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Supporting tables

Table S1 Summarized amide rotation properties as determined in salt samples of N-acetyl amino
acids in aqueous medium by NMR.

AA Ac-AA-O”
Ktrans/cis kinetics
(at 298 K) T, K k, st E?, kJ mol™?
cis—trans trans—cis cis—trans trans—cis
Pro 0.81+0.02 340 0.075+0.003 0.093+0.003 91.0+0.4 90.4+0.3
trifluoromethylated
2CF3Pro 5.85+0.11 340 2.88+0.07 0.70+0.01 80.7+0.3 84.6+0.3
3CFsPro 1.27+0.02 340 0.229+0.022 0.220+0.007 87.8+0.6 87.9+0.4
4CF3Pro 0.90+0.02 340 0.336+0.020 0.442+0.030 86.7+0.5 85.9+0.5
5CF3Pro 0.42+0.01 310 0.308+0.005 0.713+0.013 79.1+0.1 76.9+0.1
methylated

2CHzPro 2.56+0.09 340 0.105+0.002 0.059+0.001 90.0+0.4 91.6+0.8
3CHsPro 0.90+0.01 340 0.056+0.001 0.067+0.002 91.8+0.3 91.3+0.3
4CHsPro 1.03+0.01 340 0.066+0.004 0.071+0.009 91.3+0.5 91.1+0.7
5CHzPro 0.65+0.01 340 0.645+0.028 1.083+0.072 84.9+0.4 83.4+0.5

Table S2 Summarized logPocan-oiwater Values for methyl esters of N-acetyl amino acids.

compound

logP

compound

logP

compound

logP

trifluoromethylprolines

methylprolines

reference compounds

FsC +0.41£0. H,;C —0.06z0. —=0.44+£0.
ool 0413004 : 0.06£0.06  rco,c (Nj 0.44%0.05
Al A Ac
FsC +0.35+0.05 HsC -0.04+0.05 qF -0.66+0.03
HyCO,C HiCO,C( HaCOLCm
Ac Aé Ae
«CF3  +0.24+0.06 «CH;  -0.06+0.02 ~F -0.84£0.05
H3cozo~(Nj ’ H3COQC‘~(Nj ’ H3cozcw(Nj
Aé Aé Aé
O +0.2840.06  m.co.cn ~0.14+0.07 OH -1.24+0.08
o A(,Nj"'CFa o A(/Nj"’CHs H?’COZCW@
¢ ¢ Al
«OH  -1.43+0.06
Hacozc;w(Nj
Ac
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General protocols

HOQC@ Acy0 Hozc@ cat. HCI HsCOzC@

N
N EtsN Al in CHgOH Al
(or oHCI) in CH,Cl,

N-acetylation: An amino acid or an amino acid hydrochloride was mixed with acetic anhydride
(2-5 equiv.) and triethylamine (2-5 equiv) in dichloromethane at the room temperature. The
mixture was stirred for 30 min — 14 h until a clear solution was obtained. Dichloromethane was
removed under reduced pressure. Residual anhydride was quenched by dissolving the residue in
water, and this solution was freeze-dried. The residue was dissolved in some water and this
solution was passed through a short cation exchange resin column. Acidic fractions were
collected, and these were freeze-dried to give the product.

Esterification: An N-acetyl amino acid was dissolved in methanol (HLPC grade, about 10-20:1
v/w to the substance), and trimethylsilylchloride (2-5 equiv.) was added dropwise. The mixture
was stirred at the room temperature for 14 hours. In the case of 2CF3Pro derivative the reaction
time was prolonged to one week. The solvent was removed under reduced pressure and the
product was purified by silica gel chromatography using ethyl acetate — methanol mixture (20:1)
as an eluent (Rt in the range 0.4-0.7).
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Resulting methyl esters of N-acetyl amino acids usually come out as oils. Exceptions were:

H3C02C@
N
Ac

Ac-Pro-OMe, which was crystalized in the racemic form with s-trans amide, and the crystal
structure reported with CCDC 1443104 [S1]. (S)-enantiomer crystalized with s-cis amide as

reported in [S2].
H3COZCA(j

N
Ac

Ac-2CHsPro-OMe, which crystalized as a single enantiomer with s-trans amide and the structure
was reported with CCDC 1531999 [S5]

CF3
H3COQC‘ " (t’
!
Ac

Ac-4CF3;Pro-OMe, which crystalized in the racemic form as s-trans rotamer and the crystal
structure was reported with CCDC 1042476 [S3]

H3COZC‘ ! (j/

N
Ac

F

Ac-(4R)-FIp-OMe was obtained as a crystalline compound, the crustal structure in the form of s-
trans rotamer was reported in [S2].
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Compound characterization data

For all compounds 'H and *C{*H} NMR spectra were assigned using *H NOESY, H{**C} HSQC
and 'H¥C HMBC spectra. In few cases *F{**C} HMQC and *F{*H} HOESY were applied
additionally.

Ac-2CFsPro-OMe

methyl (R)-1-acetyl-2-(trifluoromethyl)pyrrolidine-2-carboxylate

Fsc Py

H3CO,C= 5
N

Al

Original compound was purchased as a single enantiomer (R) in the zwitter-ionic form, and this
was then processed according to the general procedures.

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CgH13FsNOs* 240.0842, found 240.0837.

'H NMR (700 MHz, D;0), §, only s-trans rotamer (Kganscis = 199+4): 3.88 and 3.78 (two m, 1H
each, 3-CHy), 3.79 (s, 3H, CH30), 2.54 and 2.41 (two m, 1H each, B-CHy), 2.16 (s, 3H, Ac), 2.14
(M, 2H, y-CHy).

Current Data Parameters g ﬂ E ﬁ s ©o=
NAME wova_2CF3Pro 5 i
EXPNO 120 Qe oo
PROCNO 1 ‘-Vf ¥ ‘| \ /
\ \
F2 - Acquisition Parameters.
Date_ 20160212
Time 7.45
INSTRUM spect
PROBHD &mm PATXI 1H/
PULPROG zg
TD 65536
SOLVENT Dzo
NS 1
DS 0
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 84.27
DW 50.000 usec
DE 10.00 usec
TE 298.0 K
D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 700.1732887 MHz
NUC1 1H
P1 10.00 usec
PLW1 15.00000000 W

F2 - Processing parameters
Sl 8
SF 700.1699453 MHz
WDW EM

S5B 0

LB 0.30 Hz

GB 0

PC 100.00

T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 05 ppm
J JU L)

3 £ [
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BC{*H} NMR (126 MHz, D;0), 3, only s-trans rotamer: 173.8 (s, C=0 in Ac), 169.6 (s, C=0 in
CO:Me), 124.4 (q, Jcr = 285 Hz, CF3), 69.7 (q, Jcr = 29 Hz, a-C), 53.4 (s, CH30), 50.3 (s, 8-
CH>), 33.5 (s, B-CHo), 23.3 (S, 7-CHa), 22.2 (s, CHs in Ac).

©o
~

Current Data Parameters®

——169.56

NAME wova_CF3scam-
EXPNO 106
PROCNO 1

F2 - Acquisition Parameters
Date_ 20160212

Time 10.52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gig30

TD 2768
SOLVENT D20

NS 048

DS 4

SWH 25000.000 Hz
FIDRES 0.762939 Hz
AQ 0.6553600 sec
RG 1440

Dw 20,000 usec
DE 10.00 usec

TE 298.0 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 56
======== CHANNEL f1 ====
SFO1 125.8006676 MHz
NUC1 13C

P1 9.88 usec
PLW1 101.00000000 W
======== CHANNEL {2 =======
SFO2 500.2517009 MHz
NUC2 1H
CPDPRG[2 waltz16
PCPD2 80.00 use:
PLW2 15.00000000
PLW12 0.33750001 V|

F2 - Processing parametefs
sl 32768

125.7879630 MHz
EM

1.00 Hz

1.40

——125.55
——123.29

f= [=N--] @D [==lTe]
@ 0 < ™ ~ N —
DD m o [+] (el
0 © n 0 [yl N
\) | Vo)
N/ | VS

1

T T
90 180

T
170

T T T T
160 150 140 130
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1%F NMR (659 MHz, D,0), §, two rotamers: =70.6 (s, s-cis), =71.3 (s, s-trans).

s =)

Current Data Pggameters —_
NAME wovtr-2CF3Pro -
EXPNO 124
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160212
Time 8.05
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zg

65536
SOLVENT D20
NS s-trans
DS 0
SWH 50000.000 Hz
FIDRES 0.762939 Hz
AQ 0.6553600 sec
RG 486.75
DW 10.000 usec
DE 80.00 usec
TE
D1 1.29999995 sec
TDO 1
======== CHANNEL f1 ====
SFO1 658.7712697 MHz
NUC1 19F
P1 11.25 usec
PLW1 15.00000000 W

F2 - Processing parameters
| 32768
SF 658.8180370 MHz
GM

WDW
SSB 0
LB -1.00 Hz
GB 0.05
PC 100.00
satellites
s-cis T -
T T T T T T T T T T T T T T T
-70.5 -70.6 -70.7 -70.8 -70.9 -71.0 714 -71.2 -71.3 -71.4 -71.5 7186 7.7 718 -71.9  ppm
| | L J |
= o enf =
< - - e
- - <t -
[=]
(Y
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Ac-3CF3;Pro-OMe

methyl (2r,3r)-1-acetyl-3-(trifluoromethyl) pyrrolidine-2-carboxylate

F3C

*1p

o Y

H3C02C“‘ 5
N

Ad

Original compound was supplied as a single diastereomer in the form of an amino acid
hydrochloride, and this was then processed according to the general procedures.

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CgH13FsNOs* 240.0842, found 240.0838.
H NMR (700 MHz, D,0), 8, two rotamers (Kyansicis = 6.60+0.15):

s-trans: 4.58 (d, J = 4.6 Hz, 1H, a-CH), 3.75 and 3.71 (two m, 2H, 3-CHy), 3.73 (s, 3H, CHs0),
3.29 (m, 1H, B-CH), 2.31 and 2.23 (two m, 2H, y-CHy), 2.07 (s, 3H, CHsC);

s-cis: 4.92 (d, J = 2.5 Hz, 1H, a-CH), 3.78 (s, 3H, CH:0), 3.66 and 3.48 (two m, 2H, 8-CH,), 3.45
(m, 1H, B-CH), 2.19 (m, 2H, y-CHy), 2.00 (s, 3H, CH:C).

Current Data Parameters
NAME wova_3TfmPro

—4.92
458
_ 378
-3.73
347
——3.29
231
T—223
——2.07
2,00

EXPNO 153

PROCNO 1 \
I

F2 - Acquisition Parameters

Date_ 20160102

Time 21.52

INSTRUM spect

PROBHD & mm PATXI 1H/

PULPROG zg

TD 65536

SOLVENT D20

NS 1

DS ]

SWH 6666.667 Hz

FIDRES 0.101725 Hz

AQ 4.9152002 sec

RG 14.42

Dw 75.000 usec

DE 10.00 usec

TE 2996

D1 2.00000000 sec

TDO 1

======== CHANNEL {1 ========

SFO1 700.1732868 MHz

NUC1 1H

P1 10.25 usec

PLW1 15.00000000 W

F2 - Procassing parameters
| 32768

SF 700.1700000 MHz

WDW GM

SSB 0

LB -0.50 Hz
GB 0.1
PC 100.00

‘ th i Y ik

T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 ppm

JII ) Jl YL
- © | In[wo] o[
- |® @l N|® @S

(spectrum shows a resonance from dichloromethane additive)
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The diastereomer assignment was done using a series of °*F{*H} HOESY experiments with
different mixing times, as shown below:

Ac-3CF3Pro-OMe / D,O sample

19F{IH} HOESY at 471/500 MHz frequencies, 298 K

s-trans rotamer s-cis rotamer
6.0x10° o
3x10"
Y o s
Z . Z 20610° 4
1x107 ’."’/’
7o i/‘
° ] 1EI)0 ZEI)O Géﬂ 450 5EI)D = 0 1(IJO 2(‘JO 3&0 4(l)0 560
mixing time, ms mixing time, ms
guadratic fit y = a+bx+cx? quadratic fit y = a+bx+cx?
b = 75969 (B-CH), 61518 (a-CH) b = 14556 (B-CH), 11396 (a-CH)
{re}iro}® = 75969/61518 = 1.24 {re}/ro}® = 14556/11396 = 1.28
{re}/{ros} = 1.04 {re}/{roa} = 1.04

, where {r.} is the weighted distance of the corresponding hydrogen to the fluorine atoms of the
CFs-group:

1

fraction
GJ y. fraction

conformatons r|:,|-|X

=

and z fraction =1

conformatons

Results show similar distance between CFsz-group and the o- and B-hydrogen atoms, which
occurs when relative orientation of the CF3- and carboxymethyl groups is trans-.
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3C{'H} NMR (176 MHz, D,0), 8, only s-trans rotamer: 173.2 (s, C=0 in Ac), 172.4 (s, CO:Me),
126.2 (g, Jcr = 279 Hz, CF3), 59.0 (s, a-CH), 53.4 (s, CH30), 47.1 (s, 8-CH>), 45.3 (q, Jcr = 29 Hz,
B-CH), 24.4 (s, y-CH,), 21.1 (s, CHs).

nowo © O N
NS © Q< ©
Current Data Para SN — @ I~ 0 o
AME  wova_: 2 Sl o
EXPNO 155 | ) | |
PROCNO 1\\\_:/ \\\ [/
i i
F2 - Acquisition Parameters
Date_ 20160102
Time 2212
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG 241930
TD 32768
SOLVENT Dzo
NS 16384
DS 8
SWH 40760.871 Hz
FIDRES 1.243923 Hz
AQ 0.4019541 sec
RG 2050
DW 12.267 usec
DE 10.00 usec
TE 2996 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO
======== CHANNEL fi| ========
SFO1 176.0763711 [MHz
NUC1 13C
P1 11.00 usec
PLWA1 250.00000004 W
======== CHANNEL g ========
SFO2 700.1723106 MHz
NUC2 1H
CPDPRG[2 waltz1§
PCPD2 65.00 ugpc
PLW2 15.0000000q W
PLW12 0.35148999|W
F2 - Processing paramglers
Sl 32768
SF 176.0578870 NiHz
WDW EM
S5B 0
LB 1.00 Hz
GB 0
2.00

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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1F NMR (659 MHz, D,0), §, two rotamers: =71.4 (d, Jrn = 9 Hz, s-trans), =71.7 (d, Jew = 9 Hz, s-
cis).

< =<t
< M~

Current Data Parameters — —

NAME wova_3TfmPro ~ -

EXPNO 150

PROCNO 1

F2 - Acquisition Parameters

Date_ 20160102

Time 21.41

INSTRUM spect

PROBHD 5 mm PATXI 1H/

PULPROG zg

TD 135168

SOLVENT D20

NS 1

DS 0

SWH 92592 594 Hz

FIDRES 0.685019 Hz

AQ 0.7299072 sec

RG 883.14

DW 5.400 usec

DE 80.00 usec

TE .

D1 0.69999999 sac

TDO 1

======== CHANNEL f1 ========

SFO1 658.7719197 MHz

NUC1 19F

P1 10.75 usec
PLW1 15.00000000 W

F2 - Processing parameters

Sl 6

SF 658.8180370 MHz
WDW GM

SSB 0

LB -1.00 Hz

GB 0.05

PC 100.00

-70.0 -70.5 -71.0 -71.5 -72.0 -725 -73.0 -73.5 ppm
| |
.
o <
© -
S11
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Ac-4CF3;Pro-OMe

methyl (2S,4S)-1-acetyl-4-(trifluoromethyl)pyrrolidine-2-carboxylate

B CFs
Haco.C ]/
N
Ac

The synthesis of the enantiomeric amino acid and the model compound is as reported previously
in [S3].

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CoH13FsNO3s*™ 240.0842, found 240.0836.
'H NMR (700 MHz, D,0), §, two rotamers (Kuans/cis = 4.36+0.18):

s-trans: 4.48 (t, J = 8.3 Hz, 1H, a-CH), 3.98 (dd, J = 10.7, 8.7 Hz, 1H, 5-CH), 3.70 (s, 3H, CH30),
3.69 (dd, J = 10.8, 9.2 Hz, 1H, 5-CH), 3.26 (m, 1H, y-CH), 2.61 (dt, J = 13.5, 8.3 Hz, 1H, B-CH),
2.11 (dt, J = 13.3, 8.5 Hz, 1H, B-CH), 2.06 (s, 3H, CHs in Ac);

s-cis: 4.81 (dd, J = 9.7, 4.0 Hz, 1H, a-CH), 3.96 (m, 1H, 8-CH), 3.74 (s, 3H, CHz0), 3.42 (dd, J =
12.8, 6.3 Hz, 1H, 8-CH), 3.16 (m, 1H, y-CH), 2.73 (dt, J = 14.4, 9.5 Hz, 1H, p-CH), 2.42 (dt, J =
14.4, 4.7 Hz, 1H, B-CH), 1.96 (s, 3H, CHs in Ac).

Current Data Parameters o Q g g g E % 5:\Ir 8 © & o f# N 8 g
NAME wova_TimPro2 < <

EXPNO 20

PROCNO 1 ‘

F2 - Acquisition Parameters
Date_ 20150324

Time 20.55
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zg

TD 65536
SOLVENT D20

NS 1

Ds 0

SWH 6666.667 Hz
FIDRES 0.101725 Hz
AQ 4.9152002 sec
RG 74.88

DW 75.000 usec

DE 10.00 usec

TE 288.0K

D1 2.00000000 sec

TDO 1

======== CHANNEL f1 ========
SFO1 700.1732874 MHz

NUC1 1H

P1 10.10 usec
PLW1 15.00000000 W

F2 - Processing parameters
Sl 32768

SF 700.1700000 MHz
WDW EM

SSB 0
LB

GB 0

PC 100.00

1.00 Hz

U

T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm

I JIC L

o] (® =153 o= o=
AR <2 Qs S
—_ o — - |
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Ac-5CF;Pro-OMe

methyl (2S,5R)-1-acetyl-5-(trifluoromethyl) pyrrolidine-2-carboxylate

A¢

Original compound was purchased as a single diastereomer in the form of an amino acid
hydrochloride, and this was then processed according to the general procedures. The assignment
of the diastereomer was done following the detection of the amide barriers. The latter would
increase in case of a trans-diastereomer and decrease when the disatereomer is cis [S4].
Significant decrease of the barriers indicated the cis-diastereomer.

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CoH13FsNO3s* 240.0842, found 240.0838.
H NMR (700 MHz, D;0), §, two rotamers (Kgans/cis = 2.78+0.18):

s-trans: 4.74 (m, 1H, 8-CH), 4.53 (t, J = 9.2 Hz, 1H, a-CH), 3.70 (s, 3H, CHs0), 2.41 (m, 1H, B-
CH), 2.23 (m, 2H, y-CHy), 2.17 (s, 3H, CHs in Ac), 2.05 (m, 1H, B-CH);

s-cis: 4.81 (m, 1H, 5-CH), 4.80 (t, J = 8.5 Hz, 1H, a-CH), 3.75 (s, 3H, CHz0), 2.51 (m, 1H, B-CH),
2.12 (m, 2H, y-CH,), 2.09 (m, 1H, B-CH), 2.02 (s, 3H, CHs in Ac).

Current Data Parameters
NAME wova_5TfmPro
EXPNO 120
PROCNO 1

~4.81
4.80
T-4.74
-4.53

~3.75
~-3.70
52

41

23

Vs
5
AN

F2 - Acquisition Parameters
Date_ 20160429

Time 11.48
INSTRUM spect
PROBHD 5 mm PABBO BE-
PULPROG zg

TD 65536
SOLVENT Dzo
NS 1

DS 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
Al 3.2767999 sec
RG 106.38

DW 50.000 usec

DE 10.00 usec

TE .

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 700.1732908 MHz
NUC1 1H

P1 19.50 usec

PLW1 22.00000000 W
F2 - Processing parameters

32768
SF 700.1699936 MHz
EM

wDwW

SSBE 0

LB 0.30 Hz
GB

PC 100.00

T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 05 ppm

L Il .
(| @)= S © co"c: o] | )
~|@ @ <e D@ =R =|—
cc>|c>‘ —o |DL>NNN-—‘
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13C{*H} NMR (176 MHz, D,0), §, two rotamers:

s-trans: 174.9 (s, C=0 in Ac), 173.9 (s, COzMe), 125.3 (q, Jcr = 282 Hz, CF3), 60.2 (s, a-CH),
59.9 (q, Jcr = 31 Hz, 3-CH), 52.9 (s, CH30), 26.8 (s, -CH>), 26.0 (s, y-CH>), 21.3 (s, CHz in Ac);

s-cis: 175.0 (s, C=0in Ac), 174.0 (s, CO2Me), 125.4 (q, Jcr = 282 Hz, CF3), 61.1 (s, a-CH), 58.4
(g, Jcr = 30 Hz, 8-CH), 53.3 (s, CH30), 28.5 (s, B-CHy), 24.1 (s, y-CH>), 21.3 (s, CHz in Ac).

@ I~
@

2823 8 232288 HRBTQ
[} wo e e — Y8
ﬁ;’,zfgmampag%sﬁh & — S @M GO T =
wova — — @ OoWwwWwLw w0 NN NN
EXPNO 81 ;) [ A [N o
PROCNO Y L7 ~N S N AT
A R I ir
F2 - Acquisition Paramaters
Date_ 20160429

Time 18.23

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG 29ig30
32768

TD

SOLVENT D20

NS 24576

DS 8

SWH 40760.871 Hz
FIDRES 1.243923 Hz
AQ 0.4019541 sec
RG 2050

DW 12.267 usec
DE 10.00 usec

TE 299.0K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 3072
======== CHANNEL {1 ========
SFO1 176.076371[1 MHz
NUCAH 13C

P1 11.50 us

PLW1 67.0000000p W
======== CHANNEL [2 ========
SFO2 700.172319f MHz
NUC2 1H
CPDPRG[2 waltz]|6
PCPD2 73.00 bisec
PLW2 22.0000000p W
PLW12 1.417600p W
F2 - Processing paramgter

=] 32768

SF 176.057887Q MHz
WDW EM

SSB 0

LB 1.00 Hz

GB

0
PC 2.00

T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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1F NMR (659 MHz, D,0), 5, two rotamers: =73.37 (d, Jrn = 8 Hz, s-cis), =73.44 (d, Jeu = 8 Hz, s-

trans).

~ =
[ I
Current Data Parameters e )
NAME wova_S5TfmPro B~
EXPNO 171
PROCNO 1 ‘ |
F2 - Acquisition Parameters
Date_ 20160503
Time 20.22
INSTRUM spect
PROBHD 5 mm PABBO BE-
PULPROG 79
6553
SOLVENT D20
NS
DS 0
SWH 25000.000 Hz
FIDRES 0.381470 Hz
AQ 1.3107200 sec
RG 1290
DW 20.000 usec
DE 80.00 usec
TE 299.0 K
D1 1.20999995 sec
TDO 1
======== CHANNEL f1 ========
SFO1 658.7696801 MHz
NUC1 19F

P1 23.25 usec
PLW1 12.00000000 W

F2 - Processing parameters

Sl 6

SF 658.8180370 MHz
WDW GM

SSB 0

LB -1.00 Hz

GB 0.05

PC 100.00

T T T T T T T T
724 -72.6 -72.8 -73.0 -73.2 -73.4 -73.6 -73.8
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Ac-2CHsPro-OMe

methyl (S)-1-acetyl-2-methylpyrrolidine-2-carboxylate

HsC P ¥
Hacozc--b‘(j 5
N

Ad

This compound was prepared from commercially available enantiomeric (S)-methylproline using
general procedures. Detailed experimental characterization was reported in [S5].

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CgH1sNO3*" 186.1125, found 186.1123.

IH NMR (700 MHz, D20), 3, only s-trans rotamer (Kgansicis = 39+1): 3.66 (s, 3H, CH30), 3.65 (m,

1H, 3-CH), 3.60 (m, 1H, 3-CH), 2.11 (m, 1H, B-CH), 2.00 (s, 3H, CHsz in Ac), 1.99 (m, 2H, y-CH,),

1.93 (m, 1H, B-CH), 1.42 (s, a-CHjs).
RANE. ova, 25iaFro

EXPNO
PROCNO 1

-2.00
1.99
1.93
1.42

386
-~ 365
-3.60
241

F2 - Acquisition Parameters

Date_ 20160203
Time 8.39
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG s}

TD 65536
SOLVENT Dzo
NS 1

DS 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 58.31

DW 50.000 usec
DE 10.00 usec

TE 289.6 K
D1 2.00000000 sec
TDo 1

======== CHANNEL f1 ========
SFO1 700.1732887 MHz
NUC1 1H

P1 12.20 usec
PLW1 15.00000000 W
F2 - Processing parameters
S| 32768

SF 700.1700000 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB

0
PC 100.00

. M .

T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2

0 5
’_,\ T_“ py \,l\ J l\
I Hell=) Mt ™M (I~
O.m.ce‘ [Q[QH FD‘@
(=2 lE |~ [=]

(there is a little signal from a dichloromethane additive in the spectrum)
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Ac-3CHsPro-OMe

methyl (2S,3S)-1-acetyl-3-methylpyrrolidine-2-carboxylate

H3CO,C1
N

H3C

Py

8

Starting amino acid was purchased in enantiomericaly pure form as a zweitter-ion. This was
processed according to the general procedures.

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CgH1sNO3*" 186.1125, found 186.1121.

H NMR (700 MHz, D;0), 8, two rotamers (Kyansicis = 6.51+0.10):

s-trans: 3.89 (d, J = 6.9 Hz, 1H, a-CH), 3.71 (s, 3H, CH:0), 3.69 and 3.57 (two m, 2H, 5-CHy),
2.32 (m, 1H, B-CH), 2.09 and 1.65 (two m, 2H, y-CH), 2.04 (s, 3H, CHs in Ac), 1.09 (d, J = 6.8

Hz, B-CHa);

s-cis: 4.24 (d, J = 4.0 Hz, 1H, a-CH), 3.75 (s, 3H, CH30), 3.61 and .40 (two m, 2H, §-CH,), 2.53
(m, 1H, B-CH), 1.97 and 1.58 (two m, 2H, y-CH,), 1.91 (s, 3H, CH3 in Ac), 1.10 (d, J = 6.9 Hz, 3H,

B-CHs).

Current Data Parameters
NAME wova_3CH3Pro
EXPNO 90
PROCNO 1

F2 - Acquisition Parameters

Date_ 20160201
Time 17.36
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zg

TD 65536
SOLVENT D20

NS 1

DS 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 58.31

DW 50.000 usec
DE 10.00 usec
TE 299.6 K

D1 2.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 700.1732887 MHz
NUC1 1H

P1 10.25 usec
PLW1 15.00000000 W
F2 - Processing parameters
Sl 8

SF 700.1700000 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 100.00

L

9.5 9.0 8.5 8.0

75

7.0

6.5

New J. Chem., 2018, doi: 10.1039/c8nj02631a

6.0

55

5.0

T T T T T T
4.5 4.0 3.5 3.0 25 2.0

SO AL L)
0| [©[—|©| ™) o [of= (|~
= R XCI= (R =

D | U

T T
1.0 0.5 ppm
)
()
o

S17



13C{*H} NMR (126 MHz, D,0), §, two rotamers:

s-trans: 174.9 (s, CO,Me), 173.0 (s, C=0 in Ac), 65.8 (s, a-CH), 52.9 (s, CHsO), 47.8 (s, 8-CHy),
38.1 (s, B-CH), 32.2 (s, y-CH2), 21.0 (s, CHs in Ac), 16.9 (s, B-CHa);

s-cis: 174.5 (s, CO2Me), 173.6 (s, C=0 in Ac), 67.1 (s, a-CH), 53.3 (s, CH30), 45.6 (s, 6-CH>),
39.3 (s, B-CH), 29.8 (s, y-CH>), 21.1 (s, CHs in Ac), 17.8 (s, B-CHs).

ToRD
e MR R83L 3IY¥ 58 5888
ﬁ;ﬁsgtDam‘mgggg g AANNY OP NG —O~©
| - ©© Do OO AN NN~ ~—
EXPNO 53, | \ VAR RO R ERNRY
PROCNO A ! \/ / /
1 \ LA I R N A I
F2 - Acquisition Parameters
Date_ 20160130
Time 15.13
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 29ig30
TD 3276
SOLVENT D20
N 2048
DS 4
SWH 25000.000 Hz
FIDRES 0.762939 Hz
AQ 0.6553600 sec
RG 1620
DW 20.000 usec
DE 10.00 usec
TE 298.0K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 256
======== CHANNEL f1 ========
SFO1 125.8006676 MHz
NUCAH 13C
P1 9.88 usec
PLW1 101.00000G00 W
======== CHANNEL 2 ========
SFO2 500.2515007|MHz
NUC2 1H
CPDPRG[2 waltzj §
PCPD2 80.00 pigec
PLW2 15.0000009q W
PLW12 0.33750001 W
F2 - Processing paranyeger
=] 32768
SF 125.7879630|MHz
WDW EM
SSB 0
LB 1.00 Hz
GB ]
PC 1.40

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Ac-4CHsPro-OMe

methyl (2S,4S)-1-acetyl-4-methylpyrrolidine-2-carboxylate

B \CHs

HsCO,C1
N

8

We prepared the derivation according to the general procedure starting from enantiomerically
pure amino acid hydrochloride. The latter was prepared according to the protocol [S6] as
described previously in [S7]. The final substance was previously described in [S8,S9].

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CgH1sNO3*" 186.1125, found 186.1123.

IH NMR (700 MHz, D;0), 8, s-trans rotamer (Kyansisis = 8.05+0.13): 4.30 (t, J = 8.5 Hz, 1H, a-CH),
3.77 (dd, J = 10.4, 7.3 Hz, 1H, 5-CH), 3.69 (s, 3H, CHz0), 3.11 (t, J = 10.2 Hz, 1H, 5-CH), 2.41,
dt, J = 12.4, 7.0 Hz, 1H, B-CH), 2.32 (m, 1H, y-CH), 2.03 (s, 3H, CHs in Ac), 1.50 (m, 1H, B-CH),

0.99 (d, J = 6.7 Hz, 3H, y-CHa).

Current Data Parameters a2 [N - Y 8 2 e

NAME vk CFascan_comp g 2 e e NS i pi

EXPNO 20 | t

PROCNO 1 | ‘ \ \ / | |

F2 - Acquisition Parameters

Date_ 20180512

Time 19.35

INSTRUM spect

PROBHD 5 mm PATXI 1H/

PULPROG zg

TD 65536

SOLVENT Dz0

NS 1

Ds

SWH 10000.000 Hz

FIDRES 0.152588 Hz

AQ 3.2767999 sec

RG 58.31

DW 50.000 usec

DE 10.00 usec

TE 299.0 K

D1 2.00000000 sec

TDO 1

======== CHANNEL f1 ========

SFO1 700.1732865 MHz

NUC1 1H

P1 10.30 usec

PLW1 15.00000000 W

F2 - Processing parameters

S| 32768

SF 700.1700000 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 100.00

J /I 2 " I/AA_J J.
-
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
)1 JIL Ll N N 1 N AN AL L
=) |10 (0] [od] [ufev[eu| 0] — o] av|e f2[T)
< |- cl =l =I2C =z == o
— L o |f‘ cllo r[ﬁ c‘m‘c‘o“ﬁw L\J’J
S19
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Ac-5CH3Pro-OMe
methyl (2S,5S)-1-acetyl-5-methylpyrrolidine-2-carboxylate

B

Y
HaCO,C: ‘q(j 5
N ‘s

/ /CH3
Ac

Starting amino acid was synthesized in enantiomerically pure form starting from a glutamic acid
derivative according to [S10]. This was functionalized according to the general procedures.

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CoH1sNO3s™ 186.1125, found 186.1122.
H NMR (700 MHz, D,0), §, two rotamers (Kuans/cis = 4.64+0.02):

s-trans: 4.30 (t, J = 8.6 Hz, 1H, o-CH), 4.14 (m, 1H, 8-CH), 3.67 (s, 3H, CHs0), 2.26 (m, 1H, B-
CH), 2.06 (s, 3H, CHs in Ac), 2.03 (m, 1H, y-CH), 1.98 (m, 1H, B-CH), 1.71 (m, 1H, y-CH), 1.20 (d,
J = 6.6 Hz, 1H, 8-CHa);

s-cis: 4.59 (dd, J = 8.6, 5.5 Hz, 1H, a-CH), 4.09 (m, 1H, 5-CH), 3.73 (s, 3H, CHz0), 2.26 and 2.13
(two m, 1H each, B-CHy), 2.00 (m, 1H, y-CH), 1.90 (s, 3H, CHs in Ac), 1.54 (m, 1H, y-CH), 1.14
(d, J = 6.4 Hz, 1H, 5-CHa).

Current Data Parameters % 8 = 8 E '&5 ﬁ ® 8 8 g co, ~ % 8 =
NAME  wova_SCH3Pro o4 dd T 5o N A NN e e e e
EXPNO 0 |\ L N )/\ ]
PROCNO 1 \ \ ~ s
(BT Vi SN ¢ |
F2 - Acquisition Parameters
Date_ 20160323
Time 20.18
INSTRUM spect
PROBHD &mm PABBO BB-
PULPROG zg
TD 65536
SOLVENT Dzo
NS 1
DS 0
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 84.27
DW 50.000 usec
DE 10.00 usec
TE 298.0 K

D1 3.00000000 sec
TDo 1

======== CHANNEL f1 ========
SFO1 700.1732899 MHz

NUC1 1H

P1 19.50 usec

PLW1 22.00000000 W

F2 - Processing parameters

sl 32768

SF 700.1700000 MHz
GM

SSBE 0

LB -0.50 Hz
GB 0.1
PC 300.00

el

T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 2 20 15 1.0 05 ppm
Lo g

ol B R

S20
New J. Chem., 2018, doi: 10.1039/c8nj02631a



(there is a little signal from a dichloromethane additive in the spectrum)
BC{*H} NMR (176 MHz, D.0), §, two rotamers:

s-trans:175.2 (s, CO:Me), 172.7 (s, C=0 in Ac), 59.8 (s, a-CH), 55.9 (s, 3-CH), 52.8 (s, CH30),
31.7 (s, B-CHy), 27.1 (s, y-CH2), 20.7 (s, CHs in Ac), 19.2 (s, 8-CHa);

s-cis: 175.0 (s, COz2Me), 173.1 (s, C=0 in Ac), 61.2 (s, a-CH), 54.9 (s, 6-CH), 53.2 (s, CHs0), 30.7
(s, B-CHy), 28.8 (s, y-CH>), 21.6 (s, CHs3 in Ac), 18.5 (s, 6-CH3).

5588 §e98=2 8R88LIBIY
ol ImNO@—-® OISO OA
ﬁ;ﬁsgtDamPaﬁg%h =G w3 A L
wova - © MWW w0 Mm OANNNANN — —
EXPNO 81 ) L b N N
PROCNO / \ N\ L7 \ : l
N NN WY N
F2 - Acquisition Parameters
Date_ 20160321
Time 18.21
INSTRUM spect

P
PROBHD 5mm PABBO BB-

PULPROG 241930
TD 32768
SOLVENT Dzo

NS 1024

DS 8

SWH 40760.871 Hz
FIDRES 1.243923 Hz
AQ 0.4019541 sec
RG 2050

DW 12.267 usec

DE 10.00 usec

TE 288.1 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 128
======== CHANNEL f1 ========
SFO1 176.0763711 MHz
NUCAH 13C

P1 11.50 usec
PLW1 67.000000p0 W
======== CHANNEUY {2 ========
SFO2 700.17210p5 MHz
NUC2 1H
CPDPRG[2 waltz]1 6
PCPD2 70.00 pispc
PLW2 22.000000p0 (W
PLW12 1.41760004 W
F2 - Processing paramelers
Sl 32768

SF 176.057887Q MHz
WDW M

S5B 0

LB 1.00 Hz

GB 0

PC 2.00

T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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Ac-(4R)-FIp-OMe

methyl (2S,4R)-1-acetyl-4-fluoropyrrolidine-2-carboxylate

P F

HsCO,C 9@?

N
Ac

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CsH1sFNOs" 190.0874, found 190.0870.

'H NMR (700 MHz, D,0), §, two rotamers (Kganscis = 7.16+0.31):

s-trans: 5.37 (dt, Jur = 52 Hz, Junw = 3.3 Hz, 1H, y-CHF), 4.51 (dd, J = 9.9, 7.8 Hz, 1H, a-CH), 3.97
(ddd, Jur = 22 Hz, Jun = 13.0, 2.3 Hz, 1H, 8-CH), 3.83 (ddd, Jur = 38 Hz, Jun = 13.0, 3.1 Hz, 1H,
8-CH), 3.71 (s, 3H, CH30), 2.64 (ddddd, Jur = 19 Hz, Junw = 14.8, 7.7, 2.2, 1.2 Hz, 1H, B-CH), 2.15
(dddd, Jur = 42 Hz, Jun = 14.9, 10.1, 4.0 Hz, 1H, B-CH), 2.07 (s, 3H, CHs in Ac);

s-cis: 5.30 (dt, Jur = 52 Hz, Jun = 3.6 Hz, 1H, y-CHF), 4.84 (t, J = 8.4 Hz, 1H, a-CH), 4.05 (ddd,
Jue = 21 Hz, Jun = 14.0, 2.7 Hz, 1H, 8-CH), 3.75 (s, 3H, CH30), 3.46 (ddd, Jue = 37 Hz, Ju = 14.1,
3.4 Hz, 1H, 5-CH), 2.77 (ddddd, Jur = 21 Hz, Jun = 15.0, 8.6, 2.6, 1.4 Hz, 1H, B-CH), 2.36 (dddd,
Jur = 39 Hz, Jun = 15.1, 8.2, 4.4 Hz, 1H, B-CH), 1.96 (s, 3H, CHs in Ac).

Current Data Parameters
NAME  vk_CF3scan_comp
EXPNO 51
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180512

Time 20.36
INSTRUM spect
PROBHD 5 mm PATXI 1H/

PULPROG zg

TD 65536
SOLVENT Dz0
NS 1

Ds

SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 58.31

DW 50.000 usec
DE 10.00 usec
TE 299.0 K

D1 2.00000000 sec
TDo 1

======== CHANNEL f1 ========
SFO1 700.1732865 MHz

NUC1 1H

P1 10.30 usec

PLW1 15.00000000 W

F2 - Processing parameters

S| 32768

SF 700.1700000 MHz
GM

WD

SSB 0

LB -0.50 Hz
GB 0.1
PC 100.00

©0 — © W ©W
NS N
[y M Mar] AN oo
) )] | \
L/ I
| { || !

A

——207
~1.96

[

9.5 9.0 8.5 8.0

75

7.0

6.5
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Ac-(4S)-Flp-OMe

methyl (2S,4S)-1-acetyl-4-fluoropyrrolidine-2-carboxylate

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CsH1sFNOs" 190.0874, found 190.0872.

'H NMR (700 MHz, D,0), §, two rotamers (Kganscis = 2.62+0.07):

B

H3CO,C: “"‘(j N

N
Ac

s-trans: 5.36 (dt, Jue = 52 Hz, Jun = 3.2 Hz, 1H, y-CHF), 4.68 (m, 1H, o-CH), 3.91 (dd, Jur = 25
Hz, Jun = 13.2 Hz, 1H, 5-CH), 3.84 (ddd, Jur = 39 Hz, Jun = 13.3, 3.6 Hz, 1H, 6-CH), 3.71 (s, 3H,
CHs0), 2.49 (m, 1H, B-CH), 2.48 (m, 1H, B-CH), 2.08 (s, 3H, CHs in Ac);

s-Cis: 5.32 (dt, Jue = 52 Hz, Jun = 3.5 Hz, 1H, y-CHF), 4.85 (d, J = 9.8 Hz, 1H, o-CH), 3.75 (s, 3H,
CHs0), 3.71 (ddd, Jur = 28 Hz, Ju = 14.4, 1.6 Hz, 1H, 5-CH), 3.70 (ddd, Jur = 38 Hz, Juy = 14.4,
3.8 Hz, 1H, 8-CH), 2.66 (ddd, Jur = 16 Hz, Juu = 14.6, 1.6 Hz, 1H, p-CH), 2.52 (m, 1H, B-CH),
2.00 (s, 3H, CHs in Ac).

Current Data Parameters
NAME  vk_CF3scan_comp
EXPNO 60
PROCNO 1

F2 - Acquisition Parameters
Date_ 20180512

Time 20.39
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zg
65536

TD

SOLVENT Dzo

NS 1

DS 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 58.31

DW 50.000 usec

DE 10.00 usec

TE 299.0 K

D1 2.00000000 sec
TDO 1

======== CHANNEL f1 ========
SFO1 700.1732865 MHz
NUC1 1H

P1 10.30 usec
PLW1 15.00000000 W

F2 - Processing parameters
S| 32768

SF 700.1700000 MHz
WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 100.00

5.36
5.32
—4.85
—4.68

391

~ 384
—3.75
3.71

i

9.5 9.0 8.5 8.0
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Ac-(4R)-Hyp-OMe
methyl (2S,4R)-1-acetyl-4-hydroxypyrrolidine-2-carboxylate

B LoH

H4CO,C ‘Q‘(\/]’BY

h
Ac

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CgH1aNO4™ 188.0917, found 188.0915.
H NMR (700 MHz, D,0), §, two rotamers (Kgans/cis = 6.22+0.40):

s-trans: 4.52 (M, 1H, y-CH), 4.46 (t, J = 8.6 Hz, 1H, a-CH), 3.76 (dd, J = 11.5, 4.0 Hz, 1H, 5-CH),
3.70 (s, 3H, CHz0), 3.57 (dt, J = 11.8, 1.6 Hz, 1H, 5-CH), 2.30 (ddt, J = 13.7, 7.8, 2.0 Hz, 1H, B-
CH), 2.09 (ddd, J = 13.8, 9.2, 4.6 Hz, 1H, B-CH), 2.05 (s, 3H, CHs in Ac);

s-Cis: 4.74 (m, 1H, a-CH), 4.45 (m, 1H, y-CH), 3.74 (s, 3H, CH30), 3.62 (dt, J = 12.6, 1.8 Hz, 1H,
8-CH), 3.47 (dd, J = 12.7, 4.7 Hz, 1H, 5-CH), 2.41 (dddd, J = 14.2, 8.7, 3.3, 1.6 Hz, 1H, B-CH),
2.28 (m, 1H, B-CH), 1.94 (s, 3H, CHs in Ac).

Current Data Parameters E % E E ﬁ E % B Q sy 8 8 '8 g
NAME  vk_CFascan_comp o o BB e m o oo —
EXPNO 31 | NPy [ )
PROCNO 1 \ ~a L \ L /
V S AR
F2- Acqulsmon Parameiers
Date 512
Time_ 20 28
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zg
TD 65536
SOLVENT Dz0
NS 1
Ds
SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 58.31
DW 50.000 usec
DE 10.00 usec
TE 289.0K
D1 2.00000000 sec
TDO 1
======== CHANNEL 1 ========
SFO1 700.1732865 MHz
NUC1
P1 10.30 usec
PLW1 15.00000000 W
F2 - Processing parameters
sl 32768
SF 700.1700000 MHz
WDW GM
S5B 0
LB -0.50 Hz
GB 0.1
PC 100.00
AL ‘
}
T T T T T T T T T T T I T T T T T T
95 9.0 8.5 8.0 75 7.0 65 6.0 55 5.0 25 2.0 1.5 1.0 05 ppm
J) U
Tcr)mow F«fm{mwh‘
...... == Qe T
‘ | i~ c S|—|—|ad o‘
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Ac-(4S)-Hyp-OMe

methyl (2S,4S)-1-acetyl-4-hydroxypyrrolidine-2-carboxylate

Mass-spectrum (ESI-Orbitrap): calcd. for [M+H]" CgH14NO4" 188.0917, found 188.0914.

H NMR (700 MHz, D,0), §, two rotamers (Kgans/cis = 2.49+0.05):

s-trans: 4.57 (dd, J = 9.6, 2.5 Hz, 1H, a-CH), 4.48 (m, 1H, y-CH), 3.75 (dd, J =11.6, 4.6 Hz, 1H,
§-CH), 3.69 (s, 3H, CHz0), 3.52 (dt, J = 11.6, 1.5 Hz, 1H, 5-CH), 2.36 and 2.13 (two m, 1H each,

B-CH), 2.06 (s, 3H, CHs in Ac);

s-Cis: 4.74 (dd, J = 7.6, 3.1 Hz, 1H, a-CH), 4.44 (m, 1H, y-CH), 3.72 (s, 3H, CHs0), 3.55, (dd, J =
13.1, 4.5 Hz, 1H, 8-CH), 3.39 (d, J = 13.1 Hz, 1H, 8-CH), 2.37 (m, 2H, B-CH.), 2.00 (s, 3H, CHs in

Ac).

Current Data Parameters
NAME  vk_CF3scan_comp
EXPNO 40

PROCNO 1

F2 - Acquisition Parameters
Date_ 20180512

Time 20.31
INSTRUM spect
PROBHD 5 mm PATXI 1H/
PULPROG zg

TD 65536
SOLVENT D20
NS 1

Ds 0

SWH 10000.000 Hz
FIDRES 0.152588 Hz
AQ 3.2767999 sec
RG 58.31

DW 50.000 usec

DE 10.00 usec

TE 289.0K

D1 2.00000000 sec
TDO 1

======== CHANNEL 1 ========
SFO1 700.1732865 MHz
NUC1 1H

P1 10.30 usec
PLW1 15.00000000 W

F2 - Processing parameters

32768
SF 700.1700000 MHz
EM

SSBE 0

LB 0.30 Hz
GB

PC 100.00

474
457
——4.48
~4.44

9.5 9.0 8.5 8.0
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Physical chemistry
More detailed descriptions of the pKa. measurements, amide equilibrium constant determination
and kinetic measurements can be found in [S11,S12]. Here are shortened descriptions:

Amino acid pKa: aqueous solution of an amino acid (about 10-50 mM) and potassium phosphate
(75-100 mM) and in some cases glycine (50 mM) was titrated by KOH or HCI solutions to different
pH values at 294+2 K. 0.5 ml aliquots were taken, and to this 0.05 ml deuterium oxide solution
was added for locking purposes. The samples also contained about 1 mM sodium 3-
(trimethylsilyl)propane-1-sulfonate (TPS) standard for referencing. H, °F and *F{*H} NMR
spectra were acquired at 298 K, for proton detection W5 water suppression pulse tray was applied.
Chemical shifts were plotted against pH, these were fitted according to a Boltzmann fit, and the
bending point was considered as the pK, value.

Amino acid methyl ester pKa: aqueous buffers containing potassium phosphate (75-100 mM)
and one of the glycine (50 mM) or potassium citrate (50 mM) were prepared by titration with KOH
and HCI solutions at 294+2 K. 0.5 ml aliquots were taken, to this 0.05 ml deuterium oxide was
added, and the samples also contained about 1 mM TPS. *H NMR spectra were acquired using
W5 water suppression scheme at 298 K.

Amino acid methyl esters were prepared beforehand by shaking an amino acid in acidic methanol
solution for 14 hours. These were prepared by adding either 0.1 ml trimethylsilyl chloride or 0.2
ml thionyl chloride to about 1.5 ml methanolic solution of about 25-50 mg of an amino acid. After
reaction completion the solvent was removed under reduced pressure, the residue was dissolved
in deuterium oxide, and 1 ul of this solution was added to the NMR tubes containing buffers with
different pH to give about 1 mM final concentration of the analyte. The samples were then
measured within about 2 min after addition of the analyte stock. 'H W5 NMR spectra were
acquired at 298 K.

Chemical shift of the buffer (glycine or citric acid) recorded in the reference series were plotted
agains pH, and these were used for correction pH pf the samples after addition of the amino acid
methyl ester hydrochlorides.

Chemical shift of the analytes were then plotted against corrected pH, Boltzmann fit was analyzed
to deliver the pKa value.

N-acetyl amino acid pKa: aquous solution containing N-acetyl amino acid (about 2-5 mM) and
potassium phosphate (about 7 mM) were titrated to different pH values at 294+2 K using KOH
and HCI solutions. 0.5 ml aliquots were taken, 0.05 ml deuterium oxide was added for locking,
the samples also contained about 1 mM TPS standard for referencing (methanol referencing
below pH 2). *H NMR spectra were acquired with W5 water suppression at 298 K. Chemical shifts
were plotted against pH, Boltzmann fits were analysed to deliver the pK, values.

Equilibrium populations:

Salt samples: an N-acetyl amino acid (10 mg) and potassium hydrogen phosphate (10 mg) were
titrated in 1 ml aquous solution to neutral pH about 7 according to pH paper. 0.55 ml aliquote was
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taken, this was freeze-dried, then freeze-dried from some amount of deuterium oxide (0.3-0.5
ml), and then dissolved in 0.55 ml deuterium oxide for measurements.

Acid samples: an N-acetyl amino acid (5 mg) and potassium hydrogen sulphate (10 mg) were
dissolved in deuterium oxide (~0.5 ml), this solution was freeze-dried, then freeze-dried from
another portion of deuterium oxide (~0.3-0.5 ml), and then dissolved in 0.55 ml of deuterium oxide
for measurements.

Methyl ester samples: an N-acetyl amino acid methyl ester (~ 5 mg) was dissolved in 0.55 ml
deuterium oxide for measurements.

Measurements: *H and °F NMR spectra were acquired at 700 and 659 MHz respectively at 298
K according to conventional methanol standard calibration. *H{**F} NMR spectra were acquired
at 500/471 MHz with inverse-gated decoupling (during acquisition only). The spectra were
acquired using pre-calibrated 90-degree pulses in one scan in order to ensure complete pre-
relaxation. The time-domain spectra were processed with an appropriate window function,
background was corrected and resulting frequency domain spectra were integrated. Integral ratios
for the rotameric forms were considered as equilibrium constants. Integration of different
resonances, repetition of the spectra acquisition and application of different window functions
delivered values with some discrepancies. These were averaged, and the root-mean square
deviation of the values was considered as the error.

Amide rotation kinetics: Exchange was measured in 2D z-cross relaxation experiments
(NOESY/EXSY) with z-gradients using *H or °F NMR detection. Frequency domain spectra were
analyzed with EXSYCalc freeware (Mestrec). The rotation barrier were calculated by using Eyring
equation assuming single transition state. The 'H-detected spectra were also analysed as NOESY
to confirm the rotameric assignment.

Partitioning: a compound (~ 5 mg) was shaken with octan-1-ol (1.00 ml) and water (1.00 ml) for
17-24 hours at 294+2 K. 0.30 ml aliquots of each phase were taken, 0.30 ml of acetonitrile-ds; was
added to each sample. H, °F and *F{*H} NMR spectra were acquired at 298 K. The samples
were well tuned and calibrated 90-degree pulses were used, spectra were typically acquired in
one scan to ensure complete pre-relaxation. For reprocessing between the spectra acquisition of
different phase only zero-order phase was readjusted. Absolute integral ratio between equivalent
resonances observed in water and octan-1-ol phase sample spectra was considered as
partitioning constant. The whole procedure was performed in triplicate. The error takes into
account discrepancies between different samples as well as the error of the NMR integration and
acquisition.
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The data for the amino acid derivatives summarized in the paper has been reported in:
Pro: amide properties, pKa [S11,513], pKa of the methyl ester and logP [S12];

4CFsPro: amide properties and pKa in [S1,S3]. Note, that the amide equilibrium constant for Ac-
4CFsPro-OMe reported in [S3] is somewhat smaller than reported here. The contradiction is most
likely a concertation effect due to a very high concentration of the analyte used in [S3] (~ 50 mM);

2CHasPro: pK, data and amide properties in [S5];
4CHsPro: pKa data and amide properties in [S11,S13];

5CHsPro: pK, data and amide properties in [S13].
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