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1. Optimization of reaction conditions

Table S1: Optimization of reaction conditions.

C;)H 1or2
Base
P(O)(OEt),
PhMe
NBn2
5 RT
R=-CH,Ph

R= -CH,CH(CHs),

)
) R= -CHj
)
) R= -CH(CH3)CH,CHs

(a
(b
(c
(d
(e

) R=-CH(CH3),

Bn\ /Bn
N ®

R/—\H
H P(O)(OEt),
HF-Base
10

Base: DBU, MTBD, BTMG or BTPP \

E NBny
R\‘N;‘IZ\P(O)(OEt)Z + R F P(O)(OEt),
" 12
Entry Product Reagent Base 11/12 ratio? YieldP
1 1la PyFluor DBU 67:33 58%
2 1l1a PyFluor MTBD 73:27 61%
3 1la PyFluor BTMG 66:34 -
4 1la PyFluor BTPP 65:35 -
5 1la PBSF DBU 59:41 -
6 1la PBSF MTBD 63:37 -
7 1la PBSF BTMG 66:34 -
8 1la PBSF BTPP 63:27 -
9 11b PyFluor DBU 55:45 42%
10 11b PyFluor MTBD 60:40 47%
11 11b PyFluor BTMG 53:47 -
12 11b PyFluor BTPP 56:44 -
13 11b PBSF DBU 34:66 -
14 11b PBSF MTBD 49:51 -
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15 11b PBSF BTMG 48:52 -
16 11b PBSF BTPP 58:42 -
17 1lc PyFluor DBU 82:18 68%
18 11c PyFluor MTBD 87:13 70%
19 1llc PyFluor BTMG 74:26 -
20 1lc PyFluor BTPP 80:20 -
21 11c PBSF DBU 68:32 -
22 11c PBSF MTBD 77:23 -
23 1lc PBSF BTMG 74:26 -
24 11c PBSF BTPP 77:23 -
25 11d PyFluor DBU 62:38 51%
26 11d PyFluor MTBD 68:32 59%
27 11e PyFluor DBU 76:24 61%
28 1le PyFluor MTBD 82:18 69%

aCrude reaction mixture ratio based on 3P NMR and 1°F NMR;: ®Yield of a-fluorides

11 after isolation.
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2. Characterization data

a. Characterization of amines 13

Diethyl ((1R,2S)-2-amino-1-fluoro-3-phenylpropyl)phosphonate (13a): Colorless
oil (61 %): *H NMR (600 MHz, CDCls) & = 7.24 (t, J = 7.5 Hz, 2H, ArH), 7.17 (d, J =
6.5 Hz, 3H, ArH), 4.43 (ddd, J = 45.5, 7.5, 2.7 Hz, 1H, CHFP), 4.18 (q, J = 7.3 Hz,
2H, OCH2CHs), 4.13 (g, J = 7.3 Hz, 2H, OCH2CHs), 3.50 — 3.39 (m, 1H,
PhCHHCHN), 3.08 (dd, J = 13.7, 2.3 Hz, 1H, PhCHHCHN), 2.61 (dd, J = 13.7, 8.7
Hz, 1H, PhCHHCHN), 1.44 (br.s, 2H, NH2), 1.29 (td, J = 7.1, 5.6 Hz, 6H, 2 x
OCH2CHs). 13C{/*H} NMR (151 MHz, CDCls) & = 137.24, 129.45, 128.44, 126.52 (4 x
s, Ar), 90.75 (dd, J = 186.2, 165.2 Hz, CHFP), 63.26 (d, J = 6.8 Hz, OCH2CH3), 62.61
(d, J = 6.6 Hz, OCH2CHg), 52.41 (dd, J = 20.4, 1.8 Hz, PhCH2CH), 38.69 (dd, J = 8.8,
5.0 Hz, PhCH2), 16.33 (d, J = 5.9 Hz, OCH2CHs), 16.27 (d, J = 5.6 Hz, OCH2CHj3).
19F NMR (565 MHz, CDCls) = & -208.56 (ddd, J = 75.1, 45.4, 11.1 Hz). °F{/*H} NMR
(565 MHz, CDCl3) & = -208.56 (d, J = 75.1 Hz). 3P{/*H} NMR (243 MHz, CDCl3) & =
17.35 (d, J = 74.9 Hz). HRMS (ESI) calcd for CisH22FNOsP (SM+H]*): 290.1321,
found: 290.1318.

Diethyl ((1R,2S)-2-amino-1-fluoropropyl)phosphonate (13b): Colorless oil (47 %):
IH NMR (600 MHz, CDCls) & = 4.37 (ddd, J = 45.7, 6.6, 2.9 Hz, 1H, CHFP), 4.22 —
4.09 (m, 4H, 2 x OCH2CHs), 3.33 (tp, J = 13.1, 6.6 Hz, 1H, CH3sCH), 1.83 (br.s, 2H,
NH2), 1.30 (t, J = 7.1 Hz, 6H, 2 x OCH2CHs), 1.20 (dd, J = 6.6, 2.1 Hz, 3H, CHa).
13C{/*H} NMR (151 MHz, CDCls) & = 92.42 (dd, J = 185.7, 163.9 Hz, CHFP), 63.18
(d, J = 7.0 Hz, OCH2CH3), 62.54 (d, J = 6.7 Hz, OCH2CHs), 47.23 (dd, J = 20.6, 2.1
Hz, CHsCH), 18.80 (dd, J = 7.8, 5.7 Hz, CHs), 16.26 (d, J = 5.9 Hz, OCH2CHs3), 16.22
(d, J = 5.7 Hz, OCH2CH3). 1°F NMR (565 MHz, CDCl3) & = -210.42 (ddd, J = 76.2,

45.7, 13.3 Hz). “F{/*H} NMR (565 MHz, CDCl3) & = -210.42 (d, J = 75.9 Hz). 3P{/*H}
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NMR (243 MHz, CDCls) & = 16.93 (d, J = 76.3 Hz). HRMS (ESI) calcd for
C7H1sFNO3P ([M+H]"): 214.1008, found: 214.1009.

Diethyl ((1R,2S)-2-amino-1-fluoro-4-methylpentyl)phosphonate (13c): Colorless
oil (70 %): H NMR (600 MHz, CDCls) = & 4.38 (ddd, J = 45.6, 6.6, 3.0 Hz, 1H,
CHFP), 4.24 — 4.14 (m, 4H, 2 x OCH2CH3), 3.22 (ddddd, J = 16.5, 13.4, 10.1, 6.5, 3.7
Hz, 1H (CH3)2CHCHHCHN), 1.82 — 1.71 (m, 1H, (CH3)2CH), 1.51 (br. s, 2H, NHa),
1.46 (dddd, J = 13.6, 9.7, 3.8, 1.5 Hz, 1H, (CH3)2CHCHH), 1.29 (td, J = 7.1, 1.4 Hz,
6H, 2 x OCH2CHs), 1.27 — 1.23 (m, 1H, (CHs)2CHCHH), 0.89 (d, J = 6.7 Hz, 3H,
CHs), 0.84 (d, J = 6.6 Hz, 3H, CHas). 13C{/*H} NMR (151 MHz, CDCls) 5 = 92.13 (dd, J
= 184.8, 164.1 Hz, CHFP), 63.08 (d, J = 6.9 Hz, OCH2CHz3), 62.31 (d, J = 6.7 Hz,
OCH2CHs), 49.76 (d, J = 20.1 Hz, (CH3)2CHCH2CH), 41.64 (dd, J = 6.7, 4.3 Hz,
(CH3)2CHCHa), 24.15 (s, (CH3)2CH), 23.46 (s, CHas), 21.20 (s, CHs), 16.25 (d, J = 5.7
Hz, OCH2CHs), 16.19 (d, J = 5.8 Hz, OCH2CH3). °F NMR (565 MHz, CDClz) & = -
208.55 (ddd, J = 77.7, 45.8, 13.4 Hz). °F{/*H} NMR (565 MHz, CDCl3) & = -209.06
(d, J = 77.6 Hz). 3P{/*H} NMR (243 MHz, CDClz) 5 = 17.20 (d, J = 77.9 Hz). HRMS
(ESI) calcd for C10H24FNOsP ([M+H]*): 256.1478, found: 256.1472.

Diethyl ((1R,2S)-2-amino-1-fluoro-3-methylpentyl)phosphonate (13d): Colorless
oil (59 %): 'H NMR (600 MHz, CDCls) & = 4.53 (ddt, J = 45.8, 9.0, 2.3 Hz, 1H,
CHFP), 4.15 (tdd, J = 14.5, 7.2, 5.4 Hz, 4H, 2 x OCH2CH?3s), 3.16 — 3.05 (m, 1H,
CHsCH2CH(CHs)CHN), 1.73 — 1.63 (m, 1H, CHsCH2CH(CHa)), 1.56 (br. s, 2H, NH2),
1.52 - 1.43 (m, 1H, CH3CHH), 1.30 (td, J = 7.1, 1.8 Hz, 6H, 2 x OCH2CH3s), 1.15 —
1.00 (m, 1H, CH3CHH), 0.93 (dd, J = 6.9, 1.8 Hz, 3H, CH(CHs)), 0.85 (td, J = 7.4, 1.8
Hz, 3H, CH2CHs). 3C{/*H} NMR (151 MHz, CDCl3) & = 89.48 (dd, J = 186.3, 165.3
Hz, CHFP), 63.16 (d, J = 7.0 Hz, OCH2CH3), 62.48 (d, J = 6.7 Hz, OCH2CHg3s), 55.43
(d, J = 19.6 Hz, CH3CH2CH(CH3)CH), 35.65 (dd, J = 9.3, 3.2 Hz, CH3CH2CH(CH3)),

22.70 (s, CHsCHH), 16.28 (d, J = 5.6 Hz, OCH2CHs), 16.22 (d, J = 6.0 Hz,
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OCH2CHz), 15.63 (s, CH(CH3)), 11.58 (s, CH2CHs). 1°F NMR (565 MHz, CDCl3) & = -
206.79 (ddd, J = 75.4, 45.9, 7.8 Hz). °F{/*H} NMR (565 MHz, CDCls) & = -206.78 (d,
J = 75.4 Hz). 3P{/*H} NMR (243 MHz, CDCls) & = 18.49 (d, J = 76.1 Hz). HRMS
(ESI) calcd for C10H24FNO3P ([M+H]*"): 256.1478, found: 256.1479.

Diethyl ((1R,2S)-2-amino-1-fluoro-3-methylbutyl)phosphonate (13e): Colorless oll
(69 %): 'H NMR (400 MHz, CDCl3) & = 4.45 (ddd, J = 45.8, 9.0, 2.7 Hz, 1H, CHFP),
4.25 — 4.04 (m, 4H, 2 x OCH2CHa), 3.13 — 2.99 (m, 1H, (CHs)2CHCHN), 2.08 — 1.88
(m, 1H, (CHs)2CH), 1.53 (br. s, 2H, NH2), 1.30 (t, J = 7.1 Hz, 6H, 2 x OCH2CHz), 0.95
(d, J = 7.0 Hz, 3H, CHs), 0.84 (d, J = 6.8 Hz, 3H, CHas). 3C{/*H} NMR (101 MHz,
CDCIs) & = 89.58 (dd, J = 186.6, 165.6 Hz, CHFP), 63.14 (d, J = 7.1 Hz, OCH2CH?3),
62.50 (d, J = 6.7 Hz, OCH2CHa), 55.46 (d, J = 19.6 Hz, (CH3)2CHCH), 28.14 (dd, J =
9.7, 3.8 Hz, (CH3)2CH), 19.44 (s, CHg), 16.27 (d, J = 5.4 Hz, OCH2CHzs), 16.21 (d, J =
5.7 Hz, OCH2CHzg), 15.09 (s, CHs). 1°F NMR (376 MHz, CDCls) & = -207.62 (ddd, J =
75.2, 45.8, 7.8 Hz). °F{/*H} NMR (376 MHz, CDCl3) & = -207.62 (d, J = 75.3 Hz).
31P{/1H} NMR 162 MHz, CDCls) & = 18.44 (d, J = 75.5 Hz). HRMS (ESI) calcd for
CoH22FNO3sP ([M+H]*): 242.1321, found: 242.1319.

b. Characterization of oxalates 14

(1R,2S)-1-(Diethoxyphosphoryl)-1-fluoro-3-phenylpropan-2-aminium

carboxyformate (14a): White solid (99 %): 'H NMR (600 MHz, D20) & 7.45 (ddd, J =
8.2, 4.9, 1.9 Hz, 2H, ArH), 7.42 — 7.38 (m, 1H, ArH), 7.36 (d, J = 7.5 Hz, 2H, ArH),
5.45 — 5.32 (m, 1H, CHFP), 4.36 (dqg, J = 14.9, 7.1 Hz, 4H, 2 X OCH2CHs), 4.27 —
4.12 (m, 1H, PhCHHCHN) 3.40 (dd, J = 14.8, 4.6 Hz, 1H, PACHHCHN), 3.05 (dd, J =
14.8, 10.7 Hz, 1H, PhCHHCHN), 1.41 (td, J = 7.1, 5.5 Hz, 6H, 2 x OCH2CH3).
13C{/*H} NMR (151 MHz, D20) & = 166.08 (s, C=0), 134.29, 129.30, 129.27, 127.99
(4 x s, Ar), 87.00 (dd, J = 184.1, 171.3 Hz, CHFP), 65.84 (d, J = 7.2 Hz, OCH2CHa),

65.61 (d, J = 7.1 Hz, OCH2CHs), 53.34 (dd, J = 19.5, 5.8 Hz, PhCH2CH), 33.04 (d, J
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= 5.0 Hz, PhCHz), 15.66 (d, J = 3.4 Hz, OCH2CHg), 15.63 (d, J = 3.0 Hz, OCH2CHj).
19 NMR (565 MHz, D20) & = -219.44 (ddd, J = 73.2, 44.6, 25.4 Hz). °F{/*H} NMR
(565 MHz, D20) & = -219.42 (d, J = 76.2 Hz). 3!P{/*H} NMR (243 MHz, D20) & =
14.20 (d, J = 76.3 Hz). HRMS (ESI) calcd for C13H22FNOsP ([M]*): 290.1321, found:
290.1313.

(1R,2S)-1-(Diethoxyphosphoryl)-1-fluoropropan-2-aminium carboxyformate
(14b): White solid (99 %): H NMR (600 MHz, D20) & = 5.23 (ddd, J = 45.4, 8.8, 2.4
Hz, 1H, CHFP), 4.32 — 4.17 (m, 4H, 2 x OCH2CH3s), 3.91 (dt, J = 27.2, 8.0 Hz, 1H,
CHsCH), 1.40 (d, J = 6.9 Hz, 3H, CHs), 1.30 (t, J = 7.0 Hz, 6H, 2 x OCH2CHj).
13C{/*H} NMR (151 MHz, D20) & = 166.43 (s, C=0), 87.45 (dd, J = 184.2, 172.0 Hz,
CHFP), 65.74 (d, J = 7.0 Hz, OCH2CHs), 65.48 (d, J = 7.2 Hz, OCH2CHs), 47.73 (dd,
J = 20.1, 7.3 Hz, CHsCH), 15.63 (s, OCH2CHa), 15.59 (s, OCH2CHs), 12.36 (d, J =
5.3 Hz, CHs). 1F NMR (565 MHz, D20) & = -222.63 (ddd, J = 74.1, 45.5, 27.4 Hz).
19F{/1H} NMR (565 MHz, D20) & = -222.61 (d, J = 75.6 Hz). 3'P{/*H} NMR (243 MHz,
D20) & = 14.36 (d, J = 75.2 Hz). HRMS (ESI) calcd for C7H1sFNOsP ([M]*):
214.1008, found: 214.1002.
(1R,2S)-1-(Diethoxyphosphoryl)-1-fluoro-4-methylpentan-2-aminium
carboxyformate (14c): White solid (99 %): 'H NMR (600 MHz, D20) & = 5.35 (ddd, J
= 44.3, 8.5, 2.8 Hz, 1H, CHFP), 4.45 — 4.25 (m, 4H, 2 x OCH2CH3s), 4.04 — 3.87 (m,
1H, (CH3)2CHCHHCHN), 1.82 — 1.60 (m, 3H, (CH3)2CH, (CH3)2CHCHz), 1.38 (t, J =
7.1 Hz, 6H, 2 x OCH2CHs), 0.98 (d, J = 4.9 Hz, 3H, CH3), 0.94 (d, J = 5.2 Hz, 3H,
CHs). 13C{/*H} NMR (151 MHz, D20) & = 167.32 (s, C=0), 90.22 (dd, J = 183.5,
171.1 Hz, CHFP), 68.43 (d, J = 7.3 Hz, OCH2CH3s), 68.11 (d, J = 7.0 Hz, OCH2CH?3),
53.03 (dd, J = 18.9, 5.0 Hz, (CHs)2CHCH2CH), 38.65 (d, J = 4.3 Hz, (CHzs)2CHCH?>),
26.35 (s, (CH3)2CH), 24.78 (s, CHs), 23.07 (s, CHs), 18.36 (d, J = 1.5 Hz, OCH2CHj),

18.32 (d, J = 1.5 Hz, OCH2CH3). °F NMR (565 MHz, D20) & = -218.32 (ddd, J =
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77.9, 445, 24.2 Hz). °F{/*H} NMR (565 MHz, D20) & = -218.31 (d, J = 77.2 Hz).
31P{/1H} NMR (243 MHz, D20) & = 14.57 (d, J = 77.7 Hz). HRMS (ESI) calcd for
C10H24FNO3sP (IM]%): 256.1478, found: 256.1471. Crystal data:
(C10H24FNO3sP)*-(C2HO4)-D20, Mr =  365.33,  orthorhombic,  P21212i,
a=6.34660(18) A, b=12.0072(3) A, ¢ =24.5409(7) A, V =1870.14(9) A3, Z =4,
dx=1.30 g-cm3, F(000) =776, u=0.192cm™, 10638 reflection collected, 3600
symmetry independent (Rint = 2.43%), 3313 with [>20(l). Final R[I>20(1)] = 0.0406,
WR2[I>20(1)] = 0.0727, R[all reflections] = 0.0484, wR2[all reflections] = 0.0753,
S = 1.056, (Apmax/ Apmin) = 0.25/-0.29 e-A=,
(1R,2S)-1-(Diethoxyphosphoryl)-1-fluoro-3-methylpentan-2-aminium
carboxyformate (14d): White solid (99 %): *H NMR (600 MHz, D20) & = 5.45 (ddd, J
=42.4, 7.3, 4.4 Hz, 1H, CHFP), 4.45 — 4.19 (m, 4H, 2 x OCH2CH3), 3.78 (dddd, J =
23.1, 18.9, 8.2, 44 Hz, 1H, CH3CH2CH(CH3)CHN), 2.08 - 1.97 (m, 1H,
CH3CH2CH(CHs)), 1.72 — 1.61 (m, 1H, CHsCHH), 1.38 (t, J = 7.0 Hz, 6H, 2 x
OCH2CHs), 1.29 — 1.16 (m, 1H, CH3CHH), 1.07 (d, J = 6.8 Hz, 3H, CH(CHs)), 0.94 (t,
J = 7.4 Hz, 3H, CH2CHs). 3C{/*H} NMR (101 MHz, D20) & = 167.73 (s, C=0), 89.28
(dd, J = 181.9, 169.2 Hz, CHFP), 68.43 (d, J = 7.3 Hz, OCH2CH3s), 68.18 (d, J =7.1
Hz, OCH2CHs), 59.17 (d, J = 17.7 Hz, CH3CH2CH(CH3)CH), 36.29 (d, J = 3.9 Hz,
CH3CH2CH(CHs)), 26.77 (d, J = 2.1 Hz, CH3CHH), 18.34 (s, OCH2CHs), 18.31 (s,
OCH2CHs), 17.61 (s, CH(CH3)), 12.40 (s, CH2CHs). °F NMR (565 MHz, D20) & = -
212.83 (ddd, J = 78.4, 42.4, 18.8 Hz). °F{/*H} NMR (565 MHz, D20) & = -212.83 (d,
J = 78.4 Hz). 31P{/*H} NMR (243 MHz, D20) & = 14.99 (d, J = 78.2 Hz). HRMS (ESI)
calcd for C1oH24FNOsP ([M]*): 256.1478, found: 256.1482.
(1R,2S)-1-(Diethoxyphosphoryl)-1-fluoro-3-methylbutan-2-aminium
carboxyformate phosphonate (14e): White solid (99 %): *H NMR (600 MHz, D20)

0 =5.44 (ddd, J =425, 7.5, 4.2 Hz, 1H, CHFP), 4.42 — 4.27 (m, 4H, 2 x OCH2CH5),

S9



3.70 (dddd, J = 23.0, 19.2, 8.1, 4.2 Hz, 1H, (CHs)2CHCHN), 2.26 (h, J = 6.8 Hz, 1H,
(CH3)2CH), 1.38 (td, J = 7.1, 1.3 Hz, 6H, 2 x OCH2CH3), 1.10 (d, J = 2.8 Hz, 3H,
CHs), 1.09 (d, J = 3.6 Hz, 3H, CHs). 13C{/*H} NMR (151 MHz, D20) & = 168.24 (s,
C=0), 89.23 (dd, J = 181.7, 169.5 Hz, CHFP), 68.42 (d, J = 7.2 Hz, OCH2CH3s), 68.18
(d, J = 7.1 Hz, OCH2CHzs), 60.36 (d, J = 17.6 Hz, (CH3)2CHCH), 30.12 (d, J = 4.5 Hz,
(CH3)2CH), 21.81 (s, CHs), 20.52 (d, J = 2.1 Hz, CHa), 18.34 (s, OCH2CHs), 18.31 (s,
OCH2CHz). °F NMR (565 MHz, D20) & = -213.48 (ddd, J = 77.7, 42.4, 19.2 Hz).
19F{/1H} NMR (565 MHz, D20) & = -213.47 (d, J = 78.2 Hz). 3'P{/*H} NMR (243 MHz,
D20) & = 14.89 (d, J = 77.8 Hz). HRMS (ESI) calcd for CoH22FNO3sP ([M]*): 242.1321,
found: 242.1330.
c. Characterization of dipeptide analogues 15

tert-Butyl ((S)-1-((AR,2S)-1-(diethoxyphosphoryl)-1-fluoro-3-phenylpropan-2-
yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (15a): White solid (92 %): 'H
NMR (600 MHz, CDCls) 8= 7.29 — 6.97 (m, 10H, ArH), 6.75 (br.d, J = 8.4 Hz, 1H,
NH), 4.87 (br.d, J = 7.9 Hz, 1H, NH), 4.81 — 4.42 (m, 2H, CHFP, PhCHHCHN), 4.28 —
4.20 (m, 1H, PACHHCHCO), 4.14 (dp, J = 22.2, 7.6 Hz, 4H, 2 x OCH2CH3), 3.05 (dd,
J=14.4, 6.2 Hz, 1H, PhCHHCHN), 2.94 (dd, J = 14.1, 6.3 Hz, 1H, PhCHHCHCO),
2.89 — 2.74 (m, 2H, PACHHCHN, PhCHHCHCO), 1.34 — 1.25 (m, 15H, C(CH3)s, 2 X
OCH2CHz). 13C{/*H} NMR (151 MHz, CDCls) &= 170.96 (s, C=0), 155.08 (s, C=0),
136.75, 136.45, 129.20, 129.01, 128.43, 126.68 (6 x s, Ar), 88.05 (dd, J = 184.6,
165.7 Hz, CHFP), 79.79 (s, C(CHs)3), 63.84 (d, J = 6.5 Hz, OCH2CHs), 62.84 (d, J =
6.9 Hz, OCH2CHs), 55.58 (s, PhCH2CHCO), 51.39 (d, J = 20.3 Hz, PhCH2CHNH),
38.20 (s, PhCH2CHCO), 35.42 (d, J = 5.7 Hz, PhCH2CHNH), 28.11 (s, C(CHa)a),
16.34 (s, OCH2CHas), 16.30 (s, OCH2CHz). °F NMR (565 MHz, CDCls) 8= -215.54

(ddd, J = 80.1, 45.1, 22.4 Hz). 1F{/'H} NMR (565 MHz, CDCls) &= -215.54 (d, J =
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79.6 Hz). 31P{/*H} NMR (243 MHz, CDCls) &= 15.75 (d, J = 80.2 Hz). HRMS (ESI)
calcd for C27H3sFN20sPNa ([M+Na]*): 559.2349, found: 559.2343.

tert-Butyl ((S)-1-(((1R,2S)-1-(diethoxyphosphoryl)-1-fluoropropan-2-yl)amino)-1-
oxo-3-phenylpropan-2-yl)carbamate (15b): White solid (91 %): *H NMR (600 MHz,
CDCls) 8 = 7.30 — 7.23 (m, 2H, ArH), 7.24 — 7.17 (m, 3H, ArH), 6.73 (br.d, J = 8.3 Hz,
1H, NH), 5.18 (br. s, 1H, NH), 4.63 (br. d, J = 45.8 Hz, 1H, CHFP), 4.51 — 4.40 (m,
1H, CH3CHN), 4.40 — 4.33 (m, 1H, PhCHHCHCO), 4.25 — 4.13 (m, 4H, 2 X
OCH2CHs), 3.12 — 2.96 (m, 2H, PhCHH), 1.38 (s, 9H, C(CH3)3), 1.37 — 1.29 (m, 6H, 2
X OCH2CHz), 1.25 (d, J = 7.0 Hz, 3H, CHs). 3C{/*H} NMR (151 MHz, CDCls) & =
170.69 (s, C=0), 155.24 (s, C=0), 136.46, 129.21, 128.45, 126.77 (4 x s, Ar), 89.56
(dd, J = 184.9, 166.0 Hz, CHFP), 79.90 (s, C(CHs)s), 63.53 (d, J = 6.7 Hz,
OCH2CHs), 62.81 (d, J = 6.8 Hz, OCH2CHs), 55.56 (s, PhCHHCH), 45.66 (d, J = 19.9
Hz, CHsCHNH), 38.48 (s, PhCH2CHCO), 28.12 (s, C(CHa)s), 16.30 (d, J = 3.8 Hz,
OCH2CHs), 16.26 (d, J = 4.3 Hz, OCH2CHa), 14.73 (d, J = 6.1 Hz, CHs). °F NMR
(565 MHz, CDCls) & = -220.48 (ddd, J = 76.1, 46.1, 26.5 Hz). °F{/*H} NMR (565
MHz, CDCls) & =-220.47 (d, J = 79.0 Hz). 31P{/*H} NMR (243 MHz, CDCl3) 5 = 15.18
(d, J = 79.0 Hz). HRMS (ESI) calcd for CatHasFN20sP ([M+H]*): 461.2217, found:
461.2199.

tert-Butyl ((9)-1-(((1R,2S)-1-(diethoxyphosphoryl)-1-fluoro-4-methylpentan-2-
yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (15c): White solid (94 %): H
NMR (600 MHz, CDsCN) & = 7.43 — 7.14 (m, 5H), 7.03 (br. d, J = 9.0 Hz, 1H, NH),
5.69 (br. d, J = 8.5 Hz, 1H, NH), 4.68 (ddd, J = 45.5, 5.5, 3.2 Hz, 1H, CHFP), 4.56 —
4.36 (m, 1H, (CH3)2CHCHHCHN), 4.28 (dt, J = 14.3, 6.8 Hz, 1H, PACHHCHCO),
417 (“p”, J = 7.3 Hz, 4H, 2 x OCH.CHs), 3.11 (dd, J = 13.9, 5.7 Hz, 1H, PhCHH),
2.88 (dd, J = 13.9, 8.8 Hz, 1H, PhCHH), 1.64 (dtt, J = 13.2, 10.0, 5.4 Hz, 1H,

(CH3)2CH), 1.55 (dg, J = 13.9, 10.2 Hz, 2H, (CHa)2CHCHH), 1.37 (s, 9H, C(CH2)3),
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1.33 (g, J = 6.8 Hz, 6H, 2 x OCH2CHs), 0.93 (d, J = 6.7 Hz, 3H, CHas), 0.89 (d, J = 6.5
Hz, 3H, CHas). 3C{/*H} NMR (151 MHz, CDsCN) & = 172.31 (s, C=0), 156.34 (s,
C=0), 138.65, 130.27, 129.23, 127.47 (4 x s, Ar), 91.33 (dd, J = 184.3, 164.0 Hz,
CHFP), 79.89 (s, C(CHs)3), 64.18 (d, J = 6.8 Hz, OCH2CHs), 63.75 (d, J = 6.7 Hz,
OCH:2CHs), 56.87 (s, PhCHHCH), 48.62 (dd, J = 19.9, 5.7 Hz, (CH3)2CHCH2CH),
38.48 (s, PACH2CHCO), 38.40 (d, J = 4.4 Hz, (CHs)2CHCH?2), 28.50 (s, C(CHa)3),
25.11 (s, (CHs)2CH), 23.84 (s, CHs), 21.47 (s, CHas), 16.80 (d, J = 0.9 Hz, OCH2CHj),
16.76 (d, J = 1.0 Hz, OCH2CHa). °F NMR (565 MHz, CDsCN) & = -217.97 (ddd, J =
77.0, 45.5, 25.6 Hz). 2°F{/*H} NMR (565 MHz, CDsCN) & = -217.97 (d, J = 76.7 Hz).
31P{/1H} NMR (243 MHz, CDsCN) & = 15.27 (d, J = 76.4 Hz). HRMS (ESI) calcd for
C24H40FN206sPNa ([M+Na]*): 525.2506, found: 525.2516.

tert-Butyl ((S)-1-(((1R,2S,3S)-1-(diethoxyphosphoryl)-1-fluoro-3-methylpentan-2-
yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (15d): White solid (92 %): 'H
NMR (600 MHz, CD3CN) & = 7.33 — 7.18 (m, 5H, ArH), 7.11 (br. d, J = 10.1 Hz, 1H,
NH), 5.70 (br. d, J = 8.7 Hz, 1H, NH), 4.93 (dt, J = 44.5, 5.3 Hz, 1H, CHFP), 4.46 —
4.33 (M, 1H, CHsCH2CH(CH3)CHN), 4.34 — 4.24 (m, 1H, PhCHHCHCO), 4.20 — 4.12
(m, 4H, 2 x OCH2CHz), 3.22 (dd, J = 14.1, 4.8 Hz, 1H, PhCHH), 2.84 (dd, J = 14.1,
9.6 Hz, 1H, PhCHH), 1.84 — 1.75 (m, 1H, CH3CH2CH(CHs)), 1.68 — 1.55 (m, 1H,
CHsCHH), 1.40 — 1.27 (m, 15H, C(CHs)s, 2 x OCH2CHs), 1.18 — 1.05 (m, 1H,
CH3CHH) 0.96 (d, J = 6.8 Hz, 3H, CH(CH3)), 0.89 (t, J = 7.5 Hz, 3H, CH2CHba).
13C{/*H} NMR (151 MHz, CD3CN) & = 172.54 (s, C=0), 156.48 (s, C=0), 139.00,
130.25, 129.21, 127.37 (4 x s, Ar), 88.89 (dd, J = 183.2, 165.6 Hz, CHFP), 79.87 (s,
C(CHa)3), 64.37 (d, J = 6.7 Hz, OCH2CH3), 63.60 (d, J = 6.7 Hz, OCH2CHs), 57.02 (s,
PhCHHCH), 54.45 (d, J = 19.9 Hz, CHsCH2CH(CHs)CH), 38.13 (s, PhCH2CHCO),
36.54 (s, CH3CH2CH(CHj3)), 28.51 (s, C(CHs)s), 24.97 (s, CHsCHH), 16.81 (d, J = 5.5

Hz, OCH2CHs), 16.73 (d, J = 5.6 Hz, OCH2CHs), 16.32 (s, CH(CHa)), 11.43 (s,
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CH2CHz). 1°F NMR (565 MHz, CD3CN) & = -210.36 (ddd, J = 77.0, 44.6, 16.0 Hz).
19F{/1H} NMR (565 MHz, CDsCN) & = -210.36 (d, J = 77.0 Hz). 31P{/*H} NMR (243
MHz, CDsCN) & = 16.40 (d, J = 76.5 Hz). HRMS (ESI) calcd for C24H40FN20sPNa
([M+Na]*): 525.2506, found: 525.2498.

tert-Butyl ((9)-1-(((1R,2S)-1-(diethoxyphosphoryl)-1-fluoro-3-methylbutan-2-
yl)amino)-1-oxo-3-phenylpropan-2-yl)carbamate (15e): White solid (92 %): H
NMR (600 MHz, CD3CN) & = 7.38 — 7.10 (m, 5H, ArH), 6.98 (br. d, J = 10.1 Hz, 1H,
NH), 5.61 (br. d, J = 8.7 Hz, 1H, NH), 4.82 (dt, J = 44.7, 5.4 Hz, 1H, CHFP), 4.37 —
4.25 (m, 1H, (CH3)2CHCHN), 4.28 — 4.21 (m, 1H, PACHHCHCO), 4.17 — 4.08 (m, 4H,
2 X OCH2CH3s), 3.18 (dd, J = 14.1, 4.9 Hz, 1H, PhCHH), 2.86 — 2.69 (m, 1H, PhCHH),
2.03 (h, J = 6.7 Hz, 1H, (CH3)2CH), 1.31 (s, 9H, C(CHs)3), 1.32 — 1.25 (m, 6H, 2 x
OCH2CH3) 0.92 (d, J = 6.9 Hz, 3H, CHs), 0.90 (d, J = 6.9 Hz, 3H, CHs). 3C{/*H} NMR
(151 MHz, CD3CN) & = 172.60 (s, C=0), 156.52 (s, C=0), 139.01, 130.24, 129.24,
127.40 (4 x s, Ar), 88.97 (dd, J = 183.2, 165.6 Hz, CHFP), 79.90 (s, C(CHa)3), 64.34
(d, J = 6.7 Hz, OCH2CH3), 63.64 (d, J = 6.8 Hz, OCH2CH3), 57.07 (s, PhCHHCH),
54.77 (d, J = 19.8 Hz, (CH3)2CHCHN), 38.14 (s, PhCH2CHCO), 30.01 (s, (CH3)2CH),
28.49 (s, C(CH3)s), 20.33 (s, CHa), 18.02 (s, CHs), 16.79 (d, J = 5.5 Hz, OCH2CHj),
16.73 (d, J = 5.7 Hz, OCH2CHa). °F NMR (565 MHz, CDsCN) & = -211.45 (ddd, J =
75.9, 44.7, 16.5 Hz). 2°F{/*H} NMR (565 MHz, CDsCN) & = -211.45 (d, J = 75.9 Hz).
31P{/1H} NMR (243 MHz, CDsCN) & = 16.21 (d, J = 75.9 Hz). HRMS (ESI) calcd for

C2sH3sFN20sPNa ([M+Na]*): 511.2349, found: 511.2331.
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3. H, 13C, °F, 3P and 2D NMR Spectra of compounds 13-15
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4. Crystallographic data

Table S2. Selected geometrical data.

14c
P1-02 1.466(2)
P1-03 1.566(2)
P1-06 1.560(2)
P1-C9 1.816(3)
C10-N10 1.499(3)
02-P1-03 115.86(12)
02-P1-06 116.95(13)
02-P1-C9 109.40(13)
03-P1-06 103.00(11)
03-P1-C9 107.32(12)
06-P1-C9 103.20(13)
P1-03-C4-C5 -166.9(2)
P1-06-C7-C8 150.6(3)
P1-C9-C10-N10 160.01(18)
P1-C9-C10-C11 -77.3(3)
02-P1-C9-C10 -52.1(2)
02-P1-C9-F9 -177.03(18)

Table S3. Hydrogen bond data (A, °) with s.u.’s in parentheses.

D H A D-H H--A D--A D-H---
N10 H10A O12A 0.91 1.94 2.798(3) | 157
N10 H10B O11Ai 0.91 1.95 2.839(3) | 166
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N10 H10C 02i 0.91 1.84 2.749(3) | 176

021A H21A o1w 0.84 1.68 2.495(3) | 165
o1w D1A O12A 0.85 1.96 2.783(3) |164
o1w D1B O11AT 0.85 1.88 2.728(3) |178

Symmetry codes: ' 1-x,-1/2+y,1/2-z; ' -1+Xx,y,z; " 2-x,-1/2+y,1/2-zZ;

Figure S1. Crystal packing of 14c; hydrogen bonds are shown as dashed blue lines.
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