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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.

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™) and absorption strength (s = strong, m = medium, w =

weak ).

Abbreviations used: EtOH-ethanol, EtOAc—ethyl acetate, THF—tetrahydrofuran, MeOH—
methanol, Et,O—diethyl ether, CH,Cl,—dichloromethane, TEA—triethylamine, MeCN-—
acetonitrile, MS—molecular sieves, CDI-1,1'-carbonyldiimidazole, Troc-2,2,2-
trichloroethoxycarbonyl, DCC-N,N'- dicyclohexylcarbodiimide, TLC—thin layer
chromatography , Boc,O—di-tert-butyl dicarbonate, DM AP—4-dimethylaminopyridine.
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B. Catalyst and Amino-oxygenation Reagent Discovery for the Iron-Catalyzed Olefin
Amino-oxygenation

a. Synthesis of New Amino-oxygenation Reagents
i Q! DCC 1.1eq Q “
ROJ\'}I’OH ' /©)LOH CH,Cly, -15 °C R0y
H cl 2v12, = H o) cl
s1 2
1.05 eq

R = CH,CCl;, CH,CF3, Et or ‘Bu

General procedure: To a 250 mL flame-dried round bottom flask equipped with a stir bar, an
N-hydroxyl carbamate S1 (20 mmol, 1.0 equiv), 2,4-dichlorobenzoic acid (4.01 g, 21 mmol) and
anhydrous CH,Cl, (80 mL) were added. The flask was cooled to -15 °C. DCC (4.53 g, 22 mmol,
dissolved in 20 mL of anhydrous CH,Cl,) solution was then added drop-wise. The reaction
mixture was stirred at the same temperature for additional 30 min until the N-hydroxyl carbamate
was fully consumed (monitored by TLC). The white precipitate (N,N'-dicyclohexylurea) was
removed by filtration and the filtrate was concentrated in vacuo and dissolved again in Et,O (30
mL). The solution was cooled to -20 °C for 2 h and filtered again to remove additional precipitate.
The organic layer was then concentrated in vacuo and the residue was recrystallized from
hexanes and EtOAc to afford corresponding acyloxyl carbamate 2 as a white solid (yield

73-76%).

X
0
RO™ ~CI
NH,OHeHCI ROJLN,OH
NaOH, H,0, 0
0°Ctort
S1a:R=Et

S$1c: R = CH,CCly
N-hydroxyl ethyl carbamate Sla and N-hydroxyl trichloroethyl carbamate S1b were prepared

from hydroxylamine with the corresponding chloroformates according to a known procedure.'

Hydroxylamine hydrochloride (13.9 g, 200 mmol) was added to aqueous solution of NaOH (1.5
M, 160 mL, 240 mmol). The solution was cooled to 0 °C and ethyl or 2,2,2-trichloroethyl
chloroformate (38 mmol) was added drop-wise. Upon the completion of addition, the mixture
was warmed up to room temperature and stirred for additional 2 h. The reaction was then

acidified with aqueous HCI (6 M) till pH is around 4.5. Then the mixture was extracted with
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Et;O (200 mL x 3) and the combined organic layers were washed with brine and dried over
anhydrous Na,SO,. After removal of the solvent in vacuo, the N-hydroxyl carbamate was used

directly without further purification.

o}
BOCzo,K2CO3 1
NH,OHeHCl ————— 3= BU\OJ\NIOH
H

EtzO/HzO, rt
S1b

N-hydroxyl tert-butyl carbamate S1b was prepared from hydroxylamine hydrochloride with
Boc,0, according to a known procedure.” A suspension of NH,OH-HCI (9.6 g, 0.14 mol, 1.5
equiv) and K,CO; (7.2 g, 0.07 mol, 1.5 equiv) in Et;0O (60 mL) and H,O (2 mL) was stirred for
about 1 h at room temperature with evolution of CO, gas. A solution of Boc,0 (20.0 g, 92 mmol)
in Et;O (40 mL) was then added drop-wise at 0 °C and the suspension was stirred at room
temperature for 12 h. The organic phase was decanted and the solid was washed with Et,O (30
mL x 2) and the organic layers were combined and concentrated. Recrystallization with a

cyclohexane/toluene mixture afforded the desired product S1b.

0
1) THF, 0 °C-rt 9]
F3C/\OH i (\NJ\NN )—> /\J\ OH
N,J \QN 2) imidazole, FsC” ~O07 N~
NH,OH-HCI H
0 °C-rt S1d

Procedure for the preparation of N-hydroxyl trifluoroethyl carbamate (S1d): To a flame-dried
100 mL round bottom flask equipped with a stir bar was added CDI (1.78 g, 11 mmol) in
anhydrous THF (30 mL). The flask was cooled to 0 °C and trifluoroethanol (0.72 mL, 10 mmol)
was added drop-wise. The mixture was stirred for additional 1 h at room temperature and then
NH,OH-HCI (1.04 g, 15 mmol) and imidazole (0.82g, 12 mmol) were added in one portion. The
reaction was monitored by TLC, until the starting material disappeared (about 1 h). Then the
mixture was filtered and concentrated in vacuo. The residue was dissolved in EtOAc (40 mL)
and washed with aqueous HCI (1 M, 20 mL x 3). The organic layer was dried over anhydrous
Na,SO4 and concentrated to afford the crude product S1d as colorless oil (1.35g, 85% yield),

which can be used directly for next step.

F:c” 07 N
H
s1d
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2,2,2-Trifluoroethyl hydroxycarbamate (S1d): IR Vi (neat)/cm™: 3291 (m), 2982 (w), 1730
(s), 1487 (m), 1444 (m), 1252 (s), 1128 (s); "H NMR (400 MHz, CDCl;) & 7.44 (brs, 1H), 6.18
(brs, 1H), 4.56 (q, J = 8.3 Hz, 2H); °C NMR (101 MHz, CDCl3) & 157.3, 122.6 (q, J = 277.3
Hz), 61.5 (q, J = 37.1 Hz); °’F NMR (376 MHz, CDCls) & -74.41 (t, J = 7.6 Hz); HRMS (ESI,

m/z): calcd for C3H3F3NOs', [M - H+], 158.0071, found 158.0061.
cl

2a
Ethyl (2,4-dichlorobenzoyl)oxycarbamate (2a): compound 2a was obtained by the acylation of
N-hydroxyl ethyl carbamate S1a according to the general procedure as a white solid (73% yield,
m.p. 71-73 °C). IR Vmax (neat)/cm™: 3230 (m), 2982 (w), 1780 (s), 1709 (s), 1580 (m), 1496 (m),
1472 (m); 'H NMR (400 MHz, CDCl;) & 8.35 (s, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.54 (s, 1H),
7.37 (d, J=8.5 Hz, 1H), 4.31 (q, J= 7.1 Hz, 2H), 1.34 (t, J = 7.1 Hz, 3H); °C NMR (101 MHz,
CDCl) 6 163.9, 156.4, 139.9, 135.7, 132.8, 131.3, 127.3, 125.0, 63.1, 14.2; HRMS (ESI, m/z):
calcd for C1oHgCILbNOy', [M - H+], 275.9836, found 275.9836.

tert-butyl (2,4-dichlorobenzoyl)oxycarbamate (2b): compound 2b was obtained by the
acylation of N-hydroxyl tert-butyl carbamate S1b according to the general procedure as a white
solid (73% yield, m.p. 48—49 °C). IR vmax (neat)/em™: 3281 (w), 2977 (w), 1772 (m), 1732 (s),
1583 (m), 1469 (m); 'H NMR (400 MHz, CDCls) § 8.20 (s, 1H), 7.95 (d, J = 8.4 Hz, 1H), 7.53 (s,
1H), 7.36 (d, J = 8.4 Hz, 1H), 1.53 (s, 9H); °C NMR (101 MHz, CDCl3) § 164.1, 155.4, 139.7,
135.6, 132.8, 131.2, 127.3, 125.1, 83.7, 28.0; HRMS (ESI, m/z): calcd for C;,H;2C1,NOy4, [M -
H'], 304.0149, found 304.0148.

il ’
o Nogha'e) H’O

o (i
2c
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2,2,2-Trichloroethyl (2,4-dichlorobenzoyl)oxycarbamate (2¢): compound 2¢ was obtained by
the acylation of N-hyroxyl trichloroethyl carbamate S1¢ according to the general procedure as a
white solid (76% yield, m.p. 8587 °C). IR Viax (neat)/cm™: 3271 (m), 2957 (w), 1747 (s), 1583
(s), 1556 (w), 1469 (m); 'H NMR (400 MHz, CDCls) & 8.68 (br, 1H), 7.97 (d, J = 8.5 Hz, 1H),
7.55 (s, 1H), 7.38 (d, J = 8.5 Hz, 1H), 4.86 (s, 2H); °C NMR (101 MHz, CDCls) § 163.4, 154.5,
140.3, 136.0, 132.9, 131.4, 127.4, 1243, 943, 75.3; HRMS (ESI, m/z): calcd for
C10HsCIsNNaOy4", [M + Na'], 401.8632, found 401.8615.

o Cl
Fac/\OJ\H,O

o <«
2d

2,2,2-Trifluoroethyl (2,4-dichlorobenzoyl)oxycarbamate (2d): compound 2d was obtained by
the acylation of N-hydroxyl trifluoroethyl carbamate S1d according to the general procedure as a
white solid (74% yield, m.p. 80—81 °C). IR Vyax (neat)/cm™: 3230 (m), 2972 (w), 1783 (m), 1735
(s), 1583 (m), 1497 (m); '"H NMR (400 MHz, CDCls) & 8.52 (s, 1H), 7.94 (d, J = 8.5 Hz, 1H),
7.56 (d, J= 1.6 Hz, 1H), 7.39 (d, J= 8.5, 1.9 Hz, 1H), 4.61 (q, J = 8.2 Hz, 2H); >*C NMR (101
MHz, CDCl;) 8 163.4, 154.4, 140.3, 136.0, 132.8, 131.5, 127.4, 124.2, 122.4 (q, J = 277.5 Hz),
62.1 (q, J = 37.4 Hz); ’F NMR (376 MHz, CDCl3) & -74.10 (t, J = 8.2 Hz); HRMS (ESL m/z):
calcd for CoHsCLF3NOg4, [M - H'], 329.9553, found 329.9552.

b. Synthesis of Nitrogen-Based Tri-dentate Ligands

Ligand L1 was synthesized according to a modified literature procedure:’

A
| N 1)SﬁCI2,3DhMF 7‘/(1(” 3) SOCl,, toluene OY(l(O
reflux, reflux, 5 h
HO. A on XN N : - N Y
N HO/Y 7(\0H h NN N\F
(@] O S “Me

2) HaNo o~y e e & T e~ 4)NaH, THF, rt,2
Me Me g2 S3 Me
CHxClp, rt, 16 h 2 steps, 57% 2 steps, 74%
HO j((j\,( OH
I/I?(Me o) o) Mzﬂe\

To a 100 mL flame-dried flask charged with a stir bar and a reflux condenser was added 2,6-
pyridinedicarboxylic acid (3.34 g, 20 mmol). After the flask was evacuated and backfilled with
Nj twice, SOCI;, (30 ml) and DMF (0.2 mL) were added. The reaction was heated under a reflux

condition for 3 h. Then the mixture was cooled to room temperature and concentrated in vacuo to
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afford the 2,6-pyridinedicarbonyl dichloride as a white solid which can be used directly in the
next step. Under N, atmosphere, to a solution of amino alcohol S2 (6.23g, 70 mmol) and Et;N
(10.1g, 100 mmol) in CH,Cl, (70 mL), were added 2,6-pyridinedicarbonyl dichloride in CH,Cl,
(30 mL) drop-wise at 0 °C. After the reaction mixture was stirred at room temperature for 16 h,
the mixture was poured into an ice-water mixture (60 mL), which was then extracted with
CH,Cl, (60 mL x 3). The combined organic layers were washed with water (20 mL) and brine
(20 mL), dried over anhydrous Na,SO4 and concentrated in vacuo. The residue was purified
through a silica gel flash column (hexanes/acetone: from 10:1 to 1:1) to afford product S3 as a

white solid (3.53 g, 57% yield for 2 steps), which is a known compound.’

S3 (3.09 g, 10 mmol) was dissolved in toluene (40 mL) in a 100 mL flame-dried flask charged
with a stir bar and a reflux condenser. SOCI, (7.14 g, 60 mmol) was added via a syringe and the
mixture was heated under a reflux condition. The reaction was monitored with TLC. When the
starting material disappeared, the reaction was cooled to 0 °C and quenched with saturated
NaHCOj; solution (30 mL). The organic layer was separated from the aqueous one which was
then extracted with EtOAc (30 mL x 3). The combined organic layers were dried over anhydrous
Na,SO,4 and concentrated in vacuo. The residue was filtered through a short silica gel pad with
EtOAc as an eluent and concentrated again. The obtained oil was dissolved in anhydrous THF
(50 mL) under N, atmosphere and cooled to 0 °C. NaH (2 g, 50 mmol, 60% in mineral oil) was
added to the solution portion-wise and the whole mixture was then warmed up to room
temperature and monitored by TLC until the starting material was fully consumed. The reaction
mixture was filtered through a Celite pad, concentrated and purified through a silica gel flash
column (hexanes/acetone: from 20:1 to 2:1) to provide the ligand L1 as a white solid (2.02 g, 74%
yield for 2 steps).

| A
O. = (0]
S’{“ N NY
Me"'| ""'Me
Me Me
L1

2,6-Bis(4,4-dimethyl-4,5-dihydrooxazol-2-yl)pyridine (L1): ligand L1 was further purified by

recrystallization from a mixture of hexanes/EtOAc (9:1) as a colorless crystalline solid (m.p.

139-141 °C). IR vpa, (neat)/em™: 3423 (w), 2967 (m), 2927 (w), 2896 (w), 1641 (s), 1573 (s),

1459 (s), 1365 (s), 1302 (s); '"H NMR (400 MHz, CDCl3) & 8.22 (d, J = 7.9 Hz, 2H), 7.87 (t, J =
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7.9 Hz, 1H), 4.24 (s, 4H), 1.42 (s, 12H); °C NMR (101 MHz, CDCls) & 160.9, 147.0, 137.1,
125.7, 79.8, 68.0, 28.4; HRMS (ESI, m/z): calcd for C;sHyN3O,", [M + H'], 274.1550, found

274.1554.
N 1) NaOMe, MeOH
() N"Sen HZN \F

Me Me S2
p-TsOHeH,0, Toluene

Ligand L2 was synthesized from 2-cyanophenanthroline. 2-Cyanophenanthroline (4.10g, 20
mmol) was dissolved in anhydrous methanol (60 mL) in a flame-dried flask equipped with a stir
bar. NaOMe (108 mg, 2 mmol) was added to the reaction. The reaction mixture was stirred at
room temperature and monitored with TLC until the starting material was fully consumed. The
reaction was then quenched with acetic acid (0.22 mL) and the mixture was filtered and
concentrated in vacuo. The residue was dissolved in toluene (100 mL) together with amino
alcohol S2 (1.87 g, 21 mmol) and p-TsOH-H,O (380 mg, 2 mmol). The reaction mixture was
then heated under a reflux condition with a Dean—Stark apparatus until the intermediate was
consumed. After the reaction was cooled to room temperature, the solvent was removed in vacuo
and the residue was purified through a silica gel flash column (hexanes/acetone: from 2:1 to 1:2)

to afford L2 as a white solid (3.6g, 65% yield).

I\
o
| g
N N—/,
"Me
L2 Me

4,4-Dimethyl-2-(1,10-phenanthrolin-2-yl)-4,5-dihydrooxazole (L2): ligand L2 was further
purified by recrystallization from a hexanes/EtOAc mixture as a white solid (m.p. 106—108 °C).*
IR Vimax (neat)/em™: 3385 (m), 3223 (m), 2966 (w), 1646 (s), 1493 (m), 1400 (s); '"H NMR (400
MHz, CDCls) & 9.25 (dd, J=4.3, 1.3 Hz, 1H), 8.43 (d, J = 8.3 Hz, 1H), 8.34 (d, J = 8.3 Hz, 1H),
8.29 (d, J = 6.9 Hz, 1H), 7.86 (q, J = 8.8 Hz, 2H), 7.68 (dd, J = 8.1, 4.4 Hz, 1H), 4.34 (s, 2H),
1.49 (s, 6H); °C NMR (101 MHz, CDCL) & 161.7, 150.4, 146.4, 145.9, 145.5, 136.6, 136.2,
129.4, 128.9, 128.0, 126.1, 123.4, 122.7, 79.8, 68.1, 28.5; HRMS (ESI, m/z): calcd for
C17H N3O, [M + H'], 278.1288, found 278.1289.
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c. Catalyst Discovery for the Iron-Catalyzed Intermolecular Olefin Amino-

Oxygenation
Fe(X), (10 mol %) R! OR2 TsOH
ligand (10 mol %) ,{) H b O
PN + 2 — ( ° » O\ + Ph)\/N\n/ORLLLQI:L» 04
CH,Cl/MeCN (20:1) o AN 98%_ L NH
. Ph O Ph
1 11equw4AMS -15°C 3 5
Ry: 2,4 -Cly-benzoyl
X X X
2 2 2 2
Et\o ’}I,OR BOC\’}],OR C|3C/\o ’}I,OR F3CAO ,}I,OR
H H H H
2c 2d
A Z |
o o | NI NN N
I \ |
&N N\Z 2N | ZN N~
3 ‘Me L2 M L3
Me Me Me
Me, Me

' L7

=N N= ; _
L5 Pr L6 Pr

yield yield yield
entry?  Fe(X), ligand 2 conversion® 3y 4y (5)¢
1 Fe(OTf), L1 2a 76% 51% 8% 57%

2 Fe(OTf), L1 2b 69% <5%° 6% 48%°
3 Fe(OTf), L1 2c >95% 71% 12% 82%
4 Fe(OTf), L1 2d >95% 63% 10% 72%
5  Fe(OTf), L2 2c 67% 44% 14% 57%
6 Fe(OTf), L3 2c <5% <5% <5% <5%
7 Fe(OTf), L4 2c <5% <5% <5% <5%
8  Fe(OTf), L5 2c <5% <5% <5% <5%
9 Fe(OTf), L6 2c <5% <5% <5% <5%
10  Fe(OTf), L6 2c <5% <5% <5% <5%
11 Fe(NTfy), L1 2c >095% 62% 15% 76%
12 FeCly L1 2c <5% <5% <5% <5%

“Molecular sieves were used to remove deleterious moisture.

PReactions were carried out under N, in 1 h and then

quenched with saturated NaHCO; solution, unless stated otherwise. The crude mixture was first subjected to an

acidic condition with TsOH (1.0 equiv) and then to a basic condition with LiOH (2.0 equiv) to afford 5. “Conversion

was measured by GC. “Isolated yield. “An oxazolidinone was isolated directly without the additional step (41%

yield), see Supporting Information. OTf: trifluoromethanesulfonate, NTf,: trifluoromethanesulfonimide.
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Fe(OTf), (10 mol %) o)

Boc<, -OR® L1 (10 mol % 0 OR?
P + N ( ) o /k’/(NH * NHBoc
H CH,Clo/MeCN (20:1)  pp, Ph
2b 4 AMS, -15°C,c=0.1 5 4b, R? : 2,4-Cly-benzoyl
41% 6%
\ ’<OtBu /
S\
J\/N
Ph
3b
not detected

General procedure: To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were
added an iron salt (0.04 mmol) and a ligand (0.04 mmol). After the vial was evacuated and
backfilled with N, for three times, anhydrous CH,Cl, (1.0 mL) and MeCN (0.2 mL) were added
via a syringe and the mixture was stirred at room temperature for 20 min. To another flame-dried
3-dram vial (vial B) equipped with a stir bar were added freshly activated 4A molecular sieves
(50 mg) and the corresponding acyloxyl carbamate 2 (0.44 mmol). The vial was evacuated and
backfilled with N, for three times and then anhydrous CH,Cl, (2.8 mL) was added. Both vials
were degassed with brief evacuation and backfilling with N, twice. Subsequently, freshly
distilled styrene (46 uL, 0.4 mmol) was added to vial B and the catalyst solution in vial A was
added through a syringe pump over 15 min to vial B at -15 °C. The reaction was kept at this
temperature for additional 45 min and quenched with saturated NaHCOs3 solution (2 mL). The
organic layer was separated from the aqueous one, which was extracted with CH,Cl, (2 mL x 2)
and EtOAc (2 mLx 2). The combined organic layers were dried over anhydrous Na,SO4 and
concentrated in vacuo. The residue was further purified through a silica gel flash column

(hexanes/EtOAc as the eluent) to afford the amino-oxygenation products 3 and 4.

a. p-TsOHeH,0,
THF/H50 (3:1), 4 °C

OR3 OR? b. LiOH,

H 0
; -
/’o\_/\<N ) Ph)\/N\n/OR THF/MeOH/H;0 (2:2;1) o_{NH
Ph 3 4 o} 98% vyield over 2 steps Ph/k/
5

Ry: 2,4-Cly-benzoyl
Alternatively, the crude mixture of 3 and 4 can be directly converted to 5 through a hydrolytic
procedure (98% yield). The above mentioned crude product (a mixture of 3 and 4) was dissolved
in THF/H,O (3:1) mixed solvent (3 mL) and cooled to 4 °C. After the addition of p-TsOH-H,O
(38 mg, 0.2 mmol), the reaction was stirred at the same temperature and monitored by TCL until
3 was consumed (ca. 1 h). The reaction mixture was then concentrated in vacuo, treated with

saturated NaHCOj solution (2 mL) and extracted with EtOAc (2 mLx 3). The organic phase was
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concentrated in vacuo and dissolved again in THF/MeOH/H,0 (2:2:1) mixture (3 mL). After
addition of LiOH (12 mg, 0.5 mmol), the mixture was stirred at room temperature for 4 h and
then quenched by aqueous HCI (1.0 M, 0.6 mL). After concentrated in vacuo, the aqueous phase
was extracted with EtOAc (2 mLx 3). The combined organic layers were concentrated and
purified by column. § was isolated through a silica gel flash column (hexanes/acetone: from 10:1

to 2:1) as a white solid (52.9 mg, 82% overall yield from styrene), which is a known compound.’

O\
o’\< Me
N

Ph/,\/

3a

2-Ethoxy-5-phenyl-4,5-dihydrooxazole (3a): by following the general procedure, 3a was
obtained from the reaction of styrene 1 with 2a and isolated through a silica gel flash column
(hexanes (buffered with 1% TEA)/acetone : from 50:1 to 10:1) as colorless oil (39.0 mg, 51%
yield). IR Vg, (neat)/cm™:2982 (w), 1666, 1406, 1378, 1327 (s), 1256 (s), 1047, 991, 920; 'H
NMR (400 MHz, CDCls) 6 7.48 — 7.31 (m, 5H), 5.62 (dd, J=9.4, 7.7 Hz, 1H), 435 (q, J=7.1
Hz, 2H), 4.23 (dd, J=12.7, 9.5 Hz, 1H), 3.76 (dd, J=12.7, 7.7 Hz, 1H), 1.41 (t, J= 7.1 Hz, 3H);
*C NMR (101 MHz, CDCls) & 162.6, 140.3, 128.8, 128.4, 125.6, 81.8, 66.7, 60.0, 14.4; HRMS
(ESI, m/z): caled for C;;H14sNO," [M +H'], 192.1019, found 192.1010.

Ph \n/

4a @)
R? = 2,4-Cly-benzoyl

OEt

2-((Ethoxycarbonyl)amino)-1-phenylethyl 2,4-dichlorobenzoate (4a): by following the general
procedure, 4a was obtained from the reaction of styrene 1 with 2a and isolated through a silica
gel flash column (hexanes (buffered with 1% TEA)/acetone: from 50:1 to 10:1) as colorless oil
(12.2 mg, 8% yield). IR Vg (neat)/em™: 3377 (w); 2977 (w), 1712 (s), 1583 (m), 1522 (m),
1239 (s); '"H NMR (400 MHz, CDCl3) & 7.87 (d, J = 8.4 Hz, 1H), 7.51 (s, 1H), 7.48 — 7.30 (m,
6H), 6.09 (dd, J = 7.2, 3.7 Hz, 1H),4.96 (s, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.84 — 3.57 (m, 2H),
1.23 (t, J=7.1 Hz, 3H); *C NMR (101 MHz, CDCls) & 164.0, 156.5, 138.7, 137.1, 134.9, 132.9,
131.1, 128.8, 128.7, 128.1, 127.2, 126.6, 76.5, 61.1, 45.9, 14.6; HRMS (ESI, m/z): calcd for
CisHisCLNO, [M - H'], 380.0462, found 380.0467.
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o«

NH
Ph

5
5-Phenyloxazolidin-2-one (5): by following the general procedure, 5 was directly obtained from
the reaction of styrene 1 with 2b and isolated through a silica gel flash column (hexanes/acetone:

from 50:1 to 2:1) as a white solid (26.8 mg, 41% yield), which is a known compound.’

OR?
oA NHBoc

4b
R? : 2,4-Cly-benzoyl

2-((tert-Butoxycarbonyl)amino)-1-phenylethyl 2,4-dichlorobenzoate (4b): by following the
general procedure, 4a was obtained from the reaction of styrene 1 with 2b and isolated through a
silica gel flash column (hexanes/acetone: from 50:1 to 10:1) as colorless oil (9.8 mg, 6% yield).
IR Vinax (neat)/em™: 3357 (w), 2972, 2927, 1709 (s), 1583 (m), 1509, 1365, 1277, 1239 (s), 1166
(m), 1100 (m) , 1065; "H NMR (400 MHz, CDCl;) & 7.89 (d, J = 8.5 Hz, 1H), 7.51 (s, 1H), 7.48
—7.30 (m, 6H), 6.08 (t, J = 6.0 Hz, 1H), 4.82 (brs, 1H), 3.81 — 3.54 (m, 2H), 1.43 (s, 9H); °C
NMR (101 MHz, CDCIs) & 164.0, 155.7, 138.6, 137.3, 135.0, 132.9, 131.7, 128.8, 128.6, 128.1,
127.1, 126.6, 79.7, 76.6, 45.5, 28.3; HRMS (ESI, m/z): calcd for Cy0H,CIsNOy, [M + CI],
444.1, found 444.1.

O\
o—\<N CCl,

Ph
3c

5-Phenyl-2-(2,2,2-trichloroethoxy)-4,5-dihydrooxazole (3c¢): by following the general
procedure, 3¢ was obtained from the reaction of styrene 1 with 2¢ and isolated through a silica
gel flash column (hexanes (buffered with 1% TEA)/acetone: from 50:1 to 10:1) as colorless oil
(83.7 mg, 71% yield). IR vmax (neat)/ecm™: 2952 (w), 2881 (w), 1671 (s), 1396 (s), 1330 (s), 1249
(s); '"H NMR (400 MHz, CDCl3) & 7.49 — 7.33 (m, 5H), 5.74 (t, J = 8.2 Hz, 1H), 4.93 (dd, J =
16.4, 11.6 Hz, 2H), 4.27 (dd, J = 12.8, 9.6 Hz, 1H), 3.82 (dd, J = 12.9, 7.7 Hz, 1H); °C NMR
(101 MHz, CDCl3) é 161.6, 139.5, 128.9, 128.7, 125.7, 94.2, 83.2, 79.6, 59.7; HRMS (ESI, m/z):
calced for C;H;CIzNO," [M + H'], 293.9850, found 293.9849.
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OR? |,
Ph)\/N\n/OvCCI3
4c O

R? : 2,4-Cl,-benzoyl
1-Phenyl-2-(((2,2,2-trichloroethoxy)carbonyl)amino)ethyl 2.4-dichlorobenzoate (4c): by
following the general procedure, 4¢ was obtained from the reaction of styrene 1 with 2¢ and
isolated through a silica gel flash column (hexanes (buffered with 1% TEA)/acetone: from 50:1
to 10:1) as colorless oil (23.3 mg, 12% yield). IR Vpax (neat)/cm™: 3347 (w), 2927 (m), 2851 (w),
1727 (s), 1585 (m), 1522 (m); '"H NMR (400 MHz, CDCl3) & 7.87 (d, J = 8.4 Hz, 1H), 7.52 (s,
1H), 7.46 — 7.30 (m, 6H), 6.13 (dd, J = 7.7, 4.3 Hz, 1H), 5.29 (brs, 1H), 4.80 — 4.66 (m, 2H),
3.87 — 3.64 (m, 2H); °C NMR (101 MHz, CDCls) & 164.0, 154.6, 138.8, 136.8, 134.9, 132.9,
131.1, 128.9, 128.8, 127.9, 127.2, 126.6, 95.4, 76.1, 74.6, 46.1; HRMS (ESI, m/z): calcd for
CisH3CIsNOy [M - H'], 481.9293, found 481.9289.

o)
o~ ©F
Ph/k/ N

3d

5-Phenyl-2-(2,2,2-trifluoroethoxy)-4,5-dihydrooxazole (3d): by following the general
procedure, 3d was obtained from the reaction of styrene 1 with 2d and isolated through a silica
gel flash column (hexanes (buffered with 1% TEA)/acetone: from 50:1 to 10:1) as colorless oil
(61.8 mg, 63% yield). IR viax (neat)/cm™: 2967 (w), 1679 (s), 1421, 1381, 1348, 1271 (s), 1257
(s), 1166 (s), 1100, 960; "H NMR (400 MHz, CDCl3) & 7.46 — 7.32 (m, 5H), 5.74 (t, J = 6.6 Hz,
1H), 4.68 (q, J = 8.2 Hz, 2H), 4.25 (dd, J = 12.9, 9.6 Hz, 1H), 3.80 (dd, J = 12.9, 7.7 Hz, 1H);
C NMR (101 MHz, CDCls) & 161.6, 139.4, 128.9, 128.7, 125.6, 122.5 (q, J = 277.5 Hz), 83.5,
66.23 (q, J = 37.1 Hz), 59.6; '°’F NMR (377 MHz, CDCl3)  -74.26 (t, J = 8.5 Hz); HRMS (ESI,
m/z): calcd for Cy;H; FsNO," [M + H'], 246.0736, found 246.0726.

OR? H
NN N\H/OVCFB
4d O
R? = 2,4-Cly-benzoyl

1-Phenyl-2-(((2,2,2-trifluoroethoxy)carbonyl)amino)ethyl 2,4-dichlorobenzoate (4d): by

following the general procedure, 4d was obtained from the reaction of styrene 1 with 2d and
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isolated through a silica gel flash column (hexanes (with 1% TEA)/acetone: from 50:1 to 10:1)
as colorless oil (17.4 mg, 10% yield). IR Vi (neat)/ecm™: 3362 (w), 1729 (s), 1585, 1540, 1378,
1279 (s), 1241 (s), 1166 (s), 1050, 1020; 'H NMR (400 MHz, CDCl;) & 7.85 (d, J = 8.4 Hz, 1H),
7.50 (d, J=1.7 Hz, 1H), 7.46 — 7.29 (m, 6H), 6.10 (dd, J = 7.6, 4.3 Hz, 1H), 5.25 (s, 1H), 4.54 —
4.38 (m, 2H), 3.84 — 3.65 (m, 2H); °C NMR (101 MHz, CDCls) & 164.0, 154.5, 138.8, 136.7,
134.9, 132.9, 131.1, 128.9, 128.8, 127.8, 127.2, 126.5, 123.0 (q, J = 277.6 Hz), 76.1, 46.1, 61.03
(q, J = 36.5 Hz); "’F NMR (377 MHz, CDCls) & -74.29 (t, J = 8.5 Hz); HRMS (ESI, m/z): calcd
for C1gH13CLF3sNO, [M - H'], 434.0179, found 434.0173.
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C. Procedures for the Iron-Catalyzed Intermolecular Olefin Amino-Oxygenation

Fe(X), (10 mol %)
ligand (10 mol %)

olefins + > olefin amino-oxygenation
CH,Cly/MeCN (20:1) products
1.1equiv 4 AMS,-15°C R1: F3CCHa, CI3CCH,, or tert-Bu
R,: 2,4-Cly-benzoyl
entry? olefin X ligand 2 product yieldb
0
197 P oTf L1 2c /OK’//(N y 82%
Ph
0
2de  Me oTf L1 2c Me 04 75%
4 NH
Ph bh
TIPS NHCO,R! 0
3 pg~F  OTf L1 2d /\|/2\ 78%
OR
o~
atg @ oTf L2 2 D’NH 61%
dr > 20:1
o)
59 @ OTf L2 2b =0 62%
N
H
dr > 20:1
1
6 0 oTf L1 2d L—SN:'COZR 72%
@ o OR?2
dr>20:1
1
7" @ oTf L1 2d (INHCOZR 77%
0~ ~OR?
dr=10:1
~ OTIPS OTIPS
ghi woMe N, L1 2b BocHN,, ‘\\o\(""e 63%
| O"’Me Me
0 R20% N0
dr > 20:1
OR?
9o ‘ NT, L1 2c 71%
NHTroc
dr>20:1
10%/ 4 OTf L1 2c 0/4 62%
Ph JNH
Z
Ph
Nk p NN CHOTf L1 2 /\)OEZ/ 84%
PHX NHTroc
o)
1259 Cehiy X o L2 2 /\/IO\/NH 61%
CeH13
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Fe(X)2 (10 mol %)
ligand (10 mol %)

olefins + olefin amino-oxygenation

CH,Clo/MeCN (20:1) products
1.1equiv. 4AMS,-15°C R1: F3CCHjy, CI3CCH,, or tert-Bu
R,: 2,4-Cl,-benzoyl
entry? olefin X ligand 2 product yield?
1379 w oTf L2 2 Me (B: 76%
Me  Me S Yo7 0
Me
O,
1479~ ~_OTBS OTf L1 2b >0 63%
N HN P OTBS
Oy
PA N 0 o
1509 2 Co0oMe ot 11 2 HN S4%
A coome
0]
Me

Me,, o 0,
1679 CoHian A cio, L1 2b Cotge A NH 51%

0]
2c 04
CsH1 1\/k/NH 48%

d,/
17 C5H1 1\/\ OTf L1

“Reactions were carried out under N, in 2 h, unless stated otherwise. “Isolated yield. “Reaction time: 1 h.“The crude
mixture was treated with TsOH and then LiOH. “Reaction temperature: -40 °C.”Catalyst loading: 20 mol %; reaction
temperature: 0 °C. *Reaction time: 12 h. "Reaction temperature: -30 °C. ‘Fe(NTf,), (15 mol %), L1 (15 mol %).
ICatalyst loading: 15 mol %. “Fe(OTf), (2.5 mol %) and FeCl, (2.5 mol %) were used. ‘Catalyst loading: 30 mol %;

reaction temperature: 0 °C; reaction time: 24 h.

o Fe(OTf), (10 mol %) o ) XN
M ) \ R“0, Me
/J\i v one o R domel) o ol SMON_o_ces| o | N
Ph 3 ) CH,Clo/MeCN (40:1) A N hig ‘\1 ,\}
Ho 4AMs 40°C, c=005P" . © e "1
2c R?: 2,4-Cly-benzoyl Me L1 Me

S4, 73% S5, 4%

o-Methylstyrene is commercially available and it was distilled before usage.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(14.2 mg, 0.04 mmol) and L1 (10.9 mg, 0.04 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (1.0 mL) and MeCN (0.2 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried vial

(20 mL, vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg) and
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2¢ (152.4 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (6.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, a-methylstyrene (62.3 uL,
0.48 mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe pump
over 30 min to vial B at -40 °C. The reaction was kept stirring at the same temperature for
another 1.5 h. The reaction was quenched with saturated NaHCO3 aqueous solution (2 mL) and
stirred vigorously for additional 10 min. The organic layer was separated and the aqueous phase
was extracted with CH,Cl, (2 mL % 2) and EtOAc (2 mLx 2). The combined organic layers were
dried over anhydrous Na,SO, and concentrated in vacuo.

Me, O’\<O_\CCI3

Pho N s4
5-Methyl-5-phenyl-2-(2,2,2-trichloroethoxy)-4,5-dihydrooxazole (S4): compound S4 was
isolated through a silica gel flash column (hexanes (buffered with 1% TEA)/acetone: from 50:1
to 10:1) as colorless oil (90.1 mg, 73% yield); IR vmay (neat)/em™:2952 (w), 2876 (w), 1674 (w),
1393 (s), 1338 (s); 'H NMR (400 MHz, CDCl3) 6 7.44 — 7.37 (m, 4H), 7.36 — 7.30 (m, 1H), 4.95
— 4.86 (m, 2H), 3.96 (q, J = 12.6 Hz, 2H), 1.81 (s, 3H); >°C NMR (101 MHz, CDCls) & 160.4,
144.4, 128.7, 127.7, 124.0, 89.5, 79.3, 65.5, 28.4; HRMS (ESI, m/z): calcd for C;,H;3CL1sNO,"
[M + H'], 308.0006, found 308.0004.

R?Q Me H
PhX/NTOVCCb

S5 O
R2: 2,4-Cl,-benzoyl

2-Phenyl-1-(((2,2,2-trichloroethoxy)carbonyl)amino)propan-2-yl 2,4-dichlorobenzoate (S5):
compound S5 was isolated through a silica gel flash column (hexanes (buffered with 1%
TEA)/acetone: from 50:1 to 10:1) as a white foam (8.0 mg, 4% yield); IR viax (neat)/cm™: 3367
(W), 2947 (w), 1724 (d), 1583 (m), 1517 (m); 'H NMR (400 MHz, CDCls) & 7.82 (d, J = 8.4 Hz,
1H), 7.52 (d, J = 1.7 Hz, 1H), 7.47 — 7.31 (m, 6H), 5.41 (t, J = 6.0 Hz, 1H), 4.74 (dd, J = 32.6,
12.0 Hz, 2H), 3.84 (dd, J = 14.4, 7.6 Hz, 1H), 3.73 (dd, J = 14.3, 5.5 Hz, 1H), 2.07 (s, 3H); °C
NMR (101 MHz, CDCls) & 163.4, 154.8, 141.0, 138.5, 134.3, 132.8, 131.0, 129.2, 128.7, 128.0,
127.3, 124.9, 95.5, 85.5, 74.6, 51.8, 22.1; calcd for C;oH;cCIsNNaO4 [M + Na'], 519.9414,
found 519.9420.
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A

Me O Fe(OTf), (10 mol %) 1) p-TsOHeH,0 1 eq |
U or? L1 (10 mol %) THF/H,0 (3:1),4°C oJ( O N °
+ClL,e” Y07 N > Me, \
Ph : CH,Cl/MeCN (40:1)  2) LiOH 2.5 eq, rt /\,NH N N—y/
4AMS,-40°C,c=005 THF/MeOHH,0 (2:2:1) PN “Me
2c Me L1 Me

75% for three steps

By following the typical hydrolysis procedure, above crude products can also be converted to
corresponding oxazolidinone in good combined yield. Compound S6 was isolated through a
silica gel flash column (hexanes/acetone: from 10:1 to 2:1) as a white solid (53.2 mg, 75% yield),

which is a known compound.®

j\ Fe(OTf), (10 mol %) o’ S
OR?  L1(10 mol %) H )
TIPS 4 £ oo SN - rc o N sl o o
Z ’ i CHClMeCN 20:1)  ° > A ﬁ"\' N '\}\2
2d 4 AMS, -15°C,c=0.1 O s7 e (s 1o
R? : 2,4-Cly-benzoyl Me L1 Me

Allyl triisopropylsilane was prepared through a known procedure.”

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(14.2 mg, 0.04 mmol) and L1 (10.9 mg, 0.04 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (1.0 mL) and MeCN (0.2 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg)
and 2d (146.1 mg, 0.44 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (2.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, allyl triisopropylsilane (79.4
mg, 0.40 mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe
pump over 30 min to vial B at -15 °C. The reaction was kept stirring at the same temperature for
another 1.5 h. The reaction was quenched with saturated NaHCO; aqueous solution (2 mL) and
stirred vigorously for additional 10 min. The organic layer was separated and the aqueous phase
was extracted with CH,Cl, (2 mL % 2) and EtOAc (2 mLx 2). The combined organic layers were
dried over anhydrous Na,SO, and concentrated in vacuo.

H OR?
F3C\/O\H/N\)\/TIPS

O s7
R2 : 2,4-Cl,-benzoyl
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1-(((2,2,2-Trifluoroethoxy)carbonyl)amino)-3-(triisopropylsilyl)propan-2-yl 2,4-
dichlorobenzoate (S7): compound S7 was isolated through a silica gel flash column
(hexanes/EtOAc: from 20:1 to 4:1) as colorless oil (165.5 mg, 78% yield). IR Viay (neat)/cm™:
3367 (w), 2942 (m), 2867 (m), 1727 (s), 1589 (m), 1527 (m); '"H NMR (400 MHz, CDCl3) & 7.77
(d, /J=8.4 Hz, 1H), 7.50 (d, J= 1.4 Hz, 1H), 7.33 (dd, /= 8.4, 1.2 Hz, 1H), 5.45 (qd, J=7.4,2.9
Hz, 1H), 5.27 (brs, 1H), 4.57 — 4.35 (m, 2H), 3.67 (ddd, J = 14.3, 6.1, 3.0 Hz, 1H), 3.43 (dt, J =
14.0, 6.9 Hz, 1H), 1.28 — 1.23 (m, 1H), 1.10 — 0.99 (m, 22H); °C NMR (101 MHz, CDCl;) §
164.6, 154.6, 138.4, 134.5, 132.4, 131.0, 128.5, 127.1, 123.0 (q, J = 277.6 Hz), 73.7, 61.0 (q, J =
36.5 Hz), 47.0, 18.7, 18.7, 13.3, 11.3; ’F NMR (377 MHz, CDCl;) & -74.34 (t, J = 8.4 Hz);
HRMS (ESI, m/z): calcd for CooH3,CIsF3sNO4ST, [M + CI'], 564.1124, found 564.1112.

Fe(OTf), (20 mol %)

2 O O A
@ . B OR L2 @omol%) \l\ﬁ-l Ao
H CH,Cl,/MeCN (12:1) | _N ,\}
2b 4AMS,0°C, c=0.07 s8 e
L2 Me

61%, dr > 20: 1

Cyclopentadiene was freshly obtained via retro-Diels—Alder reaction by heating commercially
available cyclopentadiene dimer above 150 C.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(28.3 mg, 0.08 mmol) and L2 (22.2 mg, 0.08 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (0.7 mL) and MeCN (0.5 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)
and 2b (122.4 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (4.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, freshly distilled 1,3-
cyclopentadiene (67.2 uL, 0.8 mmol) was added to vial B and the catalyst solution (vial A) was
added by a syringe pump over 30 min to vial B at 0 °C. The reaction was kept stirring at the
same temperature for 12 h until it was completed monitored by TLC. The reaction was quenched
with saturated NaHCO3 aqueous solution (2 mL) and stirred vigorously for additional 10 min.
The organic layer was separated and the aqueous phase was extracted with CH,Cl, (2 mL x 2)

and EtOAc (2 mLx 2). The combined organic layers were dried over anhydrous Na,SO4 and
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concentrated in vacuo. Product S8 was isolated through a silica gel flash column
(hexanes/EtOAc: from 4:1 to 1:1) as a white solid (30.5 mg, 61% yield) which is a known

compound.®

A
Fe(OTf), (20 mol %) o)
@ + BOC\N,OR2 L2 (20 mol (%) CE >=O N/ O
I gl N \
H CH,Cly/MeCN (12:1) H | 2N N—(,
2b S9 “Me
L2 Me

4AMS,0°C,c=0.07

62%, dr > 20: 1

1,3-Cyclohexadiene is commercially available and distilled before usage.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(28.3 mg, 0.08 mmol) and L2 (22.2 mg, 0.08 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (0.7 mL) and MeCN (0.5 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)
and 2b (122.4 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (4.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, freshly distilled 1,3-
cyclohexadiene (76.2 uL, 0.8 mmol) was added to vial B and the catalyst solution (vial A) was
added by a syringe pump over 30 min to vial B at 0 °C. The reaction was kept stirring at the
same temperature for 12 h until it was completed monitored by TLC. Product S9 was isolated
through a silica gel flash column (hexanes/EtOAc: from 4:1 to 1:1) as a white solid (34.5 mg, 62%

yield), which is a known compound.’

0N\ r
Fe(OTf), (10 mol %) HN’&O 3 |

0
\} A orz L1 (10 mol %) 0 N
+ F3C O N L OR2 | \
o) A CH,Cly/MeCN (30:1) g SN N—/,
4 AMS, -40°C, c=0.07 10(S10) [Me* "Me
R? = 2,4-Cly-bezoyl Me
72%, dr > 20:1

9 2d L1

2,3-Dihydrofuran 9 is commercially available and it was distilled before usage.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(14.2 mg, 0.04 mmol) and L1 (10.9 mg, 0.04 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (1.0 mL) and MeCN (0.2 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)

and 2d (132.8 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
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times and then anhydrous CH,Cl, (4.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, 2,3-dihydrofuran (36.3 pL,
0.48 mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe pump
over 30 min to vial B at -40 °C. The reaction was kept stirring at -40 °C for another 1.5 h. The
reaction was quenched with saturated NaHCO; aqueous solution (2 mL) and stirred vigorously
for additional 10 min. The organic layer was separated and the aqueous phase was extracted with
CH,CI; (2 mL x 2) and EtOAc (2 mL x 2). The combined organic layers were dried over

anhydrous Na,SOy4 and concentrated in vacuo.

0o\
N ,&O CF4
d OR? S10a
R? = 2,4-Cl,-bezoyl
3-(((2,2,2-Trifluoroethoxy)carbonyl)amino)tetrahydrofuran-2-yl 2,4-dichlorobenzoate
(S10a): compound S10a was isolated through a silica gel flash column (hexanes/EtOAc: from
20:1 to 4:1) as white solid (115.8 mg, 72% yield, m.p. 110—111 °C); IR vpax (neat)/cm’™: 3347
(W), 2972 (W), 2906 (w), 1724 (s), 1585 (m), 1530 (m); '"H NMR (400 MHz, CDCl3) & 7.85 (d, J
= 8.4 Hz, 1H), 7.51 (s, 1H), 7.40 — 7.31 (m, 1H), 6.44 (d, J = 4.3 Hz, 1H), 5.36 (d, J = 8.9 Hz,
1H), 4.59 — 4.35 (m, 3H), 4.24 (td, J = 9.3, 2.5 Hz, 1H), 4.07 (dd, J = 16.8, 8.7 Hz, 1H), 2.52 —
2.40 (m, 1H), 2.08 — 1.92 (m, 1H); *C NMR (101 MHz, CDCls) & 164.2, 153.8, 139.0, 134.2,
133.2, 131.1, 128.1, 127.4, 122.9 (q, J = 277.5 Hz), 96.4, 67.5, 61.2 (q, J = 36.6 Hz), 53.5, 28.6;
YF NMR (376 MHz, CDCl) & -74.25 (t, J = 8.4 Hz); HRMS (ESI, m/z): caled for

C14H>C1,F5NNaOs', [M + Na'], 423.9937, found 423.9941.
Determination of the Relative Stereochemistry of S10a
The relative stereochemistry of compound S10a was determined by NOE analysis of both

diastereomers. The conclusion was further confirmed through X-ray structural analysis of S10a.

The crystal structure has been deposited in The Cambridge Crystallographic Data Centre as
CCDC1014959.
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Crystal Data and Experimental

Crystal submitted by: Lu, D.
Structure solved by: Wieliczko, M.

Crystal Data. C,H,,CLF,NO., M = 402.15,
triclinic, P1 (No. 1, a = 487T84(8)A, b =
10.6424(17)A, ¢ = 15881(3)A, a = 09.955°,
B = 06.953°, v = 00.633°, V = 805.7(2)A%
T = 1102)K, Z = 2, u(Mo Ka) = 0.462, 14822
reflections measured, 9669 unique (R,,, = 0.0334)
which were used in all calculations. The final wh,
was 0.1238 (all data) and Ry was 0.0495 (I > 2a(1)).

Experimental. Single crystals of C, H,,CL,F,NO,
({A008_0m) were recrystallised from DCM by slow
evaporation. A suitable crystal (0.985 x 0.201 x
0.135mm?) was selected and mounted on a loop with
paratone oil on a Bruker APEX-II CCD diffractome-
ter. The crystal was kept at 110(2) K during data
collection. Using Olex2 [1], the structure was solved
with the Superflip [2] structure solution program, us-
ing the Charge Flipping solution method. The model
was refined with the ShelXL [3] refinement package
using Least Squares minimisation.

Compound AD08_0Om
CcCDC

Formula C,,H,,CLF;NO,
Dmlc_/ g cem™ 1.658

p/ mm—! 0.462
Formula Weight 402.15
Colour colourless
Shape plate
Size /mm? 0.985 x 0.291 x 0.135
T/K 110(2)
Crystal System triclinic
Space Group P1

a/A 4.8784(8)
b/A 10.6424(17)
c/A 15.881(3)
wf° 99.955(2)
B8/° 96.953(2)
7/° 90.633(2)
v/ A® 805.7(2)
Z 2

B,in/° 1.944

= T 31.011
Measured Refl. 14822
Independent Refl. 9669
Reflections Used 8620

Rint 0.0334
Parameters 452
Restraints 3

Largest Peak Largest Peak 0.724
Deepest Hole -0.279
GooF 1.041
wh,(all data) 0.1238
why 0.1187

R, (all data) 0.0563
yio) 0.0495

X-ray crystal structure of S10a
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For the major (syn) diastereomer S10a, there is a strong NOE between H(a) and H(b) while there
is no NOE observed between H(a) and NH(c). (Note: on '"H NMR, H(b) and H(d) are partially

overlapped and H(d) is in a distance away from H(a).

In order to further corroborate the NOE analysis, we carried out the reaction at an elevated

temperature (room temperature) to obtain the minor diastereomer S10b. Note: the dr is 3.5:1

under this condition.

R? = 2,4-Cly-bezoyl
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3-(((2,2,2-Trifluoroethoxy)carbonyl)amino)tetrahydrofuran-2-yl 2.,4-dichlorobenzoate
(S10b): the minor diastercomer S10b can be separated from the major diasterecomer S10a
through a silica gel flash column (hexanes/EtOAc: from 20:1 to 4:1) as a white foam. IR vpx
(neat)/cm™: 3346 (w), 2972 (w), 2908 (w), 1723 (s), 1585 (m), 1534 (m); 'H NMR (400 MHz,
CDCls) 6 7.83 (d, J = 8.5 Hz, 1H), 7.50 (s, 1H), 7.33 (d, /= 8.4 Hz, 1H), 6.37 (s, 1H), 5.13 (brd,
J=7.6 Hz, 1H), 4.63 —4.35 (m, 3H), 4.27 — 4.14 (m, 2H), 2.65 — 2.50 (m, 1H), 2.09 — 1.93 (m,
1H); >C NMR (101 MHz, CDCl3) § 163.5, 153.6, 138.9, 135.0, 132.9, 131.1, 127.7, 127.1, 122.9
(q, J=277.3 Hz), 101.4, 67.8, 61.2 (q, J = 37.0 Hz); 56.6, 29.7; ’F NMR (376 MHz, CDCl;) & -
74.25 (t, J = 8.4 Hz); HRMS (ESI, m/z): calcd for C14H,CLF;NNaOs', [M + Na'], 423.9937,
found 423.9936.

H(d) ~CFa
(0]
b)H
) NH(C) H(a) - H(c)
wH(a) H(a)-H(b)
O OR2 equal NOE H(a) Hic) H(bﬂj]
R? : 2,4-Cl,-benzoyl _ AL A o ppm
|
<| - 1.0
'j\‘ K ~1.5
*j . ¢ - 2.0
J , . e ~2.5
l 3.0
| 3.5
Jl ‘ ~4.0
H(b+d) q;J ) ) 4.5
‘\. almost
He) JI equal . ~5.0
" L5.5
6.0
H(a) ,
d ~6.5
l 7.0

’ L L I B DL DL IR R B T
70 65 60 655 50 45 40 35 30 25 20 15 1.0 ppm

For the minor (anti) diastereomer S10b (anti), the NOESs between H(a)-H(b) and H(a)-NH(c) are

almost identical.
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0 Fe(OTf), (10 mol %) OYO\/CFa A

@ . F3C/\OJ\N’OR2 L1(10mol %) _ NH o Ao
0 h CH,Cl,/MeCN (30:1) (I ) ﬂ’!\' h}\?
2d 4AMS,-25°C,c=0.07 O° "OR* S11 Me™ e
R? = 2,4-Cl,-bezoyl Me L1 Me
77%, dr=10:1

3,4-Dihydro-2H-pyran is commercially available and distilled before usage.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(14.2 mg, 0.04 mmol) and L1 (10.9 mg, 0.04 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (1.0 mL) and MeCN (0.2 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)
and 2d (132.8 mg, 0.40 mmol). The vial was also evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (4.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, 3,4-dihydro-2H-pyran (43.8
uL, 0.48 mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe
pump over 30 min to vial B at -25 °C. The reaction was kept stirring at the same temperature for
another 1.5 h. The reaction was quenched with saturated NaHCO; aqueous solution (2 mL) and
stirred vigorously for additional 10 min. The organic layer was separated and the aqueous phase
was extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were

dried over anhydrous Na,SO4 and concentrated in vacuo.

OYO\/CF3

NH

(OIORz S11a

R? = 2,4-Cl,-bezoyl
3-(((2,2,2-Trifluoroethoxy)carbonyl)amino)tetrahydro-2H-pyran-2-yl 2,4-dichlorobenzoate
(S11a): compound S11a was isolated through a silica gel flash column (hexanes/EtOAc: from
20:1 to 4:1) as colorless oil (128.2 mg, 77% yield, dr = 10:1). The pure major diastereomer can
be obtained by another flash column. IR vy (neat)/cm™: 3347 (s), 2947 (w), 1724 (s), 1585 (m),
1530 (m); '"H NMR (400 MHz, CDCls) & 7.92 (d, J = 8.5 Hz, 1H), 7.54 (d, J = 1.8 Hz, 1H), 7.38
(dd, J=8.4, 1.9 Hz, 1H), 6.33 (d, J = 2.9 Hz, 1H), 5.06 (brd, J = 9.1 Hz, 1H), 4.59 — 4.34 (m,
2H), 4.11 — 4.00 (m, 1H), 3.89 — 3.73 (m, 2H), 2.05 — 1.96 (m, 1H), 1.94 — 1.76 (m, 3H); "°C
NMR (101 MHz, CDCls3) 6 163.8, 153.7, 139.2, 134.5, 133.4, 131.2, 127.8, 127.4, 123.0 (q, J =
277.6 Hz), 93.2, 61.6, 60.9 (q, J = 36.6 Hz), 49.1, 25.3, 23.9; ’F NMR (376 MHz, CDCl3) & -
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74.25 (t, J = 8.5 Hz); HRMS (ESI, m/z): calcd for C;sH4CLF;NNaOs', [M + Na'], 438.0093,
found 438.0084.

Determination of the Relative Stereochemistry of S11a/b

The relative stereochemistry of compound S11a and S11b were also determined through NOE

analysis of both diastereomers.

Fgc%_/(o

NH(c)
|II|H(b)
III.H(a))strong
OR? H(a) H(c) H(b)
R? : 2,4-Cl,-benzoyl ﬂ AN (L _h__~ ppm
£ ¢
J 1.0
L]
) i 1.5
B
ic% ’ ,’;i’\’i 2.0
25
3.0
g 3.5
= Fiel [
H(b) % —() strong ® 4.0
& 45
H(e) .<: — () weak ; 5.0
i ' 5.5
6.0
H(_)g‘ L]
‘ ' 6.5
Tt T A I B 7.0

65 6.0 55 50 45 40 35 3. 25 2.0 15 1.0 ppm

For the major (syn) diastereomer S11a, there is a strong NOE between H(a) and H(b) while there
is a weak NOE observed between H(a) and NH(c).

In order to further corroborate the NOE analysis, we carried out the reaction at an elevated
temperature (room temperature) to obtain the minor diastereomer S11b. Note: the dr is 3:1 under

this condition.
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OYO\/CFg

0~ “OR? S11b
R? = 2,4-Cl,-bezoyl

3-(((2,2,2-Trifluoroethoxy)carbonyl)amino)tetrahydro-2H-pyran-2-yl 2,4-dichlorobenzoate
(S11b): the minor diastereomer S11b can be separated from the major diastereomer through a
silica gel flash column (hexanes/EtOAc: from 20:1 to 4:1) as a white foam. IR vyax (neat)/cm’
1:3347 (s), 2949 (w), 1722 (s), 1586 (m), 1531 (m); 'H NMR (400 MHz, CDCl;) § 7.91 (d, J =
8.6 Hz, 1H), 7.53 (s, 1H), 7.36 (d, J = 8.6 Hz, 1H), 6.06 (s, 1H), 5.38 (d, /=9.1 Hz, 1H), 4.56 —
4.40 (m, 2H), 4.02 (t, J=11.2 Hz, 1H), 3.95 (s, 1H), 3.79 (d, J=11.0 Hz, 1H), 2.22 (t, J=11.9
Hz, 1H), 1.93 — 1.74 (m, 2H), 1.70 — 1.60 (m, 1H); *C NMR (101 MHz, CDCls) & 163.0, 153.7,
139.1, 135.2, 133.2, 131.3, 127.4, 127.2, 123.0 (q, J = 277.3 Hz), 93.7, 62.8, 61.1 (q, J = 36.6
Hz), 48.0, 24.2, 20.6; "°’F NMR (377 MHz, CDCls) & -74.25 (t, J = 8.4 Hz); HRMS (ESI, m/z):
caled for C;sH 4CLL,FsNNaOs', [M + Na'], 438.0093, found 438.0096.

F4C.
0.0
bH 7
wNH(C) H(a) - H(c)
wH(a) H(@)-H(b) H@  H(e) H(b
\ 2 eaual NOE | (©) A " ]
[ERTTIN. | ey IRV - TR ; O ) (R 2 M v AL ppm
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—
S e 15
B |
- o .
1 o 2.0
J o :
25
~3.0
| 3.5
= I |
H(b);;_-; —0 v a : 40
1
‘“‘; almost ’ 4.5
'J equal
| 5.0
H -
© = - 5.5
H(a) ] ; 6.0
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For the minor (anti) diastereomer S11b, the NOEs between H(a)-H(b) and H(a)-NH(c) are

almost identical.

§ree FoNTL (15 M0l %) Bock, L. o Me |
Me Boc., ,OR? 2)2 ° 0CHNy, o P
| Olome + N L1 (15mol %) _ Yome | Py NN
o O H CH,Cly/MeCN (10:1) R20™ N0 © Me\“g/ N N\g"’Me
4AMS,-30°C,c=0.2 R2 : 2,4-Cl,-benzoyl Me L1 Me
$12 2b $13,63%

The D-glucal $12 was protected based on a known two-step procedure.'

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(NTf;),
(36.9 mg, 0.06 mmol) and L1 (16.4 mg, 0.06 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (0.8 mL) and MeCN (0.2 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 2-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg),
protected D-glucal S12 (137.0 mg, 0.4 mmol) and 2b (183.6 mg, 0.60 mmol). The vial was also
was evacuated and backfilled with N, for three times and then anhydrous CH,Cl, (1.0 mL) was
added via a syringe. Both solutions were degassed with brief evacuation and backfilling with N,
twice. Then the catalyst solution (vial A) was added by a syringe pump over 30 min to vial B at -
30 °C. The reaction was kept stirring at the same temperature for another 2.5 h. The reaction
was quenched with saturated NaHCO; aqueous solution (2 mL) and stirred vigorously for
additional 10 min. The organic layer was separated and the aqueous phase was extracted with
CH)Cl; (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were dried over

anhydrous Na,SO, and concentrated in vacuo.
oTIPS

BocHN,, &OYMB
“"Me

R?0% N0
s13
R? : 2,4-Cl,-benzoyl
(4aR,6R,7R,8R,8aR)-7-((tert-Butoxycarbonyl)amino)-2,2-dimethyl-8-
((triisopropylsilyl)oxy)hexahydropyrano|3,2-d][1,3]dioxin-6-yl 2,4-dichlorobenzoate (S13):
the product S13 was isolated through a silica gel flash column (hexanes/ether: from 10:1 to 4:1)
as colorless oil (163.5 mg, 63% yield). [a]p™’ = +88.4 (¢ 1.0, CH,CL); IR vy (neat)/cm™: 2942

(m), 2866 (m), 1724 (s), 1585, 1499, 1368, 1269, 1130 (s), 982 (s); 'H NMR (400 MHz, C¢Dg) &
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7.41 (d,J= 8.4 Hz, 1H), 6.94 (d, J= 1.7 Hz, 1H), 6.77 (brd, J= 2.5 Hz, 1H), 6.55 (d, J = 8.4 Hz,
1H), 4.87 (d, J= 8.7 Hz, 1H), 4.38 (t, J= 8.2 Hz, 1H), 4.18 (t, J = 9.4 Hz, 1H), 3.88 (td, J= 10.1,
5.3 Hz, 1H), 3.70 (dd, J = 10.6, 5.1 Hz, 1H), 3.47 (t, J = 10.6 Hz, 1H), 3.39 (t, J = 9.3 Hz, 1H),
1.42 (s, 9H), 1.36 (s, 3H), 1.21 (d, J= 9.1 Hz, 21H), 1.19 (s, 3H); *C NMR (101 MHz, CDCls) &
163.6, 155.0, 139.4, 134.5, 133.8, 131.3, 127.5, 99.7, 94.3, 80.0, 74.6, 71.3, 66.5, 62.0, 55.2, 28.9,
28.3, 18.8, 18.3, 18.2, 12.8; HRMS (ESL m/z): calcd for C3oHsCLNOsST, [M - H'], 646.2375,
found 646.2352.
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The stereochemistry of S13 was determined through NOE analysis.
We observed strong NOEs between H(b) and H(e), as well as between H(d) and H(f). The results,
together with the stereochemistry of the starting material, suggest that H(b) is at the axial
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position. Additionally, we observed either no NOE or a very weak NOE between H(a) and H(f)
or H(d), which indicates that H(a) is at the equatorial position; therefore, the stereochemical

relationship between ORZ, NHBoc, and OTIPS are syn, anti.

2
OR N

(0] Fe(NTf,), (15 mol %) |
v~ AL ORZ L (15 mol %) NH O NN O
Cl,c” 07 N > ) \
e CH,Cl,/MeCN (10:1) }—0\_ ﬂ/N N\?
6 2c 4AMS, -15°C,c=0.2 7 O CCls - |Me® L1 Me
R2: 2,4-Cl,-benzoy Me Me

63%
Indene 6 is commercially available and it was distilled before usage.
To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(NTf;),
(36.9 mg, 0.06 mmol) and L1 (16.4 mg, 0.06 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (0.8 mL) and MeCN (0.2 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 2-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg)
and 2¢ (182.9 mg, 0.48 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (1.0 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then indene 6 (46.6 uL, 0.40
mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe pump over
30 min to vial B at -15 °C. The reaction was kept stirring at the same temperature for another 30
min. The reaction was quenched with saturated NaHCO; aqueous solution (2 mL) and stirred
vigorously for additional 10 min. The organic layer was separated and the aqueous phase was
extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were
dried over anhydrous Na,SO, and concentrated in vacuo.

OR?

O

Q
7 O \—CCh
R 2,4-Cly-benzoy

2-(((2,2,2-Trichloroethoxy)carbonyl)amino)-2,3-dihydro-1H-inden-1-yl 2,4-
dichlorobenzoate (7): the product 7 was isolated through a silica gel flash column
(hexanes/Acetone: from = 50:1 to 10:1) as a white solid (140.4 mg, 71% yield, m.p. 130—131 °C);
IR Vinax (neat)/em™: 3352 (w), 2952 (w), 1717 (w), 1853 (m), 1515 (m); '"H NMR (400 MHz,
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CDCls) 6 7.78 (d, J = 8.5 Hz, 1H), 7.64 (d, J = 7.4 Hz, 1H), 7.48 (s, 1H), 7.41 — 7.35 (m, 1H),
7.31 (d, J=9.8 Hz, 3H), 6.35 (d, J = 5.5 Hz, 1H), 5.66 (d, J = 8.6 Hz, 1H), 4.93 — 4.66 (m, 3H),
3.38 (dd, J = 15.4, 7.4 Hz, 1H), 3.08 (dd, J = 15.5, 8.2 Hz, 1H); °C NMR (101 MHz, CDCl;) &
164.5, 154.2, 141.5, 138.7, 138.3, 134.3, 133.0, 131.0, 130.1, 128.4, 127.5, 127.2, 127.1, 125.0,
95.4, 77.9, 74.7, 53.8, 36.9; HRMS (ESI, m/z): caled for C19H4CIgNO4 [M + CI7, 529.9059,
found 529.9054.

Product 7 has been converted to 2-amino-indanol S14, which is a known compound. Its relative

stereochemistry was determined by comparing its NMR data with known compounds.' "2

OR?
OH o
N}H_ LiAIH, ©E§_NH Zn, KH,PO,
Q > — > NH,
. THF, -20 °C }—0 THF/ H,0, rt
7 o CCI3 85% 8 0) \_CCI3 7% S14

R2: 2,4-Cly-benzoy
Compound 7 (99.5 mg, 0.20 mmol) was dissolved in anhydrous THF (3 mL) in a 10 mL flask
equipped with a stir bar. The flask was cooled to -20 °C and then LiAlH4 powder (15.2 mg, 0.4
mmol) was added in three portions. The reaction mixture was stirred at the same temperature and
monitored by TLC. After about 20 to 30 min, the reaction was quenched with saturated NH4Cl
aqueous solution (1 mL) and aqueous HCI (1M, 2 mL) successively. The whole mixture was
filtered through a short Celite pad and concentrated in vacuo. The resting aqueous phase was
extracted with EtOAc (2 mL x 3) and dried over anhydrous Na,SO,. After removal of the solvent,
the residue was purified through a silica gel flash column (hexanes/EtOAc: from 6:1 to 2:1) to

afford the N-Troc-2-aminoindanol 8 as a white solid (53.2 mg, 82% yield).

OH
O
g O o\—(:Cl3
2,2,2-Trichloroethyl (1-hydroxy-2,3-dihydro-1H-inden-2-yl)carbamate (8): a white solid
(m.p. 130—131 °C); IR Viax (neat)/em™: 3412 (m), 2952 (w), 1711 (s), 1507 (s), 1401 (m), 1242
(m), 1110 (m), 1012 (m); '"H NMR (400 MHz, CDCls) & 7.42 (d, J= 7.1 Hz, 1H), 7.37 — 7.19 (m,
3H), 5.79 (d, J= 7.1 Hz, 1H), 5.06 (s, 1H), 4.74 (q, J = 12.0 Hz, 2H), 4.48 — 4.36 (m, 1H), 3.28
(dd, J = 15.7, 7.3 Hz, 1H), 2.94 (dd, J = 15.8, 7.2 Hz, 1H), 2.17 (s, 1H); *C NMR (101 MHz,
CDCl) 6 154.7, 141.8, 140.8, 129.5, 127.5, 125.3, 125.1, 95.5, 74.6, 74.6, 55.1, 36.7; HRMS
(ESI, m/z): caled for C,H;;C13NO; [M —H'], 321.9810, found 321.9807.
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The N-Troc protecting group was removed by treating 8 with Zn powder under a weakly acidic
condition:"® To a solution of 8 (0.15 mmol) and activated Zn powder (245 mg, 3.75 mmol) in
THF (2.0 mL) at room temperature was added aqueous KH,PO4 (1 M, 0.4 mL). After being
stirred for 1 h at room temperature, the mixture was filtrated through a Celite pad, concentrated
and purified through a silica gel flash column (CHCl3;/MeOH : from 20:1 to 10:1), S14 was
obtained as a white solid (17.2 mg, 77% yield), which is determined to be syn by comparing its

'H NMR data with ones from a known compound.'?

OH OH OH

H
anti-S14 syn-S14 syn-S14
(Literature Data) "2 (Literature Data) ' (obtained through
derivatization)

'THNMR | 7.60 - 7.15 (m, 4H), 4.82 | 7.60 — 7.15 (m, 4H), | 7.53 — 7.17 (m, 4H),
(d,J=6.5Hz; 1H),345 |482(d,J=55Hz, |4.85(d,J=52Hz
(dt, J=8.0, 6.5 Hz; 1H), | 1H),3.75(dt,J=6.6, | 1H),3.73 (m, 1H),
3.25(dd,J=15.3,8.0  |5.5,5.1 Hz; 1H),3.15 |3.14(dd,J=15.7, 6.4

Hz; 1H),2.65 (dd,J= | (dd,J=15.8,6.6 Hz; | Hz, 1H),2.77 (dd, J=
15.3, 8.0 Hz, 1H), 2.0 1H), 2.75 (dd, J = 15.7, 4.6 Hz, 1H), 1.98
(bs, 3H). 15.8, 5.1 Hz; 1H), (brs, 1H).

2.15 (bs, 1H),

Fe(OTf), (15 mol %) /\CCIg

OR? A
N f > L1(15mol %) O’\< N_ o CCly o » o
TN g ORF L mal) JN s 2 o NN
Ph ¢ . CH,Cl,/MeCN (25:1) y Ph 0
H Me" " Me

4 A MS, -15°C, ¢ =0.07 Ph RZ : 2,4—CI2_benzoyI Ve L1 Me
$15 2c $16, 69% $17, 11% /

Enyne S15 was synthesized according to a known procedure.'*

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(21.3 mg, 0.06 mmol) and L1 (16.4 mg, 0.06 mmol). After the vial was evacuated and backfilled
with N; for three times, anhydrous CH,Cl, (1.5 mL) and MeCN (0.3 mL) were added via a

syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
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dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)
and 2¢ (152.4 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (6.2 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, enyne S15 (61.5 mg, 0.48
mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe pump over
30 min to vial B at -15 °C. The reaction was kept stirring at the same temperature for another 1.5
h. The reaction was quenched with saturated NaHCO; aqueous solution (2 mL) and stirred
vigorously for additional 10 min. The organic layer was separated and the aqueous phase was
extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were

dried over anhydrous Na,SO, and concentrated in vacuo.

-
CCly

oL

LN
ph/// s16

5-(Phenylethynyl)-2-(2,2,2-trichloroethoxy)-4,5-dihydrooxazole (S16): compound S16 was
isolated through a silica gel flash column (hexanes (buffered with 1% TEA)/acetone: from 50:1
to 10:1) as colorless oil (87.9 mg, 69% yield). IR Vyax (neat)/cm™: 2952 (w), 2233 (w), 1674 (s),
1398 (m), 1317 (s), 1247 (s); "H NMR (400 MHz, CDCl3) § 7.48 (d, J = 6.9 Hz, 2H), 7.41 —7.32
(m, 3H), 5.61 — 5.54 (m, 1H), 4.92 — 4.84 (m, 2H), 4.24 — 4.16 (m, 1H), 3.98 (dd, J = 12.6, 7.3
Hz, 1H); *C NMR (101 MHz, CDCl5) § 161.1, 131.9, 129.1, 128.4, 121.6, 93.9, 88.4, 85.0, 79.7,
71.4, 59.0; HRMS (ESI, m/z): calcd for C;3H;;CI3NO," [M + H'], 317.9850, found 317.9845.

OR?

H
N._O._CCls
/V A

Ph s17 O
R? : 2,4-Cl, benzoyl

4-Phenyl-1-(((2,2,2-trichloroethoxy)carbonyl)amino)but-3-yn-2-yl 2,4-dichlorobenzoate
(S17): product S17 was isolated through a silica gel flash column (hexanes (buffered with 1%
TEA)/acetone: from 50:1 to 10:1) as colorless oil (22.4 mg, 11% yield). IR vyax (neat)/cm™: 3362
(W), 2922 (w), 2228 (w), 1724 (s), 1585 (m), 1520 (m); '"H NMR (400 MHz, CDCl5) & 7.90 (d, J
= 8.4 Hz, 1H), 7.54 — 7.44 (m, 3H), 7.41 — 7.31 (m, 4H), 5.98-5.93 (m, 1H), 5.40 (brs, 1H), 4.82
—4.70 (m, 2H), 3.95 — 3.86 (m, 1H), 3.84 — 3.74 (m, 1H); °C NMR (101 MHz, CDCls) & 163.5,
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154.6, 138.9, 135.2, 132.9, 132.0, 131.1, 129.2, 128.4, 127.5, 127.2, 121.4, 100.0, 87.4, 82.9,
74.7, 64.8, 44.8; HRMS (ESI, m/z): calcd for C,0H4CIcNO4, [M + CI'], 541.9059, found
541.9051.

Fe(OTf); (15mol %) 1) p-TsOHeH,0 1 eq O B
,{ o

o
/\ e C/\OJLN,ORZ L1 (15 mol %) THFH0 81).4°C o o O N
Ph 3 . CH,CI/MeCN (25:1)  2) LiOH 2.5 eq, rt /K/ S/N N\R
H  4AMS -15°C,c=007  THF/MeOHH,0 (2:2:1) pp Me “Me

s15 2c s18 Me U1 Me

62% for three steps

|

o

By following the general hydrolysis procedure, above crude products can also be converted to
corresponding oxazolidinone S18 in good combined yield.

/b

Ph s18

5-(Phenylethynyl)oxazolidin-2-one (S18): Compound S18 was isolated through a silica gel
flash column (hexanes/acetone: from 10:1 to 2:1) as colorless oil (46.5 mg, 62% yield). IR vimax
(neat)/cm™: 2324 (m), 1755 (s), 1540 (w), 1489 (s), 1343 (w); 'H NMR (400 MHz, CDCls) &
7.48 (d, J=17.4 Hz, 2H), 7.44 — 7.30 (m, 3H), 6.26 (brs, 1H), 5.49 (t, J= 7.7 Hz, 1H), 3.94 (t, J =
8.6 Hz, 1H), 3.74 (t, J = 7.7 Hz, 1H); C NMR (101 MHz, CDCls) & 159.1, 131.9, 129.3, 128.4,
121.3, 88.0, 84.1, 66.5, 47.3; HRMS (ESI, m/z): calcd for C;;H;(NO," [M + H'], 188.0706,
found 188.0697.

Fe(OTf), (2.5 mol %)
0 FeCl; (2.5 mol %) OR? |

2 L1 (5 mol ¢ H
PN + CISC/\O/”\N,OR (5mol %) _ Ph/\)\/N\n/o\/CCb SO( AN i?
|
N—/
“Me

CH,Cl,/MeCN (20:1)
s19 2c 4AMS, -15°C,c=0.2 $20 0 .
R? : 2,4-Cly-benzoyl Me L1 Me

trans-1-Phenyl-1,3-butadiene S19 was synthesized according to a literature procedure.'

More electrophilic Fe(OTf), catalyst leads to substrate decomposition during the reaction;
therefore, a mixture of Fe(OTf), and FeCl, was applied as the catalyst to achieve both high
reactivity and high selectivity.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf), (3.5
mg, 0.01 mmol), FeCl, (1.3 mg, 0.01 mmol) and L1 (5.5 mg, 0.020 mmol). After the vial was
evacuated and backfilled with N, for three times, anhydrous CH,Cl, (0.4 mL) and MeCN (0.1
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mL) were added via a syringe and the mixture was stirred at room temperature for 20 min and
then frans-1-Phenyl-1,3-butadiene S19 (56.2 pL mg, 0.40 mmol) was added to it. To another
flame dried 2-dram vial (vial B) equipped with a stir bar were added activated 4A molecular
sieves (100 mg) and 2¢ (167.6 mg, 0.44 mmol). The vial was also was evacuated and backfilled
with N, for three times and then anhydrous CH,Cl, (1.5 mL) was added via a syringe. Both
solutions were degassed with brief evacuation and backfilling with N, twice. Then the solution in
vial A was added by a syringe pump over 30 min to vial B at -15 °C. The reaction was kept
stirring at the same temperature for another 30 min. The reaction was quenched with saturated
NaHCOs3 aqueous solution (2 mL) and stirred vigorously for additional 10 min. The organic layer
was separated and the aqueous phase was extracted with CH,Cl, (2 mL % 2) and EtOAc (2 mLx

2). The combined organic layers were dried over anhydrous Na,SO4 and concentrated in vacuo.

OR? H
Ph/\)\/N\n/o\/CCb
S20 (0]

R? : 2,4-Cl,-benzoyl
(E)-4-Phenyl-1-(((2,2,2-trichloroethoxy)carbonyl)amino)but-3-en-2-yl 2.,4-dichlorobenzoate
(S20): compound S20 was isolated through a silica gel flash column (hexanes/EtOAc: from 50:1
to 6:1) as colorless oil (171.8 mg, 84% yield); IR viay (neat)/ecm™: 3347 (w), 3028 (w), 2952 (w),
1722 (s), 1583 (m), 1517 (m); '"H NMR (400 MHz, CDCl3) & 7.86 (d, J = 8.4 Hz, 1H), 7.51 (s,
1H), 7.44 — 7.38 (m, 2H), 7.38 — 7.27 (m, 4H), 6.83 (d, J = 16.0 Hz, 1H), 6.23 (dd, J=15.9, 7.2
Hz, 1H), 5.87 — 5.75 (m, 1H), 5.36 (t, /= 5.9 Hz, 1H), 4.79 — 4.69 (m, 2H), 3.80 — 3.72 (m, 1H),
3.71 — 3.62 (m, 1H); °C NMR (101 MHz, CDCl3) & 164.0, 154.8, 138.7, 135.6, 135.1, 134.8,
132.8, 131.1, 128.7, 128.5, 128.0, 127.2, 126.8, 123.3, 95.5, 75.0, 74.6, 44.5; HRMS (ESI, m/z):
caled for Cy0H 6CleNO4', [M + CI7], 543.9216, found 543.9213.

N
Fe(OTf), (20 mol %) o)
Boc., .OR? L2 o O,
AN - (20 mol %) 0O N
CoHiy™ 7 + N N /\/k/NH | \
H CH,Clo/MeCN (12:1) ¢ _N N,
AMS,0°C,c=007 ©° Me
s21 2b 4 ,0°C,c=0. $22,61% L2 Me

(E)-Deca-1,3-diene S21 was synthesized according to a literature procedure.'®

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(28.3 mg, 0.08 mmol) and L2 (22.2 mg, 0.08 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (0.7 mL) and MeCN (0.5 mL) were added via a
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syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)
and 2b (146.9 mg, 0.48 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (4.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then (E)-deca-1,3-diene S21 (74.4
uL, 0.4 mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe
pump over 30 min to vial B at 0 °C. The reaction was kept stirring at the same temperature for 12
h until it was completed monitored by TLC. The reaction was quenched with saturated NaHCO;
aqueous solution (2 mL) and stirred vigorously for additional 10 min. The organic layer was
separated and the aqueous phase was extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2).
The combined organic layers were dried over anhydrous Na,SO4 and concentrated in vacuo.
oA
CaHis A AUNH

s22

(E)-5-(Oct-1-en-1-yl)oxazolidin-2-one (S22): product S22 was isolated through a silica gel flash
column (hexanes/EtOAc: from 4 : 1 to 1 : 1) as a white solid (48.2 mg, 61% yield, m.p.
49-50 °C). IR Vmax (neat)/em™: 3261 (m), 2916 (m), 2850 (m), 1719 (s), 1444 (w), 1373 (m),
1239 (m); '"H NMR (400 MHz, CDCl5) & 6.10 (brs, 1H), 5.93 — 5.80 (m, 1H), 5.56 (dd, J = 15.3,
7.8 Hz, 1H), 5.01 (q,J = 7.9 Hz, 1H), 3.71 (t, J= 8.5 Hz, 1H), 3.33 (t, /= 8.1 Hz, 1H), 2.09 (q, J
= 7.0 Hz, 2H), 1.45 — 1.35 (m, 2H), 1.35 — 1.22 (m, 6H), 0.89 (t, J = 6.3 Hz, 3H); °C NMR (101
MHz, CDCls) & 160.1, 137.4, 126.1, 77.9, 46.5, 32.1, 31.6, 28.8, 28.6, 22.6, 14.1; HRMS (ESI,
m/z): caled for C;;HyNO,", [M +H'], 198.1489, found 198.1482.

,  Fe(OTf); (20 mol %)
MeJ\WMe , Bocs-OR L2 (20 mol %) _ Me.,(
, -
H CH,Clo/MeCN (12:1) \F g

2b 4AMS,0°C,c=0.07 323 76%

2,3-Dimethyl-1,3-butadiene is commercially available and it was distilled before usage.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(28.3 mg, 0.08 mmol) and L2 (22.2 mg, 0.08 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (0.7 mL) and MeCN (0.5 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-

dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)
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and 2b (122.4 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (4.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then 2,3-dimethyl-1,3-butadiene
(94.9 uL, 0.8 mmol) was added to vial B and the catalyst solution (vial A) was added by a
syringe pump over 30 min to vial B at 0 °C. The reaction was kept stirring at the same
temperature for 12 h until it was completed monitored by TLC. The reaction was quenched with
saturated NaHCOj3 aqueous solution (2 mL) and stirred vigorously for additional 10 min. The
organic layer was separated and the aqueous phase was extracted with CH,Cl, (2 mL x 2) and
EtOAc (2 mLx 2). The combined organic layers were dried over anhydrous Na,SO, and

concentrated in vacuo.

M NH

e

oo
Me s23

5-Methyl-5-(prop-1-en-2-yl)oxazolidin-2-one (S23): compound S23 was isolated through a
silica gel flash column (hexanes/EtOAc: from 4:1 to 1:1) as colorless oil (42.9 mg, 76% yield).
IR Vmax (neat)/em™: 3251 (m), 2977 (w), 1727 (s), 1648 (w), 1436 (m), 1269 (s); '"H NMR (400
MHz, CDCl3) 6 6.46 (brs, 1H), 5.09 (s, 1H), 4.92 (s, 1H), 3.54 (d, J = 8.5 Hz, 1H), 3.37 (d, J =
8.5 Hz, 1H), 1.80 (s, 3H), 1.57 (s, 3H); °C NMR (101 MHz, CDCls) & 159.6, 145.1, 111.2, 84.2,
51.0, 25.3, 18.2; HRMS (ESI, m/z): calcd for C;H,NO,", [M + H'], 142.0863, found 142.0858.

AN
Fe(OTf), 20 mol %)  Q I

2 Z
o ~_OTBS + DO L1(20mol %) >0 O N
Z N\ 1 . HN\)\/\/OTBS N N

H CH,Cl,/MeCN (20:1) = Me™ “"Me

s24 2b 4AMS,0°C,c=0.07 $25, 63% Me L1 Me

Diene S24 was synthesized according to a literature procedure.'’

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(28.3 mg, 0.08 mmol) and L1 (21.8 mg, 0.08 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (1.5 mL) and MeCN (0.3 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)
and 2b (146.9 mg, 0.48 mmol). The vial was also was evacuated and backfilled with N, for three

times and then anhydrous CH,Cl, (4.8 mL) was added via a syringe. Both solutions were
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degassed with brief evacuation and backfilling with N, twice. Then diene S24 (79.4 mg, 0.4
mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe pump over
30 min to vial B at 0 °C. The reaction was kept stirring at the same temperature for 12 h until it
was completed monitored by TLC. The reaction was quenched with saturated NaHCO; aqueous
solution (2 mL) and stirred vigorously for additional 10 min. The organic layer was separated
and the aqueous phase was extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The
combined organic layers were dried over anhydrous Na,SO4 and concentrated in vacuo.

Q
Yo
HN_\_~_0TBS

s25
(E)-5-(3-((tert-Butyldimethylsilyl)oxy)prop-1-en-1-yl)oxazolidin-2-one (S25): product S25
was isolated through a silica gel flash column (hexanes/EtOAc: from 4:1 to 1:1) as colorless oil
(64.9 mg, 63% yield). IR Vs (neat)/cm™: 3286 (w), 2927 (m), 2856 (m), 1747 (s), 1472 (w),
1358 (w), 1249 (m); '"H NMR (400 MHz, CDCl3) § 6.15 (brs, 1H), 5.96 (dt, J = 15.3, 4.0 Hz,
1H), 5.83 (dd, J = 15.3, 6.9 Hz, 1H), 5.10 (q, J = 7.6 Hz, 1H), 4.28 — 4.17 (m, 2H), 3.74 (t, J =
8.6 Hz, 1H), 3.36 (t, J = 8.1 Hz, 1H), 0.92 (s, 9H), 0.08 (s, 6H); °C NMR (101 MHz, CDCl;) &
160.1, 134.8, 125.4, 62.4, 46.4, 259, 18.4, -5.30, -5.33; HRMS (ESI, m/z): caled for
C1,H,3NNaO;Si" [M + Na'], 280.1339, found 280.1329.

A
Fe(OTf), (20 mol %) Q |
Boc., .OR? 9 o} o)
A~ COOEt + N L1(20mol %) H’\?\-o NN
H CH,Clo/MeCN (20:1) \/\\/\cooa Ve N N -
$26 2b 4AMS,0°C,c=0.07 27, 54% Me L1 Me ©

(E)-Ethyl penta-2,4-dienoate S26 was synthesized according to a literature procedure.'®

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(28.3 mg, 0.08 mmol) and L1 (21.8 mg, 0.08 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (1.5 mL) and MeCN (0.3 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg)
and 2b (146.9 mg, 0.48 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (4.2 mL) was added via a syringe. Both solutions were

degassed with brief evacuation and backfilling with N, twice. Then (£)-ethyl penta-2,4-dienoate
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S26 (50.5 mg, 0.4 mmol) was added to vial B and the catalyst solution (vial A) was added by a
syringe pump over 30 min to vial B at 0 °C. The reaction was kept stirring at the same
temperature for 12 h until it was completed monitored by TLC. The reaction was quenched with
saturated NaHCO; aqueous solution (2 mL) and stirred vigorously for additional 10 min. The
organic layer was separated and the aqueous phase was extracted with CH,Cl, (2 mL x 2) and
EtOAc (2 mLx 2). The combined organic layers were dried over anhydrous Na,SO4 and

concentrated in vacuo.

o)
Yo
HN\)\/\COOEt

s27
(E)-ethyl 3-(2-oxooxazolidin-5-yl)acrylate (S27): product S27 was isolated through a silica gel
flash column (hexanes/EtOAc: from 2:1 to 1:1) as colorless oil (40.0 mg, 54% yield). IR Vpax
(neat)/ecm’™: 3281 (w), 2977 (w), 1742 (s), 1714 (s), 1664 (m), 1431 (w), 1368 (m), 1305 (s); 'H
NMR (400 MHz, CDCls) 6 6.91 (dd, J = 15.7, 5.2 Hz, 1H), 6.31 (brs, 1H), 6.18 (d, /= 15.7 Hz,
1H), 5.23 (dd, J = 14.0, 6.8 Hz, 1H), 4.23 (q, J= 7.1 Hz, 2H), 3.85 (t, /= 8.9 Hz, 1H), 3.42 (t, J
= 7.6 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H); *C NMR (101 MHz, CDCls) & 165.5, 159.3, 141.9,
123.5, 74.5, 60.9, 45.5, 14.2; HRMS (ESI, m/z): calcd for CsH;;2NO," [M + H'], 186.0761, found
186.0753;

Fe(ClO4), (20 mol %) o | ~
Me Boc~, ,OR? L1 (20 mol % 0 N ©
C6H13\A ¥ \ : OL %H RN
2Hb CH,Cl,/MeCN (20:1)  CeH13 Ve N N o
o, - e
4AMS,0°C, c=0.07 $28, 51% Me L1 Me

2-Methyl-1-nonene is commercially available and it was distilled before usage.

For this particular substrate, other iron catalysts lead to a large amount of allylic amination
product, presumably through addition and the subsequent elimination. We determined that
Fe(ClOy), is uniquely effective for the desired reaction.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(ClO4),
(20.4 mg, 0.08 mmol), L1 (21.8 mg, 0.08 mmol) and activated 4A molecular sieves (40 mg).
After the vial was evacuated and backfilled with N, for three times, anhydrous CH»Cl, (1.5 mL)
and MeCN (0.3 mL) were added via a syringe and the mixture was stirred at room temperature

for 20 min. To another flame dried 3-dram vial (vial B) equipped with a stir bar were added
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activated 4A molecular sieves (200 mg) and 2b (146.9 mg, 0.48 mmol). The vial was also was
evacuated and backfilled with N, for three times and then anhydrous CH,Cl, (4.2 mL) was added
via a syringe. Both solutions were degassed with brief evacuation and backfilling with N, twice.
Then 2-methylnon-1-ene (75.3 pL, 0.4 mmol) was added to vial B and the catalyst solution (vial
A) was added by a syringe pump over 30 min to vial B at 0 °C. The reaction was kept stirring at
the same temperature for 12 h until it was completed monitored by TLC. The reaction was
quenched with saturated NaHCO; aqueous solution (2 mL) and stirred vigorously for additional
10 min. The organic layer was separated and the aqueous phase was extracted with CH,ClI, (2
mL x 2) and EtOAc (2 mLx 2). The combined organic layers were dried over anhydrous Na;SO4

and concentrated in vacuo.

0]
Me, 04
NH

CeH13\}k/

s28
5-Heptyl-5-methyloxazolidin-2-one (S28): compound S28 was isolated through a silica gel
flash column (hexanes/EtOAc: from 4:1 to 1:1) as colorless oil (40.7 mg, 51% yield). IR viax
(neat)/cm™: 3060 (w), 2927 (m), 2856 (w), 1737 (s), 1454 (w), 1378 (w), 1080 (m), 971 (m); 'H
NMR (400 MHz, CDCl;) 6 6.04 (brd, J=9.2 Hz, 1H), 3.40 (d, /= 8.4 Hz, 1H), 3.28 (d, /= 8.4
Hz, 1H), 1.73 — 1.65 (m, 2H), 1.45 (s, 3H), 1.43 — 1.20 (m, 10H), 0.89 (t, J = 6.6 Hz, 3H); "°C
NMR (101 MHz, CDCls) & 159.7, 83.3, 51.2, 40.3, 31.7, 29.7, 29.1, 25.5, 23.4, 22.6, 14.1;
HRMS (ESI, m/z): calcd for C;1H2,NO,", [M + H'], 200.1645, found 200.1636.

0 Fe(OTf), (30 mol %) 0— OR? |, N
CsHine N+ o) C/\OJ\N—ORZ L1 (30mol %) o~  CCl Ean\)\/N\n/Oj o M A _q
3 ! CH,Cly/MeCN (30:1) CsHM\/’\/N o} Il N \
2 1 4AMS.0°C c=003 CCls | NN N—/,
’ ’ : R2 : 2,4-Cl,-benzoy! Me™ 1 "“"Me
$29, 42% $30, 6% Me Me

Octene is commercially available and it was distilled before usage.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(42.5 mg, 0.12 mmol) and L1 (32.8 mg, 0.12 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (1.6 mL) and MeCN (0.4 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried vial
(20mL, vial B) equipped with a stir bar were added activated 4A molecular sieves (200 mg) and
2¢ (152.4 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
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times and then anhydrous CH,Cl, (10 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then octene (313 pL, 2.0 mmol)
was added to vial B and the catalyst solution (vial A) was added by a syringe pump over 30 min
to vial B at 0 °C. The reaction was kept stirring at the same temperature for 24 h. The reaction
was quenched with saturated NaHCO; aqueous solution (2 mL) and stirred vigorously for
additional 10 min. The organic layer was separated and the aqueous phase was extracted with
CH,CI; (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were dried over
anhydrous Na,SOy4 and concentrated in vacuo.

o\
o~ CCl
CsHuq N

s29
5-Hexyl-2-(2,2,2-trichloroethoxy)-4,5-dihydrooxazole (S29): compound S29 was isolated
through a silica gel flash column (hexanes/EtOAc: from 50:1 to 10:1) as colorless oil (50.8 mg,
42% yield). TR Viay (neat)/em™: 3327 (m), 1730 (s), 1702 (s), 1585 (w), 1542 (m); 'H NMR (400
MHz, CDCl;) 6 4.88 —4.71 (m, 3H), 3.91 (dd, J = 12.6, 9.0 Hz, 1H), 3.45 (dd, J = 12.6, 7.4 Hz,
1H), 1.78 (dd, J = 14.0, 7.9 Hz, 1H), 1.70 — 1.59 (m, 1H), 1.51 — 1.25 (m, 8H), 0.90 (t, /= 6.4 Hz,
3H); °C NMR (101 MHz, CDCl3) & 161.7, 94.2, 82.7, 79.4, 56.9, 35.2, 31.7, 29.0, 24.8, 22.5,
14.0; HRMS (ESI, m/z): calced for C;;H;9CIzNO;" [M + H'], 302.0476, found 302.0470.

OR*
C5H11\)\/N\H/O\/CCI3

s30 O
R2 : 2,4-Cly-benzoyl

1-(((2,2,2-Trichloroethoxy)carbonyl)amino)octan-2-yl 2,4-dichlorobenzoate (S30):
compound S30 was isolated through a silica gel flash column (hexanes/EtOAc: from 50:1 to 10:1)
as colorless oil (11.8 mg, 6% yield); IR vpax (neat)/cm'1:3345, 2922, 2856, 1729, 1669, 1589,
1532; "H NMR (400 MHz, CDCl3) & 7.80 (d, J = 8.4 Hz, 1H), 7.51 (s, 1H), 7.34 (d, J = 8.4 Hz,
1H), 5.38 — 5.12 (m, 2H), 4.74 (q, J = 12.0 Hz, 2H), 3.69 — 3.57 (m, 1H), 3.57 — 3.46 (m, 1H),
1.82 — 1.65 (m, 2H), 1.45 — 1.19 (m, 8H), 0.89 (t, J = 6.5 Hz, 3H); *C NMR (101 MHz, CDCls)
0 164.8, 154.7, 138.5, 134.6, 132.5, 131.0, 128.5, 127.2, 74.9, 74.6, 44.3, 31.6, 31.5, 29.7, 29.0,
252, 22.5, 14.0; HRMS (ESI, m/z): caled for C;sH2,CIsNNaO,", [M + Na'], 513.9884, found
513.9873.
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S
0 Fe(OTf), (30 Mol %) 1) p-TsOHeH,0 1 eq o] |
~

2 L1(30mol % ). 40 0 0 o)
CHine A + Clgc/\oJ\r}rOR ( )y _THEHO@E1),4°C Can\/Kj/(NH NN
H CHCl>/MeCN (30:1)  2) LiOH 2.5 eq, rt NN N~
2c 4AMS,0°C,c=0.03 THF/MeOH/H,0 (2:2:1) S31 Me" Me
49% for 3 steps Me

L1 Me

By following the typical hydrolysis procedure, the crude products can also be converted to the

corresponding oxazolidinone S31 in decent combined yield.

O
O

CsHﬂ\/k/NH

s31
5-Hexyloxazolidin-2-one (S31): compound S31 was isolated through a silica gel flash column
(hexanes/acetone: from 10:1 to 2:1) as a white foam (33.5 mg, 49% yield). IR vpax (neat)/cm™:
2927 (m), 2856 (w), 1745 (s), 1489 (w), 1264 (w), 1239 (m), 1077 (m); '"H NMR (400 MHz,
CDCls) 6 6.04 (brs, 1H), 4.73 — 4.56 (m, 1H), 3.68 (dd, J=11.2, 5.4 Hz, 1H), 3.25 (t, J= 7.8 Hz,
1H), 1.86 — 1.75 (m, 1H), 1.72 — 1.59 (m, 1H), 1.53 — 1.43 (m, 1H), 1.42 — 1.24 (m, 7H), 0.90 (t,
J = 6.9 Hz, 3H); °C NMR (101 MHz, CDCl5) & 160.3, 77.2, 46.0, 34.9, 31.6, 28.9, 24.6, 22.5,
14.0; HRMS (ESI, m/z): calcd for CoH sNO," [M + H'], 172.1332, found 172.1324.
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D. Procedure for the Iron-Catalyzed Asymmetric Olefin Amino-Oxygenation

a. Discovery of Chiral Ligands for Asymmetric Induction
2
Fe(NTf,); (15 mol %) OR
, Trooy[OR? __chiralligand (15 mol %) C@_NHTFOC
H CHCI3/MeCN (20:1),
6 2c 4AMS, c=01, -30°C 7

R? : 2,4-Cly-benzoyl

s ~ o
N N N N N
. % :
Pr Pr ‘Bu ‘B Ph

2
L8 L9 Y L10 Ph

A
| D (o} | o)
Phe” NN b NN
l |y N N
~S,N N\) "
%
h L4

Ph L11 P
entry ligand isolated yield ee
1 L8 39% 33%
2 L9 35% 40%
3 L10 42% 56%
4 L11 48% 51%
5 L4 71% 81%

Ligand L4 was synthesized according to a known procedure."’

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(NTf;),
(36.9 mg, 0.06 mmol) and a chiral ligand (0.06 mmol). After the vial was evacuated and
backfilled with N, for three times, anhydrous CHCI; (0.8 mL) and MeCN (0.2 mL) were added
via a syringe and the mixture was stirred at room temperature for 20 min. To another flame dried
2-dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg)
and 2¢ (152.4 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CHCI; (3.0 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then indene 6 (55.9 pL, 0.48
mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe pump over
30 min to vial B at -30 °C. The reaction was kept stirring at the same temperature for another 30
min. The reaction was quenched with saturated NaHCOj; aqueous solution (2 mL) and stirred

vigorously for additional 10 min. The organic layer was separated and the aqueous phase was
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extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were
dried over anhydrous Na,SO4 and concentrated in vacuo. The product 7 was isolated through a
silica gel flash column and analyzed through chiral HPLC columns. The results are listed in the

table.

When chiral Ligand L4 was applied, the product 7 was isolated through a silica gel flash column
(hexanes/acetone: from 50:1 to 6:1) as a white solid (141.3 mg, 71% yield). [a]p”" = -60.1 (c 1.0,
CHCIls). The ee was measured by Chiral HPLC analysis (Chiral S.S. Whelk, 1.0 mL/min, 254 nm, 5%
EtOH in hexanes, t; (minor) = 20.66 min, t, (major) = 24.88 min, 81% ee).

Racemic sample

[] DAD1 B, Sig=254,16 Ref=off (DLU-X-121 2014-07-15 19-27-01\073-0501.D)

mAU 2 ) Iy ©
w o) 5] o
s g0 &
10 V‘\ "?"Q‘P
5 ' I /o
/i
0 o / - - o = = - e
o s T T T T T T T T s T T T T i
Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
e [l [ s i —— [ = e e |
1 20.659 MM 1.0946 1280.40137 19.49595 50.0340
2 24.877 MM 0.9894 1278.66064 21.53968 49.9660
Totals : 2559.06201 41.03563
Enantio-enriched sample (81% ee)
| DAD1 B, Sig=254,16 Ref=off (DLU-X-121 2014-07-15 19-27-01\071-0201.D)
mAU I3 ©
E I Fid
; Ao
150 f #@‘P
100 ® ||
] 3 &/
4 o 0 1
50 ?}@b /’ \
[ S — - — i N - _J,-"i/ \;ﬁ_|.-_ \__'_
0 5 10 15 20 25 30 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== | ====|======- [========== [========-= [ ======== |
1 21.034 MM 1.0183 1332.88940 21.81666 9.5510
2 25.190 MM 0.9740 1.26226e4 216.00296 90.4490
Totals : 1.39555e4 237.81962

S44



b. Derivatization of 7

OR? OH
@—NHTroc LIH“» @[&—NHTroc
THF, -20 °C
7 8
dr>20:1 85% vyield, dr > 20:1

81% ee 81% ee

R?: 2,4-Cl,-benzoyl

By following the aforementioned LiAlH4 reductive procedure, compound 7 can be selectively

converted to 2-amino-1-indanol 8 without erosion of its dr and ee (85% yield). [o]p”" = +23.2 (¢

1.0, CHCI3); The ee was determined by Chiral HPLC analysis (Chiral S.S. Whelk, 1.0 mL/min, 265

nm, 15% EtOH in hexanes, t; (major) = 12.24 min, t, (minor) = 16.74 min,

81% ee).

The absolute chemistry was determined by comparison of the rotation data of 2-amino indanol

obtained after zinc dust reduction with literature precedent.”

OH

OH
@E&_NH Zn, KH,PO,
}—O\_ THF/H,0, 1t NH;
g O CCl,  77% S14

[¢]p2° = +40.2 (c 1.0, CHCIy)

Racemic sample

[ *DAD1, Sig=265.00, 5.00 Ref=off, EXT of 074-0301.D

mAU - ,.\'\ o @'b:
] ﬁ & s &
15 R e
] | [¥€
10 [ [\
55 : “\‘ \ \,
D B . . L -ll..‘ —
0 5 10 15 0 25 min
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s] [mAU]
e e | === R | === | == |
1 12.235 MF 0.8602 1023.76611 19.83623 50.5412
2 16.735 FM 1.1484 1001.84143 14.53924 49.4588
Totals : 2025.60754 34.37547

Enantio-enriched sample (81% ee)
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*DAD1, 5ig=265.00, 5.00 Ref=off, EXT of 091-0201.D

mAU ® 2
E i Nal
E oo
256+ |‘ ";@'P'
20 | ¥
E [ N
153 \ o
104 [ 3 &
E | \ s o
59 s rl AN 9\;&
03 — . ~ S~ - B
0o s - o 4 T 25 " i
Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU]
e | | o= | susaeus [ mm——— | === | Smsmam—— |
1 12.185 MM 0.8342 1614.19958 32.24887 90.479¢6
2 l6.664 MM 1.0289 169.84776 2.75140 9.5204
Totals : 1784.04735 35.00026

¢. Asymmetric Amino-Oxygenation of 2,3-Dihydrofuran

CF =
0 Fe(NTf,), (15 mol %) 3 o | 5
N+~ or L4 (15 mol %) HN N Y,
FCT 0T N > o N Ni.
& H CH,Cl,/MeCN (20:1), ,
9 2d 4A MS, -40°C, ¢ = 0.07 OR 10 3

R2: 2,4-Cl,-benzoyl
53% yield,

dr> 20:1, 57% ee
To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(NTf;),
(36.9 mg, 0.06 mmol) and L4 (23.6 mg, 0.06 mmol). After the vial was evacuated and backfilled
with N; for three times, anhydrous CH,Cl, (0.7 mL) and MeCN (0.3 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 2-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg)
and 2d (132.8 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (5.0 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then 2,3-dihydrofuran 9 (60.4 uL,
0.80 mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe pump
over 30 min to vial B at -40 °C. The reaction was kept stirring at the same temperature for

another 2 h. The reaction was quenched with saturated NaHCO3 aqueous solution (2 mL) and
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stirred vigorously for additional 10 min. The organic layer was separated and the aqueous phase
was extracted with CH,Cl, (2 mL % 2) and EtOAc (2 mLx 2). The combined organic layers were

dried over anhydrous Na,SO, and concentrated in vacuo.

10 was isolated through a silica gel flash column (hexanes/EtOAc: from 20:1 to 4:1) as a white
solid (85.2 mg, 53% yield). [a]p>’ = -74.0 (¢ 1.0, CHCL3). The ee was measured by Chiral HPLC
analysis (Chiral S.S. Whelk, 1.0 mL/min, 210 nm, 15% EtOH in hexanes, t; (minor) = 11.74 min, t;
(major) = 17.97 min, 57% ee).

Racemic sample

[ ] *DAD1, Sig=210.00, 5.00 Ref=off, EXT of 004-0301.D

mAU ] °
i ¥
300 1 g _g?
250 | ~ &
200 H F~
150 J| f
100 [ /'l
50 /| J |
otTF—ro __|/" e L :
0 I ‘ I é ‘ I 1|D I I 1I5 I ' 25 I ' ‘ ‘ 2l5 ‘ ‘ ‘ ‘ min
Peak RetTime Type Width Area Height Area
4 [min] [min] [mAU*s] [mAU]
e e e [E=tasimi=mmis |mRimmEa e B e s e R |
1 11.743 BB 0.2681 6352.02979 346.15771 49.9235
2 17.970 MM 0.5188 6371.49463 204.66739 50.0765
Totals : 1.27235e4 550.82510
Enantio-enriched sample (57% ee)
[ *DAD1, Sig=210.00, 5.00 Ref=off, EXT of 062-0201.D
mAU ] “
: o : Y
300 5 T,Jq:]' ﬁ}:»‘éb'
200 Fv‘aﬁ [
] f |
100 ;‘ / |
0_:7 - ,RJ.,J"I. A B |// ‘\‘ S 1.// \ S
Y T
0o - s - 0 s - 20 25 - mini
Peak RetTime Type Width Area Height Area
f [min] [min] [MAU*s] [mAU] %
el o e |===si==mEs= e |e==s=a=es === |
1 11.767 MM 0.2962 3228.19604 181.66481 21.5851
2 17.655 MM 0.4889 1.17275e4 399.77057 78.4149
Totals : 1.49557e4 581.43538

S47



E. Mechanistic Studies of the Iron-Catalyzed Intermolecular Olefin Amino-Oxygenation
a. Evaluation of N-Ac and N-Me Protected Acyloxyl Carbamates in the Iron-Catalyzed

Olefin Amino-Oxygenation

(@]
(0]
AcCl, DMAP )I\ 2
,OR2 N -OR
CI3C/\O)kN NEt3 CH,Cly CkC™ "0 N
2c H 0 °C, 65% 11 Ac

R? : 2,4-Cly-benzoyl
Acyloxyl carbamate 2¢ (191 mg, 0.5 mmol) was dissolved in CH,Cl, (3 mL) with DMAP (1.2
mg, 0.01 mmol) and the mixture was cooled to 0 °C. To the above solution, acetyl chloride (43
uL, 0.6 mmol, dissolved in 1mL CH,Cl,) and TEA (83 pL, 0.6 mmol, dissolved in 1mL CH,Cl,)
were added drop-wise at the same time. The reaction was kept stirring and monitored by TLC.
After 2¢ was consumed, the white precipitate was removed by filtration and the filtrate was
concentrated in vacuo. The residue was subsequently purified through a silica gel flash column
(Hexanes/EtOAc: from 30:1 to 5:1) to afford 11 as colorless oil (133 mg, 63% yield).
0
CI3C/\O/U\I}I’OR2

11 Ac
R2 : 2,4-Cly-benzoyl

2,2,2-Trichloroethyl acetyl((2,4-dichlorobenzoyl)oxy)carbamate (11): IR vy, (neat)/cm™:
3192, 3056, 2973, 1790 (s), 1765 (s), 1740 (s), 1583, 1375, 1295 (s), 1226 (s), 1125 (s), 1074,
1006, 956; '"H NMR (400 MHz, CDCl;) & 8.03 (d, J = 8.4 Hz, 1H), 7.56 (s, 1H), 7.39 (d, /= 8.4
Hz, 1H), 4.88 (s, 2H), 2.68 (s, 3H); °C NMR (101 MHz, CDCls) & 165.7, 161.0, 149.8, 140.3,
136.2, 133.1, 131.4, 127.3, 123.9, 93.6, 76.1, 24.8; HRMS (ESI, m/z): calcd for C;2HoCIsNOs"
[M+H'], 421.8918, found 421.8899.

0 0}
Mel 2
X R2 —_— A\ )]\ .OR
CI3C/\O/U\N © NEG, 0o Clc” 07N
2c THF, 73% 12 Me

R? : 2,4-Cly-benzoyl
Acyloxyl carbamate 2¢ (191 mg, 0.5 mmol) was dissolved in THF (3 mL) with iodomethane (51
uL, 1 mmol) and the mixture was cooled to 0 °C. After addition of TEA (70 uL, 0.5 mmol), the
reaction was then warmed up to room temperature gradually and kept stirring for another 5 h.
The reaction mixture was quenched by 0.5 mL EtOH and concentrated in vacuo and the residue
was purified through a silica gel flash column (Hexanes/EtOAc: from 30:1 to 7:1) to afford 12 as
colorless oil (144 mg, 73% yield).
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X
2
o N,OR
12 Me
R? : 2,4-Cl,-benzoyl

cle™

2,2,2-Trichloroethyl (2,4-dichlorobenzoyl)oxy(methyl)carbamate (12): IR Vi, (neat)/cm™:
2982 (w), 1782 (m), 1732 (s), 1583 (m), 1373 (m), 1231 (s), 1160, 1074, 1041, 982; 'H NMR
(400 MHz, CDCl3) 6 7.90 (d, J = 8.4 Hz, 1H), 7.54 (s, 1H), 7.37 (dd, J= 8.4, 1.7 Hz, 1H), 4.81 (s,
2H), 3.50 (s, 3H); >C NMR (101 MHz, CDCl3) & 162.3, 153.7, 139.8, 135.6, 132.7, 131.2, 127.3,
125.1, 94.6, 75.6, 38.0; HRMS (ESI, m/z): caled for C;HoCIsNO, [M + H'], 393.8969, found
393.8951.

0] 2
o Fe(OTf), (10 mol%) < —\ OR? |
CCl
L1 (10 mol%) S\ 3 ML _N_o_cc
AN ~ A, oR? » N Ph Ll
U CH,Cly/MeCN (20:1)  Ph * \g/
1 2c H 4AMS, -15°C, ¢ = 0.1 3c 4c
1.1 eq R2: 2,4-Cly-benzoy!
1% 12%
o Fe(OTf), (10 mol%)
L1 (10 mol%) no reaction and
A ~ AL or? >
Ph™™S * Cl,C” "O07 N CH,Cl,/MeCN (20:1) full recovery of 11
1 11 Ac 4AMS, -15°C, ¢ = 0.1
11eq
| X
) Fe(OTf), (10 mol%) Oy NN O
2 L1 (10 mol%) no reaction and N N\k
Ph/\ + CIBC/\OJJ\N,OR : Me‘“%/ ""'Me
) CH,Cl,/MeCN (20:1) full recovery of 12 Me L1 Me
1 12 Me  4AMSs,-15°C, c=0.1
1.1eq
0 Fe(OTf), (10 mol%) j\
L1 (10 mol%) ~ _OTs
Ph/\ + Clsc/\O)J\N,OTS —> ClsC o l}l
. CH,Cl,/MeCN (20:1) A
1 s32 M 4AMS, -15°C, ¢ =0.1 ., 532
11 eq >90% recovery

11, 12 and Tosyloxyl carbamate S32 were evaluated under the optimized reaction condition.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf), (7.1
mg, 0.02 mmol) and L1 (5.5 mg, 0.02 mmol). After the vial was evacuated and backfilled with
N, for three times, anhydrous CH,Cl, (0.5 mL) and MeCN (0.1 mL) were added via a syringe
and the mixture was stirred at room temperature for 30 min. To another flame dried 2-dram vial
(vial B) equipped with a stir bar were added activated 4A molecular sieves (50 mg) and potential
amino-oxygenation reagents (0.22 mmol). The vial was also was evacuated and backfilled with
N; for three times and then anhydrous CH,Cl, (1.4 mL) was added via a syringe. Both vials were

degassed with brief evacuation and backfilling with N, twice. Then, freshly distilled styrene (23
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uL, 0.2 mmol) was added to vial B and the catalyst solution in vial A was added with a syringe
pump over 30 min to vial B at -15 °C. The reaction was kept stirring at the same temperature for

another 30 min.
Both 11 and 12 were fully recovered (>95% recovery) under this condition. S32 was also
recovered with a good mass balance (>90% recovery).

b. Evaluation the Reactivity of a Cyclopropyl-Substituted Olefin

Fe(OTf), (10 mol %)

5 L1 (10 mol %) A Py
iy ~ A or > )W\ o+ iy, A~
Ph 2+ FC” 707 N CH,Cl,/MeCN (30:1)  Ph N~ 07 CFs Ph CH 0" "CFs
13 2d H 4 AMS, -40 °C 14 15 OR
¢=0.07 42% R2 : 2,4-Cly-benzoyl 23%
| S
o) O
T NoY
N N—,
Me™ “Me
Me L1 Me

A vinylcyclopropane substrate was evaluated in order to determine whether a radical species is
involved in the amino-oxygenation. trans-2-Phenyl-1-vinylcyclopropane 13 was synthesized
according to a literature procedure.”!

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf), (7.1
mg, 0.02 mmol) and L1 (5.5 mg, 0.02 mmol). After the vial was evacuated and backfilled with
N, for three times, anhydrous CH,Cl, (0.5 mL) and MeCN (0.1 mL) were added via a syringe
and the mixture was stirred at room temperature for 20 min. To another flame dried 2-dram vial
(vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg) and 2d
(66.4 mg, 0.20 mmol). The vial was also was evacuated and backfilled with N, for three times
and then anhydrous CH,Cl, (2.4 mL) was added via a syringe. Both solutions were degassed
with brief evacuation and backfilling with N, twice. Then, trans-2-phenyl-1-vinylcyclopropane
13 (34.6 mg, 0.24 mmol) was added to vial B and the catalyst solution (vial A) was added by a
syringe pump over 30 min to vial B at -40 °C. The reaction was kept stirring at -40 °C for
another 30 min. The reaction was quenched with saturated NaHCO; aqueous solution (2 mL) and
stirred vigorously for additional 10 min. The organic layer was separated and the aqueous phase

was extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were
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dried over anhydrous Na,SO4 and concentrated in vacuo. Direct amino-oxygenation product 15

and ring opening product 14 were isolated in good combined yield (23% and 42%, respectively).

OR? o]
Ph)\/\M/\HJ\O/\Cﬁ
R? : 2,4-Cl,-benzoyl
(E)-1-Phenyl-5-(((2,2,2-trifluoroethoxy)carbonyl)amino)pent-3-en-1-yl 2,4-
dichlorobenzoate (14): product 14 was purified through a flash column (silica gel,
hexanes/EtOAc, from 50:1 to 6:1) as colorless oil (40.0 mg, 42% yield). IR Vmax (neat)/cm™:
3352 (w), 2916 (w), 2846, 1722 (s), 1585, 1517, 1376, 1279 (s), 1241(s), 1163(s), 1100 (m),
1047 (m), 969 (m); "H NMR (400 MHz, CDCl3) & 7.83 (d, J = 8.4 Hz, 1H), 7.50 (s, 1H), 7.47 —
7.30 (m, 6H), 6.04 (t, J = 6.7 Hz, 1H), 5.71 — 5.47 (m, 2H), 4.84 (s, 1H), 4.45 (q, J = 8.5 Hz,
2H), 3.76 (t, J = 5.5 Hz, 2H), 2.87 — 2.74 (m, 1H), 2.74 — 2.63 (m, 1H); >*C NMR (101 MHz,
CDCl) 6 164.0, 139.2, 138.5, 134.9, 132.6, 131.1, 129.3, 128.6, 128.3, 128.0, 127.1, 126.6,
123.1 (q, J = 277.5 Hz), 60.9 (q, J = 36.6 Hz), 42.9, 39.3; "’F NMR (376 MHz, CDCl3) & -74.34

(t,J= 8.5 Hz); HRMS (ESI, m/z): Co;H;7CLLFsNO, [M - H'], 474.0492, found 474.0487.
(0]

A K N “CF,

N7 O
15 OR2 M

Ph

R? : 2,4-Cl,-benzoyl
2-Phenylcyclopropyl-2-(((2,2,2-trifluoroethoxy)carbonyl)amino)ethyl 2,4-dichlorobenzoate
(15): product 15 was purified through a flash column (silica gel, hexanes/EtOAc, from 50:1 to
6:1) as colorless oil (21.8 mg, 23% yield). IR Vi (neat)/cm™: 2921 (m) , 1727 (s), 1585, 1522,
1375, 1282 (s), 1241, 1168 (s), 1100, 1050; '"H NMR (400 MHz, CDCl3) & 7.84 (d, J = 8.3 Hz,
1H), 7.53 (s, 1H), 7.36 (d, /= 8.4 Hz, 1H), 7.33 — 7.28 (m, 2H), 7.21 (t, /= 7.3 Hz, 1H), 7.09 (d,
J=7.6 Hz, 2H), 5.21 (t, J = 5.5 Hz, 1H), 4.86 (td, J = 8.3, 4.2 Hz, 1H), 4.53 — 4.41 (m, 1H),
4.40 — 4.29 (m, 1H), 3.81 — 3.69 (m, 1H), 3.66 — 3.54 (m, 1H), 2.08 — 1.98 (m, 1H), 1.47 — 1.38
(m, 1H), 1.14 — 1.07 (m, 1H); >C NMR (101 MHz, CDCls) & 164.7, 154.4, 141.0, 138.6, 134.7,
132.6, 131.1, 128.5, 128.3, 127.2, 126.2, 125.9, 123.0 (q, J = 277.4 Hz), 60.9 (q, J = 36.6 Hz),
44.7,29.7,24.2,21.4, 14.1; ’F NMR (376 MHz, CDCl3) § -74.33 (t, J = 8.5 Hz); HRMS (ESI,
m/z): Co1H7C1LF3NO,- [M - H'], 474.0492, found 474.0496.
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¢. Evaluation of 16 that is Prone to 1,2-Hydride Shift

Me 0 Fe(ClO4), (20 mol %) OCH,CCl3 OCH,CCl,

Me 2 L1 (20 mol %) y
\Kj\ + CI3C/\O)LN’OR > N7 O + N7
Me b CH,Cl,/MeCN (20:1) \_j’:Me K(Q"Me
- o = Me
16 . 4AMS, 12 hc, c=0.07 e Ve T
18

e}

17
(26%) (12%)
X
0 | P o Me Me% NTroc Me
ﬂ,{\l N ’\}\2 . \(Q . Mejék/NHTroc
Me™] “"Me Me Me

Me L1 Me

19 20

(15%) (11%)

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(ClO4),
(20.4 mg, 0.08 mmol), L1 (21.8 mg, 0.08 mmol) and activated 4A molecular sieves (40 mg).
After the vial was evacuated and backfilled with N, for three times, anhydrous CH,Cl, (1.5 mL)
and MeCN (0.3 mL) were added via a syringe and the mixture was stirred at room temperature
for 20 min. To another flame dried 3-dram vial (vial B) equipped with a stir bar were added
activated 4A molecular sieves (200 mg) and 2¢ (152.4 mg, 0.40 mmol). The vial was also was
evacuated and backfilled with N, for three times and then anhydrous CH,Cl, (4.2 mL) was added
via a syringe. Both solutions were degassed with brief evacuation and backfilling with N, twice.
Then 2,3-dimethyl-1-butene 16 (99 uL, 0.8 mmol) was added to vial B and the catalyst solution
(vial A) was added by a syringe pump over 30 min to vial B at -15 °C. The reaction was kept
stirring at the same temperature for 1.5 h until it was completed monitored by TLC. The reaction
was quenched with saturated NaHCO; aqueous solution (2 mL) and stirred vigorously for
additional 10 min. The organic layer was separated and the aqueous phase was extracted with
CH,CIl; (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were dried over
anhydrous Na;SO4 and concentrated in vacuo.

Four products were isolated.
OCH,CCl3
N0

\_j”:Me
Mg~ Me

17
5-iso-Propyl-5-methyl-2-(2,2,2-trichloroethoxy)-4,5-dihydrooxazole (17): compound 17 was
purified through a flash column (silica gel, hexanes(buffered with 1% TEA)/EtOAc from 50:1 to

10:1) as colorless oil (28.6 mg, 26% yield). IR vpax (neat)/cm™: 2967 (w), 2876 (w), 1689 (s),
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1449 (w), 1396 (m), 1333 (m); 'H NMR (400 MHz, CDCl3) & 4.90 — 4.77 (m, 2H), 3.68 (d, J =
12.7 Hz, 1H), 3.42 (d, J = 12.7 Hz, 1H), 2.05 — 1.88 (m, 1H), 1.40 (s, 3H), 0.98 (t, J = 5.5 Hz,
3H), 0.95 (d, J = 6.8 Hz, 3H); '*C NMR (101 MHz, CDCls) § 160.5, 94.3, 92.2, 79.1, 60.4, 36.2,
22.6, 16.9, 16.8; HRMS (ESI, m/z): caled for CoH;sCLNO," [M + H'], 274.0163, found

274.0154.

OCH,CCl,
NZ 0

e
Me
Me
18

5,6,6-Trimethyl-2-(2,2,2-trichloroethoxy)-5,6-dihydro-4H-1,3-0xazine (18): compound 18
was purified through a flash column (silica gel, hexanes(buffered with 1% TEA)/EtOAc from
50:1 to 10:1) as colorless oil (13.2 mg, 12% yield). IR Vi, (neat)/em™: 2977 (w), 1686 (s), 1456
(w), 1370 (m), 1279 (s), 1199 (m); "H NMR (400 MHz, CDCl;) & 4.83 — 4.65 (m, 2H), 3.38 (dd,
J=15.7,5.3 Hz, 1H), 3.06 (dd, J=15.7, 10.2 Hz, 1H), 1.90 — 1.77 (m, 1H), 1.42 (s, 3H), 1.25 (s,
3H), 0.95 (d, J = 6.9 Hz, 3H); *C NMR (101 MHz, CDCl3) & 151.7, 95.2, 82.1, 76.5, 47.8, 35.6,
27.1, 20.5, 13.4; HRMS (ESL, m/z): caled for CoH;sCIzNO," [M + H'], 274.0163, found
274.0154.

Me
Me\(@{}\lTroc

Me

19

2,2,2-Trichloroethyl 2-isopropyl-2-methylaziridine-1-carboxylate (19): compound 19 was
purified through a flash column (silica gel, hexanes(buffered with 1% TEA)/EtOAc from 50:1 to
10:1) as colorless oil (16.5 mg, 15% yield). IR vimax (neat)/em™: 2922 (w), 1727 (s), 1378 (m),
1305 (m), 1226 (s), 1135 (m); '"H NMR (400 MHz, CDCl;) & 4.78 (q, J = 11.9 Hz, 2H), 2.23 (d,
J = 3.7 Hz, 2H), 1.56 — 1.45 (m, 1H), 1.07 (d, J = 6.8 Hz, 3H), 1.00 (d, J = 6.9 Hz, 3H); "°C
NMR (101 MHz, CDCls) 6 160.3, 95.1, 75.5, 48.9, 38.1, 34.7, 18.5, 18.2, 15.8; HRMS (ESI,
m/z): caled for CoH sCINO," [M + H'], 274.0163, found 274.0155.

Me

Me — NHTroc

Me
20
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2,2,2-Trichloroethyl (2,3-dimethylbut-2-en-1-yl)carbamate (20): compound 20 was purified
through a flash column (silica gel, hexanes(buffered with 1% TEA)/EtOAc from 50:1 to 10:1) as
colorless oil (12.1 mg, 11% yield). IR viay (neat)/ecm™: 3332 (w), 2916 (w), 1714 (s), 1520 (m),
1489 (w), 1234 (s), 1135 (s); "H NMR (400 MHz, CDCls) & 4.86 (brs, 1H), 4.78 (s, 2H), 3.87 (d,
J=5.4Hz, 2H), 1.76 (s, 3H), 1.71 (s, 3H), 1.70 (s, 3H); *C NMR (101 MHz, CDCls) & 154.7,
129.8, 123.7, 95.7, 74.5, 44.0, 20.8, 20.2, 16.9; HRMS (ESI, m/z): calcd for CoH;sCL1sNO," [M +
H'], 274.0163, found 274.0154.

In order to distinguish whether or not the aziridine 19 is the intermediate en route to compounds
17, 18, or 20, we subjected the aziridine 19 to the reaction condition and two other relevant

conditions and did not observe its conversion to 17, 18, or 20.

€(ClOg4),0xH50 (20 mol %)

L1 (20 mol %
NTroc COOH ( t) ®»  no reaction and recovery of 19
CH,Cl,/MeCN (20:1)

4AMS,0°C,c=0.07

1.0 equiv 2h
Me Fe(ClO4)29xH20 (20 mol %)
Me. ZeNTroc L1 (20 mol %) )
W/Q > no reaction and recovery of 19
CH,Cl,/MeCN (20:1)
Me 4AMS,0°C, c=0.07
19 2h

CH,Cl,/MeCN (20:1)
4 AMS, 0°C, ¢ =0.07

Me Cl
2h
Mew}’ﬁ\l Troc /©/COOH ®»  no reaction and recovery of 19
+
Cl

Me
19 1.0 equiv

d. Iron-Catalyzed Amino-Oxygenation of Isomeric f-Methyl Styrenes

o Fe(OTf), (20 mol %) 0" CFs
2 L2 (20 mol %
oy Me FSC/\O)L'}‘,OR . CI(/M o °:.1= o . PY e
& 2Clp/MeCN (4:1) H 3 s

'““O

s33 2d 4AMS,0°C,c=02 ptigz,Me S35 o)
R2: 2,4-Cly-benzoyl
59%, dr > 20:1 16%, dr = 8.2:1
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nm O

0 Fe(OTf), (20 mol %) O/\CF3
20 T C/\OJ\N’ORZ L2 (20 mol %) )§
—_—_—.
3
Me H CH,Clo/MeCN (4:1) )—/ \F

S36 2d 4AMS,0°C,c=02 Phg3gMe 335
R?: 2,4- C|2 -benzoyl
48%,dr=2.31  22%, dr =4.5:1

Both trans and cis f-methylstyrene are commercially available and they were distilled before
usage.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(28.3 mg, 0.08 mmol) and L2 (22.2 mg, 0.08 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (0.7 mL) and MeCN (0.5 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 2-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg)
and 2d (132.8 mg, 0.40 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (0.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, frans- (S33) or cis-B-methyl
styrene (S36) (94.6 mg, 0.8 mmol) was added to vial B and the catalyst solution (vial A) was
added by a syringe pump over 30 min to vial B at 0 °C. The reaction was kept stirring at the
same temperature until it was completed (another 1.5 h for trans and 2.5 h for cis). The reaction
was quenched with saturated NaHCO; aqueous solution (2 mL) and stirred vigorously for
additional 10 min. The organic layer was separated and the aqueous phase was extracted with
CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The combined organic layers were dried over

anhydrous Na,SO,4 and concentrated in vacuo.

S34a

anti-4-Methyl-5-phenyl-2-(2,2,2-trifluoroethoxy)-4,5-dihydrooxazole =~ (S34a): compound
S34a was isolated through a silica gel flash column (hexanes (buffered with 1% TEA)/acetone:
from 50:1 to 10:1) from the reaction of frans-f-methyl styrene as colorless oil (61.2 mg, 59%
yield); IR Vimax (neat)/cm™: 2967 (w), 1761 (s), 1421 (m), 1345 (m), 1264 (s), 1166 (s); 'H NMR
(400 MHz, CDCl3) 6 7.48 — 7.30 (m, 5H), 5.16 (d, J= 7.5 Hz, 1H), 4.67 (q, J = 8.0 Hz, 2H), 4.04
(p, J= 6.7 Hz, 1H), 1.41 (d, J= 6.5 Hz, 3H); °C NMR (101 MHz, CDCl5) & 160.5, 138.8, 128.9,
126.7, 125.6, 122.5 (q, J = 277.6 Hz), 90.5, 67.7, 66.2 (q, J = 37.1 Hz), 21.6; '°’F NMR (377
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MHz, CDCls) & -74.26 (t, J = 8.2 Hz); HRMS (ESI, m/z): calcd for C;H3F3NO," [M + H'],
260.0893, found 260.0882.
The relative stereochemistry of S34a and S34b was determined through NOE analysis for both

diastereomers.

O"CF;

0" N
(a)H'"H"Me(C)

weak H(a) H(b) H()

o L b D ppm

H(c) L1
) strong  « g F

() weak 1 4

—_ a

A I I I I I I I I I I I I I I
75 7.0 65 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 ppm

For the major (anti) diastereomer S34a: H(a) demonstrates a strong NOE with H(c), while it has
a very weak NOE with H(b).

0" CF,
A

O N

~

Ph Me
S34b
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(a)Hun ||||H(b)
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stronglC Ph H(a) H(b) H(c)
’tJ , N T I ppm
weak E
stron ko
Hic) | ) 3
) C » +4 fq
4 strong weak + .
4‘ 4
| -2
£3
¥ o
4
Hb) L & . } ‘
-: strong s : E
5
H(a) — Fe
Ph 07
—= &1 f
-8
e S . . —
8 7 6 5 4 3 2 1 0 ppm

syn-4-Methyl-5-phenyl-2-(2,2,2-trifluoroethoxy)-4,5-dihydrooxazole (S34b): compound S34b
was isolated through a silica gel flash column (hexanes (buffered with 1% TEA)/EtOAc: 50:1 to
5:1) from the reaction of cis-f-methyl styrene as colorless oil (15.1 mg, 14% yield); IR vyax
(neat)/cm™: 2968 (w), 1761 (s), 1421 (m), 1343 (m), 1264 (s), 1167 (s); 'H NMR (400 MHz,
CDCls) 6 7.45 —7.31 (m, 3H), 7.31 — 7.19 (m, 2H), 5.84 (d, /= 9.1 Hz, 1H), 4.76 — 4.59 (m, 2H),
4.45 (dq, J = 13.9, 6.9 Hz, 1H), 0.79 (d, J = 6.9 Hz, 3H); °C NMR (101 MHz, CDCl;) & 161.2,
135.7, 128.4, 128.2, 125.8, 122.5 (d, J = 277.3 Hz), 86.3, 66.2 (q, J = 37.1 Hz), 62.7, 18.2; °F
NMR (377 MHz, CDCl) § -74.25 (t, J = 8.2 Hz; HRMS (ESI, m/z): calcd for C;,H 3F3NO," [M
+Na'], 260.0893, found 260.0887;

For the minor (syn) diastereomer S34b: H(a) has a strong NOE with H(b), while the effect
between it and H(c) is relatively weak. In addition, strong NOE is also observed between H(c)
and protons in the aromatic region.

OR?

iM
Ph ©

HN
S35 \n/

(0]
R2: 2,4-Cly-benzoyl

O._CF3
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anti-1-Phenyl-2-(((2,2,2-trifluoroethoxy)carbonyl)amino)propyl 2,4-dichlorobenzoate (S35):
compound S35 was isolated through a silica gel flash column (hexanes (buffered with 1%
TEA)/acetone: from 50:1 to 10:1) from the reaction of trans-f-methyl styrene as colorless oil
(major diastereomer, 32.0 mg, 16% yield); IR vpax (neat)/em™: 3352 (w), 2977 (w), 1719 (s),
1585 (m), 1520 (m), 1279 (m), 1163 (s); "H NMR (400 MHz, CDCl5) & 7.93 (d, J = 8.4 Hz, 1H),
7.52 (d, J=1.6 Hz, 1H), 7.44 — 7.29 (m, 6H), 6.13 (d, /= 3.3 Hz, 1H), 5.12 (d, /= 9.0 Hz, 1H),
4.57 —4.39 (m, 2H), 4.39 — 4.24 (m, 1H), 1.21 (d, J = 6.9 Hz, 3H); °C NMR (101 MHz, CDCls)
0 163.9, 153.8, 138.8, 136.0, 134.9, 133.1, 131.2, 128.6, 128.5, 127.8, 127.2, 126.6, 79.0, 50.9,
15.7; "F NMR (377 MHz, CDCls) & -74.25 (t, J = 8.5 Hz); HRMS (ESI, m/z): calcd for
C19H4C1,FsNNaO4" [M + H'], 472.0301, found 472.0281.

Determination of the Relative Stereochemistry of S35

The relative stereochemistry of $35 was determined by comparison of the '"H NMR data of its
derivative with known compounds S37a and S37b.**** The oxazolidinone derived from S35 fits
S37b through 'H NMR analysis; therefore, the relative stereochemistry of S35 was determined to

be anti.

OR® O
Ph/-\( Me LIOH, 0 °C _ oK

HN\H/O\/CF3 THF/MeOHMH,0 PR
$35 (2:2:1),5h Me

R2: 2,4-Cly-benzoyl S37b
O O O
O/« 0/4 OJ(
)\/NH \|\/NH \|\/NH
P % Ph % PR %
s37a sa7b"® Me
(Literature Data)* (Literature Data)™ (hydrolysis product obtained
from S35)
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'H NMR 6 7.5-7.3 (m, 5H), 6.41 6 7.35 (m, SH), 6.40 0 7.43 —7.27 (m, 5SH),
(400 MHz, | (brs, 1H),5.04 (d,J= (bs, 1H), 5.71 (d,J= | 5.72(d,J=7.9 Hz, 1H),
CDCl): 7.3 Hz, 1H), 3.84 (p,J= | 8.0, 1H), 4.21 (m, 5.50 (br s, 1H), 4.20 (p,
4 x6.3Hz 1H),1.39(d, | 1H),0.81(d,J=6.5, |J=6.7Hz, 1H), 0.81 (d,
J=6.2 Hz, 3H) 3H). J=6.5Hz, 1H).
e. Evaluation of the Electronic Effect in the Styrene Amino-oxygenation
OCHZCCI3
standard
/@/\ , 9 Condition /©/k/ /@)\/NHTFOC
X
(<5%), X: MeO $40 (80%), X: MeO
sss( 8%), X: Me $39 (38%), X: Me
3(71%), X: H 4 (12%), X: H
o Fe(OTf) (10 mol %) o0 S
A - )j\ _OR? L1 (10 mol %) - CCI3 _
AT T el cTOT N CH,Cl,/MeCN (20:1) /o'\’f )\’ N ~-CCh Oy N
2 1 4AMs -15°C.c=01 AT o s39 o e T N~y e
Ar : 4-Me-phenyl R2: 2,4-Cly benzoyl Me L1 Me
38% 38%

4-Methyl styrene was commercially available and it was distilled before usage.

To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf),
(14.2 mg, 0.04 mmol) and L1 (10.9 mg, 0.04 mmol). After the vial was evacuated and backfilled
with N, for three times, anhydrous CH,Cl, (1.0 mL) and MeCN (0.2 mL) were added via a
syringe and the mixture was stirred at room temperature for 20 min. To another flame dried 3-
dram vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg)
and 2¢ (167.6 mg, 0.44 mmol). The vial was also was evacuated and backfilled with N, for three
times and then anhydrous CH,Cl, (2.8 mL) was added via a syringe. Both solutions were
degassed with brief evacuation and backfilling with N, twice. Then, 4-methyl styrene (52.7 pL,
0.40 mmol) was added to vial B and the catalyst solution (vial A) was added by a syringe pump
over 30 min to vial B at -15 °C. The reaction was kept stirring at the same temperature for
another 30 min. The reaction was quenched with saturated NaHCO; aqueous solution (2 mL)
and stirred vigorously for additional 10 min. The organic layer was separated and the aqueous
phase was extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The combined organic

layers were dried over anhydrous Na,SO4 and concentrated in vacuo.
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o ,\(N CCly

Me $38
5-(p-Tolyl)-2-(2,2,2-trichloroethoxy)-4,5-dihydrooxazole (S38): compound S38 was purified
through a flash column (silica gel, hexanes(buffered with 1% TEA)/acetone from 50:1 to 10:1)
as colorless oil (46.9 mg, 38% yield). IR viax (neat)/em™: 2951 (w), 2921 (m), 1667 (s), 1396 (s),
1328 (s); '"H NMR (400 MHz, CDCl3) & 7.35 — 7.16 (m, 4H), 5.71 (t, J = 8.6 Hz, 1H), 5.01 —
4.83 (m, 2H), 4.24 (dd, J = 12.4, 10.0 Hz, 1H), 3.81 (dd, J = 12.9, 7.8 Hz, 1H), 2.38 (s, 3H); °C
NMR (101 MHz, CDCls) ¢ 161.7, 138.7, 136.4, 129.5, 125.8, 94.2, 83.3, 79.5, 59.6, 21.2;
HRMS (ESL m/z): calcd for C;,H3C5NO," [M + H'], 308.0006, found 307.9999.

OR?

H
/©)\/N\H/OVCCI3
Me ©

S39
R?: 2,4-Cl,.benzoyl

1-(p-Tolyl)-2-(((2,2,2-trifluoroethoxy)carbonyl)amino)ethyl 2,4-dichlorobenzoate (S39):
compound S39 was purified through a flash column (silica gel, hexanes(buffered with 1%
TEA)/acetone from 50:1 to 10:1) as colorless oil (75.9 mg, 38% yield). IR Vmax (neat)/cm™:3352
(W), 2947 (w), 2921 (w), 1719 (s), 1953 (m), 1515 (m); '"H NMR (400 MHz, CDCl;) & 7.85 (d, J
= 8.4 Hz, 1H), 7.51 (d, /= 1.8 Hz, 1H), 7.39 — 7.30 (m, 3H), 7.22 (d, J = 7.9 Hz, 2H), 6.09 (dd, J
=7.4,4.7 Hz, 1H), 5.31 (t, J = 4.7 Hz, 1H), 4.78 — 4.69 (m, 2H), 3.86 — 3.66 (m, 2H), 2.37 (s,
3H); C NMR (101 MHz, CDCl3) & 164.0, 154.6, 138.7, 138.7, 134.9, 133.8, 132.9, 131.1,
129.6, 128.0, 127.2, 126.6, 95.5, 76.0, 74.6, 46.0, 21.2; HRMS (ESI, m/z): calcd for
C19H6C1sNNaO," [M + Na'], 519.9414, found 519.9405.

Fe(OTf), (2.5 mol %)

0 FeCl, (2.5 mol %) OR2 H | N
0,
A A~ J‘l\ LOR? L1 (5 mol %) > )\/N O_CCl3 O Z O,
r Cl;C” 07 N —> A Y 7 ONTY
h CH,Cl,/MeCN (20:1) 5 o \l
2c H  4AMS, -15°C,c=0.1 S40 e e
R? : 2,4-Cl, benzoyl Me L1 Me

Ar : 4-OMe-phenyl
80%

4-Methoxyl styrene is commercially available and it was distilled before usage.
To a flame-dried sealable 2-dram vial (vial A) equipped with a stir bar were added Fe(OTf), (3.5
mg, 0.01 mmol), FeCl, (1.3 mg, 0.01 mmol) and L1 (5.5 mg, 0.02 mmol). After the vial was

S60



evacuated and backfilled with N, for three times, anhydrous CH,Cl, (1.0 mL) and MeCN (0.2
mL) were added via a syringe and the mixture was stirred at room temperature for 20 min and
then 4-methoxyl styrene (53.9 pL, 0.40 mmol) was added to it. To another flame dried 2-dram
vial (vial B) equipped with a stir bar were added activated 4A molecular sieves (100 mg) and 2¢
(167.6 mg, 0.44 mmol). The vial was also was evacuated and backfilled with N, for three times
and then anhydrous CH,Cl, (2.8 mL) was added via a syringe. Both solutions were degassed
with brief evacuation and backfilling with N, twice. Then the solution in vial A was added by a
syringe pump over 30 min to vial B at -15 °C. The reaction was kept stirring at the same
temperature for another 30 min. The reaction was quenched with saturated NaHCO; aqueous
solution (2 mL) and stirred vigorously for additional 10 min. The organic layer was separated
and the aqueous phase was extracted with CH,Cl, (2 mL x 2) and EtOAc (2 mLx 2). The
combined organic layers were dried over anhydrous Na,SO4 and concentrated in vacuo.

OR?

H
/©)\/N\H/OVCCI3
MeO s40 ©

R? : 2,4-Cl,.benzoyl

1-(4-Methoxyphenyl)-2-(((2,2,2-trifluoroethoxy)carbonyl)amino)ethyl 2,4-dichlorobenzoate
(S40): compound S40 was isolated by flash column (silica gel, hexanes : EtOAc = 30:1 to 5:1) as
colorless oil (165.0 mg, 80% yield). IR vmay (neat)/em™:3362 (w), 2952 (w), 1724 (s), 1583 (m),
1512 (s); "H NMR (400 MHz, CDCls) & 7.84 (d, J = 8.4 Hz, 1H), 7.49 (d, J = 0.8 Hz, 1H), 7.38
(d, J=8.3 Hz, 2H), 7.32 (d, J = 8.4 Hz, 1H), 6.93 (d, J = 8.4 Hz, 2H), 6.08 (t, J = 6.1 Hz, 1H),
5.35 (t, J = 5.6 Hz, 1H), 4.78 — 4.68 (m, 2H), 3.82 (s, 3H), 3.75 (t, J = 6.1 Hz, 2H); °C NMR
(101 MHz, CDCls) 6 164.0, 159.9, 154.6, 138.7, 134.9, 132.9, 131.1, 128.8, 128.2, 127.2, 114.2,
95.5,75.8, 74.6, 55.3, 45.9; HRMS (ESI, m/z): caled for C19H;cClsNNaOs" [M + Na'], 535.9363,
found 535.9350.

F. References

€)) Ng, K.-H.; Chan, A. S. C.; Yu, W.-Y. J. Am. Chem. Soc. 2010, 132, 12862.

2) Behr, J.-B.; Chevrier, C.; Defoin, A.; Tarnus, C.; Streith, J. Tetrahedron 2003, 59, 543.
3) Luo, S.-X.; Tiwow, V.; Maeder, M.; Lawrance, G. A. J. Coord. Chem. 2010, 63, 2400.
4) Zhang, M.; Gao, R.; Hao, X.; Sun, W.-H. J. Organomet. Chem. 2008, 693, 3867.

5) Jiang, H.-F.; Ye, J.-W_; Qi, C.-R.; Huang, L.-B. Tetrahedron Lett. 2010, 51, 928.

Se61



(6)
(7)
®)

2006, 5249.
©)
(10)
(11)

He, T.; Gao, W.-C.; Wang, W.-K.; Zhang, C. Adv. Synth. Catal. 2014, 356, 1113.
Murakami, K.; Yorimitsu, H.; Oshima, K. J. Org. Chem. 2009, 74, 1415.
Endeshaw, M. M.; Bayer, A.; Hansen, L. K.; Gautun, O. R. Eur. J. Org. Chem. 2006,

Gomez-Sanchez, E.; Soriano, E.; Marco-Contelles, J. J. Org. Chem. 2007, 72, 8656.
Denmark, S. E.; Kobayashi, T.; Regens, C. S. Tetrahedron 2010, 66, 4745.
Rouf, A.; Gupta, P.; Aga, M. A.; Kumar, B.; Parshad, R.; Taneja, S. C. Tetrahedron:

Asymmetry 2011, 22, 2134.

(12)
(13)
2011, 67, 6659.
(14)
(15)
6054.
(16)
(17)
(18)
(19)
(20)
1)
6497.
(22)
(23)

Mitrochkine, A.; Gil, G.; Réglier, M. Tetrahedron: Asymmetry 1995, 6, 1535.
Goto, R.; Okura, K.; Sakazaki, H.; Sugawara, T.; Matsuoka, S.; Inoue, M. Tetrahedron

Punner, F.; Hilt, G. Chem. Comm. 2012, 48, 3617.
Wei, X.-J.; Yang, D.-T.; Wang, L.; Song, T.; Wu, L.-Z.; Liu, Q. Org. Lett. 2013, 15,

Wu, J. Y.; Moreau, B.; Ritter, T. J. Am. Chem. Soc. 2009, 131, 12915.

Pullin, R. D. C.; Sellars, J. D.; Steel, P. G. Org. Biomol. Chem. 2007, 5, 3201.

Barrett, A. G. M.; Hamprecht, D.; Ohkubo, M. J. Org. Chem. 1997, 62, 9376.

Gutierrez, E. G.; Wong, C. J.; Sahin, A. H.; Franz, A. K. Org. Lett. 2011, 13, 5754.
Corey, E. J.; Roper, T. D.; Ishihara, K.; Sarakinos, G. Tetrahedron Lett. 1993, 34, 8399.
Fu, H.; Look, G. C.; Zhang, W.; Jacobsen, E. N.; Wong, C. H. J. Org. Chem. 1991, 56,

Johannes, M.; Altmann, K.-H. Org. Lett. 2012, 14, 3752.
Paz, J.; Pérez-Balado, C.; Iglesias, B.; Muiioz, L. J. Org. Chem. 2010, 75, 3037.

S62



G. NMR Spectra
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