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Optimization of the reaction conditions

Table S1. Tested conditions for diastereoselective formation of oxazoline 2.2

Entry | Solvent | Base® Additive® | Notes Yield (%)¢ 2:3¢ d.rf

1 THF TEA none - 63 70:30 76:24

2 THF | TEA | none TEA-deactivated silica ~ for | -, 90:10 85:15
chromatographic purification

3 DCM DIPEA | PPhs - 73 85:15 >99:1

4 DCM | DIPEA | PPh; TEA-deactivated silica  for | 100:0 599:1
chromatographic purification

[a] Typical general conditions: 1 equiv. of ethyl isocyanoacetate, 1 equiv. of 1, CuCl 5 mol %. [b] TEA 5 mol %, DIPEA 10 mol %. [c] 10
mol %. [d] Sum of 2 and 3 after chromatographic purification. [e] Determined after flash chromatography of the crude by 'H NMR. [f]
trans:cis ratio, determined upon conversion to 4, either after chromatographic separation of diastereoisomers (entries 1-2) or through 1H
NMR analysis of crude 4 (entries 3-4).

Table S2. Tested conditions for fluorination of 5.2

Entry ig‘::ti“aﬁ“g Equiv. E:‘;ﬂiitvi;e Addition order® | T (°C)* (S;::Ilfol) ?f;ceﬁi"“ Yield:
1 XtalFluor-E® 1.5 DBU (1.5) A -78 tor.t. 0.1 4h traces
2 XtalFluor-E® 1.5 DBU (1.5) A -78 tor.t. 0.1 overnight traces
3 PyFluor 1.1 DBU (2) A r.t. 0.1 48 h n.ds
4 DAST 5 None A -78t0 0 0.2 overnight 38 %
5 DAST 5 None A -78t0 0 0.5 overnight 42 %
6 DAST 5 None A -78t0 0 0.5 3h 25 %
7 DAST 1.1+1.1 None A -78t0 0 0.15 overnight 17 %
8 DAST 15+1 None A Otor.t. 0.15 2h+2h 35 %
9h DAST 15+1 Na.COs (1.2) A Otor.t. 0.15 2h+2h 27 %
10 DAST 25 None A Otor.t. 0.15 lh 16 %
11 DAST 2 None B Otor.t. 0.15 15h 46 %
12 DAST 2 None B Otor.t. 1 15h 29 %
13 DAST 15 None C Otor.t. 1 15h 10 %
14 DAST 2 None C -78 tor.t. 0.15 3h 58 %
15 DAST 2 None C -78 tor.t. 3.75 lh 32 %
16 DAST 2 None C -78 tor.t. 3.75 3h 25 %
17 DAST 2 None C -78t0 0 2 3h 29 %
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[a] Typical general condition: under inert atmosphere (N2), anhydrous DCM as the solvent, quenched (for entries 1-3 the volatiles were
simply removed under reduced pressure) with saturated aqueous NaHCO; added either at O °C (entries 4-13) or at -78 °C (entries 14-17). [b]
A: neat fluorinating agent was added to a DCM solution of the alcohol; B: alcohol added to the fluorinating agent (both in DCM); C: a DCM
solution of fluorinating agent was added to a DCM solution of the alcohol. [c] Room temperature (r.t.) was reached by simple removal of
either -78 °C or ice bath, whilst 0 °C was reached by simple switch to ice bath. [d] Starting from removal/switch of bath. [e] Determined
either by '"H NMR and "?F NMR analysis on the crude mixture (entries 1-3) or after flash chromatography (entries 4-17). [f] Performed in
toluene with non-anhydrous conditions. [g] Not detected. [h] Performed in dry THF.
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Table S3.
Titration data

4-Fluoro-threonine Threonine
V@ pH | vy pH | V@)  pH | Vvl  pH | VL) pH
0 1.47 0 142 0 1.36 0 1.29 0 1.7
50 1.52 50 1.48 50 1.39 50 13 50 1.8
100 1.61 100 1.52 100 1.47 100 1.34 100 1.98
150 1.76 150 1.63 150 1.58 150 142 150 2.16
200 1.96 200 1.77 200 1.72 200 1.53 200 243
250 2.22 250 1.95 250 1.93 250 1.65 210 2.5
270 2.37 300 2.19 300 221 300 1.82 220 2.58
290 2.57 350 2.54 350 2.68 350 2.05 230 2.66
310 2.85 360 2.65 360 2.85 400 235 240 2.76
320 3.07 370 2.77 370 3.13 410 2.44 250 2.87
330 343 380 2.96 380 3.76 420 2.54 260 3.02
340 4.14 390 322 390 6.82 430 2.64 270 32
350 498 400 3.76 400 743 440 2.76 280 3.52
360 6.48 410 4.56 410 7.72 450 2.89 290 43
370 7.32 420 5.37 420 7.93 460 3.07 300 691
380 7.64 430 6.8 430 8.09 470 332 310 7.74
390 7.85 440 745 440 8.24 480 3.86 320 8.07
400 8.02 450 7.73 450 8.35 490 7.14 330 8.27
410 8.15 460 7.92 460 847 500 7.87 340 8.42
420 8.28 470 8.08 470 8.58 510 8.12 350 8.55
430 8.39 480 8.2 480 8.7 520 8.33 360 8.66
440 8.49 490 8.32 490 8.81 530 8.48 370 8.75
450 8.59 500 843 500 8.93 540 8.63 380 8.84
460 8.7 510 8.52 510 9.09 550 8.72 390 8.92
470 8.8 520 8.62 520 9.24 560 8.83 400 9.02
480 891 530 8.71 530 944 570 8.93 410 9.1
490 9.04 540 8.8 540 9.71 580 9.04 420 9.19
500 9.17 550 891 550 10.1 590 9.12 430 9.26
510 9.33 560 9.03 560 10.79 600 9.19 440 9.37
520 9.55 570 9.16 570 11.15 610 9.31 450 947
530 9.85 580 9.34 580 11.33 620 941 460 9.59
540 10.38 590 9.53 590 11.47 630 9.53 470 9.72
550 1091 600 9.79 600 11.57 640 9.67 480 9.87
560 11.21 610 10.15 610 11.64 650 9.85 490 10,08
570 11.38 620 10,65 620 11.72 660 10,09 500 10,34
580 115 630 11.03 630 11.77 670 10,48 510 10,7
590 11.59 640 11.23 640 11.82 680 10,94 520 11.03
600 11.66 650 11.37 650 11.86 690 11.21 530 11.25
650 11.88 700 11.72 700 12 700 11.39 540 11.38
700 11.99 750 11.88 750 12.1 710 11.5 550 11.49
750 12.08 800 12.01 800 12.17 720 11.6 560 11.57
800 12.15 850 12.09 850 12.22 730 11.67 570 11.63
900 12.17 900 12.27 740 11.73 580 11.68
800 11.95 600 11.79
850 12.05 650 11.93
900 12.14 700 12.04
750 12.11
800 12.17
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Figure S1. Titration curves of 4F-Thr.
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Figure S2. Titration curves of Thr.
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Conformational Analysis

Table S4. AE and AG values (in kJ mol ™) of different conformers of 4F-Thr, at the B2 (B2PLYP-D3(BJ)/jun-cc-pVTZ) level
of theory, with respect to the most stable conformer for each form.*

Conf. AE 4G Conf. AE 4G Conf. AE 4G
4FT-A-1 0.0 0.0 4FT-Z-1 0.0 0.0 4FT-C-1 0.0 0.0
4FT-A-2 4.4 3.7 4FT-Z-2 1.8 0.8 4FT-C-2 53 5.9
4FT-A-3 13.2 10.2 4FT-Z-3 4.5 2.8 4FT-C-3 9.2 11.2
4FT-A-4 15.9 11.9 4FT-Z-4 5.8 4.5 4FT-C-4 17.4 14.1
4FT-A-5 17.7 14.4 4FT-Z-5 6.1 6.0 4FT-C-5 15.4 14.7
4FT-A-6 20.2 16.3 4FT-Z-6 5.1 6.1 4FT-C-6 26.2 24.1
4FT-A-7 31.7 29.1 4FT-Z-7 233 21.6

2 A stands for anionic, Z for zwitterionic, and C for cationic.

Table S5. Root mean square displacements in A between the zwitterionic and cationic forms of 4F-Thr. The hydroxy hydrogen of
the cationic form was excluded in the rms calculations.

4FT-Z-1 4FT-Z-2 4FT-Z-3 4FT-Z-4 4FT-Z-5 4FT-Z-6 4FT-Z-7
4FT-C-1 0.3305 0.7908 0.7257 0.7619 1.2391 1.3498 1.3442
4FT-C-2 0.7299 0.2203 0.785 0.7291 0.8571 1.1194 1.1143
4FT-C-3 1.2503 0.8701 1.1683 1.11 0.2242 1.1839 0.9013
4FT-C-4 0.365 0.8069 0.7489 0.7785 14223 1.3207 1.3065
4FT-C-5 0.7744 0.3773 0.7371 0.759 0.9183 1.1777 1.135
4FT-C-6 1.319 1.1185 1.4021 1.3783 0.9734 0.5765 0.2866

Table S6. Root mean square displacements in A between the zwitterionic and anionic forms of the 4F-Thr. The hydrogen atoms of

NH: and NH; groups were excluded in the rms calculations.

4FT-Z-1 4FT-Z-2 4FT-Z-3 4FT-Z-4 4FT-Z-5 4FT-Z-6 4FT-Z-7

4FT-A-1 1.4481 1.374 1.6204 1.5612 1.3404 0.8464 1.0339
4FT-A-2 0.9323 0.5178 0.9052 0.9095 0.8723 1.2346 1.1479
4FT-A-3 0.8012 1.0979 1.0343 1.1094 1.3651 1.4092 1.4374
4FT-A-4 0.8346 0.3293 0.8822 0.8259 0.9293 1.1058 1.173

4FT-A-5 1.3828 0.9984 1.2633 1.2566 0.4025 1.0645 0.9785
4FT-A-6 1.2886 1.296 1.0475 1.0547 0.9149 1.3064 1.2219
4FT-A-7 1.6059 1.3952 1.4538 1.435 0.8469 1.3562 1.2294
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Table S7. Root mean square displacements in A between the anionic forms of the 4F-Thr and Thr. The hydrogen and fluorine atoms
of the methyl groups were excluded in the rms calculations.

4FT-A-1 4FT-A-2 4FT-A-3 4FT-A-4 4FT-A-5 4FT-A-6 4FT-A-7
T-A-1 1.3008 0.6015 04272 1.0917 1.1286 10113 1.252
T-A-2 1.2305 0.7113 0.1362 0.6507 1.0425 1.0641 1.1408
T-A-3 1.0479 0.0894 0.727 0.5521 0.9092 0.9334 1.0986
T-A-4 1.0609 0.5422 0.7106 0.0917 1.0056 1.0365 1.1657

Table S8. Root mean square displacements in A between the zwitterionic forms of the 4F-Thr and Thr. The hydrogen and fluorine
atoms of the methyl groups were excluded in the rms calculations.

4FT-Z-1 4FT-Z-2 4FT-Z-3 4FT-Z-4 4FT-Z-5 4FT-Z-6 4FT-Z-7
T-Z-1 0.3302 0.3606 0.1142 0.9803 0.8641 1.0767 1.2937
T-Z-2 0.099 0.0859 0.2944 0.1001 0.8458 1.0904 1.0682
T-7Z-3 0.8358 0.8176 0.8208 0.8251 0.0838 1.2072 0.8882
T-Z-4 1.2526 1.0596 1.0737 1.0588 0.9583 04517 0.3315
T-Z-5 1.3026 1.0731 1.1099 1.0806 0.9189 0.4941 0.1056

Table S9. Root mean square displacements in A between the cationic forms of the 4F-Thr and Thr. The hydrogen and fluorine atoms
of the methyl groups were excluded in the rms calculations.

4FT-C-1 4FT-C-2 4FT-C-3 4FT-C-4 4FT-C-5 4FT-C-6
T-C-1 0.2727 0.1064 0.9103 0.489 0.5023 1.1482
T-C-2 0.4797 0.5487 1.0299 0.737 0.1177 1.2047
T-C-3 0.3915 0.4664 0.8873 0.2064 0.7305 1.0967
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Thr-A Thr-Z Thr-C

Figure S3. Clusters containing the water molecules of the first-solvation shell for the anionic (left), zwitterionic (middle),
and cationic (right) forms of Thr.

Simulated NMR Chemical Shifts and J spin-spin coupling constants
Threonine

17

Table S10. Experimental and Boltzmann averaged chemical shifts in ppm of Thr in zwitterionic form. B3 stands for B3ALYP-D3(BJ),
juldz for jul-cc-pVDZ, juntz for jun-cc-pVTZ.

Nucleus Index Exp. B3juldz B3juntz
B3C 1-C 1734 167.68 171.17
B3C 4-C 61.0 59.87 60.80
B3C 10-C 66.5 66.86 67.66
3C 14-C 20.1 17.53 16.55
'H 5-H 3.57 3.10 3.19
'H 11-H 424 437 447
'H CH; 1.32 0.88 0.97
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Table S11. Experimental and absolute values of the Boltzmann averaged simulated J spin-spin coupling constants (Hz) of Thr in zwitteri-
onic form. B3 stands for B3LYP-D3(BJ), juldz for jul-cc-pVDZ, juntz for jun-cc-pVTZ.

Exp. B3juldz B3juntz
Index Nucleus Index Nucleus spinspin mixed spinspin mixed
5 'H 11 'H 4.9 2.04 246 2.19 2.59
11 'H CH; 'H 6.6 5.06 6.92 6.09 721

4-Fluoro-threonine

Table S12. Experimental and Boltzmann averaged chemical shifts in ppm of 4F-Thr in zwitterionic form. B3 stands for B3LYP-
D3(BJ), juldz for jul-cc-pVDZ, juntz for jun-cc-pVTZ.

Nucleus Index Exp. B3juldz B3juntz
13C 1-C 172.5 166.88 170.29
B3C 4-C 56.8 54.58 55.15
BC 10-C 68.4 68.46 69.31
B3C 14-C 85.6 84.76 87.54
'H 5-H 3.87 3.26 3.37
'H 11-H 435 4.60 4.70
'H 15-H 4.72 437 440
'H 16-H 4.60 4.39 442
F 17-F -232 -238.26 -245.23
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Table S13. Experimental and absolute values of the Boltzmann averaged simulated J spin-spin coupling constants (Hz) of 4F-Thr in zwit-
terionic form. B3 stands for B3LYP-D3(BJ), juldz for jul-cc-pVDZ, juntz for jun-cc-pVTZ.

Exp. B3juldz B3juntz

Index Nucleus Index Nucleus spinspin mixed spinspin mixed
4 13C 17 F 44 225 1.57 1.14 1.61
10 13C 17 F 19.1 16.88 17.58 15.14 18.14
14 13C 17 F 163.3 162.01 220.90 206.60 215.26
5 'H 11 'H 4.7 1.25 1.40 124 1.46
11 'H 15 'H 37 431 592 524 6.17
11 'H 16 'H 3.1 301 3.98 353 4.14
15 'H 16 'H 10.8 9.51 11.07 9.12 11.16
11 'H 17 F 249 17.66 21.28 17.87 21.80
15 'H 17 F 46.6 31.88 52.04 41.25 5293
16 'H 17 F 470 31.81 51.85 41.25 52.75

OH

H & 4.60/4.39
2y F = 47.0/31.8
2Jp 4= 10.8/9.51
3y =3.1/3.01

OH

13C ¢ 173.41167.7

COOr

13C &: 66.5/66.9
H &: 4.24/4.37

3C 8 61.0/59.9

H3;C

8C 8 20.1/17.5 "H ¢ 3.57/3.10
1H & 1.32/0.9 Sy =4.912.0
3Jpp = 6.6/5.1

NH5*

H & 4.72/4.37 H
2y r = 46.6/31.9

SUpp=3.7/4.31

H

N

9F & -232/-238

2Jpy = 46.8/31.9 F
gy = 2491177

13C & 85.6/84.8
TJoF = 167.3/162.0

8C & 68.4/68.5
2JcF=19.116.9
H & 4.35/4.6

13C ¢:172.5/166.9

COOr

13C ¢ 56.8/54.6
SJoF=4.412.3
H & 3.87/3.3
SIyp=4.71.3

NH5*

Figure S4. Experimental (red values) and simulated (blue values) chemical shifts (0 in ppm) and coupling constants (J
in Hz) of the zwitterionic form of Thr (left) and 4F-Thr (right) in D>O. Simulated values taken at the B3/jul-cc-pVDZ

(spin-spin) level.
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Molecular Structures

Table S14. Molecular structures and key atomic distances of Anionic 4F-Thr.

4F-Thr-A-1

4F-Thr-A-2

4F-Thr-A-3

4F-Thr-A-4

4F-Thr-A-5

4F-Thr-A-6

Table S15. Molecular structures and key atomic distances of Zwitterionic 4F-Thr.

4F-Thr-Z-1

4F-Thr-Z-2

4F-Thr-Z-3
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4F-Thr-Z-4

4F-Thr-Z-5

4F-Thr-Z-6

4F-Thr-Z-7

Table S16. Molecular structures and key atomic distances of Cationic 4F-Thr.

4F-Thr-C-1

4F-Thr-C-2

4F-Thr-C-3
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4F-Thr-C-4

4F-Thr-C-5

4F-Thr-C-6
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Cartesian coordinates in XYZ format

In the following, the number of imaginary frequencies (IF), the electronic energy (EE) and the sum of electronic and thermal

Free Energies (TE) in Hartree at B2 level of theory are reported in the comment line of xyz format (Angstrom).

Anionic 4F-Thr

16
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Figure S17. 'H (top) and *C (bottom) NMR spectra of Thr (D0, 400 and 101 MHz, respectively).
Methanol was added as a reference (3.34 ppm for 'H NMR and 49.5 ppm for *C NMR).
Thr, '"H NMR &: 4.24 (1H,dq,J = 6.6,4.9 Hz),3.57 (1H,d,J =49 Hz), 1.32 (3H, d,J = 6.6 Hz).

BC NMR &: 173.4,66.5,61.0,20.1.
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Figure S18. Stacked 'H (top) and *C (bottom) NMR spectra (DO, 400 and 101 MHz, respectively)
of Thr (red) and 4F-Thr (green). Methanol was added as a reference (3.34 ppm for 'H NMR and 49.5
ppm for 3C NMR).
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