50 v/v as in-flow solvent (red).
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Figure S5. Distribution of theoretical CCSm values obtained for the minimal structures of the
twelve isomers of LipCD(OHz) using the Trajectory Method and the Projection Approximation.
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Figure S6. EIC of [LipBCD+Na]* (m/z 1469) obtained from preparative scale LC-MS.
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Figure S7. '"H NMR spectra (600 MHz, DMSO/D20 98/2, v/v, 298 K) of isomers 3, 4, 7 and 8 (from
bottom to top). The expansion of the spectral area (2.9 - 3.9 ppm) highlights the similarity of the
spectra in the same group (red group here). The stars indicate the proton of Coteate grafted on CD.

- ——
3.2 3.0 [ppm]

Figure S8. "H NMR spectra (600 MHz, DMSO/D20 98/2, v/v, 298 K) of isomers 1, 3 and 9 (from
bottom to top). The expansion of the spectral area (2.9 — 4.2 ppm) highlights the spectra differences
between the groups. The stars indicate the proton of Coleate grafted on CD and the colors their cor-
responding group.
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Figure S9. Partial contour plot of HSQC experiments (600 MHz, DMSO/D20 98/2, v/v, 298 K) of
isomers 3 (a), 4 (b), 7 (c) and 8 (d) of the same LipBCD(OHs) red group.
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Figure S10. Partial contour plot of HSQC experiments (600 MHz, DMSO/D:0 98/2, v/v, 298 K) of
isomers 9 (a), 10 (b) and 11-12 (c) of the same LippCD(OH2) black group.



Int. J. Mol. Sci. 2022, 23, 13352 10 of 14

e WA

5 T
-y 2:&
2 (= <= c, =
. Foe=d
b bl
3 -3
Fo
I~
F o
L~
:O
[ o0
:Ln
[

e e B I A B s S B B S S S

4.0 38 36 3.4 F2 [ppm]

(@
MV v, va.ubL

5t

]
0 g
ey
0o
75 70 F1[ppm]
7l0 6ISF1[ppm]

° & i
4.2 Ppm'[ — c3 il = 0
- 3 -
" : F®

" i

s :

T T T T T T T T T T T T T " v T T ¥ T T T T T T T T T T T T T T T T T
4.0 3.8 3.6 3.4 F2 [ppm] 4.0 3.8 3.6 3.4 F2 [ppm]
(c) (d)

Figure S11. Partial contour plot of HSQC experiments (600 MHz, DMSO/D:0 98/2, v/v, 298 K) of
isomers 1 (a), 2 (b), 5 (c) and 6 (d) of the same LippCD(OHz) blue group.
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Figure S12. 2D TOCSY experiments (600 MHz, DMSO/D20 98/2, v/v, 298 K) of isomer 3 performed
with a mixing time of 100 ms (a) or 160 ms (b). The presence or absence of long distance correlation

peaks is highlighted by solid or dash rectangles.
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Figure S13. 2D ROESY experiments (600 MHz, DMSO/D:0, 298 K 98/2, v/v, tm = 800 ms) of isomers
1-12.
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Figure S14. Superimposition of extracted columns from ROESY NMR experiments (600 MHz,
DMSO/D20 98/2, v/v, 298 K, tm = 800 ms) containing dipolar correlations of His oleate (methyl, d
=0.77 - 0.90 ppm) in (a) OH2 black group (color: 9 blue; 10 red; 11-12 green), (b) OHs blue group
(1blue, 2 red, 5 green and 6 purple) and (c) OHs red group (3 blue; 4 red; 7 green; 8 purple).
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Figure S15. DOSY experiments (600 MHz, 298 K) of isomer 7 performed in (a) D20, concentration
of 7 increases by a factor 2 from green to blue contour plots; (b) DMSO, concentration of 7 increases
by a factor 10 from green to blue contour plots.
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Table S1. Comparison of CCS directly measured by DTIMS* with our CCS obtained by TWIMS after
calibration.

CCS (DTIMS)* CCSexp (TWIMS) A (%)

aCD 278.2 280.7 0.89
BCD 309.0 312.4 1.11
YCD 316.0 321.0 1.57

* Values obtained from Klein, C. et al. Analyst 2018, 143, 4147-4154. (Ref [32] in main text)

Table S2. Assigning the H1 hypothesis from the score obtained with Equation (S1).

Experimental Ranking Theoretical
50 Cgey  H1 WelBhtfac e IsomerLippCD Ccsy ¢ Seore
mer tor*
2 366.36 +£0.20 OHs 11.35 lows  loms  (OHsCo),SS 350.87 1 11.35
1 361.77+0.14 OHs 6.76 2.0m3 2ons (OHsCuw), RR 34242 1 6.76
12 361.24 £0.22 OH2 6.24 3om2  3om  (OHz,Cuw0),SS 3399 1 6.24
5 359.31+0.21 OHs 431 4ons 4omz (OHz,Co), RR 33424 05 2.15
6 355.05+0.28 OHs 0.05 50m3  5oms  (OHsCo), RR 3308 1 0.05
10 355.02 +0.25 OH2 0.02 602 6.0u3  (OHsCu), SS 324.81 0.5 0.01
4 354.99+0.19 OHs 0.02 7ons 7oz (OHz,Co), SS 32449 0.5 0.01
7  353.59 +0.27 OHs 1.42 8om6  8one (OHsCu), SS 3237 1 1.42
3  352.23+0.22 OHs 2.77 9.0n6 9om2  (OHzCuw), RR 321.73 05 1.39
9 352.04+0.16 OH: 2.96 10.0m2  10-0m6  (OHeC9), SS  318.33 0.5 1.48
11 351.28 +0.32 OH2 3.73 1l-om2  1l.ome  (OHeCuw), RR  313.04 0.25 0.93
8 350.62+0.19 OHs 4.39 12.0n6  12-0m6 (OHs,Co), RR 30441 1 4.39
Sum 44.00 36.17

*Weight factor = |MedianCCSExp - CCSexp|

As the dispersion of the CCSexp is an important differentiating factor of the groups, we
used the deviation from the median to weight the result, which led to the scoring system
according to Equation (51).

12 .
2i=1xileedlanCCSexp_CCSexp il

Score = (S1)

l'1=21|MedianCCSexp_CCSexp i|

With xi =1, 0.5 or 0.25 if Niexp = Nith, Nith + 1 Or Nim + 2, respectively. xi is a freedom
factor and ni the ranking place labelled with the grafted position on 3CD. For clarity, the
parameters of the equation are detailed for hypothesis H1 in Table 2. The maximum score
is obtained for a perfect match of grafting position (niexp = nitm, xi =1, e.g. isomer 2). This
score is divided by 2 when niexp equals to nim + 1 (e.g. isomer 5, niexp =4 and nim= 15, xi =
0.5) or by 4 (Niexp = Nith = 2, xi = 0.25, e.g. isomer 11) when two identical labels are shifted
by one or two lines respectively. From the weighted comparison of niexp with nim for the
six hypotheses, H1 hypothesis, exhibiting a score value of 82% (36.17/44.00 see on Table
2), is unambiguously the most consistent with the theoretical data: blue, red and black
groups are corresponding respectively to the grafting position on OHs, OHs and OH: of
BCD.



