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1. General Information

Unless otherwise noted, all the materials and solvents were purchased from commercial
suppliers and used without further purification. Reactions were conducted in dry glassware
using anhydrous solvent. Thin-layer chromatography (TLC) was conducted on plates (GF254)
supplied by Qingdao Weinaxipu New Material co., Ltd. and visualized using a combination of
UV, iodine and Phosphomolybdic acid staining. Column chromatography was performed with
silica gel (200-300 mesh). Melting points were determined with an SGW X-4B melting point
apparatus and are uncorrected. NMR spectra were recorded on a Bruker Ascend™ 500
spectrometer for 'H at 500 MHz, 3C NMR at 126 MHz, '°F NMR at 471 MHz using TMS as
internal standard. The peaks were internally referenced to residual undeuterated chloroform in
CDCl; (7.26 ppm for 'H NMR, 77.16 ppm for '*C NMR) or DMSO in DMSO-d; (2.50 ppm
for '"H NMR, 39.52 ppm for 13C NMR). The following abbreviations were used to explain
multiplicities: s = singlet, d = doublet, t = triplet, ¢ = quartet, dd = doublet of doublet, m =
multiplet or unresolved. Coupling constants were reported in Hertz (Hz). High resolution mass
spectroscopy data of the products were collected on a Thermo Scientific Q Exactive UHMR
(Ultra-High Mass Range) Hybrid Quadrupole-Orbitrap™ mass spectrometer using ESI
ionization. The ee values were determined on Waters 1525 HPLC using CHIRALPAK column

with hexane and 2-propanol as eluent, Wavelength = 254 nm.
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2. Experiment Details

2.1 General experimental procedure for the synthesis of a-bromoenals (1)

o 1. Br, (1.1 equiv.), DCM, 0 °C O

-
R/\)J\H 2. pyridine (4.0 equiv.), DCM, r.t.

Br
1

All a-bromoenals were prepared from the corresponding enals according to procedures
previously reported by our group.!

To a solution of enals (20 mmol, 1.0 equiv.) in DCM (40 mL) at 0 °C was added Br, (22 mmol,
1.1 equiv.) dropwise, the reaction mixture was stirred at 0 °C for 30 min. Pyridine (80 mmol,
4.0 equiv.) was added dropwise and stirred at room temperature for another 2h. The reaction
mixture was washed with 10% Na,S,05 (aq.) solution (50 mL) and water (50 mL). The organic
layer was dried with anhydrous Na,SO,, concentrated and purified by column chromatography

to give compound 1 as a white solid or colorless oil.

2.2 General experimental procedure for the synthesis of S-aminoisoxazoles (2)

0) CH3CN, NaH 0 NH,OH-HCI, NaOAc ’;jl\“—h
> o> N
- CN > \
R)J\OEt THF, 70 °C R)K/ MeOH, r.t. d
s1 S2 2

All 5-aminoisoxazoles were prepared from commercially available esters in two steps
according to literature procedures.?

Step 1: To a suspension of NaH (20 mmol) in anhydrous THF (20 mL) at 0 °C was added
acetonitrile (30 mmol) and ester S1 (10 mmol), the reaction mixture was stirred at 70 °C for 3-
Sh. After completion of the reaction, the reaction mixture was cooled to 0 °C, pH of the solution
was adjusted to neutral by IM HCI. The mixture was extracted with ethyl acetate, dried with
anhydrous Na,SO,, and concentrated under reduced pressure. Purified by column
chromatography on silica gel to afford compound S2 as a white solid or colorless oil.

Step 2: A mixture of NH,OH*HCI (24 mmol) and NaOAc (24 mmol) in MeOH (20 mL) was
stirred at room temperature for 1h. S2 (8 mmol) was added to the reaction mixture, and stirred

at room temperature until completion of the reaction. Water (30 mL) was added slowly to
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quench the reaction and extracted with ethyl acetate (50 mL). The organic layer was dried with
anhydrous Na,SO,; and concentrated under reduced pressure, purified by column
chromatography on silica gel to give compound 2 as a white solid or colorless oil.

2.3 General experimental procedure for the synthesis of products 3 and 4

o NH, pre-NHC C (10 mol%) H
o Na,COs3 (1.2 equiv.) 0~ N0
R1/\HJ\H + ] \ > N N |
. N= THF, 4A MS, r.t.
r R? R? Rt
1 2 3or4d

A mixture of 1 (0.3 mmol, 1.5 equiv.), 2 (0.2 mmol, 1.0 equiv.), pre-NHC C (0.02 mmol, 0.1
equiv.), 4A MS (50 mg) and Na,COj; (0.24 mmol, 1.2 equiv.) in anhydrous THF (2.5 mL) was
stirred at room temperature for 12-16 h. After completion of the reaction, the reaction mixture
was filtered and the filtrate was concentrated, purified by column chromatography on silica gel

to afford the products 3 or 4.

2.4 Procedure for the gram-scale synthesis of 3a

_ [¢)
NH, pre-NHC C (10 mol%)

H
0 O | Na,COs3 (1.2 equiv.) 0 N0
L THF, 4A MS, rit.

Ph Ph

1a 2a 3a
To a solution of 1a (1.98 g, 9.37 mmol) in anhydrous THF (50 mL) was added 2a (1.0 g, 6.24
mmol), pre-NHC C (252 mg, 0.6 mmol), Na,COs (795 mg, 7.5 mmol) and 4 A MS (300 mg),
the reaction mixture was stirred at room temperature for 12h. After completion of the reaction,
the reaction mixture was filtered and the filtrate was concentrated, purified by column
chromatography on silica gel to afford the product 3a (1.64 g, 89% yield, 97% ee) as a white
solid.

2.5 Procedure for the synthesis of 5, 6 and 7
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H

0 N0 LiAIH, Jo

N .
THF, reflux

» N
Ph Ph Ph Ph
3a 5
290 mg, 97% ee 65% vyield, 97% ee

To a suspension of LiAlH4 (76 mg, 2 mmol) in anhydrous THF (20 mL) under argon
atmosphere was added a solution of 3a (290 mg, 1 mmol) in anhydrous THF (5 mL). The
reaction mixture was stirred under reflux for 8h. After completion of the reaction, quenched by
water and extracted by ethyl acetate (50 mLx2), The combined organic layer was washed with
brine, dried over anhydrous Na,SO,, concentrated and purified by column chromatography to

give the product 5 (65% yield, 97% ee) as a white solid.

H Bn
/O N O K2003 O N 0]
NG | + BnBr > N |
DMF, 50 °C
Ph pPnh Ph ph
3a 6
97% ee 87% yield, 97% ee

To a solution of 3a (0.2 mmol) in DMF (1.0 mL) was added K,CO; (1.0 mmol) and BnBr (1.0
mmol), the reaction mixture was stirred at 50 °C for 4h. After completion of the reaction, cooled
to room temperature, water (10 mL) was added and extracted ethyl acetate, the organic layer
was dried with anhydrous Na,SO,, concentrated and purified by column chromatography to

afford product 6 (87% yield, 97% ee) as a colorless oil.

H
0 N_O Me3OBF, O~ Ny OMe
N« | = N |
DCM, r.t.
Ph Ph Ph Ph
3a 7
97% ee 90% yield, 96% ee

To a solution of 3a (0.22 mmol) in anhydrous DCM (5 mL) under argon atmosphere was added

trimethyloxonium tetrafluoroborate (0.2 mmol), the resulting reaction mixture was stirred at
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room temperature for 8h. After completion of the reaction, 10% NaHCO; (aq.) solution (10
mL) was added and the mixture was extracted with DCM. The organic layer was dried over

anhydrous Na,SO,, concentrated and purified by column chromatography to afford product 7
(90% yield, 96% ee) as a colorless oil.
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3. Proposed Mechanism

The nucleophilic addition of chiral NHC C’ generated from precatalyst C under basic
conditions to the a-bromoenal 1a gives Breslow intermediate, which was tautomerized to
bromoketone. The elimination of a bromide generates the crucial a,f-unsaturated acyl azolium
intermediate I. 1,2-Addition of 2a to intermediate I gives hemiacetal II, which undergoes aza-
Claisen rearrangement and tautomerization to afford intermediate IV. Subsequent

intramolecular lactamization leading to the formation of product 3a with the release of NHC

catalyst.

g\ N lactamization
“i\N/ o
/

Mes (r Ph

H,;N—_2_Ph

;N
\\ N/ | oH H
N = =
aza-Claisen +N N
/ Ph
Mes HN\(\‘
 r—Ph
O-N
hemiaminal (ll)

Mes

N/)BF;

Mes

NHC C'

Na,COs

Breslow intermediate

: |
70 oo

Mes
Br -

Ph

4
\
+N
/

pre-NHC C

tautomerization “

ol i@
N |

N

>j/ 7N

Ph N o
2a
Mes/ ’j
Br‘) -
o@ Ph
;N
- N\ — (0]
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Ph
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4. Analytical Data

0]

3a
White solid, 99% yield, 99% ee.
TH NMR (500 MHz, DMSO-d) 6 11.86 (s, 1H), 7.58 — 7.52 (m, 2H), 7.46 — 7.36 (m, 3H),
7.33 —7.27 (m, 2H), 7.25 - 7.18 (m, 1H), 7.17 — 7.12 (m, 2H), 4.52 (dd, J = 8.1, 2.3 Hz, 1H),
3.30(dd, J=16.2, 8.1 Hz, 1H), 2.57 (dd, J=16.2, 2.3 Hz, 1H).
13C NMR (126 MHz, DMSO-d;) 6 169.0, 164.1, 159.6, 142.4, 130.1, 129.1, 129.0, 128.5,
127.2, 127.0, 126.5, 92.7, 40.5, 33.0.
HRMS (ESI): exact mass calculated for C;gH4N,O,Na [M + Na]" 313.0956, found 313.0945.
m.p. = 178-180 °C.
The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 18.110 min,

tr(minor) = 20.137 min.)

3b
White solid, 99% yield, 97% ee.
TH NMR (500 MHz, CDCl3) 8 9.01 (s, 1H), 7.53 — 7.47 (m, 2H), 7.41 — 7.36 (m, 1H), 7.36 —
7.30 (m, 2H), 7.10 (d, J = 7.9 Hz, 2H), 7.03 (d, /= 7.9 Hz, 2H), 4.31 (dd, J = 8.1, 2.3 Hz, 1H),
3.17 (dd, J=16.3, 8.1 Hz, 1H), 2.87 (dd, J=16.3, 2.3 Hz, 1H), 2.31 (s, 3H).
I3C NMR (126 MHz, CDCl;) 6 169.5, 162.3, 160.9, 138.2, 137.5, 130.2, 130.1, 129.0, 128.6,
127.7, 126.7, 94.1, 41.0, 33.7, 21.2.
HRMS (ESI): exact mass calculated for C,9H;7;N,0O, [M + H]* 305.1287, found 305.1286.
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m.p. = 165-167 °C.
The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 15.610 min,

tr(minor) = 18.846 min.)

Ph OMe
3c

White solid, 86% yield, 97% ee.
TH NMR (500 MHz, CDCl;) 6 8.98 (s, 1H), 7.52 — 7.47 (m, 2H), 7.42 — 7.36 (m, 1H), 7.36 —
7.31 (m, 2H), 7.09 — 7.04 (m, 2H), 6.86 — 6.80 (m, 2H), 4.31 (dd, J = 8.0, 2.4 Hz, 1H), 3.77 (s,
3H), 3.16 (dd, /= 16.3, 8.0 Hz, 1H), 2.86 (dd, J=16.3, 2.4 Hz, 1H).
13C NMR (126 MHz, CDCl;) 8 169.4, 162.2, 160.9, 159.1, 133.3, 130.2, 129.0, 128.5, 127.9,
127.7, 114.8,94.3, 55.4,41.1, 33 4.
HRMS (ESI): exact mass calculated for C19H7;N,0O5; [M + H]* 321.1236, found 321.1234.
m.p. = 143-145 °C.
The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 11.300 min,

tr(minor) = 13.271 min.)

Ph Cl
3d

White solid, 99% yield, 98% ee.
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TH NMR (500 MHz, CDCl;) 8 9.40 (s, 1H), 7.52 — 7.43 (m, 2H), 7.42 — 7.37 (m, 1H), 7.37 —
7.31 (m, 2H), 7.30 — 7.24 (m, 2H), 7.11 — 7.06 (m, 2H), 4.34 (dd, J = 8.1, 2.6 Hz, 1H), 3.20
(dd, J=16.4, 8.1 Hz, 1H), 2.85 (dd, /= 16.4, 2.6 Hz, 1H).

13C NMR (126 MHz, CDCl;) 8 169.3, 162.4, 160.9, 139.8, 133.7, 130.3, 129.6, 129.0,
128.31, 128.25, 127.6, 93.5, 40.7, 33.6.

HRMS (ESI): exact mass calculated for CgH;4CIN,O, [M + H]" 325.0747, found 325.0742.
m.p. = 195-197 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 8.145 min,

tr(minor) = 9.565 min.)

Ph Br
3e

White solid, 99% yield, 98% ee.

TH NMR (500 MHz, CDCl;) 6 9.07 (s, 1H), 7.50 — 7.38 (m, 5H), 7.37 — 7.31 (m, 2H), 7.03 (d,
J=8.4Hz, 2H), 4.33 (dd, J=8.1, 2.6 Hz, 1H), 3.19 (dd, J=16.4, 8.1 Hz, 1H), 2.85 (dd, J =
16.4,2.5 Hz, 1H).

13C NMR (126 MHz, CDCl;) 8 169.0, 162.4, 160.9, 140.3, 132.6, 130.4, 129.1, 128.6, 128.3,
127.6, 121.8, 93.4, 40.7, 33.7.

HRMS (ESI): exact mass calculated for C1gH;4BrN,O, [M + H]* 369.0241, found 369.0234.
m.p. = 194-196 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 8.445 min,

tr(minor) = 10.020 min.)
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3f
White solid, 52% yield, 96% ee.
TH NMR (500 MHz, CDCl3) & 8.70 (s, 1H), 7.54 (d, J = 6.9 Hz, 2H), 7.41 — 7.30 (m, 3H),
7.00 (d, J= 8.7 Hz, 2H), 6.65 (d, J = 8.6 Hz, 2H), 4.26 (dd, /="7.9, 2.2 Hz, 1H), 3.13 (dd, J =
16.2, 7.9 Hz, 1H), 2.91 (s, 6H), 2.86 (dd, J=16.2, 2.2 Hz, 1H).
I3C NMR (126 MHz, CDCl;) 6 169.5, 162.1, 161.0, 150.0, 130.1, 128.9, 128.7, 127.7, 127.5,
113.3,94.7, 41.2,40.7, 33.2.
HRMS (ESI): exact mass calculated for CyoH,N3;0, [M + H]* 334.1553, found 334.1551.
m.p. = 182-184 °C.
The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 12.019 min,

tr(minor) = 13.952 min.)

Ph NO;
39

White solid, 54% yield, 97% ee.
TH NMR (500 MHz, CDCl3) & 8.99 (s, 1H), 8.20 — 8.14 (m, 2H), 7.47 — 7.37 (m, 3H), 7.34
(dd, J=8.1, 6.0 Hz, 4H), 4.50 (dd, /= 8.1, 3.0 Hz, 1H), 3.27 (dd, /= 16.5, 8.2 Hz, 1H), 2.88
(dd, J=16.5, 3.0 Hz, 1H).
I3C NMR (126 MHz, CDCl;) 6 168.3, 162.5, 160.9, 148.5, 147.6, 130.6, 129.1, 128.1, 127.9,
127.5, 124.8, 92.6, 40.3, 34.2.
HRMS (ESI): exact mass calculated for CgH;4N3;0,4 [M + H]* 336.0987, found 336.0980.
m.p. = 186-188 °C.
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The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 1 = 254 nm, tg(major) = 14.888 min,

tr(minor) = 21.451 min.)

3h
White solid, 91% yield, 98% ee.
TH NMR (500 MHz, CDCl3) & 8.95 (s, 1H), 7.48 — 7.43 (m, 2H), 7.42 — 7.35 (m, 1H), 7.33
(dd, J=8.4, 6.7 Hz, 2H), 7.26 (d, J= 7.3 Hz, 1H), 7.14 — 7.06 (m, 1H), 7.03 (t, J= 7.5 Hz,
1H), 7.00 — 6.94 (m, 1H), 4.69 (dd, J = 8.3, 2.5 Hz, 1H), 3.19 (dd, /= 16.6, 8.2 Hz, 1H), 2.91
(dd, J=16.6,2.6 Hz, 1H).
13C NMR (126 MHz, CDCl;) 6 169.1, 162.7, 160.8, 160.3 (d, J = 247.0 Hz), 130.3, 129.7 (d,
J=8.3 Hz), 129.0, 128.33, 128.3 (d, /= 3.7 Hz), 127.9 (d, J= 13.9 Hz), 127.5, 1249 (d, J =
3.6 Hz), 116.2 (d,J=21.7 Hz), 92.4,39.2,27.8 (d, /= 3.3 Hz).
19F NMR (471 MHz, CDCl;) 6 -118.2.
HRMS (ESI): exact mass calculated for C1gH4FN,O, [M + H]* 309.1042, found 309.1035.
m.p. = 195-197 °C.
The ee value was determined by HPLC analysis on a Chiralcel IC column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 25.457 min,
tr(minor) = 28.930 min.)

Cl

3i

White solid, 94% yield, 99% ee.
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TH NMR (500 MHz, CDCl;) 8 9.03 (s, 1H), 7.49 — 7.43 (m, 2H), 7.43 — 7.37 (m, 1H), 7.37 —
7.31 (m, 2H), 7.26 — 7.20 (m, 2H), 7.15—-7.11 (m, 1H), 7.06 — 7.00 (m, 1H), 4.34 (dd, J = 8.1,
2.7 Hz, 1H), 3.20 (dd, J=16.5, 8.1 Hz, 1H), 2.87 (dd, /= 16.5, 2.6 Hz, 1H).

13C NMR (126 MHz, CDCl;) 8 168.9, 162.4, 160.9, 143.3, 135.3, 130.8, 130.3, 129.0, 128.3,
128.2,127.6, 127.1, 125.1, 93.2, 40.7, 33.9.

HRMS (ESI): exact mass calculated for C1gH;4CIN,O, [M + H]" 325.0747, found 325.0741.
m.p. =201-203 °C.

The ee value was determined by HPLC analysis on a Chiralcel IB column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 9.321 min,

tr(minor) = 11.959 min.)

OMe

3j
White solid, 99% yield, 98% ee.
TH NMR (500 MHz, CDCl;) 6 8.73 (s, 1H), 7.53 — 7.46 (m, 2H), 7.42 — 7.35 (m, 1H), 7.34
(dd, J=8.2, 6.4 Hz, 2H), 7.23 (t,J=7.9 Hz, 1H), 6.78 (dd, /= 7.9, 2.0 Hz, 1H), 6.74 (d, J =
7.4 Hz, 1H), 6.66 (t, J= 2.2 Hz, 1H), 4.32 (dd, J= 8.1, 2.5 Hz, 1H), 3.73 (s, 3H), 3.18 (dd, J
=16.4, 8.1 Hz, 1H), 2.89 (dd, J=16.4, 2.5 Hz, 1H).
I3C NMR (126 MHz, CDCl;) 6 169.1, 162.3, 161.0, 160.3, 142.9, 130.5, 130.2, 129.0, 128.5,
127.7, 119.1, 113.0, 112.7, 93.9, 55.3, 40.8, 34.1.
HRMS (ESI): exact mass calculated for C,9H;7;N,0O5; [M + H]* 321.1234, found 321.1230.
m.p. = 161-163 °C.
The ee value was determined by HPLC analysis on a Chiralcel IC column (n-
hexane/isopropanol = 70/30, flow rate = 1.0 mL/min, 1 = 254 nm, tg(major) = 18.492 min,
tr(minor) = 22.455 min.)
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HN OMe
N
QL
N
Ph
3k

White solid, 64% yield, 96% ee.

TH NMR (500 MHz, CDCl3) 8 8.75 (s, 1H), 7.49 — 7.42 (m, 2H), 7.40 — 7.34 (m, 1H), 7.34 —
7.29 (m, 2H), 7.25 — 7.20 (m, 1H), 6.93 — 6.87 (m, 2H), 6.85 — 6.79 (m, 1H), 4.65 (dd, J = 8.5,
2.2 Hz, 1H), 3.84 (s, 3H), 3.09 (dd, J = 16.6, 8.5 Hz, 1H), 2.90 (dd, /= 16.6, 2.1 Hz, 1H).

I3C NMR (126 MHz, CDCl;) 6 170.0, 162.6, 161.0, 156.6, 130.0, 129.0, 128.9, 128.8, 128.7,
127.9,127.7, 120.9, 110.9, 93.2, 55.3, 38.6, 28.8.

HRMS (ESI): exact mass calculated for C19H;7;N,0O5; [M + H]* 321.1236, found 321.1235.
m.p. = 90-92 °C.

The ee value was determined by HPLC analysis on a Chiralcel IH column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 19.343 min,

tr(minor) = 12.546 min.)

White solid, 92% yield, 93% ee.

TH NMR (500 MHz, CDCl3) 8 8.87 (s, 1H), 7.50 — 7.44 (m, 2H), 7.42 — 7.37 (m, 1H), 7.37 —
7.32 (m, 2H), 7.32 = 7.27 (m, 1H), 6.98 — 6.93 (m, 2H), 6.85 (dt, J=9.6, 2.2 Hz, 1H), 4.36
(dd, J=8.1, 2.6 Hz, 1H), 3.20 (dd, /= 16.4, 8.1 Hz, 1H), 2.88 (dd, J = 16.4, 2.6 Hz, 1H).
I3C NMR (126 MHz, CDCl;) 6 168.8, 164.4, 162.4, 160.9, 143.8 (d, J= 6.5 Hz), 131.1 (d, J
=8.4 Hz), 130.3, 129.0, 128.3, 127.6, 122.5 (d, J = 2.8 Hz), 115.0 (d, /=21.1 Hz), 114.0 (d,
J=22.0Hz), 93.3,40.7,34.0 (d, /= 1.7 Hz).

'F NMR (471 MHz, CDCl3) 8 -111.5.
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HRMS (ESI): exact mass calculated for C;gH4FN,O, [M + H]" 309.1042, found 309.1035.
m.p. = 176-178 °C.

The ee value was determined by HPLC analysis on a Chiralcel IB column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 8.841 min,

tr(minor) = 11.098 min.)

3m

White solid, 80% yield, 98% ee.

TH NMR (500 MHz, DMSO-dg) 6 11.82 (s, 1H), 7.57 (dd, J= 7.6, 2.0 Hz, 2H), 7.48 — 7.39
(m, 3H), 6.80 — 6.74 (m, 1H), 6.60 — 6.54 (m, 2H), 4.40 (dd, /="7.9, 2.1 Hz, 1H), 4.17 (s, 4H),
3.23 (dd,J=16.1, 7.9 Hz, 1H), 2.53 (d, J = 2.1 Hz, 1H).

13C NMR (126 MHz, DMSO-d;) 6 169.1, 164.0, 159.4, 143.5, 142.5, 135.3, 130.1, 129.0,
128.5,127.0, 119.1, 117.5, 115.0, 93.0, 64.1, 63.9, 40.6, 32.2.

HRMS (ESI): exact mass calculated for C,oH7;N,O4 [M + H]* 349.1185, found 349.1183.
m.p. =209-211 °C.

The ee value was determined by HPLC analysis on a Chiralcel IC column (n-
hexane/isopropanol = 70/30, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 23.606 min,
tr(minor) = 27.257 min.)

White solid, 98% yield, 99% ee.
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'TH NMR (500 MHz, DMSO-d) 6 11.90 (s, 1H), 8.32 (d, J= 8.4 Hz, 1H), 8.00 (d, J=7.7 Hz,
1H), 7.84 (d, J= 8.2 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.60 (t, /= 7.5 Hz, 1H), 7.47 - 7.41
(m, 2H), 7.39 (t, J= 7.7 Hz, 1H), 7.37 — 7.30 (m, 1H), 7.27 (t, J= 7.5 Hz, 2H), 7.00 (d, J =
7.1 Hz, 1H), 5.37 (dd, J= 8.2, 1.8 Hz, 1H), 3.43 (dd, J = 16.2, 8.4 Hz, 1H), 2.56 (dd, J=16.3,
1.8 Hz, 1H).

13C NMR (126 MHz, DMSO-dq) 8 169.0, 164.8, 159.6, 137.1, 134.0, 130.1, 129.9, 129.1,
129.0, 128.5, 128.0, 126.9, 126.7, 126.1, 125.6, 123.5, 123.0, 92.1, 28.8.

HRMS (ESI): exact mass calculated for Cp,H7;N,0, [M + H]* 341.1288, found 341.1286.
m.p. = 231-233 °C.

The ee value was determined by HPLC analysis on a Chiralcel 1B column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 19.262 min,
tr(minor) = 23.066 min.)

30

White solid, 93% yield, 98% ee.

TH NMR (500 MHz, CDCl3) § 8.97 (s, 1H), 7.81 (t, J= 7.5 Hz, 2H), 7.75 — 7.69 (m, 1H),
7.56 —7.43 (m, SH), 7.37 = 7.26 (m, 4H), 4.51 (dd, J= 8.2, 2.3 Hz, 1H), 3.25 (dd, /= 16.4,
8.2 Hz, 1H), 2.99 (dd, J=16.4, 2.3 Hz, 1H).

13C NMR (126 MHz, CDCl;) 8 169.3, 162.5, 161.1, 138.5, 133.6, 132.9, 130.2, 129.6, 129.0,
128.5, 128.0, 127.8, 127.7, 126.7, 126.3, 125.5, 125.0, 93.7, 40.8, 34.2.

HRMS (ESI): exact mass calculated for Cp,H7;N,0, [M + H]* 341.1288, found 341.1285.
m.p. = 196-198 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 21.377 min,
tr(minor) = 27.950 min.)
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3p

White solid, 69% yield, 99% ee.

TH NMR (500 MHz, DMSO-d¢) 6 11.85 (s, 1H), 7.72 — 7.67 (m, 2H), 7.63 — 7.40 (m, 4H),
6.34 — 6.30 (m, 1H), 6.05 (s, 1H), 4.59 (d, J = 7.5 Hz, 1H), 3.21 (dd, J = 16.3, 7.7 Hz, 1H),
2.69 (d, J=16.3 Hz, 1H).

13C NMR (126 MHz, DMSO-dy) 8 169.0, 164.0, 159.5, 154.6, 143.0, 130.3, 129.2, 128.5,
127.2, 110.6, 106.0, 91.2, 37.1, 27.4.

HRMS (ESI): exact mass calculated for C,cH;3N,05; [M + H]* 281.0928, found 281.0922.
m.p. = 152-154 °C.

The ee value was determined by HPLC analysis on a Chiralcel IB column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 17.491 min,

tr(minor) = 15.645 min.)

3q

White solid, 90% yield, >99% ee.

TH NMR (500 MHz, DMSO-dg) 6 11.90 (s, 1H), 7.70 — 7.62 (m, 2H), 7.51 — 7.42 (m, 3H),
7.34 (dd, J=5.1, 1.2 Hz, 1H), 6.94 (dd, J = 5.1, 3.5 Hz, 1H), 6.87 (dt, J= 3.5, 1.1 Hz, 1H),
4.86 —4.81 (m, 1H), 3.32 (dd, J=16.2, 7.6 Hz, 1H), 2.68 (dd, J=16.2, 2.0 Hz, 1H).

I3C NMR (126 MHz, CDCl;) 6 168.7, 162.0, 160.6, 145.1, 130.4, 129.1, 128.4, 127.6, 127.5,
125.2,124.8, 94.6, 41.4, 29.8.

HRMS (ESI): exact mass calculated for C,cH3N,0,S [M + H]* 297.0700, found 297.0697.
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m.p. = 195-197 °C.
The ee value was determined by HPLC analysis on a Chiralcel IH column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 18.563 min,

tr(minor) = 16.349 min.)

3r
White solid, 48% yield, 99% ee.
TH NMR (500 MHz, CDCl;) 6 8.52 (s, 1H), 7.76 — 7.68 (m, 2H), 7.51 — 7.43 (m, 3H), 3.21 —
3.13 (m, 1H), 2.92 (dd, J=16.6, 7.5 Hz, 1H), 2.71 (dd, J = 16.5, 2.1 Hz, 1H), 1.63 — 1.45 (m,
2H), 0.82 (t, /= 7.4 Hz, 3H).
13C NMR (126 MHz, CDCl;) 6 170.1, 161.3, 160.7, 130.2, 129.3, 129.1, 127.5, 95.3, 36.8,
30.0, 28.2, 10.8.
HRMS (ESI): exact mass calculated for C4H;sN,O, [M + H]* 243.1134, found 243.1133.
m.p. =90-92 °C.
The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 15.793 min,

tr(minor) = 13.737 min.)

3s

White solid, 70% yield, >99% ee.
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TH NMR (500 MHz, CDCl;) 6 8.53 (s, 1H), 7.75 — 7.66 (m, 2H), 7.52 — 7.43 (m, 3H), 3.20
(tdd, J=17.6, 6.0, 2.1 Hz, 1H), 2.91 (dd, J=16.5, 7.3 Hz, 1H), 2.71 (dd, J = 16.5, 2.1 Hz, 1H),
1.58 — 1.41 (m, 2H), 1.23 — 1.08 (m, 6H), 0.81 — 0.75 (m, 3H).

13C NMR (126 MHz, CDCl;) 6 170.1, 161.2, 160.7, 130.2, 129.3, 129.1, 127.6, 95.7, 37.1,
35.1,31.6, 28.5, 25.9, 22.5, 14.0.

HRMS (ESI): exact mass calculated for C,7H,;N,O, [M + H]* 285.1605, found 285.1600.
m.p. = 97-99 °C.

The ee value was determined by HPLC analysis on a Chiralcel TH column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 10.942 min,

tr(minor) = 7.641 min.)

3t
White solid, 93% yield, 99% ee.
TH NMR (500 MHz, CDCl;) 6 8.96 (s, 1H), 7.77 — 7.70 (m, 2H), 7.50 — 7.43 (m, 3H), 3.01 —
2.92 (m, 2H), 2.85 —2.77 (m, 1H), 0.95 — 0.85 (m, 1H), 0.47 — 0.38 (m, 1H), 0.37 — 0.28 (m,
1H), 0.08 — 0.02 (m, 1H), -0.02 — -0.08 (m, 1H).
13C NMR (126 MHz, CDCl;) 6 170.5, 161.7, 161.0, 130.2, 129.1, 129.0, 127.8, 93.7, 38.3,
31.5,15.9,3.0,2.7.
HRMS (ESI): exact mass calculated for C15H;sN,O, [M + H]* 255.1134, found 255.1129.
m.p. = 140-142 °C.
The ee value was determined by HPLC analysis on a Chiralcel TH column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 15.911 min,

tr(minor) = 12.787 min.)
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OMe
4a

White solid, 99% yield, 97% ee.

TH NMR (500 MHz, DMSO-dg) 6 11.81 (s, 1H), 7.52 — 7.47 (m, 2H), 7.31 (t, J = 7.6 Hz, 2H),
7.26 —7.19 (m, 1H), 7.14 (d, J = 7.7 Hz, 2H), 6.95 (d, J = 8.9 Hz, 2H), 4.49 (dd, /= 8.1, 2.1
Hz, 1H), 3.75 (d, /= 1.6 Hz, 3H), 3.30 (dd, /= 16.2, 8.1 Hz, 1H), 2.56 (dt, J=16.1, 1.8 Hz,
1H).

13C NMR (126 MHz, DMSO-dq) 8 169.0, 163.9, 160.5, 159.2, 142.4, 129.1, 128.4, 127.2,
126.6, 120.8, 114.4,92.4, 55.3, 40.6, 33.0.

HRMS (ESI): exact mass calculated for C19H;sN,O3;Na [M + Na]* 343.1055, found 343.1051.
m.p. = 182-184 °C.

The ee value was determined by HPLC analysis on a Chiralcel TH column (-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 23.634 min,

tr(minor) = 18.874 min.)

4b
White solid, 99% yield, 97% ee.
TH NMR (500 MHz, DMSO-dg) 5 11.82 (s, 1H), 7.47 — 7.42 (m, 2H), 7.33 — 7.27 (m, 2H),
7.25—-7.18 (m, 3H), 7.15 -7.10 (m, 2H), 4.50 (dd, J= 8.1, 2.1 Hz, 1H), 3.30 (dd, /= 16.2,
8.1 Hz, 1H), 2.55 (dd, J=16.3, 2.2 Hz, 1H), 2.29 (s, 3H).
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13C NMR (126 MHz, DMSO-d;) 6 169.0, 163.9, 159.5, 142.4, 139.8, 129.5, 129.0, 127.2,
126.9, 126.5, 125.7, 92.6, 40.5, 33.0, 20.9.

HRMS (ESI): exact mass calculated for C,9H;sN,O,Na [M + Na]* 327.1106, found 327.1103.
m.p. = 191-193 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 11.735 min,

tr(minor) = 13.209 min.)

4c
White solid, 99% yield, 97% ee.
TH NMR (500 MHz, DMSO-d) 6 11.88 (s, 1H), 7.63 — 7.55 (m, 2H), 7.34 — 7.19 (m, 5H),
7.16 —7.11 (m, 2H), 4.52 (dd, /= 8.0, 2.6 Hz, 1H), 3.29 (dd, J=16.2, 8.1 Hz, 1H), 2.59 (dd,
J=16.3,2.5 Hz, 1H).
13C NMR (126 MHz, DMSO-dy) 6 169.0, 164.2, 163.0 (d, J=247.7 Hz), 158.8, 142.2, 129.3
(d, J=8.6 Hz), 129.1, 127.2, 126.6, 125.0 (d, J = 3.2 Hz), 116.1 (d, J=21.9 Hz), 92.7, 40.5,
32.9.
1'F NMR (471 MHz, DMSO-dy) 6 -110.5.
HRMS (ESI): exact mass calculated for C;gH4FN,O, [M + H]"309.1042, found 309.1034.
m.p. = 154-156 °C.
The ee value was determined by HPLC analysis on a Chiralcel IB column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 8.249 min,

tr(minor) = 10.307 min.)
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HN
Q A Ph
N=
Br
4d

White solid, 90% yield, 98% ee.

TH NMR (500 MHz, DMSO-dg) 6 11.90 (s, 1H), 7.63 — 7.58 (m, 2H), 7.52 — 7.47 (m, 2H),
7.29 (t,J=17.5 Hz, 2H), 7.25 - 7.18 (m, 1H), 7.15 — 7.10 (m, 2H), 4.53 (dd, /= 8.1, 2.6 Hz,
1H), 3.29 (dd, /= 16.2, 8.0 Hz, 1H), 2.59 (dd, /= 16.2, 2.5 Hz, 1H).

13C NMR (126 MHz, DMSO-d;) 6 169.0, 164.3, 158.7, 142.2, 132.0, 129.1, 129.0, 127.7,
127.2, 126.6, 123.6, 92.8, 40.4, 32.9.

HRMS (ESI): exact mass calculated for C;gH4BrN,O, [M + H]" 369.0241, found 369.0234.
m.p. = 189-191 °C.

The ee value was determined by HPLC analysis on a Chiralcel ID column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 8.764 min,
tr(minor) = 11.827 min.)

@)
HN
o N Ph
N=
CF3
4e

White solid, 89% yield, 97% ee.

TH NMR (500 MHz, CDCl;) 6 8.90 (s, 1H), 7.58 (s, 4H), 7.35 — 7.29 (m, 2H), 7.29 — 7.24 (m,
1H), 7.14 (dd, J= 7.2, 1.8 Hz, 2H), 4.35 (dd, /= 8.1, 2.9 Hz, 1H), 3.21 (dd, J=16.5, 8.1 Hz,
1H), 2.91 (dd, J=16.4, 2.9 Hz, 1H).

I3C NMR (126 MHz, CDCl;) 6 169.2, 162.8, 159.9, 141.0, 132.0 (t, J = 16.3 Hz), 129.6,

128.1, 128.0, 126.8, 125.9 (q, J = 3.7 Hz), 124.9, 122.8, 94.0, 40.8, 34.2.
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9F NMR (471 MHz, CDCl5) 6 -63.0.

HRMS (ESI): exact mass calculated for C9H4F3N,0, [M + H]" 359.1004, found 359.1006.
m.p. = 169-171 °C.

The ee value was determined by HPLC analysis on a Chiralcel IB column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 7.647 min,

tr(minor) = 9.905 min.)

OMe

4f

White solid, 90% yield, 97% ee.

'TH NMR (500 MHz, DMSO-dq) 6 11.88 (s, 1H), 7.36 — 7.29 (m, 3H), 7.27 — 7.20 (m, 1H),
7.18 —7.13 (m, 3H), 7.02 — 6.94 (m, 2H), 4.51 (dd, J= 8.1, 2.1 Hz, 1H), 3.62 (s, 3H), 3.30
(dd, J=16.2, 8.2 Hz, 1H), 2.55 (dd, /= 16.3, 2.1 Hz, 1H).

13C NMR (126 MHz, DMSO-dq) 8 169.0, 164.2, 159.5, 159.4, 142.4, 130.2, 129.7, 129.1,
127.3,126.6, 119.2, 116.2, 112.0, 92.7, 55.0, 40.6, 33.0.

HRMS (ESI): exact mass calculated for C19H;sN,O3;Na [M + Na]* 343.1055, found 343.1052.
m.p. = 152-154 °C.

The ee value was determined by HPLC analysis on a Chiralcel IC column (n-
hexane/isopropanol = 70/30, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 27.322 min,

tr(minor) = 21.884 min.)
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4g
White solid, 99% yield, 95% ee.
TH NMR (500 MHz, CDCl3) & 8.56 (s, 1H), 7.49 (t,J= 1.9 Hz, 1H), 7.37 — 7.22 (m, 6H),
7.17-7.12 (m, 2H), 4.33 (dd, J= 8.1, 3.0 Hz, 1H), 3.19 (dd, J=16.5, 8.1 Hz, 1H), 2.89 (dd,
J=16.4,3.0 Hz, 1H).
I3C NMR (126 MHz, CDCl;) 6 168.7, 162.5, 159.9, 141.1, 134.9, 130.24, 130.20, 130.15,
129.5, 128.0, 127.9, 126.8, 125.8, 94.0, 40.8, 34.3.
HRMS (ESI): exact mass calculated for C;gH4CIN,O, [M + H]* 325.0738, found 325.0737.
m.p. = 202-204 °C.
The ee value was determined by HPLC analysis on a Chiralcel IC column (n-
hexane/isopropanol = 70/30, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 12.203 min,

tr(minor) = 16.334 min.)

4h
White solid, 99% yield, 96% ee.
TH NMR (500 MHz, CDCl;) 6 8.87 (s, 1H), 7.36 (dd, J= 7.6, 1.7 Hz, 1H), 7.32 — 7.26 (m,
1H), 7.17 = 7.05 (m, 3H), 7.02 — 6.97 (m, 2H), 6.90 (td, J=17.5, 0.9 Hz, 1H), 6.69 (d, J= 8.1
Hz, 1H), 4.23 (t, /= 6.9 Hz, 1H), 3.47 (s, 3H), 3.07 (dd, J = 16.5, 7.3 Hz, 1H), 2.80 (dd, J =
16.5, 6.6 Hz, 1H).
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I3C NMR (126 MHz, CDCl;) 6 170.0, 161.2, 160.1, 157.0, 141.3, 131.5, 130.6, 128.6, 127.1,
126.9, 120.7, 117.6, 110.5, 96.2, 55.0, 41.2, 35.2.

HRMS (ESI): exact mass calculated for C19H;7;N,0O5; [M + H]* 321.1234, found 321.1231.
m.p. = 198-200 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 16.723 min,

tr(minor) = 12.630 min.)

4i

White solid, 58% yield, 99% ee.

TH NMR (500 MHz, DMSO-dg) 6 12.02 — 11.73 (m, 1H), 7.49 — 7.42 (m, 1H), 7.39 (td, J=
7.6, 1.8 Hz, 1H), 7.26 — 7.15 (m, 4H), 7.15 — 7.08 (m, 1H), 7.07 — 6.99 (m, 2H), 4.31 (dd, J =
7.6,5.1 Hz, 1H), 3.14 (dd, J=16.3, 7.7 Hz, 1H), 2.63 (dd, /= 16.3, 5.2 Hz, 1H).

13C NMR (126 MHz, DMSO-dq) 6 169.3, 163.7, 159.1 (d, J = 249.7 Hz), 156.5, 141.9, 132.2
(d, J=8.2 Hz), 130.3 (d, J= 2.9 Hz), 128.6, 126.9, 126.6, 124.7 (d,/J=3.4 Hz), 116.3 (d, J =
14.4 Hz), 116.1 (d,J=21.3 Hz), 94.3, 40.4, 33.3 (d, /= 3.7 Hz).

1'F NMR (471 MHz, DMSO-dy) 6 -112.8.

HRMS (ESI): exact mass calculated for C;gH4FN,O, [M + H]" 309.1042, found 309.1035.
m.p. = 164-166 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 11.549 min,

tr(minor) = 8.768 min.)
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4
White solid, 41% yield, 96% ee.
TH NMR (500 MHz, CDCl3) 8 8.66 (s, 1H), 7.29 — 7.22 (m, 2H), 7.21 — 7.13 (m, 2H), 7.13 —
7.05 (m, 3H), 7.00 — 6.94 (m, 2H), 4.29 (t,J=7.3 Hz, 1H), 3.11 (dd, J=16.6, 7.4 Hz, 1H),
2.87 (dd,J=16.7,7.3 Hz, 1H).
13C NMR (126 MHz, DMSO-d;) 6 169.3, 163.1, 159.4, 141.4, 132.1, 131.3, 131.1, 129.5,
128.4,127.7, 127.1, 126.8, 126.8, 94.9, 40.2, 33.7.
HRMS (ESI): exact mass calculated for C;gH4CIN,O, [M + H]* 325.0747, found 325.0739.
m.p. = 114-116 °C.
The ee value was determined by HPLC analysis on a Chiralcel ID column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 11.106 min,

tr(minor) = 8.910 min.)

4k
White solid, 99% yield, 97% ee.
TH NMR (500 MHz, CDCl3) & 8.11(s, 1H), 7.88 — 7.86 (m, 1H), 7.84 — 7.80 (m, 2H), 7.70 —
7.63 (m, 2H), 7.53 — 7.44 (m, 2H), 7.36 — 7.31 (m, 2H), 7.29 — 7.27 (m, 1H), 7.24 — 7.20 (m,
2H), 4.45 (dd, J=8.2, 2.5 Hz, 1H), 3.24 (dd, /= 16.4, 8.2 Hz, 1H), 2.92 (dd, /= 16.4, 2.5 Hz,

1H).
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13C NMR (126 MHz, DMSO-d;) 6 169.2, 164.3, 159.5, 142.7, 133.3, 132.6, 129.3, 128.7,
128.4,127.8, 127.5, 127.3, 127.1, 127.0, 126.7, 126.0, 124.0, 93.1, 40.4, 33.2.

HRMS (ESI): exact mass calculated for C,,H7;N,O, [M + H]" 341.1288, found 341.1284.
m.p. = 199-201 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 13.708 min,

tr(minor) = 17.532 min.)

4|

White solid, 99% yield, 98% ee.

TH NMR (500 MHz, CDCl3) 8 8.57 (s, 1H), 7.36 (dd, /= 8.3, 6.8 Hz, 2H), 7.33 — 7.19 (m,
8H), 6.93 (d, J=16.7 Hz, 1H), 6.71 (d, J=16.7 Hz, 1H), 4.38 (dd, /= 8.1, 4.4 Hz, 1H), 3.20
(dd, J=16.5, 8.1 Hz, 1H), 2.90 (dd, /= 16.5, 4.4 Hz, 1H).

I3C NMR (126 MHz, CDCl;) 6 168.9, 161.7, 159.4, 141.2, 137.3, 135.7, 129.6, 129.2, 128.9,
128.0, 127.03, 127.01, 114.9, 93.6, 40.7, 34.6.

HRMS (ESI): exact mass calculated for C,oH7;N,O, [M + H]* 317.1287, found 317.1287.
m.p. = 191-193 °C.

The ee value was determined by HPLC analysis on a Chiralcel IH column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 23.126 min,

tr(minor) = 17.188 min.)
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4m

White solid, 82% yield, 97% ee.

TH NMR (500 MHz, DMSO-dg) 6 11.90 (s, 1H), 7.82 (d, J= 1.7 Hz, 1H), 7.30 (t, /= 7.5 Hz,
2H), 7.22 (t,J=7.3 Hz, 1H), 7.18 — 7.13 (m, 2H), 6.74 (d, J = 3.6 Hz, 1H), 6.61 — 6.57 (m,
1H), 4.49 (dd, /= 8.3, 2.0 Hz, 1H), 3.32 (dd, /= 16.3, 8.4 Hz, 1H), 2.56 (dd, /= 16.3, 2.0 Hz,
1H).

13C NMR (126 MHz, DMSO-dq) 8 169.2, 163.7, 151.8, 145.0, 142.8, 142.5, 129.0, 127.2,
126.5,111.9,92.0, 40.1, 32.6.

HRMS (ESI): exact mass calculated for CcH;3N,05 [M + H]* 281.0928, found 281.0920.
m.p. = 164-166 °C.

The ee value was determined by HPLC analysis on a Chiralcel 1B column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 9.424 min,

tr(minor) = 12.132 min.)

4n

White solid, 82% yield, 95% ee.

TH NMR (500 MHz, DMSO-d¢) 5 11.89 (s, 1H), 7.71 — 7.66 (m, 1H), 7.32 (t, J = 7.5 Hz, 2H),
7.27—-17.20 (m, 2H), 7.20 — 7.15 (m, 2H), 7.13 — 7.08 (m, 1H), 4.53 (dd, /= 8.3, 1.9 Hz, 1H),
3.32(dd, J=16.3, 8.3 Hz, 1H), 2.56 (dt, J=16.4, 1.5 Hz, 1H).
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13C NMR (126 MHz, DMSO-d;) 6 169.0, 164.1, 154.9, 142.2, 129.1, 128.8, 128.4, 128.1,
127.3,126.6,92.2, 40.4, 32.7.

HRMS (ESI): exact mass calculated for C,cH;3N,0,S [M + H]* 297.0700, found 297.0694.
m.p. = 176-178 °C.

The ee value was determined by HPLC analysis on a Chiralcel IB column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 9.649 min,

tr(minor) = 12.160 min.)

40

White solid, 56% yield, 99% ee.

TH NMR (500 MHz, CDCl3) 8 9.78 (s, 1H), 8.64 — 8.59 (m, 2H), 7.41 — 7.36 (m, 2H), 7.35 —
7.24 (m, 3H), 7.14 (dd, J=7.3, 1.7 Hz, 2H), 4.37 (dd, J= 8.1, 3.1 Hz, 1H), 3.21 (dd, J = 16.5,
8.1 Hz, 1H), 2.91 (dd, J=16.5, 3.1 Hz, 1H).

I3C NMR (126 MHz, CDCl;) 6 169.0, 163.4, 158.9, 150.3, 140.9, 136.4, 129.6, 128.2, 126.8,
121.9,93.9, 40.8, 34.2.

HRMS (ESI): exact mass calculated for C,7H;4N;0, [M + H]* 292.1088, found 292.1079.
m.p. = 180-182 °C.

The ee value was determined by HPLC analysis on a Chiralcel IH column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 1 = 254 nm, tg(major) = 35.204 min,
tr(minor) = 29.772 min.)
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4p
White solid, 99% yield, 97% ee.
TH NMR (500 MHz, CDCl3) 8 8.91 (s, 1H), 7.38 — 7.32 (m, 2H), 7.31 — 7.27 (m, 1H), 7.21 —
7.15 (m, 2H), 4.12 (t, J= 7.3 Hz, 1H), 3.08 (dd, J=16.7, 7.7 Hz, 1H), 2.85 (dd, /= 16.7, 6.9
Hz, 1H), 1.89 (s, 3H).
I3C NMR (126 MHz, CDCl;) 6 169.7, 161.0, 159.1, 141.2, 129.3, 127.9, 127.1, 94.8, 40.5,
34.2, 10.6.
HRMS (ESI): exact mass calculated for C,3H;3N,0, [M + H]* 229.0976, found 229.0969.
m.p. = 154-156 °C.
The ee value was determined by HPLC analysis on a Chiralcel IH column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 16.872 min,

tr(minor) = 12.792 min.)

4q
White solid, 71% yield, 97% ee.
TH NMR (500 MHz, CDCl3) 8 8.76 (s, 1H), 7.37 — 7.31 (m, 2H), 7.30 — 7.27 (m, 1H), 7.19 —
7.14 (m, 2H), 4.13 (dd, J=7.8, 6.2 Hz, 1H), 3.09 (dd, J=16.7, 7.8 Hz, 1H), 2.83 (dd, J =
16.7, 6.2 Hz, 1H), 2.41 — 2.18 (m, 2H), 1.03 (t, /= 7.6 Hz, 3H).
I3C NMR (126 MHz, CDCl;) 6 169.5, 163.8, 161.1, 141.5, 129.3, 127.8, 127.1, 94.1, 40.7,
34.3,19.2, 11.7.
HRMS (ESI): exact mass calculated for C4HsN,O, [M + H]" 243.1134, found 243.1129.
m.p. = 135-137 °C.
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The ee value was determined by HPLC analysis on a Chiralcel IB column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 13.188 min,

tr(minor) = 16.045 min.)

4r
White solid, 91% yield, 94% ee.
TH NMR (500 MHz, CDCl3) 8 8.54 (s, 1H), 7.36 — 7.31 (m, 2H), 7.31 — 7.27 (m, 1H), 7.18 —
7.13 (m, 2H), 4.10 (dd, J=7.8, 6.1 Hz, 1H), 3.09 (dd, J=16.6, 7.8 Hz, 1H), 2.82 (dd, J =
16.6, 6.1 Hz, 1H), 2.25 (dd, J=14.2, 7.2 Hz, 1H), 2.04 (dd, J=14.2, 7.1 Hz, 1H), 1.63 — 1.46
(m, 4H), 1.40 — 1.34 (m, 1H), 1.30—1.18 (m, 1H), 1.10 — 0.98 (m, 2H), 0.98 — 0.85 (m, 1H),
0.85—-0.72 (m, 2H).
I3C NMR (126 MHz, CDCl;) 6 169.3, 161.8, 161.0, 141.5, 129.3, 127.8, 127.1, 94.6, 40.8,
36.3,34.5,33.1, 32.9, 26.2, 26.1, 26.0.
HRMS (ESI): exact mass calculated for C,9H,3N,0, [M + H]* 311.1756, found 311.1754.
m.p. = 170-172 °C.
The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 1 = 254 nm, tg(major) = 15.838 min,

tr(minor) = 13.543 min.)

4s

White solid, 85% yield, 98% ee.
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TH NMR (500 MHz, CDCl;) 6 8.61 (s, 1H), 7.39 — 7.33 (m, 2H), 7.33 — 7.28 (m, 1H), 7.24 —
7.19 (m, 2H), 4.20 (dd, J=7.8, 6.0 Hz, 1H), 3.12 (dd, J = 16.6, 7.8 Hz, 1H), 2.86 (dd, J =
16.6, 5.9 Hz, 1H), 1.37 (tt, /= 8.4, 5.1 Hz, 1H), 0.93 — 0.69 (m, 4H).

13C NMR (126 MHz, CDCl;) 8 169.4, 164.3, 161.0, 141.5, 129.2, 127.8, 127.1, 94.8, 40.7,
34.1,7.5,7.5, 6.8.

HRMS (ESI): exact mass calculated for C15H;sN,O, [M + H]* 255.1134, found 255.1128.
m.p. = 132-134 °C.

The ee value was determined by HPLC analysis on a Chiralcel IB column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 13.633 min,

tr(minor) = 16.834 min.)

4t

White solid, 77% yield, 97% ee.

TH NMR (500 MHz, CDCl;) 6 8.67 (s, 1H), 7.38 — 7.32 (m, 2H), 7.32 — 7.26 (m, 1H), 7.18 —
7.13 (m, 2H), 4.17 (dd, J=7.9, 5.0 Hz, 1H), 3.12 (dd, J = 16.5, 7.8 Hz, 1H), 2.84 (dd, J =
16.6, 5.0 Hz, 1H), 2.28 (tt, J=12.0, 3.2 Hz, 1H), 1.83 — 1.55 (m, 5H), 1.50 — 1.39 (m, 1H),
1.34 — 1.04 (m, 4H).

I3C NMR (126 MHz, CDCl;) 6 169.4, 166.5, 161.0, 141.6, 129.2, 127.8, 127.0, 93.8, 40.8,
36.3,34.4,31.5,30.4, 26.2, 26.1, 25.8.

HRMS (ESI): exact mass calculated for C;gH,1N,O, [M + H]" 297.1606, found 297.1599.
m.p. = 151-153 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 15.518 min,

tr(minor) = 13.371 min.)
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4u

White solid, 72% yield, 95% ee.

TH NMR (500 MHz, CDCl3) & 8.84 (s, 1H), 7.37 — 7.27 (m, 3H), 7.16 — 7.11 (m, 2H), 4.16
(dd, J=17.8,5.2 Hz, 1H), 3.94 — 3.86 (m, 2H), 3.30 — 3.19 (m, 2H), 3.11 (dd, J=16.6, 7.9 Hz,
1H), 2.82 (dd, J=16.6, 5.2 Hz, 1H), 2.57 — 2.47 (m, 1H), 1.84 — 1.72 (m, 1H), 1.68 — 1.59 (m,
2H), 1.59 — 1.52 (m, 1H).

13C NMR (126 MHz, CDCl;) 8 169.2, 164.8, 161.5, 141.4, 129.4, 128.0, 127.0, 93.6, 67.6,
67.5, 40.8, 34.4, 33.6, 30.9, 30.1.

HRMS (ESI): exact mass calculated for C7H;oN,O5; [M + H]* 299.1398, found 299.1390.
m.p. = 159-161 °C.

The ee value was determined by HPLC analysis on a Chiralcel 1B column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 21.863 min,

tr(minor) = 27.163 min.)

4v

White solid, 19% yield, 94% ee.

TH NMR (500 MHz, CDCl;) 6 7.93 (s, 1H), 7.26 — 7.19 (m, 2H), 7.19 — 7.11 (m, 1H), 7.01 —
6.96 (m, 2H), 4.21 — 4.16 (m, 1H), 3.09 (dd, J=16.2, 8.2 Hz, 1H), 2.70 (dd, /= 16.2, 1.6 Hz,
1H), 1.10 (s, 9H).
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I3C NMR (126 MHz, CDCl;) 6 169.4, 168.4, 161.8, 141.8, 129.3, 127.7, 126.8, 93.4, 41.2,
35.0,33.4,28.9.

HRMS (ESI): exact mass calculated for C;cH;9N,O, [M + H]* 271.1448, found 271.1441.
m.p. = 165-167 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 90/10, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 12.757 min,

tr(minor) = 10.385 min.)

HN
O\ \
N=
Ph
5

White solid, 65% yield, 97% ee.

TH NMR (500 MHz, CDCl3) & 7.48 — 7.43 (m, 2H), 7.32 — 7.16 (m, 8H), 4.82 (s, 1H), 4.20
(dd, J=5.5,2.9 Hz, 1H), 3.31 (dt, J=12.0, 3.8 Hz, 1H), 3.18 (td, /= 11.8, 2.8 Hz, 1H), 2.13
(dddd, J=13.6,11.8, 5.5, 3.9 Hz, 1H), 1.93 (dq, /= 13.5, 3.1 Hz, 1H).

I3C NMR (126 MHz, CDCl;) 6 167.5, 161.3, 145.1, 129.9, 129.3, 128.63, 128.55, 128.1,
127.6, 126.7, 88.4, 38.1, 36.3, 31.8.

HRMS (ESI): exact mass calculated for C1gH7;N,O [M + H]" 277.1335, found 277.1332.
m.p. = 167-169 °C.

The ee value was determined by HPLC analysis on a Chiralcel IG column (n-
hexane/isopropanol = 80/20, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 12.429 min,

tr(minor) = 19.025 min.)

Colorless oil, 87% yield, 97% ee.
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'TH NMR (500 MHz, CDCl;) 6 7.44 (dt, J = 8.4, 2.2 Hz, 4H), 7.38 — 7.25 (m, 6H), 7.22 — 7.14
(m, 3H), 6.94 (dd, J = 6.5, 2.9 Hz, 2H), 5.24 (d, J = 14.6 Hz, 1H), 4.98 (d, J = 14.6 Hz, 1H),
4.22(dd,J=17.9, 2.4 Hz, 1H), 3.19 (dd, /= 16.0, 7.9 Hz, 1H), 2.92 (dd, J = 16.1, 2.4 Hz, 1H).
13C NMR (126 MHz, CDCl;) 8 167.6, 164.0, 161.1, 141.0, 136.0, 130.1, 129.3, 128.9, 128.9,
128.8, 128.5, 128.2, 127.6, 127.5, 126.8, 94.8, 45.1, 41.6, 33.6.

HRMS (ESI): exact mass calculated for C,sH,1N,O, [M + H]* 381.1598, found 381.1593.
The ee value was determined by HPLC analysis on a Chiralcel A column (n-
hexane/isopropanol = 70/30, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 6.004 min,

tr(minor) = 9.165 min.)

Colorless oil, 90% yield, 96% ee.

TH NMR (500 MHz, CDCl;) 8 7.39 (t, /= 7.5 Hz, 1H), 7.30 (t, J = 7.6 Hz, 2H), 7.18 — 7.06
(m, 5H), 7.03 — 6.98 (m, 2H), 4.10 (dd, /= 7.8, 4.2 Hz, 1H), 3.34 (s, 3H), 2.82 (dd, J = 15.5,
7.8 Hz, 1H), 2.60 (dd, J = 15.5, 4.3 Hz, 1H).

I3C NMR (126 MHz, CDCls) 6 180.5, 180.0, 160.3, 141.9, 131.6, 129.3, 129.0, 128.4, 127.4,
126.7, 125.5, 102.0, 40.8, 39.0, 35.0.

HRMS (ESI): exact mass calculated for C,9H;7;N,0, [M + H]* 305.1285, found 305.1280.
The ee value was determined by HPLC analysis on a Chiralcel ID column (n-
hexane/isopropanol = 60/40, flow rate = 1.0 mL/min, 4 = 254 nm, tg(major) = 33.340 min,

tr(minor) = 46.483 min.)

S35



5. X-Ray Diffraction Data

Qc

Table 1 Crystal data and structure refinement for 3a.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

pre

y/°

Volume/A3

3a
CisH14N,O,
290.31
149.99(10)
monoclinic
12
8.5336(3)
6.6348(2)
25.9444(9)
90
97.641(3)
90
1455.89(8)
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Z 4

Pealcg/cm’ 1.324

wmm-! 0.709

F(000) 608.0

Crystal size/mm? 0.14 x 0.1 x 0.08

Radiation Cu Ko (A=1.54184)

20 range for data collection/® 6.876 to 142.694

Index ranges -10€h<10,-7<k<5,-31<1<21
Reflections collected 3176

Independent reflections 1806 [Rint = 0.0171, Rgigma = 0.0226]
Data/restraints/parameters ~ 1806/1/203

Goodness-of-fit on F2 1.052

Final R indexes [[>=2c (I)] R;=0.0328, wR;, = 0.0865
Final R indexes [all data] R;=0.0335, wR, =0.0876
Largest diff. peak/hole / ¢ A30.19/-0.18

Flack parameter -0.1(2)
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