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Table S1: Compound 1 conformer relative energies (AE) in kcal mol™ and corresponding populations (%P) obtained at the B3LYP-D3/aug-cc-pVDZ level for the
isolated compounds and by using the IEF-PCM implicit solvent model with dichloromethane, acetone, acetonitrile, DMSO, methanol and water dielectric
constants.

l1a 1b 1c 1d le 1f 1g 1h 1i 1j 1k 11

AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P

Isolated 0.00 902 1.61 60 199 3.1 333 03 3.63 02 387 0.1 436 01 522 00 632 00 - 00 639 00 835 00
CH,Cl, 0.00 60.5 0.77 164 152 4.6 099 114 271 06 207 1.8 384 0.1 299 04 346 02 160 40 472 0.0 528 0.0
Acetone 0.00 495 0.69 155 1.50 3.9 048 22.0 2.67 05 186 2.1 340 02 248 08 3.05 03 134 51 452 00 492 0.0
Acetonitrile 0.00 44.5 0.66 14.6 149 3.6 028 275 265 05 1.79 22 330 02 228 09 291 03 123 56 445 00 479 0.0
DMSO 0.00 42.8 0.65 143 149 34 022 296 265 05 1.77 22 327 02 221 10 286 03 1.19 58 443 00 475 0.0
Methanol 0.00 452 0.66 14.7 1.49 3.6 0.31 26.7 265 05 180 22 332 02 231 09 293 03 124 55 446 0.0 4281 0.0

Water  0.00 40.3 0.64 13.7 149 33 0.13 324 265 05 1.74 2.1 323 02 212 1.1 279 04 1.13 59 440 0.0 470 0.0
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Table S2: Compound 1 conformer relative energies (AH) in kcal mol" and corresponding populations (%P) obtained at the B3LYP-D3/aug-cc-pVDZ level for the
isolated compounds and by using the IEF-PCM implicit solvent model with dichloromethane, acetone, acetonitrile, DMSO, methanol and water dielectric
constants.

la 1b 1c 1d le 1f 1g 1h 1i 1j 1k 1

AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P

Isolated 0.00 88.5 141 8.2 213 24 3.17 04 357 02 384 0.1 445 00 505 00 6.13 00 -- 00 636 00 825 00
CH)Cl, 0.00 57.3 0.63 199 1.71 32 091 123 263 0.7 206 1.8 391 0.1 284 05 341 02 156 41 475 0.0 538 0.0
Acetone 0.00 469 055 184 1.68 2.7 044 224 259 06 185 2.0 345 0.1 236 09 3.02 03 126 56 456 00 503 0.0
Acetonitrile 0.00 42.2 053 17.3 1.67 2.5 025 277 258 05 178 2.1 337 0.1 217 1.1 288 03 123 6.0 449 00 490 0.0
DMSO 0.00 40.6 0.52 169 1.67 24 0.19 297 258 05 1.76 2.1 334 0.1 211 12 283 03 1.13 6.1 446 00 486 0.0
Methanol 0.00 429 0.53 17.5 1.67 2.6 0.27 27.0 258 05 179 21 338 0.1 220 1.0 290 03 117 59 450 00 492 0.0

Wwater  0.00 384 0.51 163 1.66 23 0.10 324 258 05 1.73 2.1 330 0.1 202 13 277 04 108 62 443 00 480 0.0
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Table S3: Compound 1 conformer relative energies (AG) in kcal mol" and corresponding populations (%P) obtained at the B3LYP-D3/aug-cc-pVDZ level for the
isolated compounds and by using the IEF-PCM implicit solvent model with dichloromethane, acetone, acetonitrile, DMSO, methanol and water dielectric
constants.

la 1b 1c 1d le 1f 1g 1h 1i 1j 1k 11

AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P

Isolated 0.00 64.7 0.44 30.7 223 15 186 28 392 0.1 380 0.1 430 00 447 00 576 00 - 00 594 00 9.06 0.0
CH,Cl, 048 224 0.00 50.7 2.68 0.6 0.64 17.3 3.02 03 264 06 3.04 03 299 03 348 0.1 114 74 565 00 6.62 00
Acetone 0.52 17.0 0.00 41.0 2.64 0.5 040 208 298 03 239 0.7 361 0.1 239 07 317 02 046 187 541 00 620 0.0
Acetonitrile 0.50 17.3 0.00 404 2.59 0.5 024 268 295 03 226 09 363 0.1 223 09 3.03 02 0.69 126 530 0.0 6.02 0.0
DMSO 049 17.1 0.00 39.0 2.58 0.5 0.18 288 294 03 222 09 361 0.1 217 10 298 03 0.70 120 526 0.0 596 0.0
Methanol 0.51 17.3 0.00 40.7 2.60 0.5 0.26 26.1 296 03 228 09 3.64 0.1 225 09 305 02 068 13.0 531 00 6.04 0.0

Water  0.48 164 0.00 36.8 255 05 0.08 32.0 293 03 216 1.0 359 01 208 1.1 291 03 068 11.6 520 0.0 588 0.0
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Table S4: Compound 2 conformer relative energies (AE) in kcal mol™ and corresponding populations (%P) obtained at the B3LYP-D3/aug-cc-pVDZ level for the
isolated compounds and by using the IEF-PCM implicit solvent model with dichloromethane, acetone, acetonitrile, DMSO, methanol and water dielectric
constants.

2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 21

AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P AE %P  AE %P

Isolated 1.06 14.3 0.00 85.7 497 00 558 0.0 6.80 00 668 00 643 0.0 791 0.0 7.08 00 6.12 00 675 00 912 0.0
CH)Cl, 150 7.3 0.00 913 278 08 4.16 0.1 549 00 4.00 0.1 347 03 6.10 0.0 6.65 00 432 01 543 0.0 6.66 0.0
Acetone 142 8.1 0.00 89.2 244 14 393 0.1 518 00 336 03 284 07 562 00 652 00 411 01 522 00 626 0.0
Acetonitrile 1.07 13.6 0.00 83.0 2.32 1.7 385 0.1 506 00 3.11 04 260 10 543 00 647 00 404 0.1 514 00 6.11 0.0
DMSO 1.04 14.1 0.00 82.2 228 1.8 382 0.1 5.01 0.0 3.02 05 252 12 536 00 645 0.0 402 0.1 511 00 6.07 00
Methanol 1.08 134 0.00 833 233 1.6 386 0.1 507 00 314 04 264 10 545 00 648 00 405 01 515 00 613 0.0

Water 1.01 14.8 0.00 81.0 222 19 3.79 0.1 496 00 291 06 242 14 527 0.0 643 00 398 01 508 0.0 6.00 0.0
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Table S5: Compound 2 conformer relative energies (AH) in kcal mol" and corresponding populations (%P) obtained at the B3LYP-D3/aug-cc-pVDZ level for the
isolated compounds and by using the IEF-PCM implicit solvent model with dichloromethane, acetone, acetonitrile, DMSO, methanol and water dielectric
constants.

2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 21

AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P AH %P

Isolated 1.28 10.3 0.00 89.7 490 00 563 00 688 00 642 0.0 633 00 792 00 738 0.0 6.17 00 6.87 00 936 00
CH)Cl, 161 6.1 0.00 926 282 0.8 423 01 559 00 394 0.1 351 02 620 00 691 0.0 448 00 553 00 701 00
Acetone 1.59 6.2 0.00 912 248 14 4.03 0.1 529 00 333 03 292 0.7 572 0.0 6.79 00 429 01 531 00 6.63 0.0
Acetonitrile 1.17 11.8 0.00 85.1 236 1.6 395 0.1 5.17 00 3.10 05 269 09 554 00 674 00 423 01 522 00 648 0.0
DMSO 1.14 123 0.00 843 232 1.7 393 0.1 513 00 3.02 05 262 1.0 548 0.0 6.72 00 420 01 520 0.0 644 0.0
Methanol 1.18 11.6 0.00 854 237 15 396 0.1 5.18 0.0 3.13 04 272 09 556 00 6.74 0.0 423 0.1 524 00 650 00

Water 1.10 129 0.00 83.2 226 1.8 390 0.1 507 00 292 06 252 12 539 00 670 00 4.18 0.1 516 0.0 637 0.0
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Table S6: Compound 2 conformer relative energies (AG) in kcal mol" and corresponding populations (%P) obtained at the B3LYP-D3/aug-cc-pVDZ level for the
isolated compounds and by using the IEF-PCM implicit solvent model with dichloromethane, acetone, acetonitrile, DMSO, methanol and water dielectric
constants.

2a 2b 2c 2d 2e 2f 2g 2h 2i 2j 2k 21

AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P AG %P  AG %P

Isolated 0.74 223 0.00 77.3 536 0.0 6.03 0.0 693 00 6.19 00 6.14 00 7.83 0.0 697 00 621 00 767 0.0 1022 0.0
CH,Cl, 0.64 25.1 0.00 744 339 02 422 0.1 537 00 439 00 3.64 02 642 00 723 00 516 00 605 00 798 0.0
Acetone 0.70 232 0.00 75.7 3.06 04 393 0.1 5.12 00 3.78 0.1 3.13 04 567 00 7.16 0.0 5.00 00 580 00 754 0.0
Acetonitrile 0.63 254 0.00 73.2 292 05 4.04 0.1 498 00 357 02 294 05 544 00 7.16 0.0 495 00 571 00 742 0.0
DMSO 0.61 25.8 0.00 72.7 2.87 0.6 4.06 0.1 492 0.0 349 02 285 06 536 00 7.16 0.0 492 00 567 0.0 7.38 0.0
Methanol 0.64 25.0 0.00 73.7 294 05 4.03 0.1 500 00 3.60 02 29 05 547 00 7.16 00 49 00 572 00 7.44 0.0

Water  0.61 25.7 0.00 72.6 2.80 0.6 4.08 0.1 484 00 340 02 276 0.7 527 0.0 7.16 00 489 00 563 00 734 00
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Figure S1: Geometrical representations of Ac-Ala-NHMe conformers obtained at the B3LYP-D3/aug-cc-pVDZ level.
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Figure S2: Geometrical representations of Ac-Ala-N(Me), conformers obtained at the B3LYP-D3/aug-cc-pVDZ level.
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Table S7: QTAIM molecular graphs of compound 1 most stable conformers obtained from
B3LYP-D3/aug-cc-pVDZ optimisations. Electron density (p), Laplacian of the electron density
(Vzp) and ellipticity values (g, au) in the N-H-*O (1a-1c¢) and N-H*N (1d) intramolecular
hydrogen bond (IHB) bond critical point (BCP) are indicated for each case.

1a 1b 1c 1d 1j

p 0.022 --- 0.029 0.017 -

Vp +0.065 --- +0.095 +0.065 -
€ 0.035 --- 0.038 1.261 ---
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Figure S3: Graphs of ELF value along the bond path of the IHBs for the most stable conformers of compound 1. The graph for compound 1j measures ELF
values on the C=0-"-C bond path. Core valence bifurcation index (CVBI) values (au) for each case obtained from those graphs are also indicated.
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Figure S4: Graph of the RDG vs sign(4,)p for the main conformers of compound 1. Values of sign(4,)p (au) corresponding to IHBs peaks in the (RDG) vs
sign(4,)p graphs are given for each case.
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Figure S5:. DORI vs sign(4,)p graphs for the most stable conformers of compound 1. DORI values were multiplied by 10* in order to obtain sharper

DORI peaks.
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Figure S6: NBO plots of n — ¢*yy interactions for main conformers of 1. Figures were obtained at the B3LYP-D3/aug-cc-pVDZ level with an isovalue of
0.04 au. n — c*yy energy values are given in kcal mol™.
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Table S8: QTAIM molecular graphs of compound 2 most stable conformers obtained from
B3LYP-D3/aug-cc-pVDZ optimisations. Electron density (p), Laplacian of the electron density
(Vzp) and ellipticity values (g, au) in the C-H'-O=C (2a) and C-H:*O=C (2b) IHB bond critical
point (BCP) are indicated.

2a 2b

P 0.012 0.021
Vp +0.034 +0.086
& 0.136 1.760
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Figure S7: ELF localization domains, built with an 0.8 au isodensity value, and graphs of ELF value along the bond path of the IHBs for the most stable
conformers of compound 2. Core valence bifurcation index (CVBI) values (au) for each case obtained from those graphs are also indicated.
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Figure S8: Graph of the RDG vs sign(4,)p for the most stable conformers of compound 2. Values of sign(4,)p (au) corresponding to IHBs peaks in the (RDG)
vs sign(A,)p graphs are given for each case. NCI figures were obtained with a blue-green-red scale ranging from -0.02 < sign/, < 0.02 au and with a RDG cutoff
of 0.5 au. Sign(4,)p values given are related to the C-H***O=C (2a) and N-H--*O=C IHBs (2b).
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Spectrum S1: Experimental "H NMR spectrum of Ac-Ala-NHMe in CD,Cl,.
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Spectrum S3: Experimental 'H NMR spectrum of Ac-Ala-NHMe in acetone-d.
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Spectrum S4: Experimental 'H NMR spectrum of Ac-Ala-NHMe in acetone-d, (irradiated CHj signal at ~1.3 ppm).
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Spectrum S5: Experimental 'H NMR spectrum of Ac-Ala-NHMe in CD;CN.
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Spectrum S6: Experimental 'H NMR spectrum of Ac-Ala-NHMe in CD;CN (irradiated CH; signal at ~1.3 ppm).
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Spectrum S7: Experimental "H NMR spectrum of Ac-Ala-NHMe in DMSO-ds.
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Spectrum S8: Experimental 'H NMR spectrum of Ac-Ala-NHMe in DMSO-d; (irradiated CH; signal at ~1.3 ppm).
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Spectrum S9: Experimental 'H NMR spectrum of Ac-Ala-NHMe in CD;OH.
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Spectrum S10: Experimental '"H NMR spectrum of Ac-Ala-NHMe in CD;OH (irradiated CHj signal at ~1.3 ppm).
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Spectrum S11: Experimental "H NMR spectrum of Ac-Ala-NHMe in H,0, using D,O in a insertion tube.
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Spectrum S12: Experimental 'H NMR homonuclear decoupling spectrum of Ac-Ala-NHMe in H,0, using D,O in a insertion tube (irradiated CHj signal at
~1.3 ppm).
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