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1 General aspects and materials

Reactions requiring anhydrous conditions were performed under dry nitrogen or
argon atmospheres in glassware that was dried using either a combination of
vacuum and heat-gun or oven. Reaction mixtures were stirred magnetically. Air- and
moisture-sensitive liquids and solutions were transferred via syringe or cannula into
the reaction vessels through rubber septa. All reagents and solvents were purchased
at the highest commercial quality available and used as received. Anhydrous
solvents were obtained from a purification column composed of activated alumina (A-
2). Yields refer to spectroscopically pure compounds unless otherwise stated. Flash
chromatography was performed on silica gel (Merck Kieselgel 60 Fzs4 230-400
mesh). Reactions were monitored by thin layer chromatography (TLC) using
aluminium-backed silica plates (0.2 mm, 60 Fzs4) from Merck. Visualization was
achieved using UV fluorescence (254 and 366 nm), ninhydrine / A, phosphomolybdic
acid / A, potassium permanganate / A. '"H-NMR: chemical shifts (54) are reported in
parts per million (ppm) and referenced to the appropriate NMR solvent peak(s). 3¢-
NMR: chemical shifts (3.) are reported in ppm, referenced to the appropriate solvent
peak(s) and are assigned as C, CH, CH,, CHgs, Ar, ArH. "®F-NMR: chemical shifts (5¢)
are reported in parts per million (ppm) and are referenced to CFCls. Appropriate
susceptibility corrections were applied if the standard was added using a coaxial
insert. In some of the 'F NMR spectra a second set of signals appeared over time.
This impurity presumably results from H/D exchange of the NH proton in the
presence of residual D,0O.

In 'H, "*C and "F-NMR spectra, the unsigned coupling constants are reported. For 2
the sign of the *Jur coupling constant was determined to be negative by analysis of a
constant-time "*C-HMBC spectrum. We therefore assume that the sign is negative for
all *Jur couplings. HRMS: high resolution mass spectra were recorded on a Bruker
maXis (UHR-TOF) for high-resolution electrospray ionisation (HR-ESI) mass
spectrometry, on a Bruker solariX 94 (ESI/MALDI-FT-ICR) and a Bruker Ultra-Flex Il
(MALDI-TOF) spectrometer for high-resolution MALDI spectra or an El-Sector-MS.
Elemental analysis: determination of C, H, and N performed with a LECO TruSpec
Micro instrument. Determination of O performed with a LECO 628 O Micro
instrument. Determination of halogens in the sample by Schoniger oxidation. Other
instruments used: HEKAtechEuroVector. IR: recorded on neat compounds using an
Agilent Technologies Cary 630 FTIR. Only selected peaks are shown. NMR spectra
were recorded on a Varian Mercury-VX 300, a Bruker AV 11l 300 (300 MHz/75 MHz),
a Bruker AV 1ll HD 400 (400 MHz/100 MHz), a Bruker AV IIl 500 (500 MHz/126 MHz)
or a Bruker AV Ill HD 500 (500 MHz/126 MHz). mp: measured on a hotstage melting
point apparatus (Buchi B-540). X-Ray: Full data is listed with the corresponding
compounds and as cif files. The F-MTM 2-fluoro-3-((4-methoxyphenyl)thio)-3-
oxopropanoate (8) was synthesized according to a previously reported procedure.’
All literature known compounds were characterized by comparison of at least two
pieces of spectral data with those reported in the literature.
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2 DFT calculations

All DFT calculations were carried out using Gaussian 09 (Rev. C.01 and D.01).2
Geometry optimizations and frequency calculations were carried out at the
B3LYP/AUG-cc-pVTZ level of theory® * in vacuo or in a solvent reaction field using
the polarizable continuum model (IEFPCM).> © Constrained optimization of 1 was
carried out in vacuo using the “modredundant’ option. *Jynr spin-spin coupling
constants were calculated using a two-step procedure: Paramagnetic spin-orbit
(PSO), diamagnetic spin-orbit (DSO) and spin-dipole (SD) contributions to the *Jnnr
coupling constant were calculated at the B3LYP/AUG-cc-pVTZ level of theory. The
Fermi contact term was calculated using the uTZ-w basis set obtained by
uncontracting pVTZ and adding tight s-functions.” NBO analyses were carried out
using NBO 5.9 and are based on single-point energy calculations at the
B3LYP/AUG-cc-pVTZ level of theory of conformers previously optimized in vacuo at
the same level of theory.

2.1 2-Fluoro-N-methylpropanamide (1)

0]

HsC _CH
3 \HJ\N 3
H

F
1

A series of constrained optimizations was carried out by fixing the F-C-C=0 dihedral
angle (©) in 1. Table 1 and Figure 1 show the resulting ® dependence of the relative
energy (E) of 1.
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Table 1. B3LYP/AUG-cc-pVTZ energy (E) as a function of the dihedral angle ©
relative to the lowest energy conformation.

Dihedral
angle ® (°) Rel. E (kcal/mol)

0 6.7
15 7.0
30 7.1
45 7.0
60 6.9
75 6.5
90 6.0
105 5.2
120 4.0
135 2.5
150 1.1
165 0.2
180 0
195 0.5
210 1.5
225 2.6
240 3.6
255 4.2
270 4.6
285 4.8
300 5.0
315 5.3
330 5.7
345 6.2
360 6.7
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Figure 1. BBLYP/AUG-cc-pVTZ energy (E) in kcal/mol as a function of the dihedral
angle ® (F-C-C=0) in N-methyl a-fluoro propionamide (1); ap = antiperiplanar,
sp = synperiplanar.

For each of the conformations listed in Table 1 the “Jxur coupling constant was
calculated. The resulting total coupling constants as well as the contributions of the
four Ramsey terms are listed in Table 2 and shown in Fig. 2.
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Table 2. Dihedral angle dependence of “Jir in 1. The four Ramsey terms are
designated as follows. FC: Fermi contact, SD: Spin-dipole. DSO: Diamagnetic spin-
orbit, PSO: Paramagnetic spin-orbit.

Dihedral angle O (°)
0
15
30
45
60
75
90
105
120
135
150
165
180
195
210
225
240
255
270
285
300
315
330
345
360

Total J (Hz) FC (Hz)

-0.5
-0.8
-0.8
-0.5
-0.6
-0.9
11
-0.9
-0.1
-0.4
16
3.4
4.4
3.8
-2
-0.8
-0.4
1.4
16
1.4
-0.8
-0.3
-0.1
-0.2
-0.5

0.9
0.5
0.4
0.4
0.2
-0.2
-0.5
-0.4
0.5
0.4
-0.5
-2.1
-3
-2.6
-1
-0.2
-0.1
-1.2
-1.1

-0.6
0.2
0.8
1
1
0.9

SD (Hz) PSO (Hz)

0
0
-0.1
-0.1
-0.4
-0.6
-0.6
-0.5
-0.4
-0.3
-0.2
0
0
0
-0.1
-0.3
-0.4
-0.5
-0.7

-0.7
-0.5
-0.3
-0.1
0
0

-0.1
-0.1
0.1
0.1
0.2
0.1
-0.3
-0.8
1.5
2.4
3.2
3.7
-4
3.7
3.1
2.2
1.3
-0.6
-0.2
0
0.1
0
0
-0.1
-0.1

DSO (Hz)
-1.3
1.3
1.1
1.1
-0.7
-0.3
0.2
0.8
1.4
1.9
2.2
2.5
2.5
2.5
2.3
1.9
1.4
0.8
0.3
-0.2
-0.5
-0.8
-1
1.2
-1.3

S7



-
-
&

B

o

]
Y

). [Hz]

0 60 120 180 240 300 360
O (FCCO) [°]

Figure 2. Dihedral angle dependence of *Jy in 1. The four Ramsey terms are
designated as follows. FC: Fermi contact, SD: Spin-dipole. DSO: Diamagnetic spin-
orbit, PSO: Paramagnetic spin-orbit.

The geometry of the conformer with ® (F-C-C=0)= 180° was further optimized
without restraint. As expected this lead only to minor changes (© (F-C-C=0)=
176.6°). The “Jyr coupling constant calculated for the resulting conformation is
-4.3 Hz. This geometry was also used for the NBO analysis.
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2.2 2-Fluoro-N-phenylpropanamide (3)

The conformer with ® (F-C-C=0) = 180° was optimized without restraint as outlined
above. This resulted in a final value of ® of 176°. The calculated coupling constant
for this optimized geometry was -7.0 Hz.

(0]
HSC\HLN
H

F
3

2.3 Methyl 3-(methylamino)-2-fluoro-3-oxopropanoate (4b)

Experimental data for compound 4 were compared with the results of DFT
calculations for the representative model compound 4b for which the benzyl group is
replaced by a methyl group.

O )

/CH3
H,CO™ 67, N

FH
4b

Two low energy conformations were considered for comparison with the
experimental “Jyur coupling constant: Conformation 1 with ©4 (F-C-C=0)= -173° and
0, (F-C-C=0)= -38° (global minimum) and conformation 2 with ®4 (F-C-C=0)= 179°
and 0, (F-C-C=0)= 120°. AG (difference of sum of electronic and thermal free
energies) between the two conformations is: 0.75 kcal/mol. For both conformations
the “Junr coupling constant was calculated as described above: Conformation 1:
-3.5 Hz Conformation 2: -2.9 Hz. The Boltzmann weighted average value for the
calculated *Jynr coupling constant is thus -3.3 Hz.
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3 Synthesis of a-fluoro amides

3.1 Synthetic route to a-fluoro propionamides

O ArSH (1.2 equiv) O R-NH, O
HBC%OH HCTU (1.2 equiv) HSC\HJ\S/N (2 - 3.5 equiv) HSC\HJ\N/R
Hiinig’s base (1.5 equiv) THF or CH,Cl, H
F DMF, rt, 12 h F rt, 15 min-12h F
A Ar=2F-CgH, (87%) 1 R =Me (40%)
B Ar = 2-naphthyl (89%) 2 R=Bn (77%)

3 R = Ph (65%)

S-(2-fluorophenyl) 2-fluoropropanethioate (A)

s

F F

To a solution of 2-fluoropropionic acid (0.13 mL, 1.58 mmol, 1 equiv) and HCTU
(784 mg, 1.896 mmol, 1.2 equiv) in DMF (1 mL, 1.5 M) was added Hunig’s base
(0.41 mL, 2.37 mmol, 1.5 equiv) and the reaction mixture was stirred for 10 min at
room temperature. To this solution of preactivated acid, 2-fluorothiophenol (0.2 mL,
1.896 mmol, 1.2 equiv) was added and the reaction mixture was stirred at room
temperature for 12 h. The reaction mixture was directly purified by flash column
chromatography (n-hexane 100% to n-hexane/EtOAc 95:5) and the product was
recovered as a white solid (278 mg, 87% yield). Recrystallization from CHCl,
afforded crystals that were analysed by X-ray crystallography

Rs = 0.42 (EtOAc/n-hexane, 1:9);

"H NMR (300 MHz, CDCl3, 25°C) &: 7.60-7.32 (m, 2H, ArH), 7.25-7.07 (m, 2H, ArH),
5.14 (dq, 2Jur = 48.5 Hz, 3Juy = 6.8 Hz, 1H, CH), 1.64 (dd, 3Jur = 24.0 Hz, 3Juy =
6.8 Hz, 3H, CHCH).

3C NMR (100 MHz, CDCls, 25°C) &: 197.0 (d, 2Jcr = 29.4 Hz, C=0), 162.5 (d, "Jcr =
250.2 Hz, Ar), 136.9 (ArH), 132.6 (d, >Jcr = 8.2 Hz, ArH), 124.9 (d, *“Jcr = 3.9 Hz,
ArH), 116.5 (d, 2Jcr = 22.6 Hz, ArH), 113.6 (dd, Jcr = 18.6 Hz, “Jcr = 6.5 Hz, Ar),
92.8 (d, 'Jcr = 185.5 Hz, CH), 18.7 (d, 2Jcr = 21.7 Hz, CHy).

F NMR (282 MHz, CDCls, 25°C) &: —106.33 (m, ArF), —181.14 (dq, 2Jur = 48.5 Hz,
JuF = 24.0 Hz).

HRMS (El): Calculated for [CoHgF20S]: 202.0259 m/z; found: 202.0262 m/z.

IR Vimax(neat)/cm™: 2992 (br, CH aliphatic and aromatic), 1706 (C=0).

Mp = 45-46 °C.
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S-(naphthalen-2-yl) 2-fluoropropanethioate (B)

w 1O

F

To a solution of 2-fluoropropionic acid (0.42 mL, 5.27 mmol, 1 equiv) and HCTU
(2.62 g, 6.32 mmol, 1.2 equiv) in DMF (2.6 mL, 2 M) was added Hunig’s base
(1.38 mL, 7.9 mmol, 1.5 equiv) and the reaction mixture was stirred for 5 min at room
temperature. To this solution of preactivated acid, naphthalene-2-thiol (1.04 g, 6.32
mmol, 1.2 equiv) was added and the reaction mixture was stirred at room
temperature for 12 h. The reaction mixture was directly purified by flash column
chromatography (toluene/n-hexane 1:1) and the product was recovered as a white
solid (1.098 g, 89% vyield).

Rs = 0.31 (toluene/n-hexane, 1:1);

'"H NMR (400 MHz, CD,Cl,, 25°C) 6: 8.04—7.97 (m, 1H, ArH), 7.96-7.79 (m, 3H, ArH),
7.63-7.50 (m, 2H, ArH), 7.46 (dd, *Juy = 8.6 Hz, *Juy = 1.8 Hz, 1H, ArH), 5.19 (dq,
2Jur = 48.8 Hz, Juy = 6.8 Hz, 1H, CH), 1.65 (dd, *Jur = 24.1 Hz, 3Juy = 6.8 Hz, 3H,
CHs).

3C NMR (101 MHz, CDCly, 25°C) &: 199.1 (d, 2Jcr = 28.5 Hz, C=0), 135.5 (ArH),
134.1 (Ar), 134.0 (Ar), 131.6 (ArH), 129.4 (ArH), 128.41 (ArH), 128.3 (ArH), 128.0
(ArH), 127.3 (ArH), 123.9 (d, *Jcr = 5.8 Hz, Ar), 93.4 (d, "Jcr = 184.8 Hz, CF), 19.1
(d, 2Jcr = 21.7 Hz, CHb).

F NMR (376 MHz, CD,Cly, 25°C) 6: —181.30 (dq, 2Jur = 48.8 Hz, >Juy = 24.1 Hz).
HRMS (El): Calculated for [C13H11FOS]: 234.0510 m/z; found: 234.0513 m/z.
Elemental analysis: calculated for [C13H11FOS]: [C] 64.64%, [H] 4.73 %, [O] 6.83%,
[F]18.11%, [S] 13.69%; found: [C] 66.89%; [H] 4.83%; [F] 8.10%.

IR vimax(neat)/cm™: 2992 (br, CH aliphatic and aromatic), 1691 (C=0).

Mp = 51-52 °C.

2-Fluoro-N-methylpropanamide (1)

O

HsC _CH
3 W)J\N 3
H
F

In a 10-mL flask charged with B (465 mg, 2.3 mmol, 1 equiv), a solution of methyl
amine in THF (4 mL, 2 M, 3.5 equiv) was added at 0 °C. The reaction was stirred for
30 min at room temperature. TLC analysis and NMR spectroscopic analysis of the
crude mixture revealed full conversion to the product. The product was purified by
distillation at atmospheric pressure (p = 100 mbar, temperature oil bath = 120 °C)
and dried for 30 seconds under high vacuum, to remove traces of THF. The pure
product was recovered a clear oil (97 mg, 0.92 mmol, 40% yield). Note: the moderate
yield was due to partial loss of product by evaporation.

R; = 0.53 (CH2Cl,/MeOH 95:5);
HRMS (ESI)*: Calculated for [C4HgFNO+H]: 106.0663 m/z; found: 106.0662 m/z.
IR vimax(neat)/em™: 3321 (NH), 2989 (br, CH aliphatic and aromatic), 1656 (C=0).
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'"H NMR (300 MHz, CDCls, 25 °C) &: 6.32 (br s, 1H, NH), 4.99 (dq, 2Jur = 49.5 Hz,
*Jun = 6.8 Hz, 1 H, CH), 2.88 (d, *Juy = 5.0 Hz, 3H, NHCH3), 1.57 (dd, 3Jyr = 24.8
Hz, 3Juy = 6.8 Hz, 3H, CHs).

3C NMR (126 MHz, CDCls, 25 °C) &: 171.4 (d, ?Jcr = 18.5 Hz, C=0), 89.1 (d, "Jcr =
182.5 Hz, CF), 25.8 (NHCHS5), 18.6 (d, 2Jcr = 21.5 Hz, CHs).

F NMR (282 MHz, CDCls, 25 °C) &: —182.31 (dqd, 2Jur = 49.5 Hz, *Jur = 24.8 Hz,
4 —

JHF =4.4 HZ).

'"H NMR (400 MHz, CH,Cl,, 25 °C) &: 6.36 (br s, 1H, NH), 4.95 (dq, 2Jyr = 49.5 Hz,
Jur = 6.8 Hz, 1H, CH), 2.81 (d, 3Juy = 4.9 Hz, 3H, NHCHs), 1.53 (dd, 3Jur = 24.8 Hz,
3Jur = 6.8 Hz, 3H).

3C NMR (101 MHz, CH,Cl,, 25 °C) &: 171.5 (d, 2Jcr = 18.9 Hz, C=0), 89.6 (d, "Jcr =
182.0 Hz, CF), 25.9 (NHCH?), 18.8 (d, 2Jcr = 21.6 Hz, CH3).

F NMR (376 MHz, CH.Cly, 25 °C) &: —182.75 (dqd, 2Jur = 49.5 Hz, 3Jur = 24.8 Hz,
*JuE = 4.3 Hz).

'"H NMR (300 MHz, acetone-ds, 25 °C) & 7.30 (br s, 1H, NH), 4.94 (dq, *Jur = 49.0
Hz, Ju = 6.8 Hz, 1H, CH), 2.76 (d, >Jun = 4.8 Hz, 3H, NHCHS), 1.45 (dd, 3Jur = 24.4
Hz, 3Jun = 6.7 Hz, 3H, CHs).

3C NMR (151 MHz, acetone-ds, 25 °C) & 171.2 (d, ?Jcr = 19.3 Hz, C=0), 89.5 (d,
'Jer = 181.0 Hz, CF), 25.7 (NHCH3), 18.8 (d, 2Jcr = 21.9 Hz, CHs).

F NMR (282 MHz, acetone-ds, 25 °C) 6: —183.35 (dqd, 2Jur = 49.0 Hz, 3Jur = 24.4
Hz, “Jur = 2.9 Hz). Processing: Zero filling from FID size = 65536 to spectrum
size = 131072; Apodization: Exponential = -0.4, Gaussian = 0.2.

'H NMR (500 MHz, CD3;OH with excitation sculpting, 25 °C) 6: 8.11 (br s, 1H, NH),
5.2-4.9 (m, 1H, CH), 2.77 (d, *Juy = 4.7 Hz, 3H, NHCH;), 1.49 (dd, >Jur = 24.3 Hz,
3Jur = 6.8 Hz, 3H, CHs).

3C NMR (126 MHz, CD3sOH, 25 °C) 6: 173.8 (d, Jcr = 19.8 Hz, C=0), 89.3 (d, "Jcr =
181.6 Hz, CF), 25.9 (NHCHS), 18.7 (d, 2Jcr = 22.2 Hz, CHs).

"F NMR (470 MHz, CD30H, 25 °C) &: —183.33 (dqd, 2Jur = 48.6 Hz, Jur = 24.3 Hz,
*Jur = 2.4 Hz). Processing: Zero filling from FID size = 83326 to spectrum
size = 262144; Apodization: Exponential = -0.75, Gaussian = 0.15.

"H NMR (300 MHz, DMSO-ds, 25 °C) &: 8.06 (br s, 1H, NH), 4.97 (dq, 2JF = 49.0 Hz,
*Jun = 6.7 Hz, 1H, CH), 2.62 (d, Juy = 4.6 Hz, 3H, CHas), 1.40 (dd, 3Jur = 24.5 Hz,
Jur = 6.7 Hz, 1H, 3H, CHs).

3C NMR (126 MHz, DMSO-ds, 25 °C) &: 170.1 (d, 2Jcr = 19.8 Hz, C=0), 88.0 (d, "Jcr
= 179.1 Hz, CF), 25.2 (NHCHS;), 18.4 (d, 2Jcr = 21.9 Hz, CHa).

F NMR (470 MHz, DMSO-ds, 25 °C) &: —181.04 (dqdq, 2Jur = 49.0 Hz, 3Jyr = 24.5
Hz, *Jue = 1.7 Hz, °Jue = 0.7 Hz). Processing: Zero filling from FID size = 214268 to
spectrum size = 524288. °Jur also measurable for Spectrum size = 1048576;
Apodization: Exponential = -0.3, Gaussian = 0.2.
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N-benzyl-2-fluoropropanamide (2)

O

H3C
3 \HJ\N/\Q
H
F

To a solution of A (202 mg, 1 mmol, 1 equiv) in CH2Cl2 (1 mL), benzylamine (0.22
mL, 2 mmol, 2 equiv) was added dropwise. The reaction mixture was stirred at room
temperature for 15 min. TLC analysis (n-hexane/ethyl acetate 8:2) revealed full
conversion to product. The reaction mixture was directly purified by flash column
chromatography (n-hexane/EtOAc 9:1 to 8:2) and the product was recovered as a
white solid (140 mg, 77% yield). Recrystallization from CH,Cl, afforded crystals that
were analysed by X-ray crystallography

Rs = 0.23 (EtOAc/n-hexane, 2:8);

HRMS (ESI)*: Calculated for [C1oH12FNO+H]": 182.0976 m/z; found: 182.0972 m/z.
Elemental analysis: calculated for [C1oH12FNO]: [C] 66.28%, [H] 6.67 %, [O] 8.83%,
[F] 10.48%, [N] 7.73%:; found: [C] 66.35%; [H] 6.65%; [F] 8.22%.

IR Vmax(neat)ecm™: 3337 (NH), 2939 (br, CH aliphatic and aromatic), 1651
(C=0),1248 (C-N).
Mp = 47-48 °C.

"H NMR (500 MHz, CDCls, 25 °C) &: 7.50 — 7.26 (m, 5H, ArH), 6.61 (br s, 1H, NH),
5.04 (dq, 2JuF = 49.5 Hz, Jun= 6.8 Hz, 1H, CH), 4.57 — 4.40 (m, 2H, CH,), 1.61 (dd,
JuE = 24.8 Hz, 3Juy = 6.8 Hz, 3H, CHs).

3C NMR (126 MHz, CDCls, 25 °C) & 170.7 (d, 2Jcr = 19.1 Hz, C=0), 137.7 (Ar),
129.0 (ArH), 128.0 (ArH), 127.9 (ArH), 89.1 (d, 'Jcr = 182.9 Hz, CF), 43.2 (CH>), 18.7
(d, 2Jcr = 21.5 Hz, CHb).

F NMR (470 MHz, CDCls, 25 °C) &: —182.08 (dqd, *Jur = 49.5 Hz, *Jur = 24.8, *Jue
= 4.6 Hz).

"H NMR (400 MHz, CD,Cl,, 25°C) 6: 7.65 — 7.00 (m, 5H, ArH), 6.72 (br s, 1H, NH),
5.03 (dq, 2Jur = 49.5 Hz, *Juy = 6.8 Hz, 1H), 4.52-4.39 (m, 2H, CH,), 1.58 (dd, >JuF =
24.8 Hz, ®Ju = 6.8 Hz, 3H, CHs).

3C NMR (100 MHz, CD,Cl,, 25°C) 8: 170.9 (d, 2Jcr = 19.1 Hz, C=0), 138.7 (Ar),
129.2 (ArH), 128.1 (ArH), 128.0 (ArH), 89.6 (d, 'Jcr = 182.3 Hz, CH), 43.3 (CHy),
18.9 (d, “Jcr = 21.5 Hz, CH3).

F NMR (376 MHz, CD,Cl,, 25°C) 8: —182.68 (dqd, 2Jur = 49.5 Hz, 2Jur = 24.8, *Uue
= 4.3 Hz).

'"H NMR (500 MHz, acetone-ds, 25 °C) &: 8.89 (br s, 1H, NH), 8.50 — 8.10 (m, 5H,
ArH), 6.06 (dq, 2Jur = 49.0 Hz, *Juy = 6.7 Hz, 1H, CH), 5.52 — 5.44 (m, 2H, CH,),
2.54 (dd, *Jur = 24.4 Hz, 3Juy = 6.7 Hz, 3H, CHs).

3C NMR (126 MHz, acetone-ds, 25 °C) &: 170.9 (d, %Jcr = 19.7 Hz, C=0), 140.3 (Ar),
129.2 (ArH), 128.3 (ArH), 127.8 (ArH), 89.4 (d, "Jcr = 181.1 Hz, CF), 42.9 (CH,), 18.8
(d, 2Jcr = 22.0 Hz, CHs).

""F NMR (470 MHz, acetone-ds, 25 °C) &: —183.18 (dqd, 2Jur = 49.0, 3Jur = 24.4, *Jur
= 2.8 Hz).
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'H NMR (500 MHz, CD30H, with excitation sculpting, 25 °C) 6. 9.42 (br s, 1H, NH),
8.27 — 7.75 (m, 5H, ArH), 5.77 (dq, 1H, %Jur = 48.8 Hz, *Juy = 6.8 Hz, 1H), 5.31 —
5.00 (m, 2H, CHy), 2.29 (dd, >Jxr = 24.2 Hz, *Jyy = 6.8 Hz, 3H, CHa).

3C NMR (126 MHz, CD30H, 25 °C) &: 173.2 (d, “Jcr = 20.1 Hz, C=0), 139.6 (Ar),
129.4 (ArH), 128.4 (ArH), 128.1 (ArH), 89.3 (d, "Jcr = 181.7 Hz, CF), 43.5 (CH>), 18.8
(d, 2Jcr = 22.3 Hz, CHb).

"F NMR (470 MHz, CD30H, 25 °C) &: —184.05 (dqd, 2Jur = 48.8 Hz, ®Juy = 24.2 Hz,
*JuE < 2.0 Hz).

'"H NMR (500 MHz, DMSO-ds, 25 °C) &: 8.69 (br s, 1 H, NH), 7.47 — 7.10 (m, 5H,
ArH), 5.06 (dq, 2Jur = 49.0 Hz, *Juy = 6.7 Hz, 1H, CH), 4.69 — 4.21 (m, 2H, CH,),
1.45 (dd, ®Jue = 24.5 Hz, *Juy = 6.7 Hz, 3H, CHs).

3C NMR (126 MHz, DMSO-ds, 25 °C) &: 169.8 (d, 2Jcr = 20.2 Hz, C=0), 139.2 (Ar),
128.3 (ArH), 127.1 (ArH), 126.8 (ArH), 87.9 (d, "Jcr = 178.9 Hz, CF), 41.7 (CH,), 18.5
(d, 2Jcr = 22.0 Hz, CHs).

F NMR (470 MHz, DMSO-ds, 25 °C) &: —181.00 (dqd, 2Jur = 49.0 Hz, *Jur = 24.5
Hz, *Jur = 1.7 Hz).

2-Fluoro-N-phenylpropanamide (3)

I
H;C /[ J
SW)LN
H

F

To a solution of A (185 mg, 1 mmol, 1 equiv) in CH,Cl; (0.45 mL), aniline (0.17 mL, 2
mmol, 2 equiv) was added dropwise. The reaction mixture was stirred at room
temperature for 24 hours. The reaction mixture was directly purified by flash column
chromatography (n-hexane/EtOAc 9:1 to 8:2) and the product was recovered as a
white solid (100 mg, 0.65 mmol, 65% yield). X-ray crystal structure obtained by
recrystallization from CH,Clz/n-hexane.

Rs = 0.27 (EtOAc/n-hexane, 2:8);

HRMS (ESI)*: Calculated for [CoH1oFNO+H]": 168.0819 m/z; found: 168.0820 m/z.
Elemental analysis: calculated for [CoH10FNO]: [C] 64.66%, [H] 6.03 %, [O] 9.57%,
[F] 11.36%, [N] 8.38%; found: [C] 64.46%; [H] 6.04%; [F] 11.30%; [N] 8.32%.

IR Vmax(neat)cm™: 3336 (N-H), 2993 (br, CH aliphatic and aromatic), 1666 (C=0),
1249 (C-N).

Mp = 59-60 °C.

"H NMR (500 MHz, CDCl3, 25 °C) &: 8.00 (br s, 1H, NH), 7.70 — 7.50 (m, 2H, ArH),
7.45 - 7.31 (m, 2H, ArH), 7.25 — 7.10 (m, 1H, ArH), 5.15 (dq, 2Jxr = 49.5 Hz, 3Juy =
7.0 Hz, 1H, CH), 1.70 (dd, *Jxr = 24.8 Hz, *Juy = 7.0 Hz, 3H, CHa).

3C NMR (126 MHz, CDCls, 25 °C) &: 168.7 (d, 2Jcr = 18.0 Hz, C=0), 136.8 (Ar),
129.3 (ArH), 125.1 (ArH), 120.1 (ArH), 89.1 (d, "Jcr = 184.6 Hz, CF), 18.6 (d, 2Jcr =
21.4 Hz, CH3).

F NMR (470 MHz, CDCls, 25 °C) &: —179.84 (dqd, 2Jur = 49.5 Hz, 3Jyr = 24.8 Hz,
*JuF = 6.8 Hz).
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"H NMR (400 MHz, CD,Cly, 25 °C) &: 8.05 (br s, 1H, NH), 7.65-7.50 (m, 2H, ArH),
7.40-7.30 (m, 2H, ArH), 7.25-7.05 (m, 1H, ArH), 5.11 (dq, *Jur = 49.4 Hz, 3Jy, = 6.8
Hz, 1H, CH), 1.65 (dd, >JuFr = 24.9 Hz, Ji4 = 6.8 Hz, 3H, CHa).

3C NMR (101 MHz, CD,Cl,, 25 °C) &: 169.1 (d, 2Jcr = 18.1 Hz, C=0), 137.6 (Ar),
129.6 (ArH), 125.3 (ArH), 120.5 (ArH), 89.6 (d, 'Jcr = 184.1 Hz, CF), 18.7 (d, 2Jcr =
21.5 Hz, CH3).

"YF NMR (376 MHz, CDCly, 25 °C) &: -180.58 (dqd, *Jur = 49.8 Hz, 3Jur = 24.8 Hz,
4JHF =6.5 HZ).

"H NMR (500 MHz, acetone-ds, 25 °C) &: 10.18 (br s, 1H, NH), 8.44 — 8.73 (m, 2H,
ArH), 8.40 — 8.28 (m, 2H, ArH), 8.17 — 8.08 (m, 1H, ArH), 6.15 (dq, 2Jyr = 49.0 Hz,
Jur = 6.8 Hz, 1H, CH), 2.60 (dd, >Jur = 24.4 Hz, Ji4 = 6.8 Hz, 3H, CHa).

3C NMR (126 MHz, acetone-ds, 25 °C) &: 169.4 (d, 2Jcr = 19.3 Hz, C=0), 139.2 (Ar),
129.5 (ArH), 124.9 (ArH), 120.9 (ArH), 89.3 (d, "Jcr = 182.4 Hz, CF), 18.7 (d, 2Jcr =
22.0 Hz, CHa).

F NMR (470 MHz, acetone-ds, 25 °C) &: —181.40 (dqd, %Jur = 49.0 Hz, 3Juy = 24.4
Hz, *JuF = 3.9 Hz).

'"H NMR (500 MHz, CD3OH, with excitation sculpting, 25 °C) &: 10.53 (br s, 1H, NH),
8.55 — 8.20 (m, 2H, ArH), 8.17 — 7.98 (m, 2H, ArH), 7.95 — 7.84 (m, 1H, ArH), 5.86
(dq, "Jur = 48.5 Hz, *Juy = 6.8 Hz, 1H, CH), 2.36 (dd, Jur = 24.2 Hz, 3Juy = 6.8 Hz,
3H, CHa).

3C NMR (126 MHz, CD30OH, 25 °C) 6: 171.4 (d, 2Jcr = 19.9 Hz, C=0), 138.7 (Ar),
129.7 (ArH), 125.8 (ArH), 122.0 (ArH), 89.3 (d, "Jcr = 182.4 Hz, CF), 18.7 (d, 2Jcr =
22.4 Hz).

F NMR (470 MHz, CD3OH, 25 °C) &: —182.64 (dq, 2Jur = 48.5 Hz, >Jur = 24.2 Hz).
NH undergoes rapid H/D exchange, therefore “Jyr not measurable.

"H NMR (500 MHz, DMSO-ds, 25 °C) 6: 10.61 (br s, 1H, NH), 8.32 — 8.17 (m, 2H,
ArH), 7.97 — 7.77 (m, 2H, ArH), 7.72 — 7.53 (m, 1H, ArH), 5.73 (dq, 2Jur = 48.7 Hz,
Jur = 6.7 Hz, 1H, CH), 2.08 (dd, 2JuFr = 24.5 Hz, *Juy = 6.7 Hz, 3H).

3C NMR (126 MHz, DMSO-ds, 25°C) 6: 168.4 (d, *Jcr = 20.4 Hz, C=0), 138.1 (Ar),
128.7 (ArH), 123.9 (ArH), 120.0 (ArH), 87.8 (d, 'Jcr = 178.9 Hz, CF), 18.3 (d, 2Jcr =
22.2 Hz, CH3).

F NMR (470 MHz, DMSO-ds, 25 °C) 8: —179.39 (dqd, *Jur = 49.0 Hz, Jur = 4.6 Hz,
*Jue = 1.8 Hz).
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3.2 Synthetic route to a-fluoro malonamides

0 0 R-NH, 0 0
M (1_or 2 equiv)' H COMN/R
HyCO S CH,Cly, 1t ’ H

F F 30 min or 12 h F
- 4 R=Bn (87%)
) 5 R=Ph (98%)

Methyl 3-(benzylamino)-2-fluoro-3-oxopropanoate (4)

o o

H3COM i /\©
H
F

To a solution of methyl 2-fluoro-3-((4-methoxyphenyl)thio)-3-oxopropanoate (F-
MTM)' (71.4 mg, 0.29 mmol) in CH,Cl, (0.3 mL, 1 M), benzylamine (0.032 mL, 0.29
mmol, 1 eq) was added dropwise and the mixture was stirred at room temperature for
30 min (the solution turned into a white suspension). The crude mixture was purified
by flash chromatography on silica, eluting with EtOAc/n-hexane to afford the above
product as a white solid (57 mg, 0.2531 mmol, 87% yield). Recrystallization from
CH.Cly/n-hexane afforded crystals that were analysed by X-ray crystallography.

R: = 0.21 (EtOAc/n-hexane, 3:7);

HRMS (ESI)*: calculated for [C11H12FNO3+Na]": 248.0693 m/z; found: 248.0698 m/z.
Elemental analysis: calculated for [C11H12FNOg3]: [C] 58.66%, [H] 5.37 %, [O]
21.31%, [F] 8.44%, [N] 6.22%; found: [C] 58.89%; [H] 5.46%; [F] 8.50%; [N] 6.24%.
IR Vmax(neat)/cm™: 3306 (N-H), 2950 (br, C-H arom. and aliph.), 1754 (C=0), 1670
(C=0), 1260 (C-N).

Mp = 84-85 °C.

"H NMR (500 MHz, CDCls, 25 °C) &: 7.39 — 7.26 (5H, ArH), .66 (br s, 1H, NH), 5.33
(d, 2Jur = 48.9 Hz, 1H, CH), 4.55, 4.47 (2 x dd, *Jun = 14.7 Hz, *Juy = 5.7 Hz, 2H,
CH,), 3.88 (s, 3H, OCHj).

3C NMR (126 MHz, CDCls, 25 °C) &: 165.3 (d, 2Jcr = 23.9 Hz, C=0), 163.2 (d, Jcr =
20.1 Hz, C=0), 136.9 (Ar), 129.0 (ArH), 128.1 (ArH), 128.0 (ArH), 87.1 (d, ek =
199.0 Hz, CF), 53.5 (d, *Jcr = 1.0 Hz, OCHs), 43.6 (CH,).

F NMR (282 MHz, CDCl3, 25 °C) 8: —192.65 (dd, 2Jur = 48.9 Hz, *Jur = 3.3 Hz).

'"H NMR (500 MHz, CD,Cl,, 25 °C) &: 7.44 — 7.19 (m, 5H ArH), 6.71 (br s, 1H, NH),
5.31 (d, Jur = 48.7 Hz, 1H, CH), 4.51, 4.46 (2H, 2 x dd, %Juyy = 14.9 Hz, 3Juy = 6.0
Hz, 2H, CH>), 3.85 (s, 3H, OCHs).

3C NMR (101 MHz, CD,Cl,, 25 °C) & 165.8 (d, 2Jcr = 23.7 Hz, C=0), 163.5 (d, 2Jcr
= 20.2 Hz, C=0), 137.9 (Ar), 129.3 (ArH), 128.3 (ArH), 128.2 (ArH), 87.7 (d, "Jcr =
198.5 Hz, CF), 53.8 (d, *Jcr = 1.0 Hz, OCH3), 43.8 (CH>).

"F NMR (470 MHz, CD,Cly, 25 °C) &: —193.36 (dd, 2Jyr = 48.7 Hz, *Jur = 2.7 Hz).
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"H NMR (300 MHz, acetone-ds, 25 °C) &: 8.20 (brs, 1H, NH), 7.37-7.19 (m, 5H ArH),
5.48 (d, *Jur = 48.2 Hz, 1H, CH), 4.51, 4.45 (2 x dd, ?Juy = 17.0 Hz, Juy = 6.0 Hz,
2H, CHy), 3.80 (s, 3H, OCH).

3C NMR (100 MHz, acetone-ds, 25 °C) &: 166.4 (d, Jcr = 24.1 Hz, C=0), 164.3 (d,
2Jcr = 20.9 Hz, C=0), 139.6 (Ar), 129.2 (ArH), 128.3 (ArH), 127.9 (ArH), 88.0 (d, "Jcr
= 194.6 Hz, CF), 53.1 (d, “Jcr = 1.0 Hz, OCH3), 43.4 (CH,).

"F NMR (470 MHz, acetone-ds, 25 °C) &: —194.29 (ddt, >Jur = 48.3 Hz, *Jur = 1.5 Hz,
*Jur = 0.8 Hz). Spectrum measured with selective decoupling from methyl ester

group.

'H NMR (500 MHz, CD30OH, with excitation sculpting, 25 °C) ¢: 9.02 (br s, 1H, NH),
7.47 —7.10 (m, 5H, ArH), 5.42 (d, 2Jur = 48.2 Hz, 1H, CH), 4.50 — 4.34 (m, 2H, CH,),
3.81 (s, 3H, CHs).

3C NMR (100 MHz, CD3OH, 25 °C) & 166.9 (d, 2Jcr = 24.3 Hz, C=0), 166.0 (d, 2Jcr
= 21.0 Hz, C=0), 139.1 (Ar), 129.4 (ArH), 128.4 (ArH), 128.2 (ArH), 87.9 (d, "Jcr =
194.9 Hz, CF), 53.3 (d, *Jor = 1.0 Hz, OCH3), 43.9 (CHy);

F NMR (470 MHz, CD30H, 25 °C) 8: —195.65 (d, 2Jyr = 48.2 Hz); *JuFr < 2 Hz.

'H NMR (400 MHz, DMSO-ds, 25 °C) &: 9.12 (t, *Juwy = 6.0 Hz, 1H, NH), 5.59 (d, 2Jue
= 47.6 Hz, 1H, CH), 4.36, 4.31 (2 x dd, 2Juy = 15.0 Hz, *Jp = 6.0 Hz, 2H, CH,), 3.76
(s, 3H, OCHs).

3C NMR (100 MHz, DMSO-ds, 25 °C) &: 165.7 (d, 2Jcr = 24.5 Hz, C=0), 163.2 (d,
2Jce = 20.9 Hz, C=0), 138.5 (Ar), 128.3 (ArH), 127.2 (ArH), 127.0 (ArH), 86.5 (d, "Jcr
=190.9 Hz, CF), 52.7 (*Jcr = 1 Hz, OCH3), 42.1 (CHy).

F NMR (470 MHz, DMSO-ds, 25 °C) &: —192.98 (d, 2Jur = 47.6 Hz, *Jur = 0.7 Hz).
Spectrum measured with selective decoupling from methyl ester group.

Methyl 2-fluoro-3-oxo-3-(phenylamino)propanoate (5)

HacoMN
H

F

To a solution of methyl 2-fluoro-3-((4-methoxyphenyl)thio)-3-oxopropanoate (8) (71.4
mg, 0.29 mmol, 1 equiv) in CHxCl; (0.3 mL, 1 M), aniline (0.053 mL, 0.58 mmol, 2
equiv) was added and the mixture was stirred at room temperature for 12 hours. The
crude mixture was purified by flash chromatography on silica, eluting with EtOAc/n-
hexane to afford the above product as a clear oil (60 mg, 0.2841 mmol, 98%).

Rs = 0.27 (EtOAc/n-hexane, 3:7);

HRMS (ESI): calculated for [C1oH10FNO3+H]": 212.0717 m/z; found: 212.0722 m/z.
Elemental analysis: calculated for [C1oH10FNO3]: [C] 56.87%, [H] 4.77%, [O]
22.73%, [F] 9.00%, [N] 6.63%; found: [C] 56.88%; [H] 4.81%:; [F] 9.00%; [N] 6.62%.
IR vmax(neat)/cm'1: 3293 (N-H), 2950 (br, C-H arom. and aliph.), 1755 (C=0), 1676
(C=0), 1248 (C-N);

Mp = 62-63 °C.
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"H NMR (400 MHz, CDCls, 25 °C) &: 8.04 (br s, 1H, NH), 7.63 — 7.49 (m, 2H, ArH),
7.44 — 7.30 (m, 2H, ArH), 7.23-7.12 (m, 1H, ArH), 5.41 (d, %Jur = 48.8 Hz, 1H, CH),
3.90 (s, 3H, OCHy);

3C NMR (100 MHz, CDCls, 25 °C) &: 165.1 (d, “Jcr = 24.1 Hz, C=0), 161.0 (d, 2Jcr =
19.2 Hz, C=0), 136.3 (Ar), 129.3 (ArH), 125.6 (ArH), 120.2 (ArH), 87.1 (d, 3Jer =
200.7 Hz, CF), 53.7 (d, *Jcr = 1.0 Hz);

" F NMR (282 MHz, CDCls, 25 °C) 8: —190.52 (dd, *Jur = 48.8, *Jur = 4.5 Hz).

"H NMR (400 MHz, CD,Cl,, 25°C) &: 8.10 (br s, 1H, NH), 7.60-7.56 (m, 2H, ArH),
7.42-7.32 (m, 2H, ArH), 7.22-7.14 (m, 1H, ArH), 5.41 (d, Jur = 48.8 Hz, 1H, CH),
3.87 (s, 3H, OCHs).

3C NMR (100 MHz, CD,Cl,, 25 °C) & 165.5 (d, 2Jcr = 23.8 Hz, C=0), 161.5 (d, 2Jcr
= 19.6 Hz, C=0), 137.0 (Ar), 129.7 (ArH), 125.9 (ArH), 120.7 (ArH), 87.6 (d, "Jcr =
200.3 Hz, CF), 54.0 (d, *Jcr = 1.0 Hz, OCHs).

F NMR (377 MHz, CD,Cly, 25 °C) &: —191.49 (dd, 2Jur = 48.8 Hz, *Jur = 4.2 Hz).

"H NMR (400 MHz, acetone-ds, 25 °C) &: 9.56 (br s, 1H, NHZ), 7.79-7.77 (m, 2H, ArH),
7.41-7.30 (m, 2H, ArH), 7.20-7.11 (m, 1H, ArH), 5.58 (d, Jur = 48.0 Hz, 1H, CH),
3.83 (s, 3H, OCHs).

3C NMR (100 MHz, acetone-ds, 25 °C) &: 166.2 (d, 2Jcr = 24.2 Hz, C=0), 162.6 (d,
2Jce = 20.9 Hz, C=0), 138.7 (Ar), 129.7 (ArH), 125.5 (ArH), 120.9 (ArH), 88.0 (d, "Jcr
= 195.5 Hz, CF), 53.2 (d, “Jcr= 1.1 Hz, OCH).

F NMR (470 MHz, acetone-ds, 25 °C) &: —192.86 (d, *Jur = 48.0 Hz, *Jyr = 1.8 Hz).

'"H NMR (500 MHz, CD3;0OH, 25 °C) & 10.26 (br s, NH), 7.65 — 7.53 (m, 2H, ArH),
7.43 — 7.26 (m, 2H, ArH), 7.26-7.06 (m, 1H, ArH), 5.55 (d, 2Jur = 47.9 Hz, 1H, CH),
3.87 (s, 3H, CHs).

'"H NMR (500 MHz, CD3OH, with excitation sculpting, 25 °C) &: 10.26 (br s, NH), 7.65
— 7.53 (m, 2H, ArH), 7.43 — 7.26 (m, 2H, ArH), 7.26-7.06 (m, 1H, ArH), 5.55 (d,
2Jur = 47.9 Hz, 1H, CH), 3.87 (s, 3H, CHa).

3C NMR (100 MHz, CD3OH, 25 °C) & 166.8 (d, 2Jcr = 24.3 Hz, C=0), 164.1 (d, 2Jcr
= 21.3 Hz, C=0), 138.5 (Ar), 129.8 (ArH), 126.1 (ArH), 121.7 (ArH), 88.0 (d, "Jcr =
194.8 Hz), 53.4 (d, *Jcr = 1.0 Hz);

F NMR (470 MHz, CDsOH, 25 °C) &: —194.54 (d, Jur = 47.9 Hz). NH undergoes
rapid H/D exchange, therefore *Jur not measurable.

'"H NMR (400 MHz, DMSO-ds, 25 °C) &: 10.60 (br s, 1H, NH), 7.68 — 7.57 (m, 2H,
ArH), 7.40 — 7.30 (m, 2H, ArH), 7.18-7.10 (m, 1H, ArH), 5.70 (d, *Jur = 47.4 Hz, 1H,
CH), 3.78 (s, 3H, OCHy).

3C NMR (100 MHz, DMSO-ds, 25 °C) &: 165.5 (d, 2Jcr = 24.8 Hz, C=0), 161.7 (d,
2Jce = 21.4 Hz, C=0), 137.6 (Ar), 128.9 (ArH), 124.5 (ArH), 119.9 (ArH), 86.6 (d, "Jcr
= 190.8 Hz, CF), 52.9 (OCHs3 2Jcr= 0.5 Hz).

F NMR (470 MHz, DMSO-ds, 25 °C) 8: —191.86 (d, *Jur = 47.4 Hz). *Jur < 1 Hz.
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4 Dilution experiments and K, value determination

Solutions of 1-5 at 0.8-200 mM concentrations in CD,Cl, were analyzed by 'H NMR
and "F NMR spectroscopic analysis at —80 °C. Values of dyu were utilized to
determine the Ky of dimerization. The values of *Jur were also measured.

0]

HSCw)J\ N /CHS
H
F

1

Initial concentration = 200 mM

"H NMR (500 MHz, CD,Cl,, =80 °C) &: 6.94 (br s, 1H, NH), 5.06 (dq, 2Jur = 50.0 Hz,
Jurn = 6.8 Hz, 1H, CH), 2.84 (d, 3Juy = 4.9 Hz, 3H, NHCH;), 1.57 (dd, 3Jur = 25.0 Hz,
3Jur = 6.8 Hz, 3H, CHs).

"F NMR (471 MHz, CD,Cl,, =80 °C) &: -182.50 (dqd, %Jur = 50.0 Hz, >Jur = 25.0 Hz,
*Jur = 3.8 Hz). "®F NMR (471 MHz, CD,Cl,, —80 °C) not decoupled &: -182.50.

Concentration = 50 mM (' initial concentration)

"H NMR (500 MHz, CD,Cl,, =80 °C) &: 6.71 (br s, 1H, NH), 5.06 (dq, Jur = 50.0 Hz,
3Jur = 6.8 Hz, 1H, CH), 2.84 (d, >Juy = 4.8 Hz, 3H, NHCHS>), 1.57 (dd, >JuF = 25.0 Hz,
3Jur = 6.8 Hz, 3H, CHs).

F NMR (471 MHz, CDCly, —-80 °C) &: -182.49 (dqd, 2Jyr = 50.0 Hz, Jur = 25.0 Hz,
*Jue = 4.1 Hz). "®F NMR (471 MHz, CD,Cl,, —80 °C) not decoupled &: -182.49.

Concentration = 12.5 mM (1/16 initial concentration)

'H NMR (500 MHz, CD,Cl,, —-80 °C) &: 6.60 (br s, 1H, NH), 5.06 (dq, Jur = 50.0 Hz,

3Jur = 6.8 Hz, 1H, CH), 2.84 (d, *Juy = 5.1 Hz, 3H, NHCHS3), 1.57 (dd, >JuF = 25.2 Hz,
3Jur = 6.8 Hz, 3H, CHs).

F NMR (471 MHz, CD,Cl,, =80 °C) &: -182.47 (dqd, %Jur = 50.0 Hz, 3Jur = 25.2 Hz,
*Jue = 4.2 Hz). "®F NMR (471 MHz, CD,Cl,) not decoupled &: -182.47.

Concentration = 3.1 mM (1/64 initial concentration)

'H NMR (500 MHz, CD,Cl,, —-80 °C) &: 6.56 (br s, 1H, NH), 5.06 (dq, Jur = 50.0 Hz,
Jur = 6.8 Hz, 1H, CH), 2.84 (d, 3Juy = 4.8 Hz, 3H, NHCH;), 1.57 (dd, 3Jur = 25.0 Hz,
3Jur = 6.8 Hz, 3H, CHs).

"F NMR (471 MHz, CD,Cl,, —80 °C) &: -182.47 (dqd, 2Jxr = 50.0 Hz, *Jyr = 25.0 Hz,
*JuE = 4.3 Hz).

Concentration = 0.8 mM (1/256 initial concentration)

'H NMR (500 MHz, CD,Cl,, —-80 °C) &: 6.56 (br s, 1H, NH), 5.06 (dq, Jur = 50.0 Hz,
3Jur = 6.8 Hz, 1H, CH), 2.84 (d, >Juy = 4.8 Hz, 3H, NHCH?), 1.57 (dd, >JuFr = 25.2 Hz,
3Jur = 6.8 Hz, 3H, CHs).

F NMR (471 MHz, CD,Cl,, —80 °C) &: -182.47 (dqd, 2Jur = 50.0 Hz, *Jue = 25.2,
*Jue = 4.3 Hz). "®F NMR (471 MHz, CD,Cl,, —80 °C) not decoupled &: -182.47.
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Initial concentration = 200 mM

'H NMR (500 MHz, CDCl,, —80 °C) 6 7.47-7.20 (m, 5H, ArH), 7.12 (td, 3Jut = 6.2
Hz, *Jue = 3.9 Hz, 1H, NH), 5.08 (dg, 2Jue = 50.0 Hz, JHH—68 Hz, 1H, CH), 4.47,
4.43 (2 x dd, 2Juy = 15.0 Hz, *Jyy = 6.2 Hz, 2H, CHy), 1.58 (dd, 2Jue = 25.0 Hz, Uy =
6.8 Hz, 3H, CHa).

F NMR (471 MHz, CDCly, —-80 °C) &: -182.52 (dqd, 2Jyr = 50.0 Hz, Jur = 25.0 Hz,
*Jue = 3.9 Hz). "®F NMR (471 MHz, CD,Cl,, —80 °C) not decoupled &: -182.52.

Concentration = 50 mM (' initial concentration)

'H NMR (500 MHz, CD,Cl;, ~80 °C) &; 7.60 — 7.15 (m, 5H, ArH), 7.01 (td, Jhr = 6.1
Hz, “Jur = 4.2 Hz, 1H, NH), 5.11 (dq, JHF—495 Hz, Juy = 6.8 Hz, 1H, CH), 4.65 —
4.30 (m, 2H, CHy), 1.60 (dd, 2Jur = 25.1 Hz, 3Juy = 6.8 Hz, 3H, CHs).

F NMR (471 MHz, CD,Cl,, —80 °C) &: -182.52 (dqd, 2JHF = 49.5 Hz, Jur = 25.1 Hz,
*Jue = 4.2 Hz). "®F NMR (471 MHz, CD,Cl,, —80 °C) not decoupled &: -182.52.

Concentration = 12.5 mM (1/16 initial concentration)

'H NMR (500 MHz, CD;Cl>, =80 °C) & 7.50 — 7.24 (m, 5H, ArH), 6.95 (td, Jhr = 6.1
Hz, “Jur = 4.2 Hz, 1H, NH), 5.13 (dq, JHF—500 Hz, Juy = 6.8 Hz, 1H, CH), 4.59 —
4.40 (m, 2H, CHy), 1.61 (dd, *Jur = 25.2 Hz, *Jyy = 6.8 Hz, 3H, CHs).

"F NMR (471 MHz, CD,Cl,, —-80 °C) &: -182.51 (dqd, 2 e = 50.0 Hz, 3Jur = 25.2 Hz,
*Jue = 4.2 Hz). "®F NMR (471 MHz, CD,Cl,, —80 °C) not decoupled &: -182.51.

Concentration = 3.1 mM (1/64 initial concentration)

1H NMR (500 MHz, CD,Cl,, —80 °C) &: 7.42 — 7.06 (m, 5H), 6.93 (td, Jun = 6.0 Hz,
*Jue = 4.3 Hz, 1H, NH), 5.05 (dq, *Jrr = 50.0 Hz, *Juy = 6.8 Hz, 1H, CH), 4.55 — 4.31
(m, 2H, CHy), 1.53 (dd, *Jur = 25.1 Hz, 6.8 Hz, 3H, CHa).

F NMR (471 MHz, CD,Cly, —-80 °C) &: -182.51 (dqd, 2Jur = 50.0 Hz, Jur = 25.1 Hz,
*Jue = 4.3 Hz). "*F NMR (471 MHz, CD.Cl, —80 °C) not decoupled &: -182.51.

Concentration = 0.8 mM (1/256 initial concentration)

'H NMR (500 MHz, CD;Cl,, -80 °C) & 7.44—7.05 (m, 5H, ArH), 6.92 (br s, 1H, NH),
5.05 (dd, JHF-500 Hz, ®Juy = 6.8 Hz, 1H, CH), 4.52 — 4.33 (m, 2H, CH,), 1.53 (dd.
JuF = 25.2 Hz, 3Jun = 6.8 Hz, 3H, CHa).

F NMR (471 MHz, CD,Cl,, —80 °C) &: -182.51 (dqd, %Jur = 50.0 Hz, 25.2, *Jur =
4.3 Hz). "®F NMR (471 MHz, CD,Cl,, —80 °C) not decoupled &: -182.51.
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Initial concentration = 200 mM

"H NMR (500 MHz, CD,Cl,, —80 °C) &: 8.34 (br's, 1H, NH), 7.75 — 7.54 (m, 2H, ArH),
7.48 — 7.28 (m, 2H, ArH), 7.27 — 7.05 (m, 1H, ArH), 5.19 (dq, 2Jur = 50.0 Hz, 3Juy =
6.8 Hz, 1H, CH), 1.66 (dd, *Jur = 25.2 Hz, 3Juy = 6.8 Hz, 3H, CHa).

F NMR (471 MHz, CD,Cl,, —80 °C) &: -180.36 (dqd, 2Jxr = 50.0 Hz, 3Jyr = 25.2 Hz,
*JuE = 6.2 Hz).

Concentration = 50 mM ("4 initial concentration)

'H NMR (500 MHz, CD,Cl,, -80 °C) &: 8.26 (d, *Jur = 6.5 Hz, 1H, NH), 7.70 — 7.54
(m, 2H, ArH), 7.48 — 7.31 (m, 2H, ArH), 7.26 — 7.12 (m, 1H, ArH), 5.19 (dq, 2Jur =
50.0 Hz, *Jun = 6.9 Hz, 1H, CH), 1.66 (dd, *Jur = 25.2 Hz, Juy = 6.9 Hz, 3H, CHa).
"YF NMR (471 MHz, CDCl,, —80 °C) &: -180.36 (dqd, 2Jur = 50.0 Hz, 3Jur = 25.2 Hz,
4JHF =6.5 HZ).

Concentration = 12.5 mM (1/16 initial concentration)

'"H NMR (500 MHz, CD,Cl,, -80 °C) &: 8.23 (d, *Jur = 6.5 Hz, 1H, NH), 7.71 — 7.54
(m, 2H, ArH), 7.40 (td, 3Jut = 7.5 Hz, *Juy = 1.5 Hz, 2H, ArH), 7.20 (tt, °Juy = 7.5 Hz,
Jur = 1.5 Hz, 1H, ArH), 5.19 (dq, 2Jur = 50.0 Hz, 3Juy = 6.9 Hz, 1H, CH), 1.67 (dd,
*Jue = 25.2 Hz, 3Jun = 6.9 Hz, 3H, CHa).

"F NMR (471 MHz, CD,Cl,, —80 °C) &: -180.35 (dqd, 2Jxr = 50.0 Hz, 3Jyr = 25.2 Hz,
4JHF =6.5 HZ).

Concentration = 3.1 mM (1/64 initial concentration)

'"H NMR (500 MHz, CD,Cl,, =80 °C) &: 8.22 (d, *Jur = 6.5 Hz, 1H, NH), 7.64 (dd, >Jun
= 8.0 Hz, *“Jpwy = 1.0 Hz, 2H, ArH), 7.48-7.30 (m, 2H, ArH), 7.20 (tt, *Juy = 8.0 Hz, *Jun
= 1.0 Hz, 1H, ArH), 5.19 (dq, 2Jur = 50.0 Hz, 3Juy = 6.9 Hz, 1H, CH), 1.67 (dd, 3Jue =
25.2 Hz, ®Juy = 6.9 Hz, 3H, CHa).

F NMR (471 MHz, CDCly, =80 °C) &: -180.35 (dqd, 2Jyr = 50.0 Hz, 3Jur = 25.2 Hz,
4JHF =6.5 HZ).

Concentration = 0.8 mM (1/256 initial concentration)

"H NMR (500 MHz, CD,Cl,, -80 °C) &: 8.22 (d, *Jur = 6.5 Hz, 1H, NH), 7.75 — 7.55
(m, 2H, ArH), 7.48 — 7.32 (m, 2H, ArH), 7.27 — 7.12 (m, 1H, ArH), 5.19 (dq, 2Jur =
50.0 Hz, *Juy = 6.9 Hz, 1H, CH), 1.67 (dd, 3Jue = 25.2 Hz, *Juy = 6.9 Hz, 3H, CHs).
"F NMR (471 MHz, CDCl,, —80 °C) &: -180.34 (dqd, ?Jur = 50.0 Hz, *Jur = 25.2 Hz,
4JHF =6.5 HZ).
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Initial concentration = 200 mM

"H NMR (500 MHz, CD,Cl,, =80 °C) &: 7.34-7.18 (m, 5H, ArH), 7.20 (br s, 1H, NH),
5.36 (d, 2Jur = 48.3 Hz, 1H, CH), 4.46, 4.33 (2 x dd, 2Juy = 14.9 Hz, *Juy = 6.0 Hz,
2H, CHy), 3.78 (s, 3H, OCH).

"F NMR (471 MHz, CD,Cl,, —80 °C) &: —193.71 (dd, 2Jur = 48.3 Hz, *Jur = 2.5 Hz).

Concentration = 50 mM ("4 initial concentration)

'"H NMR (500 MHz, CD,Cl,, —-80 °C) &: 7.34-7.20 (m, 5H ArH), 7.08 (td, 3Jyr = 6.0
Hz, *Jur = 2.6 Hz, 1H, NH), 5.37 (d, 2Jyr = 48.3 Hz, 1H, CH), 4.47, 4.34 (2 x dd, 2Juy
= 14.9 Hz, ®Jun = 6.0 Hz, 2H, CHy), 3.80 (s, 3H, OCH).

Concentration = 12.5 mM (1/16 initial concentration)

"H NMR (500 MHz, CD,Cl,, —80 °C) §: 7.35-7.20 (m, 5H ArH), 6.96 (td, Jy = 6.0 Hz,
*Jue = 2.7 Hz, 1H), 5.38 (d, Jur = 48.3 Hz, 1H, CH), 4.48, 4.35 (2 x dd, 2Juy = 14.9
Hz, 3Juy = 6.0 Hz, 2H, CHy), 3.81 (s, 3H, OCH).

Concentration = 3.1 mM (1/64 initial concentration)
'"H NMR (500 MHz, CD,Cl,, —80 °C) &: 7.35-7.23 (5H ArH), 6.90 (td, *Juy = 5.9 Hz,
*Jue = 2.7 Hz, 1H, NH), 5.39 (d, 2Jur = 48.3 Hz, 1H, CH), 4.49, 4.35 (2 x dd, 2Juy =
14.9 Hz, ®Jpy = 6.0 Hz, 2H, CH,), 3.81 (s, 3H, OCHs).

Concentration = 0.8 mM (1/256 initial concentration)

"H NMR (500 MHz, CD,Cl,, —80 °C) &: 7.37-7.20 (m, 5H ArH), 6.88 (td, Ju = 5.9 Hz,
*Jue = 2.7 Hz, 1H, NH), 5.39 (d, 2JuF = 48.4 Hz, 1H, CH), 4.49, 4.36 (2 x dd, 2Juy =
15.0 Hz, Juy = 5.5 Hz, 2H, CH,), 3.82 (s, 3H, OCHs).
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Initial concentration = 200 mM

"H NMR (500 MHz, CD,Cl,, —80 °C) é: 8.64 (d, 4Jue = 3.9 Hz, 1H, NH), 7.64-7.47 (m,
2H, ArH), 7.33 (dd, 8Jur = 8.5 Hz, 3Juy = 7.3 Hz, 2H, ArH), 7.22-7.11 (m, 1H, ArH),
5.51 (d, 2 Jur = 48.5 Hz, 1H), 3.81 (s, 3H, OCHs).

Concentration = 50 mM ("4 initial concentration)

"H NMR (500 MHz, CD,Cl,, —80 °C) &: 8.42 (d, *Jur = 4.2 Hz, 1H, NHz)’ 7.60-7.50 (m,
2H, ArH), 7.40-7.28 (m, 2H, ArH), 7.20-7.10 (m, 1H, ArH), 5.49 (d, “Jur = 48.2 Hz,
1H, CH), 3.82 (s, 3H, OCHj3).

Concentration = 12.5 mM (1/16 initial concentration)

"H NMR (500 MHz, CD,Cl,, —80 °C) &: 8.28 (d, “Jur = 4.2 Hz, 1H, NH), 7.74-7.49 (m,
2H), 7.34 (dd, *Juy = 8.5, Ju = 7.3 Hz, 2H), 7.23-7.07 (m, 1H), 5.48 (d, 2Jur = 48.2
Hz, 1H), 3.83 (s, 3H, OCHj3).

Concentration = 3.1 mM (1/64 initial concentration)

"H NMR (500 MHz, CD,Cl,, —80 °C) &: 8.21 (d, *Jur = 4.3 Hz, 1H, NHz)’ 7.60-7.48 (m,
2H, ArH), 7.40-7.28 (m, 2H, ArH), 7.20-7.10 (m, 1H, ArH), 5.47 (d, “Jur = 48.2 Hz,
1H, CH), 3.83 (s, 3H, OCHj).

Concentration = 0.8 mM (1/256 initial concentration)

"H NMR (500 MHz, CD,Cl,, —80 °C) &: 8.18 (d, *Jyr = 4.3 Hz, 1H, NHz)’ 7.65-7.41 (m,
2H, ArH), 7.41-7.25 (m, 2H, ArH), 7.21-7.11 (m, 1H, ArH), 5.47 (d, “Jur = 48.3 Hz,
1H), 3.83 (s, 3H, OCHj3).
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Determination of the Ky of dimerization

The values of the chemical shifts of the NH amide proton (dnn) at concentrations of
0.8-200 mM were utilized for the determination of the dissociation constant.

Entry 1 2 3 4 5
(Me) (Bn) (Ph) (Bn/ester) | (Phl/ester)

[1/mM ONH ONH ONH ONH ONH
0.8 6.56 6.92 8.22 6.88 8.18
3.1 6.56 6.93 8.22 6.90 8.21
12.5 6.60 6.95 8.23 6.96 8.28
50 6.71 7.01 8.26 7.08 8.42
200 6.94 7.12 8.34 7.20 8.64

The equation used to calculate the dissociation constant (Kp) for the monomer/dimer
equilibrium of 1-5 was derived as follows:®

A self-associating system where a molecule dimerizes can be described as:

M+M2Z2D
M = monomer
D =dimer
[M]?
(1) Kp =

[M] = concentration of the monomer in mol/L
[D] = concentration of the monomer in mol/L

From the mass balance, the total concentration of the monomer, [M]o, can be
expressed as:

(2) [M], = [M] + 2[D]
The combination of (1) and (2) leads to:

M2 _ (IM]o—2[D])?
(D] (D]

(3) Kp =
Rearrangement yields the following quadratic equation:
(4) 4[D]? — (4[M], + Kp)[D] + [M]," = 0

Solving the quadratic equation for [D] yields:
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4[M]o + Kp— |Kp®+8[M]oKp

() [D] =

8

The observed chemical shift can be expressed as:

(6) Sobs = S + 2(8p - Sw) A
M]o

Combinination of (5) and (6) yields:

sp—6y *Mlo +Kp- Kp2+8[MloKp

(7) 8obs = Om +

M]o 4

Equation (7) was used to fit the data using the program Igor Pro (version 6.37).

Compound 1

7.0 H
— 6.9
€
Qo
2
£ 6.8
£
(2]
S 6.7
IS
% Y data: O root:compound1
6.6 Coefficient values £ 95% Confidence Interval
ddim =7.7839 £+ 0.38
6.5 — dmon =6.5524 £ 0.0139
kd =0.59661 + 0.345
I I I 1
0.05 0.10 0.15 0.20
Concentration [M]
Compound 2
7.3 7
7.2
% 7.1 4
£
% 7.0
©
Q
§ 6.9
5 ’ Y data: O root:compound2
Coefficient values + 95% Confidence Interval
6.8 1 ddim =7.4367 £0.117
dmon =6.9201 £ 0.00723
6.7 kd =0.3889 £ 0.189

[ | [ 1
0.05 0.10 0.15 0.20
Concentration [M]
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Compound 3

8.5
— 8.4+
IS
o
Z
£ 837
£
(%]
S 8.2
IS
_Léz'j Y data: O root:compound3
8.1+ Coefficient values £ 95% Confidence Interval
ddim =8.8093 £ 0.253
8.0 dmon =8.2183 + 0.00344
kd =1.2241 £ 0.801
[ I I ]
0.05 0.10 0.15 0.20
Concentration [M]
Compound 4
7.3
—_ 7.2 -
IS
o
=
e 7.1
£
w
g 7.04
GE)
5 Y data: O root:compound4
6.9 Coefficient values £ 95% Confidence Interval
ddim =7.4143 £ 0.0549
6.8 dmon =6.8708 £ 0.0124
kd =0.1014 £ 0.0348
[ I I ]
0.05 0.10 0.15 0.20
Concentration [M]
Compound 5
8.7 1
8.6 —
é 8.5
g
% 8.4
3
£
g 8.3 Y data: O root:compound5
Coefficient values £ 95% Confidence Interval
8.2 — ddim =9.0947 £ 0.247
dmon =8.1798 £ 0.031
8.1 kd =0.19847 £ 0.145
’ T T T
0.05 0.10 0.15 0.20
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Data fitting was also performed using the online fitting program BindFit v.0.5'% "
using the model called “NMR Dimer Aggregation”. The Kp values obtained using
equation (3) were reproduced using BindFit.

Table 3. Kp values (mM) obtained with Igor (+/- 95% confidence interval) and Bindfit.

1 2 3 4 5
(Me) (Bn) (Ph) (Bn/ester) | (Ph/ester)

Igor 597 +/- 345 | 389 +/- 189 | 1224 +/- 801 | 101 +/- 35 | 199 +/- 145
BindFit | 5897 +/-36 | 387 +/-22 | 1222 +/-47 | 106 +/- 12 | 197 +/- 28

Ko/ mM

Fitting results from Bindfit — Dimerization model (Nealder-Mead algorithm)
Ka = association (dimerization) constant; Kq = dissociation constant

Compound 1: http://app.supramolecular.org/bindfit/view/245fc448-cdef-4e0f-b5b5-
3ab8590b8925

Ke Ke error (%) | Ko/M | K, error (%) | Kq/ M | Kg/ mM | Ky error / mM

3.3512 11.9948 1.6756 5.9974 0.5968 | 596.8 35.79

Compound 2: http://app.supramolecular.org/bindfit/view/ce86392c-603c-4878-a8b2-
905b19ch2645

Ke Ke error (%) | Ko/ M | K, error (%) | Kq/ M | Kg/ mM | Ky error / mM

5.1629 11.1617 2.5814 5.5809 0.3874 | 387.4 21.62

Compound 3: http://app.supramolecular.org/bindfit/view/3a1d738e-410e-4d54-a261-
9dea740f4e59

Ke Ke error (%) | Ko/M | K, error (%) | Kq/ M | K4/ mM | Ky error / mM

1.6362 7.7434 0.8181 3.8717 1.2224 | 12224 47.33

Compound 4: http://app.supramolecular.org/bindfit/view/37df6e8f-2591-49f0-ad5a-
adfebeOela42

Ke Ke error (%) | Ko/ M | K, error (%) | Kq/ M | K4/ mM | K4 error / mM

19.4919 23.84 9.746 11.92 0.1026 | 102.6 12.23

Compound 5: http://app.supramolecular.org/bindfit/view/bf378e34-cdf9-40c1-93af-
f3a1a4d37e05

Ke Ke error (%) | Ko/ M | K, error (%) | Kq/ M | K4/ mM | Ky error / mM

10.1694 28.1889 5.0847 14.0944 0.1967 | 196.7 27.72
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5 X-ray crystal structures

Single crystalline samples were measured on a Rigaku Oxford Diffraction XtaLAB
Synergy-S Dualflex kappa diffractometer equipped with a Dectris Pilatus 300 HPAD
detector and using microfocus sealed tube Cu-Ka radiation with mirror optics (A =
1.54178 A).

All measurements were carried out at 100K using an Oxford Cryosystems
Cryostream 800 sample cryostat. Data were integrated using CrysAlisPro and
corrected for absorption effects using a combination of empirical (ABSPACK) and
numerical corrections.' The structures were solved using SHELXT™ and refined by
full-matrix least-squares analysis (SHELXL)"'™ using the program package
OLEX2." Unless otherwise indicated below, all non-hydrogen atoms were refined
anisotropically and hydrogen atoms were constrained to ideal geometries and refined
with fixed isotropic displacement parameters (in terms of a riding model). All following
ellipsoid plots are drawn at 50% probability.

CCDC 1884976 (A), 1884973 (2), 1884975 (3) and 1884974 (4) contain the
supplementary crystallographic data for this paper, including structure factors and
refinement instructions. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: +44(1223)-336-033; e-mail: deposit@ccdc.cam.ac.uk), or via
https://www.ccdc.cam.ac.uk/getstructures.

Compounds A and 2-4 crystallized from CH,Cl, or CH,Cly/n-hexane mixtures.

It is well known that X-ray crystal structures often cannot provide
realistic X-H distances, and indeed free refinement yields too short
bonds in all described structures. To obtain better geometrical
parameters involving the proton positions, N-H bond lengths were
restrained to an averaged reference value, based on neutron diffraction
data, i.e. 1.019(1) A in the temperature range 60 K < T < 140 K."” The resulting
models were refined to convergence before determining contact distances and
angles (Tables 4-6 at pp. S32, S34, and S36).
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S-(2-Fluorophenyl) 2-fluoropropanethioate (A)

eys

F F
Bond precision: C-C=0.0031A
Cell: a=5.7309(1)

alpha=90
Temperature: 100 K

Calculated

Volume 897.96(2)
Space group P 21/c
Hall group -P 2ybc
Moiety formula CO9H8F20S
Sum formula CO9H8F20S
Mr 202.21
Dx,g cm™ 1.496
z 4
Mu (mm-1) 3.156
FO00 416.0
FOOO’ 418.73
h,k,Imax 7,19,13
Nref 1959
Tmin, Tmax 0.716,0.825
Tmin’ 0.559

Correction method= # Reported T Limits:

AbsCorr = MULTI-SCAN

Data completeness= 0.978

R(reflections)= 0.0448( 1843)

S =1.098

Wavelength=1.54184

b=15.2234(2)
beta=94.292(1)

Reported
897.96(2)

P121/c1

-P 2ybc
CO9H8F20S
CO9H8F20S
202.21

1.496

4

3.156

416.0

7,19,13

1915
0.620,1.000

Tmin=0.620 Tmax=1.000

Theta(max)= 79.623

wR2(reflections)= 0.1203( 1915)

Npar= 11

¢=10.3215(1)
gamma=90
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N-Benzyl-2-fluoropropanamide (2)

O

H3C
3 \‘)LN/\Q
H
F

Bond precision: C-C = 0.0043 A

Cell:

Wavelength=1.54184

a=5.7997(2)

alpha=101.380(3)

Temperature: 100 K

Volume

Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm?

Z

Mu (mm-1)
FO00

FO00’
h,k,Imax
Nref

Tmin, Tmax
Tmin’

Calculated
472.78(3)

P 1
P 1
C10H11FNO
C10H12FNO
181.21

1.273

2

0.796

192.0

192.64

7,913

4128[ 2064]
0.924,0.987
0.878

Correction method= # Reported T Limits:

AbsCorr = MULTI-SCAN
Data completeness= 1.77/0.88

R(reflections)= 0.0406( 3115)

S =1.060

b=7.8020(3)
beta=93.123(3)

c=10.7127(4)
gamma=94.168(3)

Reported
472.78(3)

P1

P1
C10H12FNO
C10H12FNO
181.21

1.273

2

0.796

192.0

7,9,13

3651
0.782,1.000

Tmin=0.782 Tmax=1.000

Theta(max)= 79.974

wR2(reflections)= 0.1196( 3651)

Npar= 243
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Table 4. Distances and angles for molecules A and B in the unit cell of the X-ray

crystal structure of 2.

Entry A B
H...F 2.21591(9) 2.23224(9)
N-H? 1.019 1.019
N...O(interm.) 2.78319(10) 2.779958(10)
H...O(interm.) 1.84759(7) 1.87379(7)
C-F 1.40686(5) 1.40402(5)
C=0 1.23504(5) 1.23513(5)
F...N 2.62229(12) 2.61224(12)
F-H-N 101.860(3) 101.164(3)
F-C-C=0 amide (09) -174.728(1) -178.1521(1)
H-N-C=0 -177.955(1) -176.832(1)

®The N-H distance is constrained to 1.019 A according to neutron diffraction data in

the temperature range 60 K < T < 140 K.
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2-Fluoro-N-phenylpropanamide (3)

(6]
Hsc\HLN
H

F
Bond precision: C-C = 0.0032 A Wavelength=1.54184
Cell: a=5.3093(1) b=15.1016(2) ¢c=10.2968(2)
alpha=90 beta=95.575(1) gamma=90
Temperature: 100 K
Calculated Reported
Volume 821.68(2) 821.68(2)
Space group Pc P1c1
Hall group -P 2yc -P 2yc
Moiety formula COHI1I0FNO COHI1I0FNO
Sum formula COH10FNO COH10FNO
Mr 167.18 167.18
Dx,g cm™ 1.351 1.351
z 4 4
Mu (mm-1) 0.872 0.872
FO000 352.0 352.0
FO00’ 353.21
h,k,Imax 6,19,13 6,19,13
Nref 3561[ 1790] 3424
Tmin, Tmax 0.967,0.974 0.852,1.000
Tmin’ 0.898
Correction method= # Reported T Limits: Tmin=0.852 Tmax=1.000

AbsCorr = MULTI-SCAN
Data completeness= 1.91/0.96

R(reflections)= 0.0350( 3172)

S =1.094

Theta(max)= 79.498

wR2(reflections)= 0.0946( 3424)

Npar= 282
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Table 5. Distances and angles for molecules A and C in the unit cell of the X-ray
crystal structure of 3. Values B and D taken from the less occupied part of the
disorder within the CH3CF moiety.

Entry A B C D
H..F 2.13329(4)°  2.16592(4)° | 2.17476(4)° 2.09147(4)°
N-H? 1.019 1.019 1.019 1.019
N...O(interm.) 3.09035(6) 3.08714(6)
H...O(interm.) 2.12911(4) 2.15147(4)
C-F 1.41576(3)°  1.41161(2)° | 1.41761(3)> 1.38348(2)°
c=0 1.21984(2) 1.22785(2)
F...N 2.58482(5)°  2.62061(5)° |2.62377(5)° 2.57275(5)"
F-H-N 104.562(2)°  104.954(2)° | 104.598(2)° 106.453(2)°
F-C-C=0 amide (©) | -175.137(1)°  169.263(1)° | 179.613(1)° -169.369(1)°
H-N-C=0 172.476(1) -169.071(1)

®The N-H distance is constrained to 1.019 A according to neutron diffraction data in
the temperature range 60 K < T < 140 K.

®Biased by soft restraints used in disorder refinement (SADI, RIGU).
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Methyl 3-(benzylamino)-2-fluoro-3-oxopropanoate (4)

e

o O

H COM
’ H

F

Bond precision:

Cell:

N

¢c=23.8575(3)
gamma=90

Temperature: 100 K

Volume

Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm™

Z

Mu (mm-1)
FO00

FOO0O’
h,k,Imax
Nref

Tmin, Tmax
Tmin’

Correction method= # Reported T Limits:

AbsCorr = MULTI-SCAN

Data completeness= 0.992

R(reflections)= 0.0401( 2123)

S =1.069

C11H12F N O3
C11H12F N O3

C-C=0.0018 A Wavelength=1.54184
a=8.5328(1) b=10.2996(1)
alpha=90 beta=95.575(1)

Calculated Reported

2096.70(4) 2096.70(4)

Pbca Pbca

-P 2ac 2ab -P 2ac 2ab

C11H12F N O3
C11H12F N O3

225.22 225.22
1.427 1.427

8 8

0.984 0. 984
944.0 944.0
947.47

10,13,30 10,13,30
2292 2274
0.883,0.952 0.798,1.000
0.876

Tmin=0.798 Tmax=1.000

Theta(max)= 80.370

wR2(reflections)= 0.1176( 2274)

Npar= 149
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Table 6. Distances and angles of the X-ray crystal structure of 4.

®The N-H distance is constrained to 1.019 A according to neutron diffraction data in
the temperature range 60 K < T < 140 K.

S36

Entry Compound 4
N-H? 1.019
N...O(interm.) 2.90343(2)
H...O(interm.) 1.95936(2)
C-F 1.38595(1)
Cc=0 1.23588(1)
F...N -
F-H-N -
F-C-C=0 amide 42.259(1)
F-C-C=0 ester -16.618(1)
F-C-C-O ester 165.613(1)
H-N-C=0 -171.264(1)
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""F.NMR (282 MHz, CDCI; 25°C):
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*C-NMR (101 MHz, CD,Cl,, 25°C):
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'H NMR (300 MHz, CDCls, 25 °C)
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"F NMR (282 MHz, CDCls, 25 °C)
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*C NMR (101 MHz, CD,Cl,, 25 °C)
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'H NMR (300 MHz, acetone-ds, 25
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"F NMR (282 MHz, acetone-ds, 25 °C)
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*C NMR (126 MHz, CD;OH, 25 °C)
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'H NMR (300 MHz, DMSO-ds, 25 °C)
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"F NMR (470 MHz, DMSO-d;, 25 °C)
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'H NMR (500 MHz, CDCl;, 2
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®F NMR (470 MHz, CDCls, 25 °C):
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*C-NMR (101 MHz, CD,Cl,, 25°

128.14 Q)
128.14 ~—
128.04

171.0
170.8
138.67
129.20

~-90.51
~-88.70

<
X

0
HaC

Iz

43.30

18.99
18.77

11000

~10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

~-1000

T T T T T T T T T
160 150 140 130 120 110 100 90 80 7
f1 (ppm)

T T T T T T
20 210 200 190 180 170

"F.NMR (376 MHz, CD.Cl, 25°C):

-182.51
-182.52
-182.58
-182.59
-182.64
-182.65
-182.71
-182.72
-182.77
-182.79
-182.84
-182.85

O
H3C

T
-182.51
~-182.52
-182.58
~-182.59
_-182.64
~-182.65
_--182.71
-182.72
_-182.77
-182.79
_—-182.84
\-182.85

-182.4 -182.8 -183.0

-182.6
1 (ppm)

0

|
|

2000

1500

1000

500

T T T T T
-130 -140 -150 -160 -170
f1 (ppm)

T T T T T T T
-60 -70 -80 -90 -100 -110 -120

S50

-180 -190 -200

-210

T
-220

1300

1200

1100

1000

900

800

700

600

F500

400

300

200

100

-100

1
-230



1

H NMR (500 MHz, (CD3),CO, 25 °C)
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®F NMR (470 MHz, (CD;),CO, 25 °C)
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'"H NMR (500 MHz, CD;0OH, 25 °C) with excitation sculpting (integration issues close to

residual OH signal)
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*C NMR (126 MHz, CD;OH, 25 °C)

~N O wn — O <
m — 0 <t 0 < ~N o~
o A G Gww o0 n I
NS m N NN o 0 m ©0 0
— - — — 00 0 < —
v | N N/ 2 10000
H3C
N
H 19000
F
2 8000
F-7000
16000
15000
F4000
F3000
2000
[}
‘ 1000
I
]
) o
T T T T T T T T T T T T T T T T T T T T T T \7_1000
210 200 19 180 170 160 150 140 130 120 110 1100 90 §0 70 60 S0 40 30 20 10 0
ppm.
19 o,
F NMR (470 MHz, CD;OH, 25 °C)
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'H NMR (500 MHz, DMSO-ds, 25 °C)
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"F NMR (470 MHz, DMSO-d;, 25 °C)
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"F NMR (470 MHz, CDCls, 25 °C)
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*C NMR (101 MHz, CD,Cl,, 25 °C)
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"F NMR (470 MHz, acetone-ds, 25 °C)
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C NMR (126 MHz, CD;OH, 25 °C)
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F NMR (470 MHz, CD;OH, 25 °C)
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"F NMR (470 MHz, DMSO-d;, 25 °C)
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H-NMR (500 MHz, CDCls, 25 °C
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"F-NMR (282 MHz, CDCl;, 25 °C):
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C NMR (101 MHz, CD,Cl,, 25 °C)
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F NMR (470 MHz, CD,Cl,, 25 °C)
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'H NMR (300 MHz, acetone-ds, 25 °C)

NN N O
Mmoo NN

~ ~
O NN NN NN NN

.
N
N

——\

HsCO N
P+

400000
300000
200000
100000
0

—
Iy
0
o
[

1.00

T T T T
8.5 84 83
f1

T
82 81 80
(ppm)

_~-5.55
~5.42

4.53
4.51
4.49
4.48
4.48
4.47
4.45
4.43
3.80

=

23000000
22000000
21000000
20000000
19000000
18000000
17000000
16000000
15000000
14000000
13000000
12000000
11000000
10000000
9000000
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000
0

F-1000000

~-2000000

T T T T T T T T
11.5 11.0 10.5 10.0 9.5 9.0 85 80 7.5

*C NMR (101 MHz, acetone-

=

166.5
166.3
164.37
164.16
—139.6

o
A
o
X

HsCO N
P*

— —
=) <
S =
— <
T

+1.00

ds, 25 °C)

< — 0

129.2
128.3
127.9

z
X

6.0 55 5.0
f1 (ppm)

+2.08]
2.94{

»
&

_-88.93
~-87.00

4.0

3.5

3.0

2.5 2.0

53.08
53.07

<

—43.36

1.5

1.0

0.5

0.0

-0.5

T T T T T T T
210 200 190 180 170 160 150 140

T
130

T
120

T
110
1 (ppm)

100

920

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

£-1000

S67



NAIIRmHRmH 1400
(@] (@] LTSS
DA DD D
o gt o B e I R
o e L1300
e
H,CO N
H 1200
F
1100
4
1000
900
800
2000 L700
600
1500
~500
1000
400
500 L300
Lo t-200
T T T T T
-194.22 -194.26 -194.30 -194.34 oo
f1 (ppm)
1" -0
-100
T T T T T T T T T T T T T T T
-80 -90 -100 -110 -120 -130 -140 fl—(150 ) -160 -170 -180 -190 -200 -210 -220
ppm

'"H NMR (500 MHz, CD;0H, 25 °C) with excitation sculpting (shimming issues and integration
issues close to the residual OH signal)
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3C NMR (100 MHz, CD;0H, 25 °C)
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'H NMR (400 MHz, DMSO-ds, 25 °C)
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"F NMR (470 MHz, DMSO-d;, 25 °C) with selective decoupling OMe
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'H-NMR (400 MHz, CDCls, 25 °C):
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""F.NMR (282 MHz, CDCl;, 25 °C):
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*C-NMR (100 MHz, CD,Cl,, 25 °C):
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"F.NMR (377 MHz, CD,Cl,, 25 °C):
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'"H-NMR (400 MHz, acetone-ds, 25 °C):
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*C-NMR (100 MHz, acetone-ds, 25 °C):
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""F-NMR (470 MHz, acetone-ds, 25 °C):
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'H-NMR (500 MHz, CD;0H, 25 °C):
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'H-NMR (500 MHz, CD;OH, 25 °C) with excitation sculpting (integration issues close to

residual OH signal)
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*C-NMR (100 MHz, CD;0H, 25 °C):
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""F.NMR (470 MHz, CD;0H, 25 °C):
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*C-NMR (100 MHz, DMSO-d;, 25 °C):
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NMR spectra of dilution experiments 0

1 H3C /CH3
H-NMR (500 MHz, CD,ClI,, —80 °C): ”
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""F.NMR (471 MHz, CD.CI,, —80 °C):
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""F.NMR (471 MHz, CD,Cl,, -80 °C) not decoupled: HaC%N/CHs
H
F
1
ks
c=0.8mM
-4
c=31mM
3
c=125mM
A
2
c=50mM
J
1
c =200 mM
‘SO —1‘55 —1‘60 —1‘65 —1‘70 —1‘75 —1‘80 -1‘85 —1‘90 —1‘95 —2‘00 —2‘05 —2‘10
f1 (ppm)
o)
""F-NMR (471 MHz, CD,Cl,, -80 °C) not decoupled, detail: HSC%N/CH3
H
F
1
5
c=0.8mM
e MMM M e
(-182.47)
4
c=31mM
(-182.47)
3
M
(-182.47)
o MM 2
moM L ¢ =50 mM
/\,\,_// / \\_// /
(-182.49)
F1
c =200 mM
(-182.50)
—18‘2.10 —18‘2.20 —18‘2.30 —18‘2.40 —18‘2.50 —18‘2.60 —18‘2.70 —18‘2.80 —18‘2.90 —18‘3.00
f1 (ppm)

S82




'H-NMR (500 MHz, CD,Cl,, -80 °C): Hg,Cw)kN/\@
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"9E-NMR (471 MHz, CD,Cl,, -80 °C): H3C%N/\©
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HsC
9E_NMR (471 MHz, CD,Cl,, 80 °C) not decoupled: %m“@
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'"H-NMR (500 MHz, CD,CI,, —80 °C): 0
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Note: shimming issues were encountered with the sample at 200 mM concentration.
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""F.NMR (471 MHz, CD,Cl,, -80 °C) not decoupled:
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'"H-NMR (500 MHz, CD,Cl,, —80 °C):
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'"H-NMR (500 MHz, CD,Cl,, —80 °C):

N
H
5
F5
Y L,
A MJ\ U/ L
| I .
Ly M ]
X [T I

T T T T T T T T T T T T T T T
.0 11.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -0.5 -10

T
f1 (ppm)

Detail (9.5 ppm - 7.5 ppm):
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Selective constant time *C-HMBC (500 MHz, CD,Cl,, -80 °C):

]
\|| | ’ “ '
N ‘f'A .‘lx A " .ll‘. .'\. A A .-‘lb I-' 'l A J |"‘ "., J I“I "'.

NH CH CH, CH,

W Nt M, e P Nt

r171.4

70 69 51 50 45 44 16 15
1H (ppm)

Pulse sequence: hmbcctetgpnd (v 1.6 2012/01/31) from Bruker standard library with
1ms reburp pulse for selective refocusing. Spectral widths were 16 ppm in the direct
dimension and 21 ppm in the indirect dimension. The transmitters were set to 6 ppm
and 175 ppm, respectively. A total of 4k x 256 data points was recorded. The time
domain in both dimensions was extended to twice its size by zero-filling. A sine bell
shifted by 90° was used for apodization in the indirect dimension. The spectrum is
presented in magnitude mode.

Cross-peaks appear as reduced multiplets due to the influence of the passive HF and
CF couplings. The characteristic tilt in the cross-peak structure (shown as
transparent blue arrow) is indicative for the relative sign of the passive couplings: A
tilt to the right results from passive couplings of identical sign, a tilt to the left results
from passive couplings of opposite sign. Since 3Jur is expected to be positive 2Jrco
must also be positive (cf. rightmost cross-peak) and “Jur in turn is negative (cf.
leftmost cross-peak).
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