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A. General Information

General Procedures. All reactions were performed in oven-dried or flame-dried
round-bottom flasks and vials. Stainless steel syringes and cannula were used to transfer
air- and moisture-sensitive liquids. Flash chromatography was performed using silica gel 60

(230-400 mesh) from Sigma—Aldrich.

Materials. Commercial reagents were purchased from Sigma Aldrich, Fluka, EM Science,
and Lancaster and used as received. All solvents were used after being freshly distilled unless

otherwise noted.

Instrumentation. Proton nuclear magnetic resonance (‘"H NMR) spectra, carbon nuclear
magnetic resonance (*C NMR) spectra and fluorine nuclear magnetic resonance ('’F NMR)
were recorded on Bruker UltraShield-400 (400 MHz). Chemical shifts for protons are
reported in parts per million downfield from tetramethylsilane and are referenced to the NMR
solvent residual peak (CHCl;: 6 7.26). Chemical shifts for carbons are reported in parts per
million downfield from tetramethylsilane and are referenced to the carbon resonances of the
NMR solvent (CDCls: 6 77.0). Chemical shifts for fluorine are reported in parts per million
downfield and are referenced to the fluorine resonances of CFCls. Data are represented as
follows: chemical shift, multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet), coupling constants in Hertz (Hz), and integration.

When "’F NMR is used for quantitative purpose, 30 degrees pulse and longer delay time (d1
=5 s) were employed and the receiver gain was manually set as 32.

The mass spectroscopic data were obtained at the Georgia State University mass
spectrometry facility using a Micromass Platform II single quadruple instrument. Infrared
(IR) spectra were obtained using a Perkin Elmer Spectrum 100 FT-IR spectrometer. Data are

represented as follows: frequency of absorption (cm™).

Abbreviations used: EtOH — ethanol, EtOAc — ethyl acetate, THF — tetrahydrofuran,
MeOH — methanol, Et,O — diethyl ether, DCM — dichloromethane, TEA — triethylamine, MS
—molecular sieves, TLC — thin layer chromatography
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B. Catalyst Discovery

The General Procedure for Catalyst Discovery

To a flame-dried 5 mL vial (vial A) charged with freshly activated 4 A molecular sieves
(equal weight to starting material) and a magnetic stir bar were added the corresponding iron
salts (0.01 mmol) and ligands (0.01 or 0.02 mmol). After the vial was evacuated and
backfilled with Argon for three times, anhydrous and degassed DCM (1.0 mL) was added.
The mixture was stirred vigorously at room temperature for 20 min. During this time, to
another flame-dried vial (vial B) was added Xtanfluor-E (0.12 mmol, 27.5 mg). After the
vial was evacuated and backfilled with Argon for three times, anhydrous and degassed DCM
(1.0 mL) was added. EtsN-3HF (0.14 mmol, 23 pL) was subsequently added into vial B and
the solution was stirred for 3 minutes until it becomes clear. The vial A was cooled in an
ice-water bath and the solution in vial B was added into it dropwise. The acyloxyl
carbamate 1 (0.1 mmol dissolved in 1 mL of DCM) was then added to vial A dropwise at
the same temperature. The mixture was stirred at 0 °C for another 10 min and then kept
stirring at room temperature until the acyloxyl carbamate was consumed monitored by TLC.
After the reaction was quenched by saturated aqueous sodium bicarbonate solution (I mL),
the aqueous layer was separated and extracted by DCM (2 mL x 3). The combined organic
layer was dried with anhydrous Na,SO4 and then concentrated in vacuo. The residue sample

was directly evaluated for dr by '°’F NMR.

Fe(X)s
o) (10 mol %)

Ph/\/\OJLN,OR ligand, additive o /\HN(\ ph/\HN(\
H CHyCly, RT ~<\ ~<\

R = 3,5-(CF3),-benzoyl 4 A molecular sieves?

sl
...o

dr > 20:1
\®/Et
& \Q OQ CH .
""Me II eBF4
XtaIFIuor-E

entry? X¢ ligand (mol %) additive (equiv) T (h) vyield (2)? dr (2)yield (3)¢
yield (2)¢ dr (2)%yield (3)

1 BF, L1(20) none 5.0 9% 1.8 63%

2 BF, L1(20) EtsN<3HF (1.4) 5.0 43% 3.1 22%

3 BF,; L1(20) HF-Pyridine (1.4) 5.0 37% 3.0 25%

4 BF, L1(20) EtzN-3HF (1.4) 4.0 61% 3.1 <5%
XtalFluor-E (1.2)

5 BF, L1(20) XtalFluor-E (1.2) 5.0 <5% NA <5%

6 BF, L2(20) EtsN+3HF (1.4) 4.0 58% 3.7 <5%
XtalFluor-E (1.2)

7 BF, L3(20) Et3N+3HF (1.4) 1.5 72% 3.9 <5%
XtalFluor-E (1.2)

8 BF; L3(10) Et;N3HF (1.4) 1.0 71% 4.2 <5%
XtalFluor-E (1.2)

9 NTf, L3 (20) Et3N+3HF (1.6) 3.5 75% 34 <5%
XtalFluor-E (1.2)
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“Reactions were carried out under argon at 23 °C in triplets. °Fe(BF,),-6H,0 or Fe(NTf,), was applied as
the catalyst. “Isolated yield and “Dr was determined by '’F NMR analysis. NTf, =

trifluoromethanesulfonimide.

£

Ph s
¢}
2a

anti-4-(Fluoro(phenyl)methyl)oxazolidin-2-one (2a): The anti and syn diastereomers can be
separated on silica gel column with toluene and THF as the eluent (toluene/THF from 20:1 to
10:1). White solid (m.p. 88-90 °C); 'H NMR (400 MHz, CDCLy): & 7.46-7.44 (m, 3H),
7.36-7.35 (m, 2H), 5.92 (s, 1H), 5.37 (dd, J = 46.8, 6.4 Hz, 1H), 4.33-4.21 (m, 2H), 4.17—
4.14 (m, 1H); °C NMR (100 MHz, CDCl3): & 158.9, 134.4 (d, J = 20.2 Hz), 129.9, 129.8,
126.3 (d, J = 6.1 Hz), 94.6 (d, J = 177.8 Hz), 65.3 (d, J = 7.1 Hz), 56.6 (d, J = 25.3 Hz); "°F
NMR (377 MHz, CDCly): & -181.6 (dd, J = 47.1, 13.6 Hz); IR vpns (neat)cm™: 3264 (w),
1753 (s), 1410 (m), 1266 (s), 1236 (s), 1026 (s), 934 (m), 733 (s), 699 (s); HRMS (ESI, m/z):
caled for C1oH;NO,F' [M + H'], 196.0774, found 196.0769.

i HN %

2b %O
syn-4-(Fluoro(phenyl)methyl)oxazolidin-2-one (2b): White solid (m.p. 82-84 °C); "H NMR
(400 MHz, CDCl3): & 7.44-7.40 (m, 3H), 7.35-7.33 (m, 2H), 5.53 (s, 1H), 5.37 (dd, J = 46.4,
6.4 Hz, 1H), 4.50 (d, J = 6.4 Hz, 2H), 4.19-4.11 (m, 1H); *C NMR (100 MHz, CDCl;): &
159.0, 135.0 (d, J=19.2 Hz), 129.7, 129.1, 126.0 (d, J = 7.1 Hz), 93.4 (d, J= 179.8 Hz), 66.6
(d, J=3.0 Hz), 56.2 (J = 31.3 Hz); ’F NMR (377 MHz, CDCl;):  -187.8 (dd, J=46.4, 11.8
Hz); IR Vpay (neat)/em™: 3271 (w), 1738 (s), 1408 (m), 1231 (s), 1027 (s), 936 (m), 747 (m),
699 (s); HRMS (ESI, m/z): calcd for C;oH;;NO,F' [M + H'], 196.0774, found 196.0769.

Determination of the Relative Stereochemistry of 2a and 2b
The relative stereochemistry of 2a and 2b were determined by comparison of the "H NMR
spectra of their derivatives with a known compound syn-N-Boc-B-fluoro phenylalanine 4b.'

The acid derived from 2b (the minor diastereomer) is in accordance with 4b on '"H NMR.
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o CO,H
NHBoc
b
E 1) Boc,0, NEts, DMAP, DCM .
= 2) Cs,CO3, MeOH E
Ph/\HN(\O 3) NaCIO, TBAB, TEMPO, ethyl acetate ph/\|/C02H
‘\<O > NHBoc
2a 4a

(major diastereomer)

F 1) Boc,0, NEts, DMAP, DCM .
2) Cs,CO3, MeOH
Ph)\(\o 3) NaCIO, TBAB, TEMPO, ethyl acetate ph)\rCOzH
HN« - NHBoc
0
2b 4b

(minor diastereomer)

Spectrum . con . L com . )YCOZH
NHBoc NHBoc NHBoc
ab 4a 4b
(Literature Data) '
'HNMR | '"HNMR (300 MHz, 'HNMR (400 MHz, | "H NMR (400 MHz,
CDCls, 55 °C): 7.43— CDCl;, 55°C): 8.38 | CDCls, 55 °C): 7.43—
7.31 (brs, 1H), 7.38 7.31
(m, 5H), 5.83 (dd, 1H,J | (m, 5H), 6.07 (d, 1H, | (m, 5H), 5.83 (dd, 1H, J
=45.5,4.1 Hz), 5.10 J=145.6 Hz), 5.23 =455, 4.1 Hz), 5.15

(br.d, 1H, J=83Hz), | (brs, H), 4.87-4.81 | (brs, 1H), 4.94-4.76 (m,
4.94-4.76 (m, 1H), 1.42 | (m, 1H), 1.32 (s, 9H) | 1H), 1.43 (s, 9H)

(s, 9H)

Fgc\?/c F3
0”0

Ph/:\\/\o
HN\<

6}
3
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2-Oxooxazolidin-4-yl)(phenyl)methyl 3,5-bis(trifluoromethyl)benzoate (3): "H NMR (400
MHz, CDCls): & 8.50 (s, 2H), 8.09 (s, 1H), 7.42 (s, 5H), 6.68 (s, 1H), 5.94 (d, J = 7.8 Hz, 1H),
4.42 (td,J=8.1,5.3 Hz, 1H), 4.30 (t, J= 9.0 Hz, 1H), 4.13 (dd, J=9.2, 4.8 Hz, 1H); *C NMR
(100 MHz, CDCl5): 6 163.1, 159.3, 134.6, 132.3 (q, J = 35.0 Hz), 131.6, 129.9, 129.8, 129.4,
127.1, 126.9-126.8 (m), 122.8 (q, J = 271.0 Hz), 79.3, 66.2, 56.0; "’F NMR (377 MHz,
CDCls): & -62.95 (s); IR Vimax (neat)/em™: 3270 (w), 2926 (w), 1760 (s), 1736 (s), 1280 (s),
1137 (s), 1030 (m), 700 (s); HRMS (ESI, m/z): calcd for C1oH4NO4Fs [M + H'], 434.0833,
found 434.0827.

The relative stereochemistry of 3 was determined with a known compound after its

hydrolysis. >

0
0 X ¢
JOR! N a ~
RZ/\/\O I,:ji + Phi/ — > Rz/\(\o + recoveryof 7 (2)
8 HT7TH 9 HN‘«Q
R' = 3,5-(CF3),-benzoyl; R%:2-Me-phenyl 53% yield, dr: 7.5:1
0 R’
RN J\ OR"  pp . 0 a '5:
) ¥
R © H + HN~< : RZ/Y\O + recoveryof3  (3)
8 3% 9 HN~<
o]
R' = 3,5-(CF3),-benzoyl; R% 2-Me-phenyl 48% vyield, dr: 7.5:1

“Fe(BF,),-6H,0 (10 mol %), L3 (10 mol %); Et;N-3HF (1.4 equiv), XtalFluor-E (1.2 equiv), CH,Cl,, RT, 4 A
molecular sieves, 24 h.

. 4
Compounds 7 is a known compound.™

a. Iron Salt Optimization

0 F
Fe(X), (10 mol %), L3 (10 mol %),

s~ AL orR
P "S0" SN EtsNe3HF (1.4 equiv), Xtanfluor-E (1.2 equiv) Ph

1 A > HN—(
R = 3,5-(CF3),-benzoy DCM, 4 AMS, RT, t

entry iron salt t(h) conversion® yield® dr® N

1 Fe(BFy)»6H,0 10  >95% 71% 4.2:1 | o
2 Fe(ClOgyXH0 120  74% 46% 3.6:1 N N|
3 Fe(NTf,), 35 >95% 65% 3.4:1

4 Fe(OTf), 120  86% 57% 3.3:1 L3

5  Fe(OAc), 120 <5% <5% NA

aConversions were determined by '°F NMR analysis with C¢Fg as
internal standard. 2Isolated yield. °Dr was determined by '°F NMR.
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b. Solvent Optimization

0O
Ph/\/\oJ\N’OR Fe(BF4)2*6H,0(10 mol %), L3 (10 mol %),

1

R = 3,5-(CF3)2-benzoyl

entry solvent conversion? yield® dr®
1 CH,Cl, >95% 71% 4.2:1
2 toluene 65% 34% 3.6:1
3 MeCN 87% 19% 4.3:1
4 diethyl ether 81% 55% 4.8:1
5 acetone >95% 51% 3.71

aConversions were determined by '°F NMR analysis with CgFg as

internal standard. “lsolated yield. °Dr was determined by "°F NMR.

c. EtsN-3HF Quantity Optimization

0
F>h/\/\oJLN’OR
1

Fe(BF,),-6H,0 (10 mol %), L3 (10 mol %),
EtzN3HF (x equiv), Xtanfluor-E (1.2 equiv) Ph/Y\o

R = 3,5-(CF3),-benzoyl DCM, 4 AMS, RT, t
entry X t (h) yield? drP
1 16 10 1% 4.0:1
2 14 10 71% 4.2:1
3 12 20 63% 4.9:1

asolated yield. "Dr was determined by *°F NMR.

d. The Effect of Molecular Sieves

0
Fe(BF4)2+6H20 (10 mol %), L3 (10 mol %),
X .OR
Ph/\/\OJLN EtsN-3HF (1.4 equiv), Xtanfluor-E (1.2 equiv) Ph” Y o

1

R = 3,5-(CFa)p-benzoyl DCM, RT, t
entry MS t (h) yield® drb
1 with MS 1.0 71% 4.2:1
2 without MS 6.0 66% 4.2:1

alsolated yield. °Dr was determined by '°F NMR.
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EtsN=3HF (1.4 equiv), Xtanfluor-E (1.2 equiv) Ph” > 0
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o)
I\
Nig IO
N
L3

T

HN
2 o]
0
|
N
L3
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e. The Effect of Carboxylate Trapping Reagents

Fe(BF4)2°6H,0(10 mol %), L3 (10 mol %),

e

0
Ph/\/\OJLH,OR

EtzN3HF (1.4 equiv), additive (1.2 equiv) Ph 0}
1 > HN
R = 3,5-(CF3),-benzoyl Solvent, 4 AMS, RT, 1.0 h 2 \<\o
Et.®_Et @ Py = Pr
s i ol Br, MeN N dN){N\Q
S 4 BF. 4 Me™ ~“Me .
P S 4 NS 2
F F 7 E Me™ “Me FXF o P Fipf
XtalFluor-E XtalFluor-M Eschenmoser's salt DFI PhenoFluor
entry additive conversion? yield®? dr®
1 XtalFluor-E >95% 71% 4.2:1
2 XtalFluor-M >95% 58% 311
3 Eschenmoser's salt” 56% 15% 3.0:1
4 DFI >95% NA NA
decomposition of 1
>95% NA NA
5 PhenolFluor  decomposition of 1

aConversions were determined by '°F NMR analysis with CgFg as
internal standard. “Isolated yield. °Dr was determined by '°F NMR.
9Eschenmoser's BF, salt was generated insitu by treating its iodide
with AgBF4

f. Effect of VVarious Acyl Activating Groups

F
o) Fe(BF4)2%6H,0(10 mol %), L3 (10 mol %),
Et3Ne3HF (14 equiv), XtalFluor-E (1.2 equiv) Ph
oSyl OR EtaNe3HF (14 equiv) (12 equi) /\HN(\O
1 H Sdvent, 4A MS, RT, 1.0 h 2 Y
entry R conversion® yield? dre N
|
1 R=3,5-(Me),-benzoyl 89% 65% 4.31 N/ O
2 R = benzoyl >95% 68% 401 o
3 R =35{(CFs)benzoyl >95% 71% 421
L3

aConversions were determined by 19F NMR analysis with C¢F; as
intemal standard. PIsolated yield. °Dr was determined by *°F NMR.
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C. Synthesis of New Ligands and Olefin Substrates

a. Ligand Synthesis

X
| Ao
NH
N Na,MeOH [ 2 0 '
Q | A ome Toluene, 80 °C N
N~ CN N * OH
NH

L3
74% for 2 steps

The synthesis of new ligand L3 was based on a known procedure for other hybrid
pyridine—oxazoline ligand synthesis.’

General Procedures:

Sodium methoxide (54 mg, 1 mmol, 0.1 equiv) prepared in situ from sodium metal (23 mg, 1
mmol) and anhydrous methanol (3 mL) was added to a solution of 2-cyanopyridine (1.04 g,
10 mmol, 1.0 equiv.) in MeOH (15 mL) and the reaction mixture was stirred at room
temperature for 10 h. The reaction was then quenched with glacial acetic acid (57 pL, 1
mmol) and the mixture was concentrated in vacuo. The residue was dissolved in anhydrous
toluene (20 mL). Racemic cis-1-amino-2,3-dihydro-1H-inden-2-ol (1.49 g, 10 mmol, 1.0
equiv) was then added. The reaction mixture was stirred at 80 °C for 12 h. It was then
concentrated in vacuo and purified by column flash chromatography on silica gel

(dichloromethane—methanol, 10:1), L3 was isolated as a colorless solid (1.75 g, 74%).

2-(Pyridin-2-yl)-8,8a-dihydro-3aH-indeno[1,2-d]Joxazole (L3): White solid (m.p. 110-112
°C); "H NMR (400 MHz, CDCls): § 8.57 (s, 1H), 8.01 (d, J= 7.6 Hz, 1H), 7.69 (t, J= 7.6 Hz,
1H), 7.57 (s, 1H), 7.32-7.25 (m, 4H), 5.78 (d, J = 7.6 Hz, 1H), 5.57-5.53 (m, 1H), 3.53-3.42
(m, 2H); BC NMR (100 MHz, CDCls): & 163.1, 149.6, 146.8, 141.6, 139.8, 136.5, 128.6,
127.5, 125.7, 125.5, 125.3, 124.1, 83.9, 77.1, 39.7; IR vmax (neat)/em™: 3399 (w), 3057 (w),
2156 (w), 1641 (m), 1475 (m), 1354 (s), 1284 (m), 1114 (s), 1081 (s), 988 (s), 801 (m), 744
(s); HRMS (ESI, m/z): calcd for C;sH;3N,O" [M +H'], 237.1028, found 237.1028.

b. Synthesis of the Acyloxy Carbamate Substrates
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The synthesis of acyloxy carbamate substrates was based on our previous reported

2
procedure.

o}
HOHN Ar—{
o>= © COH  pee (1.1 equiv) O'N>H=O
R2 DCM, 0 °C d
— + —> R2
R3 R! F3C CF3 >_<\
R® R
1 equiv 1 equiv

Ar = 3,5-bis(trifluoromethyl)benzoyl

General Procedures:

To a 25 mL flame-dried round bottom flask equipped with a magnetic stir bar, a hydroxyl
carbamate (1.0 equiv), 3,5-bis(trifluoromethyl) benzoic acid (1.0 equiv) and anhydrous
dichloromethane were added. After stirring at °C for 5 min, DCC (1.0 equiv) was added in
one portion. The reaction mixture was then stirred at 0 °C for additional 30 min. The solution
was diluted with diethyl ether and then filtered to remove the N,N'--dicyclohexylurea (DCU).
The filtrate was cooled in -20 °C refrigerator for 1 hour and filtered through a short celite pad
to remove the rest of DCU. The filtrate was then concentrated in vacuo and purified by silica
gel flash column chromatography with ethyl acetate/hexane as eluent or recrystallized with

hexane and ethyl acetate directly (65-91% yields).

CFs

(0]
Ph/\/\OJ\H,O CFs
o}

Cinnamyl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (1): white solid (87% yield,
m.p. 77-79 °C); '"H NMR (400 MHz, CDCls): & 8.61 (s, 1H), 8.54 (s, 2H), 8.14 (s, 1H),
7.39-7.30 (m, 5H), 6.70 (d, J = 15.9 Hz, 1H), 6.29 (dt, J = 15.8, 6.6 Hz, 1H), 4.90 (d, J = 6.5
Hz, 2H); *C NMR (100 MHz, CDClL): & 163.3, 156.1, 135.7, 135.5, 132.6 (q, J = 34.4 Hz),
130.2-129.8 (m), 128.9, 128.6, 128.4, 127.6 (dt, J = 7.2, 3.6 Hz), 126.7, 122.6 (q, J = 273.1
Hz), 121.7, 67.7; ’F NMR (377 MHz, CDCls): & -63.1 (s); IR vmay (neat)/cm™: 3043 (w),
2956 (w), 1758 (m), 1281 (s), 1264 (s), 1210 (s), 1144 (s), 750 (s), 743 (s); HRMS (ESI, m/z):
calcd for C1oH;NO4Fg [M - H'], 432.0671, found 432.0672.
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CF3

/©/\/\OJLN’O\”/©\CF3
H o
MeO,C

(E)-Methyl-4-(3-((((3,5-bis(trifluoromethyl)benzoyl)oxy)carbamoyl)oxy)prop-1-en-1-yl)
benzoate (S1): White solid (82% yield, m.p. 119-121 °C); '"H NMR (400 MHz, CDCls): &
8.93 (s, 1H), 8.52 (s, 2H), 8.12 (s, 1H), 7.96 (d, J = 8.2 Hz, 2H), 7.39 (d, J = 8.2 Hz, 2H),
6.68 (d, J=15.9 Hz, 1H), 6.36 (dt, J = 15.9, 6.2 Hz, 1H), 4.89 (d, J = 6.2 Hz, 2H), 3.90 (s,
3H). *C NMR (100 MHz, CDCl3): & 166.8, 163.3, 156.1, 140.2, 133.7, 132.6 (q, J = 34.4
Hz), 130.1-130.0 (m), 129.9, 129.6, 129.0, 127.5 (dt, J = 7.3, 3.7 Hz), 126.5, 124.6, 122.5 (q,
J=273.1 Hz), 67.0, 52.1. "F NMR (377 MHz, CDCl3): & -63.1 (s). IR Vinax (neat)/cm™: 3065
(W), 2956 (w), 1755 (m), 1719 (s), 1265 (s), 1211 (s), 1112 (s), 701 (s), 682 (s). HRMS (ESI,
m/z): caled for C,;H14NOgFs [M - H'], 490.0725, found 490.0735.

O

ONOJLN’OWP“
H

(e}
Me

S2

(E)-3-(p-tolyl)allyl benzoyloxycarbamate (S2): S2 is a known compound.’

CFs

\ OJLN,OYQCF3
H o

(E)-3-(o-Tolyhallyl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (8): White solid (79%
yield, m.p. 97-99 °C); 'H NMR (400 MHz, CDCl5): & 8.55 (s, 2H), 8.42 (s, 1H), 8.15 (s, 1H),
7.44 (d, J= 6.4 Hz, 1H), 7.18-7.13 (m, 3H), 6.93 (d, J = 15.4 Hz, 1H), 6.18 (dt, J = 16.0, 6.4
Hz, 1H), 4.92 (d, J = 6.4 Hz, 2H), 2.35 (s, 3H); *C NMR (100 MHz, CDCL;): 5 163.4, 156.1,

S11



135.8, 134.9, 133.4, 132.7 (q, J = 34.4 Hz), 130.4, 130.1, 129.0, 128.3, 127.6, 126.2, 125.9,
123.1, 122.6 (q, J = 273.1 Hz), 67.9, 19.7; ’F NMR (377 MHz, CDCLs): & -63.1 (s); IR Vinax
(neat)/em™: 3067 (w), 2955 (w), 1758 (m), 1719 (s), 1271 (s), 1213 (s), 705 (s), 683 (s);
HRMS (ESI, m/z): caled for CooHsNO4Fs [M - H'], 446.0827, found 446.0825.

0
Q OAN,OY@CFS
H o
Cl S3

(E)-3-(3-Chlorophenylallyl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (S3): White
solid (85% yield, m.p. 81-83 °C); 'H NMR (400 MHz, CDCLy): & 8.57 (s, 2H), 8.48 (s, 1H),
8.17 (s, 1H), 7.39 (s, 1H), 7.27 (s, 3H), 6.66 (d, J = 15.9 Hz, 1H), 6.32 (dt, J = 15.8, 6.4 Hz,
1H), 4.92 (d, J = 6.3 Hz, 2H); *C NMR (100 MHz, CDCls): & 163.4, 155.9, 137.6, 134.6,
133.8, 132.7 (q, J = 34.3 Hz), 130.2-130.0 (m), 129.9, 128.9, 128.3, 127.9-127.5 (m), 124.9,
123.4, 122.6 (q, J = 273.1 Hz), 67.3; "F NMR (377 MHz, CDCl3): & -63.0 (s); IR Viax
(neat)/em™: 3263 (w), 2932 (w), 1755 (m), 1380 (m), 1276 (s), 1211 (s), 1181 (s), 1138 (s),
913 (s), 761 (s), 746 (s); HRMS (ESI, m/z): calcd for C1oH;;NO4FCIl' [M - H'], 466.0281,
found 466.0291.

(E)-3-Phenylbut-2-en-1-yl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (S4): white
solid (84% yield, m.p. 73-75 °C); 'H NMR (400 MHz, CDCls): 6 8.55 (s, 2H), 8.49 (s, 1H),
8.15 (s, 1H), 7.43 (d, J = 3.6 Hz, 2H), 7.33-7.31 (m, 3H), 6.26 (dt, J = 15.8, 6.2 Hz, 1H), 6.03
(d, J=15.9 Hz, 1H), 4.83 (d, J = 5.9 Hz, 2H); *C NMR (100 MHz, CDCls): & 163.3, 155.8,
134.7, 132.7 (q, J = 34.4 Hz), 131.6, 130.09-130.05 (m), 128.9, 128.3, 127.7-127.6 (m),
122.7, 122.6 (q, J = 273.2 Hz), 115.0, 91.6, 86.3, 66.6; PF NMR (377 MHz, CDCl3): 6 -63.0
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(s); IR Vimax (neat)/em™: 3247 (w), 2912 (w), 1756 (m), 1382 (m), 1280 (s), 1211 (s), 1140 (s),
914 (s), 733 (s); HRMS (ESI, m/z): caled for C;;H;;2NO4Fg [M - H'], 456.0671, found
456.0670.

CF3

(e}
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(E)-Octadec-2-en-1-yl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (S5): White solid
(65% yield, m.p. 83-85 °C); 'H NMR (400 MHz, CDCl;):  8.57 (s, 2H), 8.34 (s, 1H), 8.17
(s, 1H), 5.91-5.84 (m, 1H), 5.64-5.57 (m, 1H), 4.70 (d, J = 6.4 Hz, 2H), 2.11-2.06 (m, 2H),
1.40-1.28 (m, 26H), 0.90 (t, J = 6.4 Hz, 3H); >*C NMR (100 MHz, CDCL): & 163.4, 156.1,
138.4, 132.6 (q, J = 34.1 Hz), 130.1-130.0 (m), 129.1, 127.6-127.5 (m), 122.8 (q, J = 273.4
Hz), 122.6, 68.0, 32.2, 31.9, 29.70, 29.68, 29.58, 29.45, 29.36, 29.2, 28.8, 22.7, 14.1; P
NMR (377 MHz, CDCl3): § -63.1 (5); IR Viay (neat)/cm™: 3665 (s), 3215 (w), 2982 (s), 2901
(s), 1780 (m), 1724 (m), 1381 (m), 1290 (m), 1218 (s), 1069 (s), 895 (w); HRMS (ESI, m/z):
calcd for CysH3sNO4F¢ [M - H+], 566.2705, found 566.2714.

CFs3
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(2)-3-Phenylallyl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (10): white solid (76%
yield, m.p. 45-47 °C); '"H NMR (400 MHz, CDCl;): & 8.54 (s, 2H), 8.15 (s, 1H), 7.36-7.20
(m, 5H), 6.73 (d, J = 11.7 Hz, 1H), 5.85-5.80 (m, 1H), 5.01 (d, J = 6.6 Hz, 2H); '*C NMR
(100 MHz, CDCL): & 163.4, 156.1, 135.6, 134.2, 132.6 (q, J = 34.4 Hz), 130.3-129.9(m),
128.9, 128.6, 128.4, 127.8, 127.6 (dt, J = 6.9, 3.6 Hz), 124.4, 122.6 (q, J = 273.2 Hz), 63.9;
F NMR (377 MHz, CDCl;):  -63.1 (s); IR Vimax (neat)/cm™: 3255 (w), 2937 (w), 1749 (m),
1380 (m), 1277 (s), 1215 (s), 1138 (s), 913 (s), 682 (s); HRMS (ESI, m/z): calcd for
C19H2NO4Fg (M - HY), 432.0671, found 432.0672.

Ph o,
|L )
X O)LN’O CF,
H o
s7

(2)-3-Phenylbut-2-en-1-yl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (S7): white
solid (77% yield, m.p. Mp: 60-62 °C); 'H NMR (400 MHz, CDCL3): & 8.77 (s, 1H), 8.54 (s,
2H), 8.15 (s, 1H), 7.46-7.44 (m, 2H), 7.33-7.32 (m, 3H), 6.13-6.07 (m, 1H), 5.97 (d, J =
10.8 Hz, 1H), 5.11 (d, J = 6.4 Hz, 2H); >*C NMR (100 MHz, CDCl;): & 163.3, 156.2, 134.4,
132.6 (q, J = 34.4 Hz), 131.6, 130.1 (m), 129.0, 128.7, 128.4, 127.6-127.5 (m), 123.2 (q, J =
2732 Hz), 114.1, 96.6, 84.2, 64.7, ’F NMR (377 MHz, CDCL): & -63.0 (s); IR Viax
(neat)/em’™: 3263 (w), 2942 (w), 1751 (s), 1382 (m), 1277 (s), 1210 (s), 1179 (s), 930 (s), 732
(s); HRMS (ESI, m/z): caled for Co1H2NOsFg [M - H'], 456.0671, found 456.0673.

CF3
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(E)-3-Phenylbut-2-en-1-yl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (S8): White
solid (81% yield, m.p. 66-68 °C); '"H NMR (400 MHz, CDCls): & 8.55 (s, 2H), 8.39 (s, 1H),
8.15 (s, 1H), 7.43-7.28 (m, 5H), 5.92 (t, J = 7.1 Hz, 1H), 4.96 (d, J = 7.1 Hz, 2H), 2.15 (s,
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3H); *C NMR (100 MHz, CDCLy): & 163.4, 156.2, 142.2, 141.9, 132.7 (q, J = 34.1 Hz),
130.2-129.9 (m), 129.0, 128.3, 127.8, 127.7-127.4 (m), 125.9, 122.6 (q, J = 273.4 Hz),
119.9, 64.2, 16.3; ’F NMR (377 MHz, CDCls): & -63.0 (s). IR viax (neat)/em™: 3060 (w),
1751 (m), 1385 (m), 1280 (s), 1211 (s), 1184 (s), 937 (m), 711 (s); HRMS (ESI, m/z): calcd
for CaoH14NO4Fs [M - H'], 446.0827, found 446.0823.

CF3

Me)\/\OJLN'O)(@\CFg

3-Methylbut-2-en-1-yl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (S9): White solid
(84% yield, m.p. 78-80 °C); 'H NMR (400 MHz, CDCL): & 8.54 (s, 2H), 8.36 (s, 1H), 8.14
(s, 1H), 5.39-5.36 (m, 1H), 4.74 (d, J = 7.2 Hz, 2H), 1.78 (s, 3H), 1.74 (s, 3H); *C NMR
(100 MHz, CDCl3): 6 163.4, 156.3, 141.0, 132.7 (q, J = 34.0 Hz), 130.07-130.04 (m), 129.1,
127.6-127.5 (m), 125.9, 122.6 (q, J = 264.6 Hz), 117.5, 64.0, 25.8, 18.1; ’F NMR (377
MHz, CDCls): & -63.1 (s); IR Vmax (neat)/em™: 3058 (w), 1757 (m), 1382 (m), 1280 (s), 1210
(s), 1185 (s), 914 (m), 732 (s), 703 (s); HRMS (ESI, m/z): calcd for C;sH;2NO4Fs (M - H"),
384.0671, found 384.0676.

CF3

Qo

Cyclohex-2-en-1-yl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (S10): White solid (76%
yield, m.p. 94-96 °C); '"H NMR (400 MHz, CDCl;): 6 8.55 (s, 3H), 8.15 (s, 1H), 6.03-6.00
(m, 1H), 5.78-5.76 (m, 1H), 5.32 (s, 1H), 2.12—1.66 (m, 6H). *C NMR (100 MHz, CDCL;): &
163.5, 156.1, 133.9, 132.6 (q, J = 34.4 Hz), 130.04-130.01 (m), 129.2, 127.52-127.45 (m),
124.5, 122.6 (q, J = 274.7), 71.6, 28.2, 24.7, 18.5. '’F NMR (377 MHz, CDCl;): & -63.2 (s).
IR Vinex (neat)/em™: 3055 (w), 1762 (m), 1380 (m), 1277 (s), 1213 (s), 1185 (s), 907 (m), 737
(s). HRMS (ESI, m/z): caled for C16H2NO4F¢ [M - H'], 396.0671, found 396.0677.
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(E)-4-Phenylbut-3-en-2-yl (3,5-bis(trifluoromethyl)benzoyl)oxycarbamate (S11): White
solid (89% yield, m.p. 72—74 °C); '"H NMR (400 MHz, CDCl;): § 8.61 (s, 1H), 8.56 (s, 2H),
8.16 (s, 1H), 7.40-7.27 (m, 5H), 6.68 (d, J = 16.0 Hz, 1H), 6.22 (dd, J = 16.0, 7.2 Hz, 1H),
5.64-5.57 (m, 1H), 1.53 (d, J = 6.4 Hz, 3H); >°C NMR (100 MHz, CDCLy): & 163.4, 155.8,
135.9, 132.9, 132.7 (q, J = 34.1 Hz), 130.1-130.0 (m), 129.1, 128.6, 128.2, 127.6-127.5 (m),
127.4, 126.7, 122.6 (q, J = 273.4 Hz), 74.9, 20.3; "’F NMR (377 MHz, CDCL): & -63.1 (s);
IR Vinax (neat)/em™: 3063 (w), 1750 (m), 1385 (m), 1271 (s), 1208 (s), 1188 (s), 935 (m), 733
(s); HRMS (ESI, m/z): caled for CooHsNO4Fs [M - H'], 446.0827, found 446.0822.

S16



D. Procedures for Iron(l1)-Catalyzed Olefin Aminofluorination

R*O-NH Fe(BF4)2*6H,0 (10 mol %),
e L3 (10 mol %) s J(O
R2 EtzN3HF (1.4 equiv), RZR HNTY
V— \> > Hs
4 1 XtalFluor—E (1.2 equiv) E R1
R® R CH,Cly, RT, 4AMS

R* = 3, 5-bis(trifluoromethyl) benzoyl

General Procedures:
Procedure A: To a flame-dried 5 mL vial (vial A) with freshly activated 4 A molecular

sieves (equal weight to starting material) and a magnetic stir bar were added Fe(BF),-6H,0O
(0.01 mmol, 3.4 mg) and L3 (0.01 mmol, 2.4 mg). After the vial was evacuated and
backfilled with Argon for three times, anhydrous and degassed DCM (1.0 mL) was added.
The mixture was stirred vigorously at room temperature for 20 minutes. During this time, to
another flame-dried vial (vial B) was added Xtanfluor-E (0.12 mmol, 27.5 mg). After the
vial was evacuated and backfilled with Argon for three times, anhydrous and degassed DCM
(1.0 mL) was added. Et;N-3HF (0.14 mmol, 23 puL) was subsequently added into vial B and
the solution was stirred for 3 minutes till it became clear. The vial A was cooled in an
ice-water bath and the solution in vial B was added into it dropwise. The acyloxyl
carbamate (0.1 mmol, dissolved in 1 mL of DCM) was then added to vial A dropwise at the
same temperature. The mixture was stirred at 0 °C for another 10 min and then kept stirring
at room temperature until the acyloxyl carbamate was consumed monitored by TLC. After
the reaction was quenched by saturated aqueous sodium bicarbonate solution (1 mL), the
aqueous layer was separated and extracted by DCM (2 mL % 3). The combined organic
layer was dried over anhydrous Na,SO4 and concentrated in vacuo. The residue was purified
by flash columns with 1:1 hexane and ethyl acetate as the eluant to afford B-fluoro

oxazolidinone (45—-75% yield).

Procedure B: To a flame-dried 5 mL vial (vial A) with freshly activated 4 A molecular
sieves (equal weight to starting material) and a magnetic stir bar were added Fe(NTf,), (0.01
mmol) and L3 (0.02 mmol, 4.8 mg). After the vial was evacuated and backfilled with Argon
for three times, anhydrous and degassed DCM (1.0 mL) was added. The mixture was stirred
vigorously at room temperature for 20 minutes. During this time, to another flame-dried
vial (vial B) was added Xtanfluor-E (0.12 mmol, 27.5 mg). After the vial was evacuated and
backfilled with Argon for three times, anhydrous and degassed DCM (1.0 mL) was added.

S17



Et;N-3HF (0.14 mmol, 23 uL) was subsequently added into vial B and the solution was
stirred for 3 minutes till it became clear. The vial A was cooled in an ice-water bath and the
solution in vial B was added into it dropwise. The acyloxyl carbamate (0.1 mmol, dissolved
in 1 mL of DCM) was then added to vial A dropwise at the same temperature. The mixture
was stirred at 0 °C for another 10 min and then kept stirring at room temperature until the
acyloxyl carbamate was consumed monitored by TLC. After the reaction was quenched by
saturated aqueous sodium bicarbonate solution (1 mL), the aqueous layer was separated and
extracted by DCM (2 mL X 3). The combined organic layer was dried over anhydrous
NaySO4 and concentrated in vacuo. The residue was purified by flash columns with 1:1

hexane and ethyl acetate as the eluant to afford the -fluoro oxazolidinone.

Procedure C: To a flame-dried 5 mL vial (vial A) with freshly activated 4 A molecular
sieves (equal weight to starting material) and a magnetic stir bar were added Fe(BF ), 6H,O
(0.01 mmol, 3.4 mg) and L3 (0.01 mmol, 2.4 mg). After the vial was evacuated and
backfilled with Argon for three times, anhydrous and degassed DCM (1.0 mL) was added.
The mixture was stirred vigorously at room temperature for 20 minutes. During this time, to
another flame-dried vial (vial B) was added Xtanfluor-E (0.18 mmol, 41.3 mg). After the
vial was evacuated and backfilled with Argon for three times, anhydrous and degassed DCM
(1.0 mL) was added. Et;N-3HF (0.20 mmol, 33 pL) was subsequently added into vial B and
the solution was stirred for 3 minutes till it became clear. The vial A was cooled in an
ice-water bath and the solution in vial B was added into it dropwise. The acyloxyl
carbamate (0.1 mmol, dissolved in 1 mL of DCM) was then added to vial A dropwise at the
same temperature. The mixture was stirred at 0 °C for another 10 min and then kept stirring
at room temperature until the acyloxyl carbamate was consumed monitored by TLC. After
the reaction was quenched by saturated aqueous sodium bicarbonate solution (1 mL), the
aqueous layer was separated and extracted by DCM (2 mL x 3). The combined organic
layer was dried over anhydrous Na,SO4 and concentrated in vacuo. The residue was purified
by flash columns with 3:1 toluene and ethyl acetate as the eluant to afford the B-fluoro

oxazolidinone.
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Methy! 4-(-fluoro(-2-oxooxazolidin-4-yl)methyl)benzoate (S12):

S12 was synthesized according to the procedure B. White solid (m.p. 101-103 °C); '"H NMR
(400 MHz, CDCls): 8 8.12 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 8.0 Hz, 2H), 5.97 (s, 1H, minor
diastereomer), 5.89 (s, 1H), 5.49 (dd, J = 46.4, 6.0 Hz, 1H), 5.46 (dd, J = 46.4, 6.0 Hz, minor
diastereomer), 4.49—4.46 (m, 2H), 4.25-4.11 (m, 1H), 4.37-4.11 (m, 3H, minor diastereomer),
3.95 (s, 3H); °C NMR (100 MHz, CDCl;): & 166.3, 166.25 (minor diastereomer), 159.0,
158.8 (minor diastereomer), 139.7 (d, J = 20.0 Hz), 139.1 (d, J = 20.0 Hz, minor
diastereomer), 131.5 (minor diastercomer), 131.3, 130.32 (minor diastereomer), 130.26,
126.1 (d, J = 7.0 Hz, minor diastereomer), 125.9 (d, /= 7.0 Hz), 93.6 (d, J = 179.0 Hz, minor
diastereomer), 92.8 (d, J=179.0 Hz), 66.2 (d, J = 4.0 Hz), 65.3 (d, J = 7.0 Hz, minor isomer),
56.5 (d, J = 24.0 Hz, minor diastereomer), 56.2 (d, J = 29.0 Hz), 52.39 (minor diastereomer),
52.37; ""F NMR (377 MHz, CDCLs): 6 -189.7 (dd, J = 46.4, 13.1 Hz), -185.9 (dd, J = 46.6,
14.6 Hz, minor diastereomer); IR via, (neat)/cm™: 3305 (w), 1756 (s), 1722 (s), 1408 (m),
1284 (s), 1113 (s), 1020 (m), 767 (m), 736 (m); HRMS (ESI, m/z): calcd for C1,H;3sNO4F' [M
+H'], 254.0829, found 254.0835.

5
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s13 0

4-(Fluoro(p-tolyl)methyl)oxazolidin-2-one (S13):

S13 was synthesized according to the procedure C. White solid (m.p. 121-123 °C); '"H NMR
(400 MHz, CDCl3): & 7.28-7.23 (m, 4H), 5.73 (s, 1H), 5.32 (dd, J = 46.8, 6.8 Hz, 1H), 4.54—
4.52 (m, minor diasteromer), 4.43—4.19 (m, 2H), 4.13-4.09 (m, 1H), 2.40 (s, 3H); °C NMR
(100 MHz, CDCl3): 6 158.8, 140.0, 131.4 (d, J = 20.2 Hz), 129.8, 126.4 (d, J= 6.1 Hz), 94.8
(d, J =177.8 Hz), 65.4 (d, J = 7.1 Hz), 56.6 (d, J = 24.2 Hz), 21.3; ’F NMR (377 MHz,
CDCl): 8 -179.1 (dd, J=47.3, 12.9 Hz), -185.25 (dd, J=46.1, 10.7 Hz, minor diastercomer);
IR Vinax (neat)/em™: 3269 (w), 1756 (s), 1409 (m), 1236 (s), 1034 (s), 712 (m); HRMS (ESI,
m/z): caled for C;;H;3NOLF' [M + H', 210.0930, found 210.0924.
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4-(Fluoro(o-tolyl)methyl)oxazolidin-2-one (9):

9 was synthesized according to the procedure B. White solid (m.p. 111-113 °C); '"H NMR
(400 MHz, CDCls): 6 7.36-7.24 (m, 4H), 5.70 (s, 1H), 5.70-5.56 (1H, m, overlap with minor
diasteromer), 5.39 (s, minor diasteromer), 4.61—4.51 (m, 2H, minor diastereomer), 4.40—4.21
(m, 2H, overlap with minor diasteromer), 4.14—4.11 (m, 1H), 2.40 (s, 3H); BC NMR (100
MHz, CDCl3): 6 159.0, 158.8 (minor diastereomer), 135.5 (d, /= 5.1 Hz), 132.5 (d, J=19.2
Hz), 131.3, 131.2 (minor diasteromer), 129.7 (d, J = 2.0 Hz), 126.7, 126.4 (d, J = 7.1 Hz),
91.6 (d, J = 17.8 Hz), 90.6 (d, J = 176.8 Hz, minor diasteromer), 66.9 (d, J = 2.0 Hz, minor
diasteromer), 65.6 (d, J = 6.1 Hz), 55.7 (d, J = 24.2 Hz), 55.4 (d, J = 31.3 Hz, minor
diasteromer), 19.3; '’F NMR (377 MHz, CDCl;):  -182.3 (dd, J = 46.9, 15.1 Hz), -187.4 (dd,
J =46.4, 11.8 Hz, minor diastercomer); IR vipax (neat)/cm'l: 3273 (w), 1753 (s), 1410 (m),
1230 (s), 1035 (m), 755 (m); HRMS (ESI, m/z): caled for C;;H;3sNO,F" [M + H'], 210.0930,
found 210.0922.

s14 0

4-((3-Chlorophenyl)fluoromethyl)oxazolidin-2-one (S14):

S14 was synthesized according to the procedure A. White solid (m.p. 75-77 °C); '"H NMR
(400 MHz, CDCls): & 7.41-7.37 (m, 3H), 7.25-7.24 (m, 1H), 6.04 (s, 1H, minor diasteromer),
591 (s, 1H), 538 (dd, J = 46.0, 6.2 Hz, 1H), 5.36 (dd, J = 46.0, 6.2 Hz, 1H, minor
diastereomer), 4.53—4.49 (m, 1H), 4.38-4.34 (m, 1H, minor diastereomer), 4.22-4.11 (m,
2H); *C NMR (100 MHz, CDCl5): & 159.1, 158.9 (minor diastereomer), 137.0 (d, J = 20.2
Hz), 136.4 (d, J = 20.2 Hz, minor diastereomer), 135.3 (minor diastereomer), 135.2, 130.5

(minor diastereomer), 130.4, 130.0 (minor diastereomer), 129.8, 126.4 (d, J = 7.1 Hz, minor
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diastereomer), 126.1 (d, J = 7.1 Hz), 124.3 (d, J = 7.1 Hz, diastereomer), 124.1 (d, J = 6.1
Hz), 93.5 (d, J = 180.8 Hz, minor diastereomer), 92.6 (d, J = 181.8 Hz), 66.3 (d, J= 3.0 Hz),
65.3 (d, J= 6.1 Hz, minor diastereomer), 56.5 (d, J = 14.1 Hz, minor diastereomer), 56.2 (d, J
= 30.3 Hz); "F NMR (377 MHz, CDClLy): & -184.3 (dd, J = 46.5, 13.6 Hz, minor
diastereomer), -188.6 (dd, J = 47.1, 9.4 Hz); IR Vi (neat)/cm™: 3281 (w), 1750 (s), 1411 (m),
1234 (s), 1033 (m), 692 (m); HRMS (ESI, m/z): caled for CoH;oNO,FC1' [M +H'], 230.0384,
found 230.0390.
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anti-4-(1-Fluoro-3-phenylprop-2-yn-1-yl)oxazolidin-2-one (S15a):

S15a/b were synthesized according to the procedure A. The anti and syn diastereomers could
be separated on silica gel column with toluene and ethyl acetate as eluent (toluene/ethyl
acetate: 3:1). White solid (m.p. 121-123 °C); 'H NMR (400 MHz, CDCl3): & 7.50-7.48 (m,
2H), 7.44-7.35 (m, 3H), 5.88 (s, 1H), 5.28 (dd, /= 48.4, 6.4 Hz, 1H), 4.57 (t,J=9.1 Hz, 1H),
442 (dd, J=9.4, 4.5 Hz, 1H), 4.28-4.20 (m, 1H); *C NMR (100 MHz, CDCl3): & 158.6,
132.1 (d, J = 3.0 Hz), 129.8, 128.5, 120.5 (d, J=4.0 Hz), 90.9 (d, /= 11.1 Hz), 83.5 (d, J =
176.8 Hz), 80.4 (d, J = 25.3 Hz), 65.6 (d, J = 4.0 Hz), 55.5 (d, J = 25.3 Hz); '°’F NMR (377
MHz, CDCls): § -180.8 (dd, J = 48.4, 11.4 Hz); IR vy (neat)/cm™: 3275 (w), 2233 (m), 1745
(s), 1407 (m), 1230 (s), 1026 (m), 758 (m); HRMS (ESI, m/z): calcd for C;;H;;NO,F' [M +
H'], 220.0774, found 220.0772.

F
Z
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syn-4-(1-Fluoro-3-phenylprop-2-yn-1-yl)oxazolidin-2-one (S15b): White solid (m.p. 92-94
°C); '"H NMR (400 MHz, CDCls): & 7.50~7.48 (m, 2H), 7.42—7.33 (m, 3H), 5.56 (s, 1H), 5.28
(dd, J=48.0, 5.0 Hz, 1H), 4.58 (t, /= 8.9 Hz, 1H), 4.47 (dd, J=9.3, 3.9 Hz, 1H), 4.23 (ddd, J
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=13.7,9.2, 4.4 Hz, 1H); >*C NMR (100 MHz, CDCl;): & 158.6, 132.2 (d, J = 2.0 Hz), 129.8,
128.5, 120.5 (d, J = 5.1 Hz), 91.0 (d, J = 11.1 Hz), 83.1 (d, J = 176.8 Hz), 80.4 (d, J = 28.3
Hz), 65.9 (d, J = 4.0 Hz), 55.2 (d, J = 26.3 Hz); '°F NMR (377 MHz, CDCl3): & -181.9 (dd, J
=479, 10.6 Hz); IR Vmay (neat)/cm™: 3264 (w), 2231 (m), 1749 (s), 1409 (m), 1230 (s), 1029
(m), 758 (s); HRMS (ESI, m/z): calcd for C;;H;]NO,F™ (M + H"), 220.0774, found 220.0772.

4-(Fluoro(naphthalen-1-yl)methyl)oxazolidin-2-one (S16):

S18 was synthesized according to the procedure C. White solid (m.p. 93-95 °C); 'H NMR
(400 MHz, CDCls): 6 8.01-7.94 (m, 3H), 7.64—7.53 (m, 4H), 6.12 (dd, J = 46.4, 6.4 Hz), 5.58
(s, 1H), 4.58-4.49 (m, 1H), 4.37 (t, J=9.0 Hz, 1H), 4.24 (dd, J= 9.0, 5.1 Hz, 1H); *C NMR
(100 MHz, CDCls): 6 158.7, 133.9, 130.5 (d, J = 2.0 Hz), 130.0, (d, J= 7.1 Hz), 129.4, 127.2,
126.4,125.2,125.0 (d, J=9.1 Hz), 122.4,92.5 (d, J=179.8 Hz), 65.8 (d, J= 6.1 Hz), 55.9 (d,
J=23.2 Hz); ’F NMR (377 MHz, CDCl3): & -185.5 (dd, J = 46.4, 15.7 Hz), -190.2 (dd, J =
45.6, 12.0 Hz, minor diastereomer); IR vina, (neat)/cm™: 3283 (w), 1752 (s), 1408 (m), 1252
(s), 1033 (m), 749 (s); HRMS (ESI, m/z): calcd for C14H;3sNO-F' [M + H'], 246.0930, found
246.0927.

C15H31/\\/\O
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S$17

4-(1-Fluorohexadecyl)oxazolidin-2-one (S17):

S19 was synthesized according to the procedure A. White solid (m.p. 79-81 °C); 'H NMR
(400 MHz, CDCls): 6 6.65-6.55 (m, 1H), 6.41-6.33 (m, 1H, minor isomer), 4.52-3.90 (m,
4H), 1.74-1.27 (m, 27H), 0.90 (t, 3H, J = 6.0 Hz); °C NMR (100 MHz, CDCl;): § 160.0,
159.5 (minor diasteromer), 93.7 (d, J = 174.6 Hz, minor diasteromer), 93.5 (d, /= 174.3 Hz),
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66.5 (d, J = 15.4 Hz), 65.8 (d, J = 8.6 Hz, minor diasteromer), 55.3 (d, J = 22.4 Hz, minor
diasteromer), 54.9 (d, J = 26.1 Hz), 31.9, 30.9, 29.71, 29.7, 29.699, 29.691, 29.7, 29.6, 29.5,
2941, 29.37, 29.3, 24.82 (d, J = 3.4 Hz, minor diasteromer), 24.77 (d, J = 3.0 Hz), 22.7, 14.1;
F NMR (377 MHz, CDCls): 6 -191.9—192.1 (m, minor diasteromer), -194.0—194.3 (m); IR
Vmax (n€at)/em™: 3200 (w), 3018 (m), 1761 (s), 1337 (m), 1269 (s), 1017 (m), 742 (s); HRMS
(ESI, m/z): calcd for C1oH37NO,F" M + H+], 330.2808, found 330.2810.

Relative Stereochemistry Determination: the relative stereochemistry of S17 was
determined by comparison of ’F NMR spectrum with a known compound S18b° after

derivatization. The minor diastereomer is in accordance with S18b on '°F NMR.

F

C15H31)\|/\OH
NH,
S18b
F F
)\‘/\ 1) Boc,O, NEts, DMAP, DCM E E
CoH CieH 2) Cs,C03, MeOH 2
18 31/\(\0 s 0O 3) HCl in ethyl acetate C15H31/\|/\OH * CqsHaq OH
HN— HN—( Lo NH NH
2 2
(@) (@)
S17a (major) S$17b (minor) S18a (major) S$18b (minor)
Spectrum & . k
C15H31)\|/\OH CisHa?” Y~ OH Cq5H31)\|/\OH
NH, NH» NH,
S18a (major) S$18b (minor)

(Literature Data)’

F NMR 8 '°F (377 MHz,

MeOH-dj): -198.7
(m)

8 '°F (377 MHz,
MeOH-d,): -193.4
(m)

8 '°F (377 MHz,
MeOH-d,): -198.1
(m)
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[ y]

CisHai” Y~ “OH

NH,
S18a and S18b
dr:2.5:1

S

e —

T T T T
20 -40 -60 -80 =100 =120 -140 -160 -180 -200 ppm

Ph
HN

S19 O

4-(1-Fluoro-1-phenylethyl)oxazolidin-2-one (S19):

S19 was synthesized according to the procedure A. The relative stereochemistry was
determined by X-ray crystallographic analysis. White solid (m.p. 97-99 °C); 'H NMR (400
MHz, CDCly): & 7.47-7.36 (m, 5H), 5.30 (s, 1H), 4.44-4.36 (m, 2H), 4.18 (ddd, /= 17.0, 8.6,
5.5 Hz, 1H), 1.72 (d, J = 22.4 Hz, 3H); °C NMR (100 MHz, CDCl3): 3 158.8, 139.7 (d, J =
22.2 Hz), 129.0, 128.8, 124.6 (d, J=9.1 Hz), 96.3 (d, J=179.8), 65.3 (d, /= 6.1 Hz), 59.9 (d,
J =263 Hz), 21.6 (d, J = 24.2 Hz); ’F NMR (377 MHz, CDCls):  -159.5—-159.9 (m); IR
Vmax (neat)/em™: 3209 (w), 1751 (s), 1377 (m), 1238 (s), 1033 (s), 949 (m), 741 (s); HRMS
(ESI, m/z): caled for C H;sNO,F' [M + H'], 210.0930, found 210.0932.
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4-(2-Fluoropropan-2-yl)oxazolidin-2-one (5):

5 was synthesized according to the procedure A. White solid (m.p. 81-83 °C); 'H NMR (400
MHz, CDCly): 7.00 (s, 1H), 4.46-4.42 (m, 1H), 4.30-4.27 (m, 1H), 3.92-3.85 (m, 1H), 1.36
(d, J = 22.4 Hz, 3H), 1.35 (d, J = 21.6 Hz, 3H); *C NMR (100 MHz, CDCl;): & 160.2, 94.6
(d, J=172.3), 65.8 (d, J= 6.1 Hz), 59.1 (d, J = 26.3 Hz), 22.5 (d, J = 23.2 Hz), 22.3 (d, J =
24.2 Hz); "’F NMR (377 MHz, CDCls): & -151.3—151.7 (m); IR vmax (neat)/cm™: 3207 (w),
1762 (s), 1312 (s), 1213 (m), 737 (s); HRMS (ESI, m/z): calcd for C¢H;NO,F' [M + H'],
148.0774, found 148.0774.

O

o«
NH
o4
S20
4-Fluorohexahydrobenzo[d]oxazol-2(3H)-one (S20):
S20 was synthesized according to the procedure A. White solid (m.p. 93-95 °C); 'H NMR
(400 MHz, CDCl3): & 5.53 (s, 1H), 4.79 (s, 1H), 4.62-4.46 (m, 1H), 3.70-3.63 (dt, J = 15.0,
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6.8 Hz, 1H), 2.16-2.02 (2H, m), 1.76-1.48 (m, 4H); *C NMR (100 MHz, CDCLs): & 159.1,
943 (d, J=177.8), 77.2 (d, J=24.2 Hz), 56.9 (d, J = 25.3 Hz), 27.2 (d, J = 18.2 Hz), 25.9,
16.9 (d, J=9.1 Hz); "’F NMR (377 MHz, CDCl;): & -181.1—181.2 (m); IR vy (neat)/cm™:
3230 (w), 2953 (s), 1754 (s), 1365 (m), 1254 (s), 1103 (m), 737 (s); HRMS (ESL, m/z): calcd
for C;H;1NO,F'[M + H'], 160.0774, found 160.0775.

Relative Stereochemistry Determination:

3J of H'-H? and H>-H® were compared with ones in an anti-hydroxyl oxazolidinone 4-OH

$20 (a known compound) shown below.”

S21a

4-(Fluoro(phenyl)methyl)-5-methyloxazolidin-2-one (S21a):

S21a/b were synthesized according to the procedure A. Two diastereomers can be separated
on silica gel column with hexane and ethyl acetate as the eluent. White solid (m.p. 66—68 °C);
'H NMR (400 MHz, CDCl3): 8 7.47-7.46 (m, 3H), 7.36-7.35 (m, 2H), 5.61 (s, 1H), 5.33 (dd,
J=47.0,7.2 Hz, 1H), 4.38 (p, J = 6.3 Hz, 1H), 3.82-3.76 (m, 1H), 1.15 (d, J = 6.4 Hz, 3H);
C NMR (100 MHz, CDCly): & 157.9, 134.3 (d, J = 20.2 Hz), 129.9 (d, J = 2.0 Hz), 129.1,
126.4 (d, J=6.1 Hz), 94.7 (d, J=177.8 Hz), 73.9 (d, J = 6.1 Hz), 63.5 (d, /= 17.2 Hz), 20.3;
F NMR (377 MHz, CDCls): & -178.4 (dd, J = 45.2, 15.1 Hz); IR Vi (neat)/cm’™: 3235 (w),
2955 (s), 1750 (s), 1367 (m), 1200 (s), 1135 (m), 734 (s); HRMS (ESI, m/z): calcd for
C Hi3NOF (M + HY), 210.0930, found 210.0938.

S26



NOE Analysis:

NOESY
Ha
AJ“ H, Ha H>
) VO W ppm
[ 1 1 T —
-::- P N
o . ' :u F
P i s :
S 4o /‘* a
. : H F
% i # | g
3 : ! 2
| i C
; ; -3
A o C
H2 < ,"! g |: & 1l 54
o i i e
H = : S % :
:: oo : "5
Hi 2pzcooocoooopmssoooozrzoooopAszzooi y F
i, ” L
3 ¢ - : .
v ; -6
i i .
l.' :' £
o \ F
i ; =7
_é_‘ 'w ae - 5 E
Bt i! .
i 5 :
" ;
“'I""°"'\""""'\"' T T T RN L [
8 7 6 5 4 3 2 1 0 ppm
0
"i)LO
Frung Me
Ph
S21b

4-(Fluoro(phenyl)methyl)-5-methyloxazolidin-2-one (S21b): White solid (m.p. 92-94 °C);

'H NMR (400 MHz, CDCLy): & 7.45-7.43 (m, 3H), 7

36-7.34 (m, 2H), 5.31 (dd, J = 46.4, 7.4

Hz, 1H), 4.81-4.73 (m, 2H), 3.72-3.67 (m, 1H), 1.47 (d, J = 6.4 Hz, 3H); >*C NMR (100
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MHz, CDCls): § 157.8, 135.2 (d, J =19.2 Hz), 129.8 (d, J = 1.0 Hz), 129.1, 126.2 (d, J = 6.1

Hz), 93.8 (d, J = 178.8 Hz), 76.1, 62.8 (d, J = 32.3 Hz), 21.0; "’F NMR (377 MHz, CDCls): &

-185.4 (dd, J = 49.0, 9.4 Hz); IR vmax (neat)em™: 3201 (w), 2955 (s), 1753 (s), 1366 (m),

S), m), S); s Z). calcd 1or L3 2 + 5 . s
1209 (s), 1124 (m), 737 (s); HRMS (ESI, m/z): calcd for C;;H;3NO,F" (M + H"), 210.0930

found 210.0934.
NOE Analysis:
NOESY
NOE H4
 F H Mis(Hy
N (6]
Y
%O ’ H'I H3 H2
szt B A A ppm
a .
—1
H, : F
QQ """"""""""""""""" mo : 4" :
o 5
;*2
-3
Hy < ' & : :
i ;_4
@ : E
Hs » 1
3 ’ '- -3
H, H E
’ 5
6
. -7
= X :
~8
I [rorrerTer I T T I ':9
8 7 6 5 4 1 ppm
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E. Synthetic Application for the Method Discovery: Synthesis of B-Fluoro Amino

Acids
£ F
1) Bocz0, NEt3, DMAP, DCM i cn.on Naclo, TBAB, TEMPO, £
Ph HN‘{) 2) Cs2C0O3, MeOH - Ph/\r 2 NaHCOs, ethyl acetate Ph/\rCOZH
Y 91% NHBoc 80% NHBoc
2a S22a 4a
d F
1) Boc,0, NEt;, DMAP, DCM NaClO, TBAB, TEMPO, £
Ph 0 2) Cs2C0O3 MeOH - ph)\(CHZOH NaHCOj3, ethyl acetate Ph COoH
HN > _—
~<\o 88% NHBoc 81% NHBoc
2b s22b 4b
F F F
1) Bocz0, NEt;, DMAP, DCM cH.on Naclo, TBAB, TEMPO, coM
Ml\e/le 2) Cs,CO3, MeOH MI\?I 201 NaHCO3, ethyl acetate MISI 2
e R
HN NHBoc NHBoc
89% 86%
5 O s23 6

General Procedures: The B-fluoro oxazolidinone (2 or 5, 0.1 mmol) was dissolved in 2 mL
anhydrous dichloromethane. To the above mentioned solution was added NEt; (0.12 mmol),
DMAP (0.01 mmol) and Boc,O (0.15 mmol) at room temperature. The mixture was
continued to be stirred at room temperature until all the starting material was consumed
(usually within 20 min). After evaporating all the solvent, the obtained mixture was purified

by flash chromatography columns (hexane/ethyl acetate = 4/1).

The above obtained Boc protected product (0.1 mmol) was dissolved in 2 mL regular MeOH.
Then a catalytic amount of Cs;CO3 (0.02 mmol) was added and the mixture was stirred at
room temperature until all the starting material was consumed (ca. 2 hours). The reaction was
quenched with saturated NH4Cl solution and after evaporation of methanol, the aqueous
phase was extracted by dichloromethane (4 X 5 mL) and then dried over anhydrous Na;SOs.
The product was purified by column chromatography to afford product (91% yield for S22a,
88% yield for S22b and 89% yield for S23).

The syn B-fluoro amino alcohol S22b is a known compound.'

wnT]

Ph CH,0OH

NHBoc
S22a
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tert-Butyl (1-fluoro-3-hydroxy-1-phenylpropan-2-yl)carbamate (S22a): white solid (m.p.
72-74 °C); '"H NMR (400 MHz, CDCl, 55 °C): & 7.40-7.33 (m, 5H), 5.71 (d, J = 46.4 Hz),
4.98 (s, 1H), 4.05-4.00 (m, 1H), 3.77-3.65 (m, 2H), 1.35 (s, 9H); '*C NMR (100 MHz,
CDCl): 8 156.0, 136.8, 128.54, 128.48, 125.7 (d, J = 8.1 Hz), 92.6 (d, J = 174.7 Hz), 80.1,
62.2, 56.6 (d, J = 22.2 Hz), 28.2; ’F NMR (377 MHz, CDCls): & -193.8, -195.8 (minor
rotamer); IR Vs (neat)/cm™: 3426 (w), 2979 (w), 1691 (s), 1367 (m), 1165 (s), 1058 (m),
737 (s); HRMS (ESI, m/z): calcd for C14H;oNOsF [M - H'], 268.1349, found 268.1351.

F

Me%\(CHQOH
Me

NHBoc
S23

tert-Butyl (3-fluoro-1-hydroxy-3-methylbutan-2-yl)carbamate (S23): white solid (m.p.
83-85 °C); '"H NMR (400 MHz, CDCls): & 5.09 (s, 1H), 3.88-3.84 (m, 1H), 3.74-3.66 (m,
2H), 2.03 (s, 1H), 1.48 (s, 9H), 1.45 (d, 3H, J = 20.8 Hz), 1.43 (d, 3H, J = 22.4 Hz); °C
NMR (100 MHz, CDCls): 6 156.6, 97.4 (d, J = 168.7 Hz), 79.9, 61.9, 58.3 (d, J = 21.2 Hz),
28.3, 24.8 (d, J = 10.1 Hz), 24.5 (d, J = 10.1 Hz); "’F NMR (377 MHz, CDCL): § -149.4—
-149.6 (m); IR vpax (neat)/cm'lz 2980 (w), 1720 (s), 1369 (m), 1161 (s), 1029 (m), 701 (s);
HRMS (ESI, m/z): calcd for C;oH;oNOsF [M - H'], 220.1349, found 220.1347.

The alcohol oxidation was performed by following a known procedure:' S22 or S23 (0.2
mmol) was dissolved in ethyl acetate (2 mL), then water (1 mL), TEMPO (1.0 mg),
(n-Bu)4sNBr (1.0 mg), and NaHCO; (60 mg) were added successively. Commercial bleach
(0.5 mL) was added into this mixture (ice bath) dropwise with vigorous stirring, and the
solution was stirred for additional 30 min at 0 °C. After the reaction was diluted with EtOAC,
the organic phase was extracted with saturated NaHCO; aqueous solution. To the combined
aqueous phase was added NaHSO; (80 mg) slowly, followed by dropwise addition of 10%
HCI aq to adjust pH to ca. 3. This cloudy mixture was extracted by ethyl acetate, washed with

saturated brine, dried over Na,SOs, then evaporated in vacuo. The residue was purified on
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silica gel column to give the acid as a white solid (80% yield for 4a, 81% yield for 4b and 86%
for 6).

]

oh CO,H

NHBoc
4a

2-((tert-Butoxycarbonyl)amino)-3-fluoro-3-phenylpropanoic acid (4a): white solid (m.p.
96-98 °C); 'H NMR (400 MHz, CDCls, 55 °C): & 8.38 (brs, 1H), 7.38 (s, 5H), 6.07 (d, J =
45.6 Hz), 5.23 (s, 1H), 4.87-4.81 (m, 1H), 1.32 (s, 9H); '*C NMR (100 MHz, CD;0OD): 5
172.5, 157.8, 137.9 (d, J = 21.0 Hz), 129.5, 129.3, 126.8 (d, J = 8.0 Hz), 94.5 (d, J = 176.0
Hz), 80.8, 59.7 (d, /= 22.0 Hz), 28.6; F NMR (377 MHz, CDCl;): 6 -193.2 (minor rotamer,
dd, J=45.2,26.4 Hz), -195.4 (dd, J = 79.2, 33.9 Hz); IR Vinax (neat)/cm’™: 3426 (w), 2982 (w),
1694 (s), 1368 (m), 1170 (s), 1057 (m), 739 (s); HRMS (ESI, m/z): caled for C14H;7NO4F [M
-H"], 282.1142, found 282.1136.

Me COoH
NHBoc

2-((tert-Butoxycarbonyl)amino)-3-fluoro-3-methylbutanoic acid (6): white solid (m.p.
147-149 °C); 'H NMR (400 MHz, ds-acetone): 6 6.15 (d, J = 8.4 Hz, 1H), 4.37 (dd, J = 18.0,
1.6 Hz, 1H), 1.53-1.43 (m, 15H); *C NMR (100 MHz, dg-acetone): & 170.3 (d, J = 3.0 Hz),
155.5,94.7 (d, J = 174.0 Hz), 78.8, 60.3 (d, J = 24.0 Hz), 27.6, 24.0 (d, J = 24.0 Hz), 23.8 (d,
J = 23.0 Hz); "’F NMR (377 MHz, ds-acetone): & -146.4—146.7 (m). IR vmax (neat)/cm™:
2984 (w), 1717 (s), 1369 (m), 1159 (s), 1055 (m), 737 (s); HRMS (ESI, m/z): calcd for
C1oH7NOF [M - H'], 234.1142, found 234.1138.
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F. Iron-Catalyzed Enantioselective Olefin Aminofluorination

F
(0] /k/\ Ph (0]
1 a a 1
Ph/\/\OJLH/OR . . Ph H?\ls{) - VOJLH’OR
1 52% 2 o) 48% 10
R': 3,5-(CF3)z-benzoyl
81 % ee for both diastereomers,
dr:3.2:1

Me, Me

0 o)
w1 |
Phu Q/N N\e—Ph
P

L4 Ph

=

“Fe(BF4),-6H,0 (20 mol %), L4 (20 mol %); Et;N-3HF (1.4 equiv), XtalFluor-E (1.2 equiv),
CH,Cl,, -30 °C, 4 A molecular sieves, 12 h.

a. Procedure for the Iron-Catalyzed Asymmetric Olefin Aminofluorination: To a
flame-dried 5 mL vial (vial A) with freshly activated 4 A molecular sieves (equal weight to
starting material) and a magnetic stir bar were added Fe(BF4),-6H,O (0.02 mmol) and L4
(0.02 mmol). After the vial was evacuated and backfilled with Argon for three times,
anhydrous and degassed DCM (1.0 mL) was added. The mixture was stirred vigorously at
room temperature for 20 minutes. During this time, to another flame-dried vial (vial B) was
added Xtanfluor-E (0.12 mmol, 27.5 mg). After the vial was evacuated and backfilled with
Argon for three times, anhydrous and degassed DCM (1.0 mL) was added. Et;N-3HF (0.14
mmol, 23 puL) was subsequently added into vial B and the solution was stirred for 3 minutes
till it became clear. The vial A was cooled to -30 °C and the solution in vial B was added into
it dropwise. The acyloxyl carbamate 1 or 10 (0.1 mmol, dissolved in 1 mL of DCM) was then
added to vial A dropwise at the same temperature. The mixture was stirred at -30 °C for 12 h
until the acyloxyl carbamate was consumed monitored by TLC. After the reaction was
quenched by saturated aqueous sodium bicarbonate solution (1 mL), the aqueous layer was
separated and extracted by DCM (2 mL x 3). The combined organic layer was dried over
anhydrous Na,SO,4 and concentrated in vacuo. The residue was purified by flash columns

with 1:1 hexane and ethyl acetate as the eluant to afford B-fluoro oxazolidinone 2a/2b.

F

Ph/k/\

=
HN

2a o
[a]p™ = +47.3 (¢ 0.7, CHxCl,, 81% ee)
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[a]p”’ =+13.2 (¢ 0.3, CH,Cl,, 81% ee)

£
PN
HN—(

o ©

b. HPLC Data:
The samples were analyzed by Chiral HPLC analysis (Chiralcel OD-H, 1.0 mL/min, 210 nm,
20% IPA in hexane)
Racemic sample:
[] *DAD1, Sig=210.00, 5.00 Ref=off, EXT of 003-0401.D -
"00- ‘ \& ; ¢
200—E o | A Ph)\H:N/\O ﬁ
151]—E HN\<\O I\ . ‘(\0 ,‘I ?\
100 2 I‘ \ 2a [
] g & || [
50 s oS | [
R — WA, \ ‘ _J &
' ' ‘ I 1Iﬂ 115 2|[] ' ' 25 3b ' ‘ 3‘5 mirr
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e | o e | e s S I
1 19.281 MM 0.6548 924.39825 23.52839 3.9591
2 20.812 MM 0.6933 958.36469 23.03989 4.1046
3 22.751 MM 0.7764 1.05108e4 225.64063 45.0170
4 30.454 MM 0.9970 1.09549e4 183.12521 46.9192
Enantio-enriched sample (81% ee for both diastereomers)
[ "DAD1, Sig=210.00, 5.00 Ref=off, EXT of 004-0201.D
-t ;
E T =1
200—: Ph)\.__/\o ( \‘1
150-] Z,HN%C, [\
1ou—§ 5 3 |
Su—é . e —— e~ )I‘I \“ MP‘\\__' J \-. —
? 5 15 T T " mirr
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
B | | | | === | e | I
1 23.345 MM 0.7892 1653.67395 34.92356 9.3256
2 30.934 MM 1.0271 1.60790e4 260.91016 90.6744
[] "DAD1, Sig=210.00, 5.00 Ref=off, EXT of 004-0201.D
mAU n
250€ .‘ ‘l
200 [
150 T [
100 e & ,\'I \
E s | ]
1 BN A )\
10 " s R T mirr
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Peak RetTime Type Width Area Height Area

# [min] [min] [mMAU*s] [mAU] %
——————————— mamtnnil e ot Ko ittt it [ttt
1 19.646 MF 0.6474 300.15857 7.127174 8.9394
2 2l1.lel FM 0.7034 3057.54443 72.44723 91.0606

c. Structure-Enantioselectivity Relationship of Chiral Catalysts:

X
o Fe(BF,),*6H,0 20 mol % /FK/\ | o
Ligand 20 mol % N
Ph/\/\o)LN,OR - Ph ) N‘
. H EtsNe3HF 1.4 equiv 2HN~§
Xtanfluor-E 1.2 equiv [e}
R =35-(CF3);-benzoyl  DCM, 4 AMS,0°C
(3R,85)-L3
‘ X
o = o) Me Me Me  Me
S N o o
N N ) \ Ph OW)Q(O Ph
R e
Ph Ph PR Ph
(3R,3'R,8S,8'S)-SL1 (4R,4R)-SL2 (4R,4'R,55,5'S)-L4
ligand ee of 2
L3 -23%
SL1 5%
SL? 54%
SL3 71%

G. ESI-TOF MS Studies of the Catalyst Complex: Fe(BF4),-6H,0O—-L3 in the Presence
of EtsN-3HF

a. Sample Preparation:

To a flame-dried 5 mL vial with activated 4 A molecular sieves and magnetic stir bar were
added Fe(BF4),-6H,O (0.01 mmol, 3.4 mg) and ligand L3 (0.01 mmol, 2.4 mg). After
evacuation upon oil pump and refill with Ar gas three times, anhydrous and degassed acetone
(1.0 mL) was added. The obtained solution was stirred vigorously at room temperature for 15
min. Et;N-3HF (0.1 mmol) was then added dropwise and the red color gradually disappeared.
0.2 mL supernatant was syringed out and diluted 100 times with anhydrous acetone for MS

analysis.
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b. MS Analysis:

Mass spectrometry analyses were performed on a Micromass Q-Tof mass spectrometer
(Waters, Milford, MA, USA.) equipped with an electrospray ion source. Optimal ESI
conditions were capillary voltage of 3200 V, sample cone voltage 60 V, extraction cone
voltage 2 V, source temperature 100 °C, Desolvation temperature 150 °C. Nitrogen was used
as desolvation gas (500 L/h). Samples were introduced into the mass spectrometer ion source
by direct injection at a speed of 5 pl/min. Mass spectrometer was scanned from m/z

100-1000, at a rate of 1 s per scan. Accurate mass were determined via internal calibration

compound, reserpine with m/z 609.2812.

Low resolution ESI-MS:

in acetone with Et3N 100x dilution 28-Jun-201311:50:42

GUANSAI_EXP3 ESI_POS_XU_06282013 362 (6.754) Cm (346:424) TOF MS ?.SJ'
100+ _~102.0 1.63e4
NEtz+H'
=
L4+H"
1031 231.0 [Fe-FoL4d"
i 641.0

0 ..‘.,....,....,....,....,....,....,...’.,..‘.,‘...,....,....,....,....,..............,‘...,....,....,....,...L.,...m.f'z
100 150 200 250 300 350 400 450 500 550 600 650

in acetone with Et3N 100x dilution 28-Jun-201311:50:42

GUANSAI_EXP3_ES|_POS_XU_06282013 362 (6.754) Sm (SG, 2x3.00): Cm (346:424) TOF MS ES+
641.0 747
100
a&_ |
| 6419
| I
|
| | '.I 64?.0
6390 gagg9 || || [\ 6440
0= T T T |\ ’r\f‘ n S T I‘—'II| T T T T T T T miz
635 636 637 638 639 640 641 642 643 644 645 646 647 648 649 650

High resolution ESI-MS:
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05-Jul-201315:32:48
GUANSAI_GSL-2_XU_07052013_ESI-POS03 268 (4.970) AM (Cen,2, 80.00, Ar,5000.0,609.28,1.00); Sm (SG, 2x3.00); Cm (21!

100 641.0554 5.21e3
S 609.2812
642.0590
615.1315
1590.0988 607.2718 16,1146 631.0834639.0465 643.0633
1 5922849 606.2666 T 624.0784 634.2506 657.1147
me Ll L] f\ L] Lo \ 646,0380
o TR Y P N 0 00 0 B B VO B P il SISYERRR 'N8/88 FTSTIA ‘L‘u‘\‘ SRSV B B ‘\u Ku‘h‘m‘d O e 4
505 600 605 610 615 620 625 630 635 640 645 650 655 660
Single Mass Analysis

Tolerance=5.0 PPM / DBE: min=-1.5, max = 100.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Odd and Even Electron Ions
19500 formula(e) evaluated with 287 results within limits (all results (up to 1000) for each mass)
Elements Used:

C: 1-150 H: 1-150 N: 1-30 0O: 1-60 F: 1-6 Fe: 1-2

Minimum: -1.5
Maximum: 5.0 5.0 100.0
Mass Calc. Mass mDa PPM DBE i-FIT Formula
641.0554 641.0550 04 0.6 19.5 1.5 C30H24N4O,F;Fe,

H. X-ray Crystallographic Analysis of S19:

R Me
Ph o
HN
S19 O
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Table 1. Crystal data and structure refinement for gsl.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)

Absorption coefficient

F(000)

gsl

CI1 HI2FNO2

209.22

1732) K

0.71073 A

Monoclinic

P12I/m1

a=11.272Q2) A [1=90°.
b=5.8049(10) A [1=108.477(3)°.
c=16.158(3) A [1=90°.

1002.8(3) A3

4

1.386 Mg/m3

0.108 mm-1

440
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Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]

R indices (all data)

Extinction coefficient

Largest diff. peak and hole

0.806 x 0.267 x 0.12 mm3

1.947 to 31.112°.

_16<=h<=11, -8<=k<=8, -21<=1<=23

8274

3131 [R(int) = 0.0346]

99.9 %

Semi-empirical from equivalents
0.7462 and 0.6507

Full-matrix least-squares on F2

3131/10/ 184

1.031

R1 =0.0496, wR2 =0.1268
R1=0.0655, wR2 = 0.1401
n/a

0.478 and -0.253 e.A-3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters
(A2x 103)

for gsl. U(eq) is defined as one third of the trace of the orthogonalized Ul tensor.

X y z U(eq)
F(1) 1395(1) 7799(1) 4863(1) 24(1)
O(1) 2758(1) 6984(2) 3273(1) 25(1)
0(2) 4111(1) 4164(2) 3889(1) 25(1)
N(1) 3807(1) 7293(2) 4676(1) 21(1)
C@3) 3617(1) 5993(2) 3959(1) 19(1)
C4) 2243(1) 9671(2) 5078(1) 18(1)
C(6) 2998(1) 9491(2) 6036(1) 18(1)
C(2) 3097(1) 9420(2) 4509(1) 18(1)
C(7) 2867(1) 7629(2) 6541(1) 22(1)
C(11) 3867(1) 11213(2) 6420(1) 22(1)
C(1) 2405(1) 9209(2) 3522(1) 22(1)
C(10) 4593(1) 11062(3) 7289(1) 27(1)
C(®) 3594(2) 7495(2) 7420(1) 28(1)
C©) 4454(1) 9202(3) 7791(1) 28(1)
C(5) 1469(1) 11868(2) 4863(1) 27(1)

Table 3.  Bond lengths [A] and angles [°] for gsl.

F(1)-C(4) 1.4159(14)
O(1)-C(3) 1.3474(15)
0(1)-C(1) 1.4468(16)
0(2)-C(3) 1.2210(16)
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N(1)-C(3)
N(1)-C(2)
C(4)-C(6)
C4)-C(2)
C(4)-C(5)
C(6)-C(7)
C(6)-C(11)
C(2)-C(1)
C(7)-C(8)
C(11)-C(10)
C(10)-C(9)
C(8)-C(9)
C(3)-0(1)-C(1)
C(3)-N(1)-C(2)
0(2)-C(3)-0(1)
0(2)-C(3)-N(1)
N(1)-C(3)-0(1)
F(1)-C(4)-C(6)
F(1)-C(4)-C(2)
F(1)-C(4)-C(5)
C(6)-C(4)-C(2)
C(6)-C(4)-C(5)
C(5)-C(4)-C(2)
C(7)-C(6)-C(4)
C(7)-C(6)-C(11)
C(11)-C(6)-C(4)
N(1)-C(2)-C(4)
N(1)-C(2)-C(1)
C(4)-C(2)-C(1)
C(6)-C(7)-C(8)

1.3424(16)
1.4494(16)
1.5150(17)
1.5346(17)
1.5220(18)
1.3903(17)
1.3988(18)
1.5420(17)
1.3980(19)
1.3860(18)

1.390(2)

1.384(2)
109.92(10)
112.95(10)
121.68(11)
127.98(12)
110.35(11)
108.38(9)
106.39(9)
107.07(10)
110.48(10)
112.76(10)
111.45(10)
121.56(11)
119.02(12)
119.40(11)
112.56(10)
101.17(9)
114.77(11)
120.14(12)
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C(10)-C(11)-C(6) 120.64(12)

0(1)-C(1)-C(2) 105.40(10)
C(11)-C(10)-C(9) 120.09(13)
C(9)-C(8)-C(7) 120.37(13)
C(8)-C(9)-C(10) 119.74(12)

Table 4.  Anisotropic displacement parameters (A2x 103) for gsl. The anisotropic

displacement factor exponent takes the form: 202[h2a*2ull + . +2hka*b*Ul2]

Ull U22 U33 23 Ul3 ul2
F(1)  20(1) 26(1) 24(1) 3(1) 5(1) “7(1)
o)  30(1) 24(1) 17(1) 2(1) 0(1) 6(1)
02)  27(1) 20(1) 24(1) 3(1) 3(1) 3(1)
N()  22(1) 24(1) 16(1) 0(1) 3(1) 6(1)
C3)  18(1) 20(1) 18(1) 2(1) 4(1) 2(1)
c@4) 171 17(1) 19(1) -1(1) 5(1) 2(1)
c6)  18(1) 19(1) 17(1) -1(1) 7(1) 1(1)
CQ) 191 19(1) 16(1) 1(1) 5(1) -1(1)
c7) 281 19(1) 22(1) 0(1) 10(1) 2(1)
cl)  23(1) 23(1) 21(1) 2(1) 7(1) 3(1)
c)  28(1) 21(1) 16(1) 1(1) 4(1) 5(1)
C(10)  25(1) 31(1) 22(1) -5(1) 4(1) -4(1)
c®)  37(1) 26(1) 21(1) 5(1) 11(1) 5(1)
cO)  30(1) 35(1) 18(1) 0(1) 4(1) 6(1)
C5)  26(1) 26(1) 26(1) 1(1) 6(1) 9(1)
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Table 5. Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Azx 10 3)

for gsl.

X y z U(eq)
H(1) 4438(15) 6880(30) 5214(9) 47(5)
H(2) 3664(15)  10720(30) 4635(10) 20(4)
H(1A) 1462(12) 9200(30) 3385(11) 24(4)
H(1B) 2684(17) 10380(30) 3157(11) 33(5)
H(5A) 925(15) 11870(30) 4251(6) 33(4)
H(5B) 2036(15)  13210(20) 4975(12) 39(5)
H(5C) 948(14)  11990(30) 5250(9) 30(4)
H(11) 3956(18) 12560(30) 6075(12) 37(5)
H(10) 5192(17) 12300(30) 7542(12) 39(5)
H(7) 2242(13) 6430(20) 6287(10) 26(4)
H(9) 4970(15) 9110(30) 8410(7) 38(5)
H(8) 3457(18) 6190(20) 7771(11) 39(5)

Table 6. Hydrogen bonds for gsl [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)

N()-H(1)...0Q2)#1 0.964(9) 1.906(10)  2.8541(15)  167.2(19)

Symmetry transformations used to generate equivalent atoms:
#1 -x+1,-y+1,-z+1

S42



I. References:
1. Okuda, K.; Hirota, T.; Kingery, D. A.; Nagasawa, H., J. Org. Chem. 2009, 74,

2609-2612.
2. Liu, G.-S.; Zhang, Y .-Q.; Yuan, Y.-A.; Xu, H., J. Am. Chem. Soc. 2013, 135, 3343-3346.

3. Lebel, H.; Lectard, S.; Parmentier, M., Org. Lett. 2007, 9, 4797-4800.
4. Knapp, S.; Kukkola, P. J.; Sharma, S.; Dhar, T. G. M.; Naughton, A. B. J., J. Org. Chem.

1990, 55, 5700-5710.
5. Davenport, A. J.; Davies, D. L.; Fawcett, J.; Garratt, S. A.; Russell, D. R., J. Chem. Soc.,

Dalton Trans. 2000, 4432-4441.
6. Cresswell, A. J.; Davies, S. G.; Lee, J. A.; Morris, M. J.; Roberts, P. M.; Thomson, J. E., J.

Org. Chem. 2011, 76,4617-4627.

S43



NMR Spectra

J.

1681
nom.vv
862 N
/12 91
L6 9
8629
71LE9
0€C9
899~
8669,
0ce'L
0.E°2
88¢'/

€rl'8—
6€5'8
mom_.mw

CF3;

CF3

Ph \ OJI\N’O

1 (CDCly, 400 MHz)

— =00

FgoL

ik
.

Iees

JJ\\‘ i
L b
~O0 O
o C
ool —

— A

f1 (ppm)

CF3

CF;

A

Ph

L0L 19~

€899y

00022
oBth et
€0L1TL
6L6ETL
¥89°9ZL
16¥ 21
925 /2L
2967221
1662211
VE9'LTL
£9€'8Z 1
slo8zLf
V68T

1 (CDCl3, 100 MHz)

000l
omo.om:ﬂ
mmv‘mmi
vLLCEL
9l6'6el
vLLgel

el 9GL—

6ECEQL—

30 20 10

40

130 120 110 100 90 80 70 60
f1 (ppm)

140

160

170

S44



—-63.057

CFy
X
P NN O CFs
H
o)
1 (CDCly, 377 MHz)

-20

40

-60 -80 -100 -120 -140 -160 -180

f1 (ppm)

S45



7.363
7.349
7.281
—5.91%

T

Ph
0]

2a (CDCl3, 400 MHz)

h

| ol M | a

Il

0 75 70 65 6.0 55 5.0 45 40 35 3.0 25 20 15 1.0 05 0.0

m{wj
~|c
el =

3.23

212 -

w S 0
@ ey @ Moy w o oo @ @ oW
- S - w0 I E=NT] Mmool
o R - RCRC . o e .. . .
Il R R B R ] [} - NN 00
— oA El [ ww L

|

— 93,

\VARRY

yd
e
~
el

S
1

Ph/Y\o
HN*
o)

2a (CDCl3, 100 MHz)

T 1 T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S46



TLTT8T-
89°18T—~
657181~/
9¢° 18T~

0.0
/N
Z
T
LL

o
o

2a (CDCl3, 377 MHz)

-90

-200 ppm

-110 -120 -130 -140 -150 -160 -170 -180 -190

-100

-80

S47



R e
KRS S ]
[T s I ]

[T R Nt T,

N4

Bl

Ph)\(\o
HN
*O

2b (CDCl3, 400 MHz)

S L‘.__.J__‘_,._—Jh;

_JU'J ._JLNIL
T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

[ ] A

# df

o~ S~ - -

['3) O~ O

(= HWOwO OO oo Wy oo [ =)) (3]

s e e e e e o =N w0 N mo

3 R < o Sre w6 G w

— oA A A o -~~~ w W uwy

| \I\
| VA | NV Y
F
Ph 0]
HN~<
(6]
2b (CDCl3, 100 MHz)

" y [ o " H P Uy “ " Y
""" L D I I I B R B RN ELARARARE EEAREAARRS

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm



~187.731
~187.763

)
1187854
187886

Ph 0
HN~<\

0
2b (CDCly, 377 MHz)

-0

T
=30

T
=40

-50

-0

-8l

T
=00

T T T r T T
-100  -110 -120 -130 -140 -150
1 {ppm)

S49

~16dh

T T T T
170 <180 -190  -200 -21



913"

LOT"
0zT”
0eT”
EFT”
€LT”
S6C°
81¢e”
S6€°
SIF"
8Z¥ "
A

8267
LV6"

09z
A

S80°

05"

1—

TS\

e R R I ]

T~
N
N T

O _0¢ =
T &8

z 9
x T (TN -
Om m\%
e rn.uD
a 3,@\
1]

(3]

o

Ao

0.5 ppm

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

7.5

14
O

3,5-(CF3)o-benzoyl
3 (CDCl3, 100 MHz)

R=

Y

.

ppm

20

40

70 60

80

150 140 130 120 110 100

160

S50



-62.9

R

P
HN~<
(0]
R = 3,5-(CF3),-benzoyl
3 (CDClj3, 377 MHz)

o)

T
-10

T
-20

T
-30

T
-40

T
-50

T
-60

S51

T
-70

T
-80

T
-90

T T T
-100  -110  -120

ppm



L E
— o
m o
L o = L < T
o 9 o o ]
Q @ < o
I < 3
Z & 0
L PDV o
% C L
~ <
© k2 o
M \ T
9T T— _ 106
BN
v9° 87—
)
o~
9¢ " 3F
o L5°8%
o 6L°8F
007 6% —
1Z°6F
-3 €67
P9 6F
95765
Eo mr.mm\.
L2
-
LLr0s—
w
| I.a"/
mmmuwi\{ A o 8o 58766~
i ) B2 T 56 —
~
££2°5— A 120
9
| 9
|
1079 — - [ 29—~
a7Tre— = © o0t
08921
[ o 887971 —
© 0£762T—
§v-6717
Q LLTLET
C= 86" LT
092°L— = —
SLETL— Ty e
~
P e 18°LST
T
£8E°8 — A L« 260
| @/ Lb ZLT—
L <
[=2]

NHBoc
4a (MeOD-d,, 100 MHz)
ppm

10

20

30

40

110 100 90 80 70 60 50
S52

120

140 130

150

170 160

180

)



T

- CO,H

NHBoc
4a (CDCly, 377 MHz)

T T T
-60 -80 -100 -120 -140 -160 -180 -200 ppm

S53



AN
e
e/

€58 "
598"
SL8"
988"
968"
906"
616"
89z’
182"
T6C°
£0€°
9Tk -
6EF”
9%’

oo

B

s

£00° L —
092" L—

5 (CDCl3, 400 MHz)

WY

e~

ppm

6.5

7.0

=1

7.5

76 "85 ~_
8T 65—
08°59

98759 -
89791

oo.hh/
Nm.rr\
TLEE —
€56 —
8T 09T —

ppm

5 (CDCly, 100 MHz)
10

20

30

40

50

60

80 70
S54

90

1 | |
140 130 120 110 100

150

160

)



o
—
Fu

5 (CDCly, 377 MHz)

-100

-200 ppm

-140 -160 -180

-120

-40 -60 -80

-20

S55



0E¥”
8LY”
ZES”

S50°
090"
990"
TLO®
LLO®

ZEE”
96¢g”

LLE

T0R"

R

T~
T—

SR R

N

~N
T
H M
N (8]

o 8 8

o o < B
L s
zZ o
w o @
o= m
= 3
S
©

J

S

|

3

M.L_

|

!

i

L

)

ppm

w8’

82
T<

¥

€T
€z

€74
.wm%
Lz
AN
.mww
‘87
824

6z
6z

624

09
.SV.

TGST—

TOLT
.Ohﬁv

MeJYcozH
Me

NHBoc

6 (acetone-dg, 100 MHz)

210 200

0 ppm

140 130 120 110 100 90 80 70 60 50 40 30 20 10

180 170 160 150

190

S56



NHBoc

6 (acetone-dg, 377 MHz)

ppm

-60 -80 -100 -120 -140 -160 -180 -200

-40

S57



9Fe

016"
9¢6°

9%T"
291"
£8T°
oz’
g1Z"
S16°
FSe "
9z1"
6ET"
091"
181"
09zZ"
ek’
L¥F®

05T"
1ZF°

055

—

o @
|
I

cg—

CF3

e
Ihik
O
i
o m .J_
Q o |
\ =)
W 4
o & )
S —
w lu
-}

Me

ppm

1.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5

7.0

@
S
o

g

©
o
-

!

=
=}
-

)

()

oo
NS
e

;

99761 —

CF3

CF3

Me

8 (CDCl3, 100 MHz)

T

I
ppm

10

30

40

T I I I I T T T
160 150 140 130 120 110 100 90 80

T
170

S58



06

o
3
I
CFs
Lo
N0 H,o cF,
o]
8 (CDCl3, 377 MHz)
T T T T T T T T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

S59



dr7.5:1
9 (CDCl3, 400 MHz)

"'A."Il‘l

S

80 75 70 65 60 55 S50 45 40 35 30 25 20 15 10 05 00 ppm
1
ges
-ao

85

00

b

1

67

g€’

eLs
G597
L9
9T’
Lz
8e”
LS
9"
s

€8’
L6"

el —

‘59
=
-1l
-1

‘59
"89
"99 —
"99
9L
Sy
TLL

N

=

W

dr7.5:1
9 (CDClj3, 100 MHz)

»

e

I
110

120

140

90 80 70 60 50 40 30 20 10  ppm

100

130

150

160

S60



dr75:1 O
9 (CDCls, 377 MHz)

-0 -80

-90

—
-100

S—
-110

-120 -130 -140 -150

S61

-160

-170

-180



£00'Gy
618'G
€€8'S
88’5~
LLL9
BN.E/
0zz'L
88Z°L
90€ L
BEEL
85€'L
6vL 8-
6658

CF3

CF3

10 (CDClg, 400 MHz)

A

00

0.0

v

1.0

b

(o]

w;

3.0

w;

7.0

v,

v

9.0

CF3

CF3

8E6°€9—

00024

128t

vIE VT
125 1T
095/}
S65°LZ 11
0€9°/T1
1991211
VLL LT
8EY'8Z1
8r9'8Z 11
LE6'82 1
Z80°0€ 1
Z90'0g L~
zeLeel

zLreel

v18Zel

S6L¥EL

509°GE L

mmm.m\.W

160961 —
Poe €9l —

10 (CDCly, 100 MHz)

10

20

30

40

=4
W

100 90 80 70 60
f1 (ppm)

110

130

140

160

0

S62



06

CF3

-63.

NS
vo H’O CF3
0
10 (CDCly, 377 MHz)

T T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

S63



CF;

o

o do0

¥06'€—

€887
m@w.vv

gAY
BEEG
G5€'9

mmm.m%
6£9F
mmm.m.\
2999

z0L'9

#8E° L
Sov 2

¥GE'L
im.M
vZ1'8

1158’
0868~

CF3

(e}

H

MeO,C

S1 (CDCls, 400MHz)

L

LJL JNLI jJL A

J

A

=90°¢g|

£00'¢

TFsoL
Fzo

ol'g
Haoﬁ.w

Fioz
H\oo.ﬁ

0.0

e}

1.0

w,

2.0

w

3.0

[}

4.0

[Te)

v

w
"

6.0

9.0

wi

f1 (ppm)

ol eg—

€0 L9~

¢89° 9Ly
000°LL

B 154,

168 EZ}
EP9 ¥Z 1
025921
o L2L
¥8¥ LZ)
615 LZH
PGS L2
085 /Z}1
6.68Z11
€/G62)
816621
Z86'62H

Z50'2Z8L
reeZeLY
9eL'zZeL
GLresk
L0Z oF L

€10 Dm_\*

£50°95L~
85T €9l
918991,

CF3

3
T8
O
o
Q z
ZT W
o= g
o o
Q
[a]
/ (&
—
2]
O
2
o)
[7}
=

WH T

30 20 10

40

100 90 80 70 60
fl (ppm)
S64

110



CF3

—-63.057

o]

NN e oF
H o
MeO,C’

§1 (CDCl, 377 MHz)

T T T T T T T L R T r T v T T LA L R B T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

S65



80617,
vz

9879,
Z0£'01
8LE9
5289
L7€'9
1S€°9
0r9'9
0899
2UT I~
165 L

1.8~
8.1'8~
1958~

CF3

CF3

$3 (CDCl3, 400 MHz)

Cl

Eyl¢

0.0

w;

1.0

b

2.0

W

b

8.0

w;

9.0

f1 (ppm)

CF3

CFs

L9219~

289'9.y
000°2L
ebl9tt,
ZLEETL
8LE¥ZL
#09'9Z11
085221
9192211
259221
889211
TTLITL
10821
G/8'871
LI86ZL
er00S L
pLOOEL-E
G0S'ZELE
wezeLd
gLe'cely
BLOPELY
Lo LEL

626'SS1—

GSE'E9l—

$3 (CDCl3, 100 MHz)

Cl

30

40

130 120 110 100 90 80 70 60

140

160

f1 (ppm)

S66



—-63.044

CF,
(0]
Sty © CFs
H o
cl S3 (CDCls, 377 MHz)
1
10 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200
f1 (ppm)

S67



CFs

CF3

Ph

$4 (CDCl3, 400 MHz)

!

|

N

B!

=16'1

96
86

#Zl
oL

=00'}
LL
1%

85 80 75

2.0

fl (ppm)

CF3

65599

289'9Ly

000" L4+

gle 1!

LPE98—
NG

NNN.NN:.
065°22)
NNm.hN:
659 LZL1
96971211

SFAFRAR §

SPE8TLY
855821
£68°8C 1

£50°0€L¢

/

880°0€ 1"
285'LEL"
SlLsgel

€

168°ZeL]
£L97eL!

£6L°65L—

SOE'E9L—

CF3

Ph

$4 (CDCl3, 100 MHz)

100 20 80 70 60 50 40 30 0 10

110

130

140

160

0

1 (ppm)

S68



—-63.035

CF3
X
A 0.
/\/\ o CFs
Ph (0]
$4 (CDCly, 377 MHz)
10 =20 -40 -60 -80 -100 =120 -140 -160 -180 =200
f1 (ppm)

S69



Z880,
66805
S1507
9.Z1

| S

868717
1851
BSO'Z
9107
mmo.mw
iz

LGO'F
L0LF
€159
B85S
609G
229G
FPoG-
9ER'S3
£58'S
ikl
L6R'S
L1066

Z8EL—

L9
BEER
G958~

CF3
CF3

o)
N/
H o
S5 (CDCl3, 400 MHz)

iy
S
CisHaq o

S A

"y
wi

6.0

2.0

11 (ppm)

L0V FL—
L6922
L 927,
151621
L9E G2
£Sb' 62
£8G 62}
09962
GL96E
G696Z
976 1T
zZreze!

300°89—

9899
00 LLp
Lze i

Z1Z 9Ll
TLZh
5952211
BYEEZL
299°921
65K LZ11
025 L2
85521
SBELZIA
819221
190624
FO00E L~
LE00EL]
£90°0€ 4
£0L0ELY.
991761
205ZE1
osezeLd
LBLEELS
Lzrectd
21507951 —

06EEgl—

CF3

0

kil]

S5 (CDCls, 100 MHz)
40

(o]
O.
CrsHai S O)L -

Ry T 6l 50

G0
S70

LI
1 {ppm)

1o

120

o) 150 140 130

170




—-63.057

CF3

0.
T O e CF3

H
S5 (CDClg, 377 MHz)

o

gl

=20

=3

40

=50

-6l

-0

B

-9

=1 =110
I (ppm)

S71

=120

=130

=140 =150 <160 170 -1R0 -190

=200



eoT”
6TT"

996 °
286"
690°
280°
T0T"
€11’
62T°

6T
6ZE"
ZEE”
BEF "
L¥T”
LS

ZsT”

ors”
FLL®

CF3

CF3

O WY W YW W

W22y

[ e e L

5 —
§—o

S7 (CDCl3, 400 MHz)

ppm

1.0 05

1.5

40 35 3.0 25 20

4.5

5.5

6.0

6.5

()
@
-

F

12

&
=}

CF3

CF3

S9°FP9—

FLoOL
mo.ﬁnw
el

9T P8 —

S§7 (CDClg, 100 MHz)

ppm

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

0

S72



-63.12

Ph o,
I
X OJLN’O CFs
H o
7 (CDCly, 377 MHz)
T T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

S73



vl c—

GS6'F,
€I6%/

168'G,
SLB'S+
£€6'/

092 2
98z’ L
S0€" L
12E L
6EE° L
2582
96€°L]
Sl L
8vl'g

6pG'8—

CF3

CF3

$8 (CDCl3, 400 MHz)

Mad —

ElLLE

Il

FB0C

I

—= F00'L

\1

—== g

L

|

=80°|
{ F96'0
N

0.0

0.5

1.0

w

8.0

f1 (ppm)

CF3

CFs

S0E9L— lo)

¥0C ¥9—

289°91,
00022
24t
1885211
PES 221
6951211
509,21
1¥9 /211
119 1T
9621211
ovE'8zI
986'82 11
£50°0€
£80°05 1

$8 (CDCly, 100 MHz)

OERAN S

P ZEI

I CATRY
0zz zwl’

Gle9st—

68E€0L—

30 20 10

40

130 120 110 100 90 80 70 60

140

160

70

f1 (ppm)

S74



—-63.036

CF3

Me (0]

Ph)\/\o)LN/ ° CF3
o

H
$8 (CDCl3, 377 MHz)

-140 -160 -180 -200

-100

-40 -60 -80
f1 (ppm)

S75

-120



YB-III-73B ~ 4 o =) AN O ww
MY ™M w0 Oy [~ [~ < ™M ~ ™M
W I Mo mo e =
EH = W -
/ / \‘ ”
] NV \/
CF3
A
Me)\/\o H’O CF3
(0]
S9 (CDCl3, 400 MHz)
’ \ i | ‘
N I N e S S
T 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 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 0.0 ppm
| N
e g @ (
=|alls = - «iled
YB-TII-73B .
CF3
I
Me)\/\o H’O CFa
(e]
S9 (CDCl3, 100 MHz)
[ S Y ‘
T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

S76



YB-III-73B

.07

-63

CF4
Me 0}
Me)\/\oJJ\N’O CFs
H
0
$9 (CDCly, 377 MHz)

T T T T T T T T T T T
0 -20 -40 -60 -80 -100  -120 140  -160  -180  -200 ppm

S77



PASI N
€491
€891
20471
€LY
[4AN%
SP.L LA
S¥8LA
€98'1
8881

006'LE

LB L~
£26'L
£€6'L 4
GHB'L
856'L
896'L
GB6'L
Ze0°Z]
950z
602

CF3

CF3

$10 (CDCl3, 400 MHz)

¥80°¢]
lele”

rees—
094G

Nmm.mV\
2009
hmo.m\.

6L8°L—

0GL8—

ore8—

1 (ppm)

7.0

7.5

8.0

9.0

Farel—

Frive—
BSL 82—

26514
069927
010 LL L
9ge 41"

9EG'BLLy
BFe LEL
E96ECH
SL5vel
BL9°8E1
05¥'LE)
a9Bv Lcl
EE5LEl
EBLBEL-S
600°0EHT
0b0 0EH
LELZEL
£OrZEL
cogzel
LFLEEL
SZHEEL’

EEL8S—

FLVEDL—

CF3
CF3
10

20

$10 (CDCl3, 100 MHz)
T0 (i1} S0 40

80

1 (ppm)

]
S78

120 1o 1

—

140 130

150

160

170



-63.17

CF3

Qoi”’oj(@ca

o)
$10 (CDCl3, 377 MHz)

T T T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 -200 ppm

S79



2297 T~
85 T

0Ls”

ERY
mmmAm/
£09 75
619°5
S£9°6 -

9

9

9

655°8—
:?w\

CFs

CF3

$11 (CDCl3, 400 MHz)

FET 0T —

6 %L
9L

~
=
=

o e oy
™o
I
[l

CF3

CF3

$11 (CDCl3, 100 MHz)

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

S80



-63.09

CFs
LR
Ph/\/ko N© CFs
L)
$11(CDCly, 377 MHz)

-20

T
-40

T
-60

T
-80

T
-100

S81

T
-120

T
-140

T T
-160 -180

-200 ppm



8Tk "
£9F°
69% "
L8F "
LTIS”
EES”

TES”
0§85°
195"
995"
TLL®
06L"

Lve®
182°
4T
60€ "
(A4
ZLS”
0Le”
689"
g0L”
100"
0g0°

959"

O%
L3 (CDCls, 400 MHz)

A

‘)

)
k=1
=]

4.0 3.5 3.0 25 2.0 15 1.0 0.5 ppm
Iz
o

4.5

5.0

5.5
8

8

6.0

6.5

7.0
8
=r

Q
(=]

| |

8.0
5
(=]

|

8.5

16°0

9.0

ELa TN
TIOLL X
BILL
BF "LL

£6 'E8

1 E3T —

L3 (CDCly, 100 MHz)

T I
130 120

140

150

ppm

100 90 80 70 60 50 40 30 20 10

110

160

S82



6F6 "
BET”
SST°
TLT
L8T"
€0z’
FI1e°
98¢’
§8¢°
9LZ”
06¢”
61"
oge”
Elda
TLE”
S5%°
LY "
ol "
Fee”
66€°
91r”
Tew "
00§°
STS”
Zes”
L¥S”
068"
0Le”

18¢°
FER®
¥Sb”

S0T°
SzT”

€9
i

[EREe R Ee R T R Es R R TP I S I R N U U U RS NS S e

HN~<
6}
$12 (CDCl3, 400 MHz)

MeO,C

dr 3.1:1

)

ppm

1.0 0.5

1.5

2.0

25

3.0

j

4.0
\Kg( rg
~| led

4.5
G

5.0

W W 0 0

10 W WO oo

ETA S

52T /
"9TTAY
571

.owﬁ/.

0€T

“TET
6ET
6ET
eeT
.mmﬁ\
‘88T
.mm.ﬁv
‘a9t
.ww.ﬁv

MeO,C

dr3.1:1
$§12 (CDCl3, 100 MHz)

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

170

S83



L 68T-~
T68T-A)

59 68T -~
T68T-—
"GBT-
“G8T-—
“g8T-~/
tg8T-

HN\<
e}
$12 (CDClg, 377 MHz)

dr3.1:1

MeO,C

-190 ppm

-100 -110 -120 -130 -140 -150 -160 -170 -180

-90

S84



o O~ I N0 L O DN AW DO N WM S Ly

@ - = ey MU TONNAADDDR-OTNNADC O o

SRR N COMANNNONO MO NNNNNNNNN AAA AD oy

[ o S LW WL W S oSp P oSroSpospoSr SFoSpoSr SF omr e ompoSr S o=noan o
B S -

£
AN

T

drost ©
$13 (CDClj, 400 MHz)

e M S

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 ppm

S U i

=t l \(D'J )ﬁf ‘QI‘IG\I‘ ‘Q
3 g |8 _|ﬁﬂ 8
A o - o -lo @
© o wwaae
- (=] T NCOTM = =t 0 [=Ns] @ =
. > TaRTo 55 222 28 83
s 8 Adadd . L L
uy = M N uwy ™y -~ M~ w0 uy u) w0 W
— — o o o -~~~ w0 Wy
N |
|

pa

SV Y

21.25
Tl
[©)

Me' HN\«
dros1 ©
$13 (CDCls, 100 MHz)

S

T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

S85



~178.981
~179.015
-179.107
-179.141
-185.178
-185.207
L-185.330

<
Vs

1185301

HN

g

(e}

dr 9.5:1
$13 (CDCly, 377 MHz)

-200

-80 -85 -90 95 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
1 (ppm)

S86



eTT”
621"
SFT”
191"
9LT”
06T
Foz*®
g12°
qeg”
vase”
qee”
Z5e”
aLe”
LBF "
€057
825"
£6e”
s0g”
oze”
gee”
60%°
SZF”
ek "
I5F°
016"
A

qeg”
T8¢
6LZ"
L9E”
£6E°
LOF "

-

4

S\

==

WWWWWWWLWW WS < T s T oS
Ry
=S
==

SoTEERGN T

Cl

HN~<
6}

dr2.2:1
$14 (CDCl3, 400 MHz)

e — .

ppm

)

e

YA

WD D0 1) WD WD D

Ve

I
[l

Cl

HN\<

)

dr 2.2:1
S$14 (CDCl3, 100 MHz)

.

l

. "

L

140

120 110 100 20 80 70 60 50 40 30 20 ppm

130

150

160

S87



&N
TBBT-A)
.mmﬁluvw
88—~
8g "
ve”

gz

19

6F

zz"

§8T-~,

FaT-~
reT-—7
¥8T-/
78T-/

Cl

HN~<
O

dr2.2:1
S$14 (CDClg, 377 MHz)

ppm

-100 -110 -120 -130 -140 -150 -160 -170 -180 -190

-90

S88



[N R R AT R I T T R

R

e

o

o -

syl

$15a (CDCl3, 400 MHz)

pRM

25 2.0 1.5 1.0 0.5

3.0

4.0 3.5

4.5

8.0 7.5 7.0 6.5 6.0 55 5.0

8.5

o
Q
-

)
<

o
Q
-

|

56~
55
.
R
9L
.ru/
LL—X
08—
.Dm“
'z8

¥8
06—
06
071
S
"8z1
e
"Zel
et
55T —

L

O,

AN

O
/\
=z
I

=
o

S15a (CDCl3, 100 MHz)

.L._JL.A.M..U.,.WW

0 ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

S89



€8°

08T-
08T-—
08T-—7
08T-

08
0L
L9

LL

O

N\

o]
/N\
=z
T

£
o

$15a (CDCls, 377 MHz)

-100

-200 ppm

-120 -130 -140 -150 -160 -170 -180 -190

-110

-90

S90



oLs”

692"
A%
ose”
69¢€°
987
e0F”
(U4
LLY”
Q6%

HN\<
¢}

$15b (CDClj, 400 MHz)

N\

Ph

1

L MJ L

|

ppm

0.0

0.5

25 20 15 1.0

3.0

002

k=)
o @

oL

Mo
%=1

o =t 0

W -

AT NS
@ NN

o
o

S oo el W el

0TT
02T~

"8zTT
6ET =

TZET
.Nmaw

HN\<
o

$15b (CDCl3, 100 MHz)

N\

Ph

"

0 ppm

I
30 20 10

40

60

70

S91



o D WD
2888
33
L__{}".'__J

F

=
Ph/:l\\li\<o
o)

$15b (CDCly, 377 MHz)

-78 -&5 05 -1 -115 -125 -135 -145 -1558 -1a8 -175 -185 -195 -5
1 (ppm)

S92



dr10:1 O
$16 (CDCl3, 400 MHz)

|
h 1
—ta A

ppm

8.0 85 8.0 7.6 7.0 6.5 6.0 5.5 5.0 4.5 4.0 1.5 3.0 25 2.0 1.5 1.0 0.5
\ \J / [ LR
5 g g ek’
o~ o = o -0 0
dr10:1 O
$16 (CDCls, 100 MHz)

170 Iéﬂ 150 140 130 120 110 100 90 80

S93



dr10:1 O
$16 (CDCl3, 377 MHz)

WWMM

T T T
-190 -200 -210

T T T T T T
-130 -140 -150 -160 -170 -180

S94



CisHaq

$17 (CDCl3, 400 MHz)

L1

5

1.5

an

A5

11 (ppm)

[ %] (X1} 5.5 50

70

7.5

68526
8€8'C6
cEC v6
v8S' 16

€15 BG L~
€.6°65L7

CisHaq

dr 2.5:1
$17 (CDCl3, 100 MHz)

30 20 10

40

130 120 110 100 90 80 70 60
1 (ppm)

140

S95



D= NN W
WO T—FTOEONOW
BVRHO=OO— =
o NN s st <
DO DD
AR AR AR
I (I
b

—g'n

C15Haq 0

HN~<
mz&1o

$17 (CDCls, 377 MHz)

:
95

T T T
-100 -105 -110

-115

-120

T T T T T T
-125 -130 -135 -140 -145 -150
1 (ppm)

S96

T T T T T T T T T T T
-155 -160 -165 -170 -175 -180 -185 -190 -195 -200 -205



LT9"
€69’
6FL”

182"
Foe”
ree”
60F°
6k
LEFF”

W S o S oo oo S oo S oo

=

S

$19 (CDCl3, 400 MHz)

WL

ppm

0.5

3.5 3.0

4.0
g3

4.5

5.0

6.5 6.0

7.0

8.0

[ ]
o 0

0

o
@

LL

"8eT

'1e
.Hmv.

.¢NH/\r

¥ZT—

22T —
s71

TEET
ET

F'Me

Ph

HN\<
6}

$19 (CDCl3, 100 MHz)

L “ R I R R N

N

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

S97



ce-
8L
eL”
L9

68T-
65T~
65T~
6ST-

>

N
$19 (CDCl3, 377 MHz)

.

-120 -130 -140 -150 -160 -170 -180 -190 ppm

-110

S98



L8 "
19"
8eg”
185"
LZ9"
999"
F69 "
FOL”
8EL”
€9L°
610"
6507
6807
SZT”
19T

829"
SF9°
999"
¥89 "
ToL”
85F "
LR
FeF "
L6
185"
265"
S09°
819"
PeL”

092"

0O
o<
CE
$20 (CDCl3, 400 MHz)
A

/

N

|
"
|

e

hl

A

Lﬁd

|

25
=

0.0 ppm

0.5

18791
o 08 91—
- 687 ST~
90°LZ —
o vzl
— _26%
R
o
i —
N ore
oz

I

o

‘°|

-
IR R =]
M No O
-0
[
V

e
<
. THE6—
et 21'56
-~
~ 660
o
[[2]
[ Uy i N
5 €60
—
Q
w
w
o
Q
I~
0 80°65T—
M~

$20 (CDCls, 100 MHz)

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

S99



-181.11
-181.15
-181.24

<

$20 (CDCly, 377 MHz)

M T

T T T T T T T T T T
-90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 ppm

S100



8L
¥SlL Fv
9L1}

sz
mwv&ﬂ
08y 141
Ppo'L-

65164
L2€
28/€-L
9208

zese

LLET
988 b,
SE%
olr v
Levy

852’
Lizg:
0L86
v6eg

909/

18214
8YE LA
8ge'L
voEL
15v'29
99r2/

~N
T
o =
o
o= g
O“A R c &
2N 8 |
L 2 w
© —
< =, F80°€
@ 3
)
)
. Fsol
M
—=== 00

|

— kLl
t

- Fos0

522
toge

_JVU

0.0

3.0

w;

1 (ppm)

ac’
¥F
zt
£6

1z’
184

16"

97T

"97T
6TT~

6Tl
TAN N.

FET

FET

S21a (CDCl3, 100 MHz)

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

160

S101



Lw*

8LT-
LT
TELT-
TELT-

[

1€

w!

S21a (CDCl3, 377 MHz)

ppm

T T T
-40 -60 -80 -100 -120 -140 -160 -180

T
-20

S102



ppm

X
0
F""< Me
Ph
$21b (CDCl3, 400 MHz)

el
o
e e o
£97°T e
. L
6LV T F Lot
[ o
i
u
C i
Le
o«
09729 ~_
€629
. ['+]
£L9 m./ Ce
€69°€~) [ S —
€oL €7 R 1 POl
PZLE o 0L 9L~
C e S.t.“
EETLL
ZEL b o
E;\/ o
ow:/n [~
sl b ﬁrﬂ L e €6°26 —
mwm\.%\ I o 0L %6 —
Z18°F s
hE IS -
£92°5 :
Sw,m\ = Lo
8LE'S °
o
[ o
ST 92T
C o ErATTAS
P £T°62T ~_
£8°67T
z.mmﬁ\
o 90 SET—
. S mm.mma\.
09% w/
BEE" L0 = T
95€"L— — | ﬁk%.m
SEFL = - e-8e
Zwe.\

10 ppm

$21b (CDCI 100 MHz)
50 40 30 20

60

70

140 130 120 110 100 90 80
5103

150

160



05"
L%
8e "
sg”

Me
-190  ppm

Ph
$21b (CDCls, 377 MHz)

Fun
-180

-110 -120 -130 -140 -150 -160 -170
S104

-100




€6 T—

w0

[~ 000 9

@ WD O D o O
W = oy

¥ee”

LSRG RS R
Mmoo Mmoo

YB-III-83E. o 1 on o

@ o
oo

e

'S
LG

-

-

R
S\

~N

T

=

3

mw <
a9 O
H O o
Q mw v
Z &

L m I\l‘\
< —_—
o o p

q
N
n
|
=

f

0.0 ppm

0.5

1.0

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
|
‘ g 8
- (=3

o
w

7.5

8.0

o
o
@
o

m¢.w
L 2
12"z

TL9L
DTN
mm.hhmmw
9008

£L7T6 —
9% "E6 —

997521
vp.mmﬁumr
87821
757821

£8796T—

YB-III-83B

CH,OH

e

Ph

NHBoc

$22a (CDCl3,100 MHz)

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

170

S105



_~-193.810
~-195.826

wn Tl

o CH,0H

NHBoc

S$22a (CDCl3,377 MHz, with minor rotamer)

70

=Rl

|

L S A A S T AT T e T Rl Tt
=00 <100 <110 -1200 -130 -140 -150 160 <170 -180  -190 200 -210
I {ppm)

S106



£0p”
qzr”
65F°
08F "

€€0°

799"
9L9"
L89"
669°
ceL”
€eL”
gL
S9L°€
Le8”
sve-e
Z88°¢€

Z8¢”

g

L—

Me4\|/CH20H
Me

NHBoc

$23 (CDCl3, 400 MHz)

0.0 ppm

0.5

$23 (CDCly, 100 MHz)

T T
120 110

130

140

90 80 70 60 50 40 30 20 10 ppm

100

150

160

S107



¥9

L¥
Tk
SE

NHBoc

$23 (CDCl3, 377 MHz)

F
MeJ\rCHQOH
Me

67T-~
65"

6FT—)\
N3 ACEN
6P T~
GET-~/

/
eFT--

T
-200

-

ppm

T T T
-40 -60 -80 -100 -120 -140 -160 -180

T
-20

S108



	Xu Aminofluorination SI May 12
	Xu Aminofluorination SI NMR April 10

