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1. General information

"H NMR and *C NMR spectra were recorded on a Bruker AVANCE III 400 spectrometer using tetra-
methylsilane as internal reference, and chemical shifts () and coupling constants (J) were expressed in ppm
and Hz, respectively. Optical rotation was measured by the Perkin Elmer 341 polarimeter. The HRMS
analysis was obtained on a Bruker Apex II FT-ICR mass spectrometer with ESI ionization method. The ee
value determination was carried out using HPLC with chiral Chirapak column on Agilent 1260 with a UV-
detector. Melting points were taken on an XT—4 melting point apparatus and were uncorrected.
Dichloromethane and acetonitrile were freshly distilled from phosphorous pentoxide. Toluene and THF were
freshly distilled from a deep-blue solution of sodium-benzophenone under argon. Phosphoramidite ligand
Li-La, [Ir(COD)CI]. and n-propylamine were purchased from commercial suppliers and used directly. All
syntheses and manipulations were carried out under a dry argon atmosphere. Flash column chromatography

was carried out utilizing 200-300 mesh silica gel.

2. General procedure for synthesis of substrates 1a-1s and 3a-3p

2.1 General procedure for synthesis of f,y-allyl carbonate hydrazones 1a—1r

(@] OH
)J\ B Zn, THE
O NH,Cl (aq) R! X
S1a-S1o0

To a solution of aldehyde (20.0 mmol) in THF (30 mL) was added 3-bromoprop-1-ene (40.0 mmol, 3.46
mL, 2.0 equiv.) and saturated aqueous NH4Cl (30 mL). Then, zinc dust (40.0 mmol, 2.6 g, 2.0 equiv.) was
slowly added to the solution at 0 °C and the resulting suspension was stirred overnight at room temperature.
Upon completion of the reaction (monitored by TLC), the reaction mixture was filtered and extracted with
ethyl acetate (20 mLx3). The combined organic extracts were washed with brine, dried over Na,;SOs, filtered,
and concentrated in reduced pressure. The 1-substituted but-3-en-1-ol S1 was directly used in next step
without further purification.[!)
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Under argon atmosphere, 1-substituted but-3-en-1-ol S1 (8.0 mmol) and (Z)-but-2-ene-1,4-diyl diethyl
dicarbonate (12 mmol, 2.79 g, 1.5 equiv.) were dissolved in anhydrous CH>Cl> (20 mL) at room temperature.
The solution of Grubbs catalyst 2" generation (0.16 mmol, 136 mg, 2 mol %) in anhydrous CH>Cl, (5 mL)
was added and the mixture was refluxed overnight. The solvent was removed under reduced pressure and the
residue was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 9/1) to afford
product S2 in 40-65% yields.?!
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Compound S2 (5 mmol) was dissolved in diethyl ether at 0 °C and Jones reagent (10 mmol, 4.0 mL, 2.5
M, 2 equiv.) was added dropwise at 0 °C. Then, the mixture was warmed to room temperature and stirred for
another 2.5 h. After completion of the reaction (monitored by TLC), the ether layer was separated and the
aqueous layer was extracted with ethyl acetate (20 mLx3). The combined organic phase was washed with
brine, dried over Na;SOy, filtered, and concentrated in reduced pressure. The crude product was directly used
in next step without further purification.!!!

To a solution of f,y-unsaturated ketone (4 mmol) in MeOH (16 mL), p-toluenesulfonyl hydrazide (4.8
mmol, 0.894 g, 1.2 equiv.) was added at 0 °C. The mixture was stirred at 0 °C until the reaction was completed
(monitored by TLC). The solvent was removed under reduced pressure, and the residue was purified by flash
column chromatography on silica gel to afford compounds 1a—1o in 24-43% yield.

The substrates 1p, 1r and 1s were synthesized using the similar methods.

2.2 General procedure for synthesis of §,y-allyl carbonate oximes 3a—3p

i) Jones Reagent _OH
OH Et,0, 0°C N|
Ar)\/\ i) NH,OH, EtOH, rt Ar)\/\
S$1a-S1n S3a-S3n

1-Aryl-but-3-en-1-ol S1 (20 mmol) was dissolved in diethyl ether at 0 °C and Jones reagent (40 mmol,
16.0 mL, 2.5 M, 2 equiv.) was added dropwise at 0 °C. The resulting mixture was warmed to room
temperature and stirred for another 4 h. After completion of the reaction (monitored by TLC), the ether layer
was separated and the aqueous layer was extracted with ethyl acetate (20 mLx3). The combined organic
phase was washed with water and brine, dried over Na;SOy, filtered, and concentrated under reduce pressure.
The crude B,y-unsaturated ketone was directly used in next step without further purification.!!)

To a solution of hydroxylamine hydrochloride (50 mmol, 3.48 g, 5 equiv.) and sodium acetate (70 mmol,
5.74g, 7 equiv.) in ethanol (50 mL) was added f,y-unsaturated ketone (10 mmol) in ethanol (8 mL). The
reaction mixture was stirred overnight at room temperature and concentrated under reduced pressure. Then,
the mixture was extracted with ethyl acetate (30 mL*3) and the combined organic phase was washed with
water and brine, dried over Na,SOs, filtered, and concentrated under reduced pressure. The crude product
was purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 9/1) to afford

B,y-unsaturated oxime S3 in 50-70% yield.®!
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Under argon atmosphere, f,y-unsaturated oxime S3 (4.0 mmol) and (Z)-but-2-ene-1,4-diyl diethyl
dicarbonate (6 mmol, 1.40 g, 1.5 equiv.) were dissolved in dry CH>Cl, (10 mL). To the solution was added
the solution of Grubbs catalyst 2™ generation (0.08 mmol, 68 mg, 2 mol %) in dry CH>Cl, (3 mL). The
mixture was refluxed overnight and the solvent was removed under reduced pressure. The crude product was
purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 9/1) to afford the
products 3a—3n in 20-45% yield.

The substrates 30—3p were synthesized using the similar methods.

3. General procedure for enantioselective synthesis of 1H-pyrazolines 2a-2q, tetrahydro-
pyridazine 2r and 1H-1,2-diazepine 2s enabled by iridium-catalyzed intramolecular allylic

substitution reactions

_NH _
N [ICOD)CI], (4 mol%), Ly (8 mol%) N
R1W0002Et K,COj3 (0.5 eq.), DCM, 25 °C R1/<(v)n)\/
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N 18 examples
PN up to 99% vield

OO o up to 99% ee
L,

A flame dried Schlenk tube was cooled to room temperature and filled with argon. To this flask were added

[Ir(COD)CI]2 (0.004 mmol, 4 mol %), phosphoramidite ligand L, (0.008 mmol, 8 mol %), n-propylamine
(0.5 mL) and THF (0.5 mL). The reaction mixture was heated at 50 °C for 0.5 h and the volatile solvent was
removed in vacuo to afford a pale-yellow solid. Then, KoCO3 (0.05 mmol, 0.5 equiv.) and a solution substrate
1 (0.1 mmol) in CH>Cl, (2 mL) were added. The reaction mixture was stirred for another 20 h. Upon
completion of the reaction (monitored by TLC), the reaction mixture was filtrated with celite and washed
with CH2Cly. The solvent was removed under reduced pressure and the residue was purified by flash column

chromatography on silica gel to afford the product 2.

(R)-3-phenyl-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2a)




white solid, mp 107.2 — 107.8 °C, 32.0 mg, 98% yield, [a]y +24.6 (¢ 0.57, CHCIl3). 'H NMR (400 MHz,
CDCl3) 6 7.81 (d, J = 8.4 Hz, 2H), 7.65 (dd, J= 7.6, 2.4 Hz, 2H), 7.40 — 7.35 (m, 3H), 7.28 (d, /= 8.0 Hz,
2H), 6.12 — 6.03 (m, 1H), 5.36 (d, J=17.2 Hz, 1H), 5.29 (d, /= 10.0 Hz, 1H), 4.35 - 4.28 (m, 1H), 3.21 (dd,
J=16.8,10.8 Hz, 1H), 2.96 (dd, J=17.2, 10.0 Hz, 1H), 2.39 (s, 3H). 3C NMR (100 MHz, CDCl3) 6 157.04,
144.21, 136.45, 132.46, 130.79, 130.56, 129.50, 128.76, 128.62, 126.85, 117.73, 64.63, 40.22, 21.59. HRMS
(ESI): Exact Mass Calcd. for CigHi9N>O>S (M+H)™: 327.1162, Found: 327.1165. HPLC (Chiralpak 1G
column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention time: tmajor = 26.642 min, tminor = 33.923

min, 96% ee).

(R)-3-(4-fluorophenyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2b)

white solid, mp 161.7 — 162.9 °C, 32.0 mg, 93% yield, [a]5 +20.0 (¢ 1.0, CH>Cl,). 'H NMR (400 MHz,
CDCl3) 6 7.78 (d, J = 8.4 Hz, 2H), 7.62 (dd, J = 8.8, 5.6 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 7.04 (t, /= 8.4
Hz, 2H), 6.09 — 6.01 (m, 1H), 5.35 (d, /= 16.8 Hz, 1H), 5.27 (d, /= 10.4 Hz, 1H), 4.34 — 4.27 (m, 1H), 3.18
(dd, /= 16.8, 10.8 Hz, 1H), 2.92 (dd, J = 16.8, 10.0 Hz, 1H), 2.37 (s, 3H). *C NMR (100 MHz, CDCl;) ¢
165.35, 162.85, 156.06, 144.30, 136.31, 132.39, 128.90, 128.82, 128.73, 127.08, 127.05, 117.84, 115.92,
115.70, 64.69, 40.26, 21.61. HRMS (ESI): Exact Mass Calcd. for C13H;sFN20,S (M+H)*: 345.1068, Found:
345.1072. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention time:
tmajor = 23.365 min, tminor = 29.963 min, 97% ee).

(R)-3-(4-chlorophenyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2c)

colorless oil, 32.5 mg, 90% yield, [a]> —10.0 (¢ 1.0, CH,Cl,). "H NMR (400 MHz, CDCls) 6 7.80 (d, /= 8.4
Hz, 2H), 7.58 (dd, J = 6.8, 2.0 Hz, 2H), 7.35 — 7.33 (m, 2H), 7.29 (d, J = 8.4 Hz, 2H), 6.11 — 6.02 (m, 1H),
5.37(d,J=17.2 Hz, 1H), 5.29 (d, /= 10.4 Hz, 1H), 4.37 — 4.30 (m, 1H), 3.19 (dd, /= 16.8, 10.8 Hz, 1H),
2.93 (dd, J=16.8, 10.0 Hz, 1H), 2.40 (s, 3H). *C NMR (100 MHz, CDCl) § 155.89, 144.29, 136.58, 136.19,
132.38,129.49, 129.23, 128.88, 128.67, 128.01, 117.87, 64.71, 40.05, 21.56. HRMS (ESI): Exact Mass Calcd.
for C1gH13CIN202S (M+H)™: 361.0772, Found: 361.0777. HPLC (Chiralpak IG column, n-hexane/i-PrOH =

70/30, flow rate = 1.0 mL/min, retention time: tmajor = 27.728 min, tminor = 33.757 min, 93% ee).



(R)-3-(4-bromophenyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2d)

white solid, mp 149.8 — 150.9 °C, 34.8 mg, 86% yield, [a]y —55.0 (¢ 1.0, CH,CL>). 'H NMR (400 MHz,
CDCl3) 6 7.78 (d, J = 8.4 Hz, 2H), 7.49 (s, 4H), 7.28 (d, J = 8.0 Hz, 2H), 6.10 — 6.01 (m, 1H), 5.35 (d, J =
17.2 Hz, 1H), 5.28 (d, /= 10.0 Hz, 1H), 4.36 — 4.29 (m, 1H), 3.18 (dd, /= 17.2, 10.8 Hz, 1H), 2.92 (dd, J =
16.8, 10.0 Hz, 1H), 2.38 (s, 3H). '3C NMR (100 MHz, CDCl3) § 156.01, 144.35, 136.22, 132.41, 131.89,
129.70, 129.54, 128.71, 128.25, 125.00, 117.94, 64.78, 40.04, 21.62. HRMS (ESI): Exact Mass Calcd. for
Ci3H13BrN20,S (M+H)"™: 405.0267, Found: 405.0272. HPLC (Chiralpak IG column, n-hexane/i-PrOH =

70/30, flow rate = 0.5 mL/min, retention time: tmajor = 28.883 min, tminor = 33.922 min, 90% ee).

(R)-3-(p-tolyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2¢)

colorless oil, 31.3 mg, 92% yield, [a]> —33.0 (¢ 1.0, CH,Cl,). "H NMR (400 MHz, CDCl3) 6 7.78 (d, J= 8.4
Hz, 2H), 7.52 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.10 — 6.01 (m, 1H),
5.34 (d,J=17.2 Hz, 1H), 5.26 (d, /= 10.0 Hz, 1H), 4.29 — 4.22 (m, 1H), 3.17 (dd, /= 16.8, 10.4 Hz, 1H),
2.92 (dd, J = 16.8, 10.0 Hz, 1H), 2.36 (s, 3H), 2.34 (s, 3H). *C NMR (100 MHz, CDCl3) § 157.22, 144.16,
140.99, 136.54, 132.33, 129.48, 129.33, 128.76, 128.00, 126.83, 117.64, 64.55, 40.26, 21.59, 21.48. HRMS
(ESI): Exact Mass Calcd. for Ci9H21N20,S (M+H)*: 341.1318, Found: 341.1323. HPLC (Chiralpak IG
column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention time: tmajor = 30.452 min, tminor = 35.454

min, 97% ee).

(R)-3-(4-methoxyphenyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2f)

N—-N

/@M
H5CO

2f

white solid, mp 147.1 — 148.6 °C, 19.9 mg, 56% yield, [a]5 —56.0 (¢ 1.0, CH2Cly). '"H NMR (400 MHz,
CDCl) ¢ 7.81 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.8 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H), 6.88 (d, /= 9.2 Hz,



2H), 6.12 — 6.04 (m, 1H), 5.36 (d, J=17.2 Hz, 1H), 5.28 (d, /= 10.0 Hz, 1H), 4.30 —4.23 (m, 1H), 3.83 (s,
3H), 3.17 (dd, J = 16.8, 10.8 Hz, 1H), 2.93 (dd, J = 16.8, 10.0 Hz, 1H), 2.39 (s, 3H). *C NMR (100 MHz,
CDCls) 6 161.52, 156.88, 144.11, 136.60, 132.36, 129.45, 128.79, 128.49, 123.41, 117.58, 114.03, 64.48,
55.39,40.31,21.59. HRMS (ESI): Exact Mass Calcd. for C19H21N203S (M+H)*™: 357.1267, Found: 357.1274.
HPLC (Chiralpak IG column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention time: tmajor =
46.998 min, tminor = 66.760 min, 98% ee).

(R)-3-(1,1’-biphenyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2g)

white solid, mp 158.6 — 159.4 °C, 35.4 mg, 88% yield, [a]y —111.0 (¢ 1.0, CH>Cl,). '"H NMR (400 MHz,
CDCl3) 6 7.83 (d, J = 8.0 Hz, 2H), 7.72 (d, J = 8.4 Hz, 2H), 7.61 — 7.58 (m, 4H), 7.47 — 7.43 (m, 2H), 7.39 —
7.35 (m, 1H), 7.30 (d, J = 8.0 Hz, 2H), 6.14 — 6.05 (m, 1H), 5.38 (d, /= 17.2 Hz, 1H), 5.30 (d, /= 10.0 Hz,
1H), 4.37 —4.29 (m, 1H), 3.25 (dd, J= 16.8, 10.8 Hz, 1H), 2.99 (dd, /= 16.8, 10.0 Hz, 1H), 2.39 (s, 3H). 1*C
NMR (100 MHz, CDCl3) 0 156.76, 144.22, 143.30, 140.03, 136.46, 132.46, 129.65, 129.52, 128.93, 128.77,
127.94, 127.33, 127.26, 127.05, 117.76, 64.68, 40.23, 21.61. HRMS (ESI): Exact Mass Calcd. for
C24H23N>0,S (M+H)*: 403.1475, Found: 403.1480. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 70/30,

flow rate = 1.0 mL/min, retention time: tmajor = 49.871 min, tminor = 59.985 min, 95% ee).

(R)-3-(m-tolyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2h)

white solid, mp 163.5 — 164.8 °C, 32.0 mg, 94% yield, [a]y —26.0 (¢ 1.0, CH,CL>). 'H NMR (400 MHz,
CDClz) 6 7.81 (d, J = 8.4 Hz, 2H), 7.51 (s, 1H), 7.42 (d, J = 7.6 Hz, 1H), 7.30 — 7.20 (m, 4H), 6.12 — 6.03
(m, 1H), 5.36 (d, J=16.8 Hz, 1H), 5.28 (d, /= 10.4 Hz, 1H), 4.33 — 4.26 (m, 1H), 3.20 (dd, /= 16.8, 10.8
Hz, 1H), 2.95 (dd, J=16.8, 10.0 Hz, 1H), 2.39 (s, 3H), 2.36 (s, 3H). *C NMR (100 MHz, CDCls) J 157.25,
144.17,138.40,136.51, 132.44, 131.40, 130.69, 129.49, 128.74, 128.50, 127.39, 124.07, 117.64, 64.53, 40.28,
21.58,21.31. HRMS (ESI): Exact Mass Calcd. for C1oH21N>O,S (M+H)*: 341.1318, Found: 341.1325. HPLC
(Chiralpak IG column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention time: tmajor = 21.884 min,
tminor = 28.315 min, 97% ee).



(R)-1-tosyl-3-(trifluoromethyl)-5-vinyl-4,5-dihydro-1H-pyrazole (2i)

colorless oil, 38.2 mg, 97% yield, [a]y +17.0 (¢ 1.0, CH,Cl,). "H NMR (400 MHz, CDCl3) 6 7.86 — 7.79 (m,
4H), 7.64 (d, J= 7.6 Hz, 1H), 7.51 (t,J=7.6 Hz, 1H), 7.30 (d, /= 8.0 Hz, 2H), 6.11 — 6.02 (m, 1H), 5.38 (d,
J=17.2 Hz, 1H), 530 (d, /= 10.4 Hz, 1H), 4.41 —4.34 (m, 1H), 3.26 (dd, /= 16.8, 10.8 Hz, 1H), 2.98 (dd,
J=16.8,10.0 Hz, 1H), 2.39 (s, 3H). *C NMR (100 MHz, CDCls) § 155.63, 144.49, 136.07, 132.37, 131.64,
131.37, 131.05, 129.88, 129.61, 129.26, 128.68, 127.01, 126.98, 125.06, 123.56, 123.52, 122.35, 118.08,
64.87, 40.04, 21.60. HRMS (ESI): Exact Mass Calcd. for Ci9H;sF3N202S (M+H)*: 395.1036, Found:
395.1041. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 92/8, flow rate = 1.0 mL/min, retention time:
tmajor = 38.514 min, tminor = 41.838 min, 95% ee).

(R)-3-(3-chlorophenyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2j)

colorless oil, 34.2 mg, 95% yield, [a]y —7.0 (¢ 1.0, CH,Cl,). '"H NMR (400 MHz, CDCl3) 6 7.81 (d, J= 8.4
Hz, 2H), 7.64 (s, 1H), 7.51 (d, J= 7.6 Hz, 1H), 7.37 (d, J= 8.0 Hz, 1H), 7.33 — 7.30 (m, 3H), 6.11 — 6.02 (m,
1H), 5.37 (d, J=17.2 Hz, 1H), 5.30 (d, /= 10.4 Hz, 1H), 4.38 — 4.31 (m, 1H), 3.21 (dd, /= 16.8, 10.8 Hz,
1H), 2.94 (dd, J = 16.8, 10.0 Hz, 1H), 2.41 (s, 3H). *C NMR (100 MHz, CDCl5) 6 155.72, 144.40, 136.16,
134.77, 132.54, 132.42, 130.49, 129.92, 129.59, 128.70, 126.78, 124.90, 117.98, 64.75, 40.06, 21.62. HRMS
(ESI): Exact Mass Calcd. for CisH;sCIN20.S (M+H)*: 361.0772, Found: 361.0776. HPLC (Chiralpak 1G
column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention time: tmajor = 19.910 min, tminor = 24.079

min, 97% ee).

(R)-3-(2-chlorophenyl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2Kk)

cl Ts

N—N
G/W
2k

colorless oil, 18.4 mg, 51% yield, [a]y +83.0 (¢ 1.0, CH>Cl>). '"H NMR (400 MHz, CDCl3) 6 7.73 (d, J =
8.4 Hz, 2H), 7.50 (dd, J = 7.6, 2.0 Hz, 1H), 7.27 — 7.14 (m, 5H), 6.03 — 5.95 (m, 1H), 5.25 (d, /= 17.2 Hz,




1H), 5.19 (d, J=10.4 Hz, 1H), 4.25 — 4.18 (m, 1H), 3.24 (dd, /= 17.2, 10.4 Hz, 1H), 3.07 (dd, J=17.2, 10.4
Hz, 1H), 2.33 (s, 3H). 3C NMR (100 MHz, CDCl3) 6 157.21, 144.37, 136.08, 132.80, 132.39, 131.08, 130.55,
130.54, 130.26, 129.51, 128.85, 126.91, 117.97, 65.48, 43.17, 21.63. HRMS (ESI): Exact Mass Calcd. for
Ci3H13CIN2,02S (M+H)*: 361.0772, Found: 361.0778. HPLC (Chiralpak IG column, n-hexane/i-PrOH =

70/30, flow rate = 1.0 mL/min, retention time: tminor = 21.507 min, tmajor = 26.629 min, 89% ee).

(R)-3-(naphthaien-2-yl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (21)

SR aad

2|

white solid, mp 124.6 — 125.3 °C, 35.3 mg, 94% yield, [a]5 +5.0 (¢ 1.0, CH2Cly). '"H NMR (400 MHz, CDCl;)
0798 (dd, J= 8.8, 1.6 Hz, 1H), 7.85 — 7.80 (m, 6H), 7.54 — 7.47 (m, 2H), 7.28 (d, J = 8.0 Hz, 2H), 6.16 —
6.07 (m, 1H), 5.40 (d, J=17.2 Hz, 1H), 5.31 (d, /= 10.4 Hz, 1H), 4.40 — 4.33 (m, 1H), 3.34 (dd, /= 16.8,
10.8 Hz, 1H), 3.07 (dd, J = 16.8, 10.0 Hz, 1H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCl3) 6 157.15, 144.25,
136.48, 134.25, 132.82, 132.43, 129.52, 128.77, 128.46, 128.45, 128.38, 127.84, 127.40, 127.34, 126.76,
123.53, 117.78, 64.76, 40.18, 21.59. HRMS (ESI): Exact Mass Calcd. for C22H»1N>0,S (M+H)*: 377.1318,
Found: 377.1322. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention

time: tmajor = 33.806 min, tminor = 40.933 min, 99% ee).

(R)-tert-butyl-3-(1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazol-3-yl)-1H-indole-1-carboxylate (2m)

colorless oil, 46.0 mg, 99% yield, [a]5 —37.0 (¢ 1.0, CH>Cly). '"H NMR (400 MHz, CDCl;) 6 8.38 — 8.36 (m,
1H), 8.12 (d, J= 7.6 Hz, 1H), 7.85 (d, J = 8.4 Hz, 2H), 7.66 (s, 1H), 7.43 — 7.36 (m, 2H), 7.26 (d, J= 8.4 Hz,
2H), 6.15 - 6.06 (m, 1H), 5.40 (d, /= 17.2 Hz, 1H), 5.31 (d, /= 10.0 Hz, 1H), 4.32 — 4.25 (m, 1H), 3.23 (dd,
J=164, 10.4 Hz, 1H), 3.01 (dd, J = 16.8, 10.0 Hz, 1H), 2.36 (s, 3H), 1.67 (s, 9H). *C NMR (100 MHz,
CDCl3) 0 152.80, 149.17, 144.16, 136.48, 135.68, 132.26, 129.44, 128.76, 127.50, 127.08, 125.57, 123.98,
123.04, 117.75, 115.01, 113.27, 84.86, 63.67, 41.02, 28.13, 21.57. HRMS (ESI): Exact Mass Calcd. for
C25H23N304S (M+H)*: 466.1795, Found: 466.1798. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 70/30,

flow rate = 1.0 mL/min, retention time: tminor = 23.247 min, tmajor = 29.962 min, 97% ee).

(R)-3-(furan-2-yl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2n)



o) 2n

colorless oil, 25.9 mg, 82% yield, [a]y +70.0 (¢ 0.5, CH>Cl»). '"H NMR (400 MHz, CDCl3) § 7.81 (d, J =
8.0 Hz, 2H), 7.49 (d, J= 1.2 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 6.78 (d, J= 3.2 Hz, 1H), 6.47 (dd, J = 3.6,
2.0 Hz, 1H), 6.09 — 6.01 (m, 1H), 5.36 (d, /= 17.2 Hz, 1H), 5.29 (d, J = 10.4 Hz, 1H), 4.32 — 4.25 (m, 1H),
3.18 (dd, J=16.8, 10.8 Hz, 1H), 2.93 (dd, J=17.2, 10.0 Hz, 1H), 2.41 (s, 3H). 3C NMR (100 MHz, CDCl3)
0 148.85, 146.41, 144.68, 144.25, 136.12, 132.38, 129.53, 128.79, 117.89, 112.44, 111.97, 64.08, 40.07,
21.62. HRMS (ESI): Exact Mass Calcd. for Ci6H17N2.03S (M+H)": 317.0954, Found: 317.0960. HPLC
(Chiralpak IG column, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, retention time: tmajor = 20.299 min,

tminor = 45.552 min, 94% ee).

(R)-3-(thiophen-2-yl)-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (20)

S 20

white solid, mp 145.1 — 146.9 °C, 32.2 mg, 97% yield, [a]; —65.0 (¢ 1.0, CH,CL,). '"H NMR (400 MHz,
CDCl3) 0 7.80 (d, /= 8.4 Hz, 2H), 7.41 (dd, /= 5.2, 0.8 Hz, 1H), 7.29 (d, J = 8.0 Hz, 2H), 7.15 (dd, J = 3.6,
0.8 Hz, 1H), 7.02 (dd, /= 4.8, 3.6 Hz, 1H), 6.11 — 6.02 (m, 1H), 5.36 (d, J=17.2 Hz, 1H), 5.29 (d, /= 10.4
Hz, 1H), 4.33 —4.26 (m, 1H), 3.19 (dd, /= 16.8, 10.8 Hz, 1H), 2.97 (dd, J=16.8, 10.0 Hz, 1H), 2.40 (s, 3H).
13C NMR (100 MHz, CDCl3) J 152.69, 144.25, 136.23, 134.33, 132.25, 129.49, 129.32, 128.93, 128.84,
127.44, 117.85, 64.70, 40.93, 21.60. HRMS (ESI): Exact Mass Calcd. for Ci¢Hi7N202S> (M+H)*: 333.0726,
Found: 333.0732. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention

time: tmajor = 29.916 min, tminor = 35.600 min, 98% ee).

(R)-5-methyl-3-phenyl-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2p)

white solid, mp 120.1 — 120.8 °C, 31.9 mg, 94% yield, [a]s +19.0 (¢ 1.0, CH>Cly). '"H NMR (400 MHz,
CDCl3) 6 7.90 (d, J = 8.4 Hz, 2H), 7.67 — 7.65 (m, 2H), 7.39 — 7.37 (m, 3H), 7.27 (d, J = 7.2 Hz, 2H), 6.04
(dd,J=17.2,10.8 Hz, 1H), 5.28 (d, /= 17.6 Hz, 1H), 5.15 (d, J = 10.8 Hz, 1H), 3.21 (d, /= 16.4 Hz, 1H),

10



3.05 (d, J=16.8 Hz, 1H), 2.39 (s, 3H), 1.69 (s, 3H). 3C NMR (100 MHz, CDCl;s) 6 153.45, 143.50, 139.66,
137.03, 131.23, 130.17, 129.14, 128.59, 128.37, 126.53, 114.76, 71.49, 47.98, 23.65, 21.57. HRMS (ESI):
Exact Mass Calcd. for C19H21N20,S (M+H)*: 341.1318, Found: 341.1325. HPLC (Chiralpak AD-H column,
n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, retention time: tmajor = 25.521 min, tminor = 30.528 min,

30% ee).

(R)-3-cyclohexyl-1-tosyl-5-vinyl-4,5-dihydro-1H-pyrazole (2q)

colorless oil, 30.6 mg, 92% yield, [a]> +242.0 (¢ 1.0, CH,Cl,). '"H NMR (400 MHz, CDCl3) 6 7.75 (d, J =
7.6 Hz, 2H), 7.31 (d, J = 7.6 Hz, 2H), 6.03 — 5.95 (m, 1H), 5.28 (d, /= 17.2 Hz, 1H), 5.22 (d, /= 10.0 Hz,
1H), 4.09 — 4.03 (m, 1H), 2.73 — 2.66 (m, 1H), 2.57 — 2.50 (m, 1H), 2.43 (s, 3H), 2.28 (s, IH), 1.71 — 1.68
(m, 5H), 1.24 —1.17 (m, 5H). *C NMR (100 MHz, CDCl3) d 166.32, 144.04, 136.71, 131.96, 129.26, 128.87,
117.20, 63.75, 40.67, 39.22, 30.29, 29.91, 25.78, 25.64, 25.57, 21.61. HRMS (ESI): Exact Mass Calcd. for
Ci3H25sN20.S (M+H)™: 333.1631, Found: 333.1629. HPLC (Chiralpak AD-H column, n-hexane/i-PrOH =

90/10, flow rate = 1.0 mL/min, retention time: tminor = 12.270 min, tmajor = 14.196 min, 97% ee).

(R)-3-phenyl-1-tosyl-6-vinyl-1,4,5,6-tetrahydropyridazine (2r)

colorless oil, 30.9 mg, 91% yield, [a]5 +150.0 (¢ 1.0, CH,Cl,). '"H NMR (400 MHz, CDCl3) 6 7.86 (d, J =
8.4 Hz, 2H), 7.69 (dd, J = 7.6, 2.0 Hz, 2H), 7.38 — 7.32 (m, 3H), 7.26 (d, J = 8.0 Hz, 2H), 5.66 — 5.57 (m,
1H),5.19-5.18 (m, 1H), 5.14 —5.11 (m, 1H), 5.03 — 5.00 (m, 1H), 2.63 —2.57 (m, 1H), 2.41 —2.31 (m, 4H),
2.06 —2.00 (m, 1H), 1.98 — 1.90 (m, 1H). '3C NMR (100 MHz, CDCls) J 147.45, 143.58, 136.95, 135.92,
134.30, 129.21, 129.14, 128.41, 128.32, 125.24, 117.77, 53.99, 23.27, 21.57, 18.55. HRMS (ESI): Exact
Mass Calcd. for CioH21N20,S (M+H)*: 341.1318, Found: 341.1326. HPLC (Chiralpak IG column, n-
hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, retention time: tminor = 23.508 min, tmajor = 27.270 min, 96%

ee).

(R)-3-phenyl-1-tosyl-7-vinyl-4,5,6,7-tetrahydro-1H-1,2-diazepine (2s)
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2s

white solid, mp 125.2 — 126.9 °C, 35.0 mg, 99% yield, [a]5 +678.0 (¢ 1.0, CH>ClL,). '"H NMR (400 MHz,
CDCl3) 6 7.93 (d, J = 8.4 Hz, 2H), 7.72 (dd, J = 8.0, 1.6 Hz, 2H), 7.42 — 7.37 (m, 3H), 7.30 (d, J = 8.0 Hz,
2H), 5.28 — 5.20 (m, 1H), 5.07 — 5.06 (m, 1H), 4.90 (d, /= 17.2 Hz, 1H), 4.80 (d, /= 10.8 Hz, 1H), 3.08 —
3.03 (m, 1H), 2.92 — 2.85 (m, 1H), 2.42 (s, 3H), 2.10 — 2.05 (m, 2H), 1.76 — 1.68 (m, 1H), 1.51 — 1.40 (m,
1H). 3C NMR (100 MHz, CDCl3) 6 168.71, 143.77, 137.29, 134.44, 133.64, 130.15, 129.41, 129.09, 128.41,
127.20,117.13, 60.53, 33.96, 30.73, 21.63, 15.74. HRMS (ESI): Exact Mass Calcd. for C20H23N20,S (M+H)™:
355.1475, Found: 355.1482. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min,

retention time: tminor = 15.596 min, tmajor = 24.030 min, 92% ee).

4. General procedure for enantioselective synthesis of dihydroisoxazoles 4a—4n, dihydro-
4H-1,2-oxazine 4o, tetrahydro-1,2-oxazepine 4p enabled by iridium-catalyzed intra-

molecular allylic substitution reactions

N/OH N-O
)LMM [I(COD)CI], (4 mol%), Ly (8 mol%) W
A, OCO,Et  K,COs (0.5 eq.), DCM, 25°C A1~ ™
3a-3p 4a-4p
OO o n=123
\ 16 examples

-N up to 99% yield

P
O‘ 0 up to 95% ee
L,

A flame dried Schlenk tube was cooled to room temperature and filled with argon. To this flask were added

[Ir(COD)CI]2 (0.004 mmol, 4 mol %), phosphoramidite ligand L, (0.008 mmol, 8 mol %), n-propylamine
(0.5 mL) and THF (0.5 mL). The reaction mixture was heated at 50 °C for 0.5 h and the volatile solvents
were removed in vacuo to afford a pale-yellow solid. Then, K,CO3 (0.05 mmol, 0.5 equiv.) and a solution of
allylic carbonate 3 (0.1 mmol) in CH>Cl, (2 mL) were added. The reaction mixture was stirred for another
20 h. Upon completion of the reaction (monitored by TLC), the reaction mixture was filtrated with celite and
washed with CH>Cl,. The solvent was removed under reduced pressure and the residue was purified by flash
column chromatography on silica gel to afford the product 4.

(R)-3-phenyl-5-vinyl-4,5-dihydroisoxazole (4a)

N-O

@W
4a
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white solid, mp 43.6 —44.5 °C, 15.7 mg, 91% yield, [a]; —110.0 (¢ 0.5, CH>Cl,). "H NMR (400 MHz, CDCls)
0 7.68 —7.66 (m, 2H), 7.41 — 7.40 (m, 3H), 6.01 — 5.93 (m, 1H), 5.41 (d, J=17.2 Hz, 1H), 5.27 (d, /= 10.0
Hz, 1H), 5.20 — 5.13 (m, 1H), 3.50 (dd, /= 16.4, 10.4 Hz, 1H), 3.13 (dd, J= 16.4, 8.4 Hz, 1H). 3*C NMR
(100 MHz, CDCl3) 6 156.36, 136.10, 130.08, 129.57, 128.71, 126.68, 117.93, 82.03, 40.53. HRMS (ESI):
Exact Mass Calcd. for C;1Hi2NO (M+H)*™: 174.0913, Found: 174.0916. HPLC (Chiralpak IC column, n-
hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time: tmajor = 28.121 min, tminor = 30.563 min, 92%

ee).

(R)-3-(4-fluorophenyl)-5-vinyl-4,5-dihydroisoxazole (4b)

N-O
IO i
F ab
white solid, mp 67.0 —67.7 °C, 18.9 mg, 99% yield, [a]5 —119.0 (¢ 1.0, CH2Cl»). '"H NMR (400 MHz, CDCl;)
57.66 (dd, J=8.8, 5.6 Hz, 2H), 7.09 (1, J = 8.8 Hz, 2H), 6.00 — 5.92 (m, 1H), 5.41 (d, J = 16.8 Hz, 1H), 5.27

(d,J=10.4 Hz, 1H), 5.19 - 5.13 (m, 1H), 3.48 (dd, /= 16.4, 10.8 Hz, 1H), 3.10 (dd, J = 16.4, 8.4 Hz, 1H).
3BC NMR (100 MHz, CDCl3) d 165.00, 162.51, 155.39, 135.97, 128.65, 128.56, 125.87, 125.84, 118.04,
115.97, 115.75, 82.14, 40.58. HRMS (ESI): Exact Mass Calcd. for C;;H;;FNO (M+H)*: 192.0819, Found:
192.0821. HPLC (Chiralpak IC column, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time:
tmajor = 19.721 min, tminor = 22.818 min, 76% ee).

(R)-3-(4-chlorophenyl)-5-vinyl-4,5-dihydroisoxazole (4c)

N-O

/@/W
Cl

4c

white solid, mp 84.5 —85.4 °C, 19.3 mg, 93% yield, [a]5 —130.0 (¢ 1.0, CH,Cl»). "H NMR (400 MHz, CDCls)
0 7.60 (dd, J = 6.8, 2.0 Hz, 2H), 7.37 (dd, J = 6.8, 2.0 Hz, 2H), 6.00 — 5.92 (m, 1H), 5.41 (d, J = 17.2 Hz,
1H), 5.28 (d,J=10.4 Hz, 1H), 5.20 — 5.14 (m, 1H), 3.47 (dd, /= 16.4, 10.4 Hz, 1H), 3.09 (dd, /= 16.4, 8.4
Hz, 1H). 3C NMR (100 MHz, CDCl5) 6 155.45, 136.04, 135.87, 129.00, 128.09, 127.89, 118.13, 82.29,
40.35. HRMS (ESI): Exact Mass Calcd. for C;iH;iCINO (M+H)*: 208.0524, Found: 208.0526. HPLC
(Chiralpak IC column, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time: tmajor = 20.322 min,
tminor = 22.814 min, 91% ee).

(R)-3-(4-bromophenyl)-5-vinyl-4,5-dihydroisoxazole (4d)
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/ Y
Br/Q/:)\/

white solid, mp 100.1 — 101.2 °C, 22.9 mg, 91% yield, [a]5 —86.0 (¢ 0.5, CHCl3). 'H NMR (400 MHz,
CDCl3) 6 7.53 (s, 4H), 6.00 — 5.91 (m, 1H), 5.41 (d, J=16.8 Hz, 1H), 5.28 (d, /= 10.0 Hz, 1H), 5.20 - 5.14
(m, 1H), 3.47 (dd, J = 16.4, 10.4 Hz, 1H), 3.09 (dd, J = 16.4, 8.4 Hz, 1H). 13C NMR (100 MHz, CDCl;) §

155.56, 135.85, 131.96, 128.52, 128.11, 124.35, 118.19, 82.34, 40.28. HRMS (ESI): Exact Mass Calcd. for
CiiHiiBrNO (M+H)*: 252.0019, Found: 252.0022. HPLC (Chiralpak IC column, n-hexane/i-PrOH = 99/1,

flow rate = 1.0 mL/min, retention time: tmajor = 22.617 min, tminor = 25.395 min, 93% ee).

(R)-3-(p-tolyl)-5-vinyl-4,5-dihydroisoxazole (4e¢)

N-O

/@/W
HaC .

e

white solid, mp 68.2 —70.1 °C, 17.2 mg, 92% yield, [a]5 —171.0 (¢ 1.0, CH>Cl»). "H NMR (400 MHz, CDCls)
07.56 (d, J= 8.4 Hz, 2H), 7.21 (d, /= 8.0 Hz, 2H), 6.01 — 5.93 (m, 1H), 5.40 (d, /= 16.8 Hz, 1H), 5.26 (d,
J=10.4Hz, 1H), 5.17 - 5.11 (m, 1H), 3.48 (dd, /= 16.4, 10.4 Hz, 1H), 3.11 (dd, /= 16.4, 8.4 Hz, 1H), 2.38
(s,3H). BC NMR (100 MHz, CDCl3) 6 156.33, 140.31, 136.21, 129.41, 126.75, 126.63, 117.83, 81.87, 40.66,
21.43. HRMS (ESI): Exact Mass Calcd. for CioHisNO (M+H)*: 188.1070, Found: 188.1073. HPLC
(Chiralpak AD-H column, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time: tmajor = 15.941

min, tminor = 17.777 min, 94% ee).

(R)-3-(4-methoxyphenyl)-5-vinyl-4,5-dihydroisoxazole (4f)
N-O

L
MeO

white solid, mp 77.4 —77.8 °C, 20.1 mg, 99% yield, [a]; —166.0 (¢ 1.0, CH>Cl»). '"H NMR (400 MHz, CDCl;)
07.59 (d, J=8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 5.99 — 5.91 (m, 1H), 5.38 (d, J=17.2 Hz, 1H), 5.24 (d,
J=10.4 Hz, 1H), 5.14 — 5.08 (m, 1H), 3.82 (s, 3H), 3.45 (dd, /= 16.4, 10.4 Hz, 1H), 3.08 (dd, /= 16.4, 8.4

Hz, 1H). 3C NMR (100 MHz, CDCI3) J 161.06, 155.95, 136.25, 128.20, 122.14, 117.80, 114.13, 81.78,
55.35,40.79. HRMS (ESI): Exact Mass Calcd. for C12Hi4aNO, (M+H)*: 204.1019, Found: 204.1022. HPLC
(Chiralpak OD-H column, n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, retention time: tminor = 19.754

min, tmajor = 22.778 min, 94% ee).

(R)-3-([1,1°’-biphenyl]-4-yl)-5-vinyl-4,5-dihydroisoxazole (4g)
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N-O

/O/W
Ph 4

g

white solid, mp 130.1 — 130.9 °C, 22.7 mg, 91% yield, [a]; —158.0 (¢ 1.0, CH,CL). '"H NMR (400 MHz,
CDCl3) 0 7.72 (d, J= 8.4 Hz, 2H), 7.63 — 7.59 (m, 4H), 7.44 (t, J= 7.6 Hz, 2H), 7.38 — 7.34 (m, 1H), 6.01 —
5.93 (m, 1H), 5.41 (d, J=16.8 Hz, 1H), 5.26 (d, J = 10.4 Hz, 1H), 5.20 — 5.13 (m, 1H), 3.51 (dd, J= 16.4,
10.8 Hz, 1H), 3.14 (dd, J=16.4, 8.4 Hz, 1H). *C NMR (100 MHz, CDCl3) § 156.13, 142.81, 140.17, 136.10,
128.92, 128.44, 127.83, 127.37, 127.15, 127.06, 118.00, 82.12, 40.55. HRMS (ESI): Exact Mass Calcd. for
Ci17H16NO (M+H)*: 250.1226, Found: 250.1230. HPLC (Chiralpak IC column, n-hexane/i-PrOH = 90/10,

flow rate = 1.0 mL/min, retention time: tmajor = 19.111 min, tminor = 25.833 min, 91% ee).

(R)-3-(3-(trifluoromethyl)phenyl)-5-vinyl-4,5-dihydroisoxazole (4h)

N-O
F3C®/W
4h

white solid, mp 71.8 — 72.6 °C, 23.1 mg, 96% yield, [a]; —148.0 (¢ 1.0, CH>Cl»). '"H NMR (400 MHz, CDCl;)

0 7.89 —7.87 (m, 2H), 7.66 (d, J = 7.6 Hz, 1H), 7.54 (t, J = 7.6 Hz, 1H), 6.01 — 5.93 (m, 1H), 5.43 (d, J =
17.2 Hz, 1H), 5.29 (d, /= 10.4 Hz, 1H), 5.25 - 5.19 (m, 1H), 3.52 (dd, /= 16.4, 10.8 Hz, 1H), 3.15 (dd, J =
16.4, 8.4 Hz, 1H). 3C NMR (100 MHz, CDCls) 6 155.30, 135.70, 131.45, 131.12, 130.49, 129.71, 129.29,
126.59, 126.55, 123.45, 123.41, 123.38, 118.28, 82.51, 40.17. HRMS (ESI): Exact Mass Caled. for
Ci2H11F3NO (M+H)™: 242.0787, Found: 242.0792. HPLC (Chiralpak IC column, n-hexane/i-PrOH = 99/1,

flow rate = 1.0 mL/min, retention time: tmajor = 10.586 min, tminor = 12.380 min, 86% ee).

(R)-3-(3-chlorophenyl)-5-vinyl-4,5-dihydroisoxazole (4i)

Cl\@M
4i

white solid, mp 69.6 —71.1 °C, 19.7 mg, 95% yield, [a]5 —183.0 (¢ 1.0, CH>Cl>). "H NMR (400 MHz, CDCl3)

07.64 (d,J=1.6 Hz, 1H), 7.56 — 7.54 (m, 1H), 7.39 — 7.31 (m, 2H), 6.00 — 5.91 (m, 1H), 5.41 (d, /=172
Hz, 1H), 5.28 (d, /= 10.0 Hz, 1H), 5.21 — 5.15 (m, 1H), 3.47 (dd, J=16.4, 10.8 Hz, 1H), 3.09 (dd, /=164,
8.4 Hz, 1H). *C NMR (100 MHz, CDCl3) 6 155.34, 135.79, 134.76, 131.35, 130.03, 129.99, 126.71, 124.72,
118.19, 82.35, 40.24. HRMS (ESI): Exact Mass Calcd. for C11H1CINO (M+H)": 208.0524, Found: 208.0527.
HPLC (Chiralpak OD-H column, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time: tmajor =
12.181 min, tminor = 13.877 min, 89% ee).
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(R)-3-(m-tolyl)-5-vinyl-4,5-dihydroisoxazole (4j)

HsC N-Q

o

4

colorless oil, 18.5 mg, 99% yield, [a]y —131.7 (¢ 0.6, CH>Cl>). 'H NMR (400 MHz, CDCls) 6 7.51 (s, 1H),
7.44 (d, J=17.6 Hz, 1H), 7.31 — 7.21 (m, 2H), 6.01 — 5.92 (m, 1H), 5.40 (d, J= 17.2 Hz, 1H), 5.26 (d, J =
10.4 Hz, 1H), 5.18 — 5.12 (m, 1H), 3.49 (dd, /= 16.4, 10.4 Hz, 1H), 3.12 (dd, J = 16.4, 8.4 Hz, 1H), 2.38 (s,
3H). 3C NMR (100 MHz, CDCls) 6 156.47, 138.43, 136.16, 130.88, 129.46, 128.59, 127.25, 123.87, 117.85,
81.94, 40.60, 21.34. HRMS (ESI): Exact Mass Calcd. for Ci12HisNO (M+H)*: 188.1070, Found: 188.1073.
HPLC (Chiralpak IG column, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time: tminor = 19.703

min, tmajor = 21.050 min, 95% ee).

(R)-3-(3-methoxyphenyl)-5-vinyl-4,5-dihydroisoxazole (4k)
N-O

MeO\O/W

4k

colorless oil, 17.5 mg, 86% yield, [a]y —155.4 (¢ 0.65, CH,Cl>). "H NMR (400 MHz, CDCl3) 6 7.31 —7.26
(m, 2H), 7.17 (d, J= 7.6 Hz, 1H), 6.96 (dd, J= 8.4, 1.6 Hz, 1H), 6.01 — 5.92 (m, 1H), 5.41 (d, /= 17.2 Hz,
1H), 5.27 (d, J=10.0 Hz, 1H), 5.19 — 5.13 (m, 1H), 3.84 (s, 3H), 3.49 (dd, /= 16.4, 10.8 Hz, 1H), 3.11 (dd,
J=16.4,8.4Hz, 1H). *C NMR (100 MHz, CDCl3) § 159.72, 156.36, 136.06, 130.82, 129.71, 119.36, 117.98,
116.47, 111.25, 82.11, 55.37, 40.58. HRMS (ESI): Exact Mass Calcd. for Ci2H14NO, (M+H)*: 204.1019,
Found: 204.1021. HPLC (Chiralpak AD-H column, r-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min,

retention time: tmajor = 17.718 min, tminor = 19.856 min, 91% ee).

(R)-3-(naphthalen-2-yl)-5-vinyl-4,5-dihydroisoxazole (41)

Oy~

4|

white solid, mp 93.3 - 95.1 °C, 19.6 mg, 88% yield, [a]y —161.0 (¢ 1.0, CH>Cl»). '"H NMR (400 MHz, CDCl;)
0 7.98 —7.95 (m, 1H), 7.88 — 7.82 (m, 4H), 7.51 — 7.49 (m, 2H), 6.03 — 5.95 (m, 1H), 5.43 (d, /= 16.8 Hz,
1H), 5.28 (d, J=10.0 Hz, 1H), 5.23 - 5.17 (m, 1H), 3.60 (dd, /= 16.4, 10.8 Hz, 1H), 3.24 (dd, /=164, 8.4
Hz, 1H). *C NMR (100 MHz, CDCl3) § 156.54, 136.11, 134.04, 133.00, 128.55, 128.36, 127.86, 127.18,
127.12, 126.88, 126.69, 123.58, 118.04, 82.24, 40.49. HRMS (ESI): Exact Mass Calcd. for CisH1sNO
(M+H)*: 224.1070, Found: 224.1072. HPLC (Chiralpak AD-H column, n-hexane/i-PrOH = 95/5, flow rate

= 1.0 mL/min, retention time: tmajor = 14.438 min, tminor = 16.774 min, 91% ee).
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tert-butyl (R)-3-(5-vinyl-4,5-dihydroisoxazol-3-yl)-1H-indole-1-carboxylate (4m)

white solid, mp 95.1 -95.9 °C, 23.7 mg, 76% yield, [a]; —86.0 (¢ 1.0, CH2Cl,). 'H NMR (400 MHz, CDCls)
0 8.25-8.23 (m, 1H), 8.11 (d, J = 8.4 Hz, 1H), 7.70 (s, 1H), 7.40 — 7.30 (m, 2H), 6.01 — 5.93 (m, 1H), 5.42
(d, J=16.8 Hz, 1H), 5.27 (d, J=10.0 Hz, 1H), 5.15 — 5.08 (m, 1H), 3.52 (dd, J = 16.0, 10.4 Hz, 1H), 3.15
(dd, J = 16.0, 8.4 Hz, 1H), 1.69 (s, 9H). '3C NMR (100 MHz, CDCls) ¢ 151.82, 149.37, 136.11, 135.69,
127.11, 126.55, 125.50, 123.76, 123.10, 117.95, 115.00, 111.89, 84.70, 80.84, 41.47, 28.17. HRMS (ESI):
Exact Mass Calcd. for CisH21N203 (M+H)™: 313.1547, Found: 313.1549. HPLC (Chiralpak AD-H column,
n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time: tmajor = 14.169 min, tminor = 16.564 min, 85%

ee).

(R)-3-(thiophen-2-yl)-5-vinyl-4,5-dihydroisoxazole (4n)

N-O
AN [ Z
\
S 4n

colorless oil, 16.1 mg, 90% yield, [a]> —129.3 (¢ 0.75, CH,Cl,). "H NMR (400 MHz, CDCls) 6 7.38 — 7.37
(m, 1H), 7.18 (d, /= 2.8 Hz, 1H), 7.05 (dd, J = 4.0, 4.8 Hz, 1H), 5.99 — 5.90 (m, 1H), 5.39 (d, /= 17.2 Hz,
1H), 5.26 (d, /=10.0 Hz, 1H), 5.14 (q, /= 8.4 Hz, 1H), 3.49 (dd, /= 16.4, 10.8 Hz, 1H), 3.12 (dd, /=16 4,
8.4 Hz, 1H). *C NMR (100 MHz, CDCl3)  152.13, 135.78, 132.07, 128.28, 128.25, 127.28, 118.18, 82.24,
41.32. HRMS (ESI): Exact Mass Calcd. for CoH;oNOS (M+H)": 180.0478, Found: 180.0481. HPLC
(Chiralpak AD-H column, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time: tmajor = 13.642

min, tminor = 15.135 min, 95% ee).

(R)-3-phenyl-6-vinyl-5,6-dihydro-4H-1,2-oxazine (40)

NP

Ph
40

colorless oil, 18.1 mg, 97% yield, [a]y —237.7 (¢ 0.85, CH2Cl,). 'H NMR (400 MHz, CDCl3) d 7.69 — 7.66
(m, 2H), 7.37 — 7.35 (m, 3H), 5.97 — 5.89 (m, 1H), 5.41 (d, J = 17.6 Hz, 1H), 5.27 (d,J = 10.4 Hz, 1H), 4.35
— 430 (m, 1H), 2.69 — 2.58 (m, 2H), 2.18 — 2.11 (m, 1H), 1.96 — 1.86 (m, 1H). '3C NMR (100 MHz, CDCl)
0 154.27,135.89, 129.45, 128.45, 125.33, 117.72, 75.35, 24.09, 21.08. HRMS (ESI): Exact Mass Calcd. for
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C12HisNO (M+H)*: 188.1070, Found: 188.1073. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 92/8,

flow rate = 1.0 mL/min, retention time: tmajor = 15.152 min, tminor = 16.377 min, 90% ee).

(R)-3-phenyl-7-vinyl-4,5,6,7-tetrahydro-1,2-oxazepine (4p)

,}l/o S

Ph
ap

colorless oil, 18.7 mg, 93% yield, [a]> —57.0 (¢ 1.0, CH,Cl,). "H NMR (400 MHz, CDCl3) 6 7.71 (d, J= 6.4
Hz, 2H), 7.44 — 7.39 (m, 3H), 6.05 — 5.97 (m, 1H), 5.36 (d, /= 17.6 Hz, 1H), 5.19 (d, /= 10.4 Hz, 1H), 4.24
—4.20 (m, 1H), 3.23 — 3.16 (m, 1H), 2.81 — 2.77 (m, 1H), 2.09 — 1.97 (m, 2H), 1.94 — 1.84 (m, 1H), 1.63 -
1.57 (m, 1H). B*C NMR (100 MHz, CDCl3) 6 175.72, 138.07, 135.44, 130.35, 128.58, 126.92, 115.34, 80.30,
35.39, 29.44, 21.86. HRMS (ESI): Exact Mass Calcd. for Ci13HisNO (M+H)™: 202.1226, Found: 202.1230.
HPLC (Chiralpak OD—H column, n-hexane/i-PrOH = 99/1, flow rate = 1.0 mL/min, retention time: tminor =
12.350 min, tmajor = 18.285 min, 94% ee).

5. Synthetic transformation of products

5.1 Olefin metathesis of compound 4d

N-O N-O

d 0,
| Y/ N 2"% Grubbs (3 mol %) / Y Ph
/Q/W Z"ph DCM, reflux
Br 4d Br 5
93% ee 86% yield, 89% ee

Under argon atmosphere, a solution of compound 4d (50.4 mg, 0.2 mmol) and but-3-en-1-ylbenzene (79.2
mg, 0.6 mmol, 3.0 equiv.) in dry DCM (2 mL) was treated with Grubbs 2" catalyst (5.1 mg, 3 mol %). The
reaction mixture was refluxed for 24 h. After cooling to room temperature, DCM was evaporated under
reduced pressure and the residue was purified by flash column chromatography on silica gel (PE/EtOAc =
19/1) to afford product 5 (61.2 mg).

(R,E)-3-(4-bromophenyl)-5-(4-phenylbut-1-en-1-yl)-4,5-dihydroisoxazole (5). white solid, mp 67.7 —
68.8 °C, 86% yield, [a]s —83.0 (¢ 1.0, CHCls). '"H NMR (400 MHz, CDCl3) 6 7.52 (s, 4H), 7.29 — 7.25 (m,
3H), 7.20 — 7.15 (m, 2H), 5.90 — 5.83 (m, 1H), 5.59 (dd, J = 15.2, 7.6 Hz, 1H), 5.11 (dd, J = 18.0, 8.8 Hz,
1H), 3.39 (dd, /= 16.4, 10.4 Hz, 1H), 2.99 (dd, J= 16.4, 8.8 Hz, 1H), 2.72 (t, /= 7.2 Hz, 2H), 2.43 — 2.39
(m, 2H). *C NMR (100 MHz, CDCls) ¢ 155.70, 141.40, 134.64, 131.93, 128.69, 128.45, 128.41, 128.36,
128.08, 125.96, 124.24, 82.41, 40.37, 35.24, 33.91. HRMS (ESI): Exact Mass Calcd. for Ci9H19BrNO
(M+H)™: 356.0645, Found: 356.0646. HPLC (Chiralpak OD-H column, n-hexane/i-PrOH = 99/1, flow rate

= 1.0 mL/min, retention time: tmajor = 37.630 min, tminor = 44.594 min, 89% ee).
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5.2 Epoxidation of compound 2a

Ts
Ts N
N—N m-CPBA (4 eq.) H
/
A~ bCM Ph
2a 6
96% ee dr 1.5:1, 85% yield

96% ee, 96% ee

To a solution of compound 2a (49.0 mg, 0.15 mmol) in CH2Cl, (2 mL), m-CPBA (70%, 147.9 mg, 0.6
mmol, 4.0 equiv.) was added at 0 °C. The reaction mixture was stirred for 24 h at room temperature. Upon
completion of the reaction (monitored by TLC), the reaction was quenched with saturated aqueous Na>SOs.
The organic phase was separated, washed with saturated aqueous NaHCOs3, brine, dried over anhydrous
NayS0O4, and concentrated under reduced pressure. The crude product was purified by flash column
chromatography on silica gel using petroleum ether/EtOAc (9/1) to afford the product 6 (85% yield, 3:2 dr).

major 6, white solid, mp 136.5 — 138.6 °C, 26.2 mg, 51% yield, [a]; +6.0 (c 0.5, CH.CLy). '"H NMR (400
MHz, CDCl3) ¢ 7.78 (d, J = 8.4 Hz, 2H), 7.65 (d, J= 8.0 Hz, 2H), 7.41 — 7.37 (m, 3H), 7.27 (d, /= 8.0 Hz,
2H), 3.76 — 3.70 (m, 1H), 3.43 — 3.40 (m, 1H), 3.19 — 3.05 (m, 2H), 2.99 (t, J = 4.4 Hz, 1H), 2.79 (dd, /=
4.4,2.4Hz, 1H),2.37 (s, 3H). 3C NMR (100 MHz, CDCl3) 6 157.85, 144.55, 132.07, 130.78, 130.49, 129.65,
128.67,128.62,126.97, 63.17,53.32,47.71,36.54, 21.60. HRMS (ESI): Exact Mass Calcd. for C1sH19N203S
(M+H)": 343.1111, Found: 343.1117. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 70/30, flow rate =
1.0 mL/min, retention time: tmajor = 37.774 min, tminor = 41.754 min, 96% ee).

minor 6, white solid, mp 88.4 — 90.1 °C, 17.4 mg, 34% yield, [a]; +2.0 (¢ 0.5, CH>Cl,). '"H NMR (400
MHz, CDCl3) ¢ 7.81 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 6.8 Hz, 2H), 7.42 — 7.36 (m, 3H), 7.28 (d, /= 8.0 Hz,
2H), 4.28 —4.22 (m, 1H), 3.47 (dd, J = 6.4, 4.0 Hz, 1H), 3.03 (d, /= 10.0 Hz, 2H), 2.97 — 2.95 (m, 1H), 2.91
(t, J = 4.4 Hz, 1H), 2.39 (s, 3H). 3C NMR (100 MHz, CDCl3) § 157.97, 144.48, 132.17, 130.78, 130.46,
129.62, 128.65, 128.01, 126.97, 60.66, 52.35, 44.80, 35.47, 21.60. HRMS (ESI): Exact Mass Calcd. for
Ci3H19N>O3S (M+H)*: 343.1111, Found: 343.1117. HPLC (Chiralpak IG column, n-hexane/i-PrOH = 60/40,

flow rate = 1.0 mL/min, retention time: tmajor = 25.022 min, tminor = 35.241 min, 96% ee).

5.3 Synthesis of f-amino alcohol 7 and 6-vinyl-1,3-oxazinan-2-one (8)

N LA, 3oeq) T2 OF J
1 4 e
PhW —Et 0. 40 °C )\/K/ _THF 65 oC m
4a Ph
92 % ee 64% yield . ]
8:1 dr, 94% ee 92% yleld, 7:1dr
j\
P HN" O —
recrystallization =
—_—
Ph)\/l\/
8

76% yield, dr>20:1
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Under argon atmosphere, compound 4a (34.6 mg, 0.2 mmol) was dissolved in dry Et;O (8.0 mL). Lithium
aluminium hydride (22.8 mg, 0.6 mmol, 3.0 equiv.) was added to the above solution. The reaction mixture
was refluxed for 36 h. After cooling to room temperature, the reaction was quenched with aqueous NH4Cl
(20 mL), and then extracted with CH2Cl, (10 mLx3). The combined organic extracts were dried over
anhydrous Na,SO4 and concentrated. The crude product was purified by flash column chromatography on
silica gel using petroleum ether/EtOAc (7:1) to afford the product 7 (8:1 dr).

(3R,5S5)-5-amino-5-phenylpent-1-en-3-ol (7). white solid, mp 295.3 —297.1 °C, 22.7 mg, 64% yield, [a]
5 —135.4 (¢ 0.33, CH2Cl,). '"H NMR (400 MHz, DMSO-ds) 6 7.48 — 7.30 (m, 5H), 6.62 (br s, 2H), 5.83 —
5.75 (m, 1H), 5.13 — 5.08 (m, 1H), 4.98 — 4.95 (m, 1H), 4.23 (dd, J= 8.0, 6.4 Hz, 1H), 3.76 — 3.71 (m, 1H),
3.34 (br s, 1H), 1.93 — 1.77 (m, 2H). '3C NMR (100 MHz, DMSO-ds) 6 142.43, 140.87, 129.01, 128.44,
127.73, 113.79, 68.93, 53.45, 43.09. HRMS (ESI): Exact Mass Calcd. for C;1Hi(NO (M+H)™: 178.1226,
Found: 178.1230. HPLC (Chiralpak OD-H column, n-hexane/i-PrOH = 85/15, flow rate = 1.0 mL/min,
retention time: tminor = 11.600 min, tmajor = 13.077 min, 94% ee).

An oven-dried Schlenk tube (25 mL) equipped with a magnetic stir bar was charged with compound 7
(17.7 mg, 0.1 mmol) in anhydrous THF (2 mL), followed by the addition of 1,1’-carbonyldiimidazole (CDI)
(32.4 mg, 0.2 mmol). The reaction was refluxed for 6 h under argon. Upon completion of the reaction
(monitored by TLC), the solvent was removed under reduced pressure. The residue was dissolved in EtOAc,
and washed with sat. aqueous NH4Cl and brine. The organic phase was dried over anhydrous Na>SOs,
concentrated and purified by flash column chromatography on silica gel (petroleum ether/EtOAc = 1:1) to
afford the product 8 (92% yield, 7:1 dr). The (4S5,6R)-8 was obtained in 76% yield by recrystallization from
dichloromethane.

(4S,6R)-4-phenyl-6-vinyl-1,3-oxazinan-2-one (8). White solid, 76% yield. 'H NMR (400 MHz, CDCl3)
0742 —17.33 (m, 5H), 5.95 - 5.86 (m, 1H), 5.44 (d, J=17.2 Hz, 1H), 5.35 (br s, 1H), 5.28 (d, /= 10.8 Hz,
1H), 4.91 — 4.87 (m, 1H), 4.64 (dd, J=11.6, 4.4, 1H), 2.27 — 2.22 (m, 1H), 1.89 — 1.80 (m, 1H). '3C NMR
(100 MHz, CDCl3) 6 153.68, 140.51, 134.83, 129.20, 128.74, 126.09, 117.68, 77.32, 55.59, 36.91. HRMS
(ESI): Exact Mass Calcd. for Ci2Hi4sNO> (M+H)*: 204.1019, Found: 204.1021.
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Table 1. Crystal data and structure refinement for compound 8.

Identification code

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

e}

o/
pre

y/°

Volume/A3

Z

Pealcg/cm’

wmm!

F(000)

Crystal size/mm3

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]

hufang-hxp 0302 auto
Ci2H13NO;

203.23

274.64(16)

monoclinic

P2i/n

9.2864(3)

10.8028(3)

11.5140(4)

90

109.190(4)

90

1090.89(6)

4

1.237

0.685

432.0

0.15x0.12 x 0.08

Cu Ko (A=1.54184)
11.546 to 153.276
-11<h<11,-13<k<11,-14<1< 14
6938

2192 [Rint = 0.0386, Rgigma = 0.0363]
2192/1/136

1.091

R =0.0666, wR, = 0.1928
R =0.0747, wR, = 0.2035

Largest diff. peak/hole / e A3 0.42/-0.28
6. Scale-up synthesis of compound 2a
Ts Ts
N NH [Ir(cod)Cl], (4 mol%), L, (8 mol%) N-N

| 5 > / Y
PhWOCOZEt K>CO3 (0.5 eq.), DCM, 25 °C, 48 h Ph/v\/

1a
1.0 mmol, 416.5 mg

2a
93% vyield, 94% ee

A flame dried Schlenk tube was cooled to room temperature and filled with argon. To this flask were added

[Ir(COD)CI]2 (0.04 mmol, 4 mol %), phosphoramidite ligand L, (0.08 mmol, 8 mol %), n-propylamine (1.0



mL) and THF (1.0 mL). The reaction mixture was heated at 50 °C for 0.5 h and the volatile solvent was
removed in vacuo to afford a pale-yellow solid. Then, KoCOj3 (0. 5 mmol, 0.5 equiv.), a solution of 1a (1.0
mmol) in CH>Cl, (20 mL) were added and the reaction mixture was stirred for 48 h. Upon completion of the
reaction (monitored by TLC), the reaction mixture was filtrated with celite and washed with CH>Cl,. The
solvent was removed under reduced pressure and the residue was purified by flash column chromatography

on silica gel to afford the product 2a (93% yield, 93% ce).

7. References
[1] Guo, Y.-Q.; Zhao, M.-N.; Ren, Z.-H.; Guan, Z.-H. Org. Lett. 2018, 20, 3337-3340.
[2] Wang, L.; Li, P.; Menche, D. Angew. Chem. Int. Ed. 2010, 49, 9270-9273.
[3] Wang, L.; Zhang, K.; Wang, Y.; Li, W.; Chen, M.; Zhang, J. Angew. Chem. Int. Ed. 2020, 59, 4421—
4427.
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8. NMR spectra of compounds 2a-2s, 4a—4p and 5-8

"H NMR spectrum of compound 2a (CDCls, 400 MHz)
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"H NMR spectrum of compound 2b (CDCl3, 400 MHz)
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"H NMR spectrum of compound 2¢ (CDCls, 400 MHz)
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"H NMR spectrum of compound 2d (CDCls, 400 MHz)
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"H NMR spectrum of compound 2e (CDCls, 400 MHz)
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"H NMR spectrum of compound 2f (CDCl3, 400 MHz)
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"H NMR spectrum of compound 2g (CDCls, 400 MHz)
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"H NMR spectrum of compound 2h (CDCl3, 400 MHz)
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"H NMR spectrum of compound 2i (CDCl3, 400 MHz)
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"H NMR spectrum of compound 2j (CDCl3, 400 MHz)
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"H NMR spectrum of compound 2k (CDCl3, 400 MHz)
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"H NMR spectrum of compound 21 (CDCl3, 400 MHz)
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"H NMR spectrum of compound 2m (CDCls, 400 MHz)
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"H NMR spectrum of compound 2n (CDCls, 400 MHz)
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"H NMR spectrum of compound 20 (CDCl3, 400 MHz)
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"H NMR spectrum of compound 2p (CDCls, 400 MHz)
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"H NMR spectrum of compound 2q (CDCls, 400 MHz)
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"H NMR spectrum of compound 2r (CDCls, 400 MHz)
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"H NMR spectrum of compound 2s (CDCl3, 400 MHz)
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13C NMR spectrum of compound 2s (CDCl3, 100 MHz)
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"H NMR spectrum of compound 4a (CDCls, 400 MHz)
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"H NMR spectrum of compound 4b (CDCls, 400 MHz)
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"H NMR spectrum of compound 4¢ (CDCls, 400 MHz)
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"H NMR spectrum of compound 4d (CDCls, 400 MHz)
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"H NMR spectrum of compound 4e (CDCls, 400 MHz)
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"H NMR spectrum of compound 4f (CDCls, 400 MHz)
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"H NMR spectrum of compound 4g (CDCls, 400 MHz)
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"H NMR spectrum of compound 4h (CDCls, 400 MHz)
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"H NMR spectrum of compound 4i (CDCls, 400 MHz)
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"H NMR spectrum of compound 4j (CDCl3, 400 MHz)
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"H NMR spectrum of compound 4k (CDCls, 400 MHz)
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"H NMR spectrum of compound 41 (CDCls, 400 MHz)
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"H NMR spectrum of compound 4m (CDCls, 400 MHz)
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"H NMR spectrum of compound 4n (CDCls, 400 MHz)
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"H NMR spectrum of compound 40 (CDCl3, 400 MHz)
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"H NMR spectrum of compound 4p (CDCls, 400 MHz)
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"H NMR spectrum of compound 5 (CDCl3, 400 MHz)

T T T T T T T T T T T T T T T T T T T T 1

T
95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05 0.0 ppm
LR o g o el e
< g ol = =] = = el ed

13C NMR spectrum of compound 5 (CDCls, 100 MHz)

——140.37
——-33.921

—35.24

———

T T T T T T T T T T T T T T T T T T T T T T

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

58



"H NMR spectrum of compound 6 (major) (CDCl3, 400 MHz)
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"H NMR spectrum of compound 6 (minor) (CDCls, 400 MHz)
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"H NMR spectrum of compound 7 (DMSO-ds, 400 MHz)
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"H NMR spectrum of compound 8 (CDCl3, 400 MHz)
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9. HPLC spectra for compounds 2a—2s, 4a—4p and 5-6
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VWD1 A, Wawlength=25¢ nm (HR\HF-20181219.0)
mAU =
] s :
-N
©/bj g
250 2
3
rac 2a
204 -
150 -
100
50 —
0 5 10 15 2 % 35 mir
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 26.967 1.60612e4 299.27985 49.9391
2 PDA 254 nm 34.066 1.61004e4 234.97787 50.0609
VWD1 A, Wavelength=254 nm (HRHF-20181223D)
AL = L
Ts '
800 -N
N V/
700
2a
600
500 5
400
300 +
200 4
100 @
8
o ;
—T T T L P S L R T L e L P
0 5 10 15 20 25 30 35 min
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 26.642 4.72158¢e4 868.20557 97.9137
2 PDA 254 nm 33.923 1006.04779 15.00314 2.0863



VWD1 A, Wavelength=254 nm (HRHF-20200503-RACE-1.D)

mAU _| =
1 T
-N
100 r\f % s
&
i F rac 2b
80 -
60 -
40 -~
20 —
u -
0 5I 1|{]I - I‘|I5 IZIDI I2|5I SIOI I3|5I rlrlin
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 23.474 5355.04980 119.09879 50.0918
2 PDA 254 nm 29.812 5335.42188 92.39308 49.9082
VWO A, Waveiengih=254 i (HFVF-20200503.0)
mAU =
600
Ts
-N
J@VW
500+
F 2b
400
3004
200+
100+
&
0
0 5 10 15 20 25 30 i
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 23.365 2.81806e4 611.02057 98.7030
2 PDA 254 nm 29.963 370.31766 6.33330 1.2970
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VWD1 A, Wavelength=254 nm (HFHF-20200115-P-CL-RACE-3.D)

mAU 7] @
Ts '
NN 3
80 - /@/’\)J @
Cl rac 2c
60_
40_
20

0_

0o 5 " T4 " 45 o %5 30 35 min
Peak Processed Retention Peak area Peak height Peak area
ea

channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 29.413 5405.50049 96.68369 50.4443
2 PDA 254 nm 34.782 5310.28223 80.60548 49.5557
VWD1 A, Wavelength=254 nm (HFHF-20200115-P-CL D)
mAU ] 2
400—_ /TS Z
N-N
350 - /@/,/\)—//
300— Cl 2c
250-5
200—_
150
100
-
:IA/\_,\_/ T } S T
o]

T T 20 25 @ 35 i
Peak Processed Retention Peak area Peak height Peak area
ea

channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 27.728 2.29153e4 392.76523 96.4258
2 PDA 254 nm 33.757 849.40820 12.43409 3.5742
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VWD1 A, Wavaength=254 nim (HFHF-20200426-P BR-RACED)
mAL

] s
1 -N

50 Br rac 2d

40—:

30

20

104

0-

o s 40 45 20 25 3 35 mn
Peak Processed Retention Peak area Peak height Peak area

ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 29.385 4422.99707 74.17055 50.0298
2 PDA 254 nm 34.181 4417.71924 64.60667 49.9702
VWD1 A, Wavelength=254 nm (HFHF-20200425P-BR D)
mAU | 2

500 + /TS 3
] -N

400
| Br 2d

300 -

200

56
! §

PO U W o i P e .
S ST S T 20 %5 30 35 m
Peak Processed Retention Peak area Peak height Peak area

ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 28.883 3.05136e4 512.06750 94.7941
2 PDA 254 nm 33.922 1675.75439 24.77319 5.2059




VIWD1 A, Wawilength=254 nm (HRHF-20200425 P-ME-RACE.D)

mAU g
Ts
N 2
rac 2e
150 -
100 -
B —
0+ :—'\-«_.Jl_
0 5 10 1 25 30 35 40 i
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254.16 nm 31.202 1.44315¢4 233.45490 50.0013
2 PDA 254.16 nm 35.994 1.44307e4 200.96352 49.9987
VD1 A, Wavelengih=254 nm (HFHF 20200511 D)
mALU i
Ts
600 - -N
/©/I\;‘\)-//
] 2e
400
m —
200
100 -
L
Wi
04 I . =
0 5 10 1 20 % 20 % mir
Peak Processed Retention Peak area Peak height Peak area
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254.16 nm 30.452 4.22524¢4 673.70184 98.6412
2 PDA 254.16 nm 35.454 582.02930 8.25200 1.3588




VINDT A, Wavelength=254 nm (HFVHF-20200425-P-OME-RACE D)

maU =
70 —N,Ts ?
N YV
o B
MeO rac 2f %
m —
‘“] R |
a0
2‘] B
10
s e T T T T —T T T
L1} 10 20 a0 40 50 60 iy
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 46.491 6932.46191 74.45089 50.0669
2 PDA 254 nm 65.258 6913.93311 52.52824 49.9331
VWD A, Wavelength=254 nm ( HP\HF -20200507-0.0)
mAL &
120 —N/T s
N Y
100
MeO 2f
B0+
ﬁﬂ -
40
204
£
o hadi o J :
0 10 20 P %0 50 & 70 min
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 46.998 1.24963e4 130.80913 98.7595
2 PDA 254 nm 66.760 156.96873 1.19828 1.2405
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VWD A, Wawelength=254 nm (HRHF-20200113-P-PH-RACE-NEW.D)

mAU
20
Ts
-N
175 /@/W
15 Ph rac 29
125+
104
75
5 -
25
0 -
0 10 2 30 40 50 60 i
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 48.706 222479419 20.70044 50.1387
2 PDA 254 nm 56.662 2212.48779 18.31616 49.8613
VWD1 A, Wavelengih=254 nm (HF\HF-202001 15-P-PH.D)
mAl | -
160 —_ /TS 1
] N-N
140 /©/‘I\)—//
1204 Ph 2g
100—:
%]
0]
«]
20 ] 0
| g
0 :
0 ‘IID 2:3 30 4ID 5IO 6:0 min|
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 49.871 1.99476¢4 161.25204 97.2849
2 PDA 254 nm 59.985 556.72223 4.10839 2.7151
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VWD A, Wavelength=254 nm (HFHF-20200113-M-CH3-RACE.D)

mAL ﬁ
Ts |
250 -N
N ;
£
200 rac 2h
150
100
50 =
(1] e A
1] 5| 1|ﬂ- 1I5 EID 2.|5 3’0 m!r
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 23.290 1.31609¢4 275.59933 49.8838
2 PDA 254 nm 29.677 1.32222¢4 214.83112 50.1162
VWD1 A, Wavdength=254 nm (HPHF-20200115-M-CH3 D)
mAU
600 - Ts
] r\;'N Y
] 2h
0]
300
200 —
100
0 -_#_A/Q/M &
0 5 10 15 20 25 30 i)
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 21.884 2.88562¢e4 627.56708 98.4812
2 PDA 254 nm 28.315 445.03397 7.46473 1.5188

70



YWD1 A, Wavelength=254 nm (HFHF-20200428-RACE D)

mAU 8
400 g
s g
NN
5077 F3C\©/’\)\/ (\
300 rac 2i
2650
200
150
100
R =
7 DU T |
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 39.135 2.88280e4 412.03534 49.9263
2 PDA 254 nm 42.135 2.89131e4 376.51834 50.0737

VWD A, Waselength=254 nm (HPHF-20200428-NEW D)
mALl

N Y
350 4 F30\©/“\)-/
2i

250

200 -

o e\, I

o 5 10 15 20 25 ) 35 40 mir
Peak Processed Retention Peak area Peak height Peak area
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 38.514 2.84698¢4 413.26364 97.4970
2 PDA 254 nm 41.838 730.88403 9.93582 2.5030
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VWD1 A, Wawelength=254 nm (HRHF -20200517-RACE.D)

mAL - g
Ts
] NN @
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0T y . A
0 5 10 15 20 25 i
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 20.119 1.35099¢4 345.16788 49.9352
2 PDA 254 nm 24.225 1.35450e4 283.78735 50.0648
VD1 A, Wavelength=254 nm (HFHF 20200517 0)
mAL o
s ﬁ
NN
sy C|\©/"\)‘/
2j
Sm 5
200 -
100 <
2
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0 iy A ~ 3
a 5 10 15 20 25 mirg
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 19.910 1.80977e4 468.50916 98.4584
2 PDA 254 nm 24.079 283.35599 6.34157 1.5416
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VW D1 A, Wavelength=254 nm (HF\HF-20200113-C-CL-RACE.D)

mAU 2
&
Ts
-N
e Ny )
400 - <
] &
rac 2k
200
200
100-
NI . |
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0 5 10 15 20 25 30 35 mi
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 21.289 1.94571e4 485.52396 50.1488
2 PDA 254 nm 26.456 1.93416e4 375.70361 49.8512
VW D1 A, Wavelength=254 nm (HF\HF-20200115-0-CL.D)
mAU &
600 ] /TS
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200 —:
100 — 8
A Al
| T T S L T
0 5 10 15 20 25 30 35 min
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 21.507 1966.74353 48.81145 5.3143
2 PDA 254 nm 26.629 3.50416e4 653.60272 94.6857
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YWD1 A, Wavelength=254 nm (HF\HF-20200507-RACE.D)
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Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 33.395 1.63527e4 238.01045 49.9865
2 PDA 254 nm 40.153 1.63616e4 205.29463 50.0135
YWD1 A, Wavelength=254 nm (HF\HF-20200512.D)
mAU _|
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Eleoos /
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1w abs s
o 5 " T40 " T4s " Tap " o5 " Tan s Tap o smid
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 33.806 2.05620e4 293.59781 99.2595
2 PDA 254 nm 40.933 157.57225 2.00664 0.7405

74



YWD1 A, Wavelength=254 nm (HF\HF-20200601-RACE.D)

mAU g
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0 5 10 15 a0 25 30 a5 i
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 22.746 1.67712¢4 294.92230 49.6924
2 PDA 254 nm 30.553 1.69788e4 169.03539 50.3076
VWD1 A, Wavelength=254 nm (HF\HF-20200601.D)
r-'1AU_- o
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400 Qj/b\/
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] Boc 2m
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zso—f
200—5
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100—2
| R S 15 20 %5 a0 35 i
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 23.247 673.65228 10.97509 1.4463
2 PDA 254 nm 29.962 4.59040e4 447.61475 98.5537
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VWD1 A, Wavelength=254 nm (HF\HF-20200516-RACE-1.D)

mAU 5
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o] 10 20 30 40 50  min
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 20.547 6756.59326 161.55437 49.9021
2 PDA 254 nm 46.059 6783.09131 69.43627 50.0979
YW D1 A, Wavelength=254 nm (HF\HF-20200516.0)
mAU e %
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200 NI'N /
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75
50
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o ‘IID 2[0 3ID 4ID 5|D r';in
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 20.299 9243.96484 224.88922 97.0548
2 PDA 254 nm 45.552 280.51703 2.98567 2.9452
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VWD1 A, Wavelength=254 nm (HF\HF-20200430-RACE.D)
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Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 29.201 2.46311e4 450.95746 49.9760
2 PDA 254 nm 34.527 2.46548e4 386.06219 50.0240
YWD1 A, Wavelength=254 nm (HF\HF-20200430-1-NEW.D)
mAU- ©
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\s 20
400—_
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ZDD—-
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] g
o 5 40 15 20 %5 30 35 mid
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 29916 3.32195¢e4 583.60968 99.0617
2 PDA 254 nm 35.600 314.63745 4.75592 0.9383
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VWD1 A, Wavelength=254 nm (HF\HF-20200520-RACE-2.D)

mAU | g
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0 IR B e 25 30 35 " 40mi
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 26.142 1.35700e4 272.39581 50.2693
2 PDA 254 nm 31.210 1.34246e4 225.19232 49.7307
YWD1A, Wavelength=254 nm (HF\HF-20200520-2.0)
mAU | =
250 '
200
150—-
5
‘1DD—-
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0 é 1ID ‘II5 b ZID I I 215 I I EI-ID I min|
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 25.521 1.26995¢4 257.25595 64.8141
2 PDA 254 nm 30.528 6894.23584 118.05122 35.1859
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VWD1 A, Wavelength=254 nm (HF-OCF-XIUGAINHF-20220226-RACE-1.D)
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0 2 4 6 10 12 14 16 18 min
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 12.223 8919.99414 329.77625 49.8827
2 PDA 254 nm 14.163 8961.94141 295.20792 50.1173
VWD1 A, Wavelength=254 nm (HF -OCF-XIUGANHF-20220226 CHIRAL D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 12.270 163.08018 5.88615 1.6670
2 PDA 254 nm 14.196 9620.04199 316.98193 98.3330
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VWD1 A, Wavelength=254 nm (HF\HF-20200515-2-RACE.D)

mALU §
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Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 23.398 3.80032¢4 874.99371 50.0360
2 PDA 254 nm 27.191 3.79485¢e4 712.33801 49.9640
VWD A Wavelength=252 nm (HRHF-20200515-2.0)
mALU %
Ts
400 N’N N
2r
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200
100
:
'3 _4-—||‘ 1 ~
a £ 1 15 2 % 30 mir
Peak Processed Retention Peak area Peak height Peak area
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 23.508 515.29761 11.50023 2.1125
2 PDA 254 nm 27.270 2.38773e4 462.84125 97.8875
80



YWD1 A, Wavelength=254 nm (HF\HF-20200523-RACE.D)
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Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 15.518 2.32929¢4 769.38062 49.8565
2 PDA 254 nm 24.034 2.34271e4 483.71106 50.1435
VDA A Wavelength=254 nm [HRHF-20200523.0)
mAL
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300
200
100
2
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i 5 10 16 20 25 3 mi
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 15.596 1096.22339 34.38272 4.1008
2 PDA 254 nm 24.030 2.56357e4 530.39777 95.8992
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VWD 1 A, Wavelength=254 nm { HF\HF -20200608-RACE.D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 27.820 2.74864¢4 714.84052 49.9697
2 PDA 254 nm 30.075 2.75197e4 653.80774 50.0303
VWD1 A, Wawelength=25% nm (HP\HF 202008080
mAU &
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800 @/‘/\)‘/
4a
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g
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0 __—--'--—_J‘—Jr\- id.
0 5 10 15 20 > 30 i
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 28.121 3.69333e4 914.74957 95.9805
2 PDA 254 nm 30.563 1546.69250 37.05835 4.0195
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VWD A, Wavelength=25¢ nm (HRHF-20200505-P-F-RACE.D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 19.173 3.73125¢4 1318.24670 50.1081
2 PDA 254 nm 21.969 3.71515¢4 1218.15845 49.8919
WVWD1 A, Wawelength=254 nm (HRHF-20200605-RACE-6.D)
mAU ] ol
i
-0
1200 O/W
] F 4b
m —
B0 ~f
404
&
200 &l
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0 5 10 15 20 i
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 19.721 4.22978¢4 1344.04138 87.9115
2 PDA 254 nm 22.818 5816.25781 180.42314 12.0885
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VWD A, Wawelength=25¢ nm (HRHF-20200611-RACE-2.D)
mAL - E ]
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[1] 5I 1.0 1|5 20 2I5 iy
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 19.732 4.99934¢4 1541.91064 49.9507
2 PDA 254 nm 22.003 5.00921e4 1439.00488 50.0493
VD1 A, Wavelength=254 nm (HFHF-202006110)
mAL ] g
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1750 J@J\)J
1500 - Cl 4c
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a (5 S . W1 = I._,/\,_—"‘___‘-___
0 5 10 15 20 % mn
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 20.322 6.67856¢4 1911.61597 95.3578
2 PDA 254 nm 22.814 3251.25952 94.14796 4.6422
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VWD1 A, Wavelength=254 nm (HF\HF-20200910-RACE-2.D)

mAU
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0 5 10 15 20 25
Processed Retention Peak area Peak height Peak area
Peak
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 22.747 2.01724e4 665.94897 49.8013
2 PDA 254 nm 25.431 2.03334e4 621.40747 50.1987
VWD1 A, Wavelength=254 nm (HPHF-20200910.0)
mAU Lo
1200+
1000 /©/’\j\—o)‘//
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0 % tID 1I5 ZIG 2|5 mir}
. Processed Retention Peak area Peak height Peak area
Pea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 22.617 4.30791e4 1345.97412 96.6043
2 PDA 254 nm 25.395 1514.24365 44.72794 3.3957
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YWD A, Waelength=254 nm (HF\HF-20200527-RACE-7.0)
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Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 16.023 2.25727e4 616.26129 49.8096
2 PDA 254 nm 17.861 2.27453e4 583.22217 50.1904
VWD A, Wavelangh=254 nm (HFHF -202005277.0)
mALl I
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a ?_Iﬁ é ??5 11l:| ‘|2I.5 1|5 13‘".5 mi
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 15.941 3.79763e4 1050.81470 96.7582
2 PDA 254 nm 17.777 1284.52844 33.05643 3.2418
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VWD A, Wavelength=254 nm (HRAHF-20200528-RACE-2.0)
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0 5 10 15 20 % i
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 19.289 2.41663¢4 671.07513 49.9955
2 PDA 254 nm 22.931 2.41707¢4 585.51563 50.0045
VWD A, Wavelengih=254 nm (HRHF-20200520.0)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 19.754 977.97791 26.58458 2.9630
2 PDA 254 nm 22.778 3.20280e4 726.07227 97.0370
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VD1 A, Wavelength=254 nm (HRHF-20200610-RACE-2.D)
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Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 19.172 8072.64502 294.77164 57.7978
2 PDA 254 nm 25.715 5894.39160 175.55519 42.2022
VWD A, Wavelength=254 nm (HRHF 20200610 D)
mAL =
NQ :F
"
G
am -
mo -
400
200
:
g_—rMm i A_
0 5 10 15 20 % i
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 19.111 2.88379¢4 1082.38330 95.4989
2 PDA 254 nm 25.833 1359.19348 38.61534 4.5011
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mAL

VIVD1 A, Wavelength=254 nm (HRHF-20200614-RACE-2.D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254.16 nm 10.841 2.83099¢4 1202.91553 49.3771
2 PDA 254.16 nm 12.649 2.90241e4 1159.57361 50.6229
VWD A, Wavelength=254 nm (HFHF-20200614 D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254.16 nm 10.586 2.80144¢4 1135.48071 93.0330
2 PDA 254.16 nm 12.380 2097.93384 88.99281 6.9670
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WVWD1 A, Wawlength=254 nm (HRHF-20200603-RACE-2.D)
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Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
PDA 254 nm 12.083 3.99314e4 1626.16687 49.8125
2 PDA 254 nm 13.631 4.02319¢4 1510.26746 50.1875
VWD A, Wavelengih=254 nm (HFHF-20200603 D)
mALU E
N-Q
1000 C|\©/“\)‘//
4i
am -
ﬁm -
400
zm —
L]
0 2 H 8 8 10 12 14 I i
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 12.181 2.79276e4 1108.96167 94.5672
2 PDA 254 nm 13.877 1604.41321 56.15255 5.4328
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VWD A, Wavdength=254 nm (HPHF-20200615-RACE-2 D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 19.061 3.45227e4 1056.47290 49.8475
2 PDA 254 nm 20.412 3.47340e4 1004.29309 50.1525
VWD A, Wavelength=254 nm (HFHF 202006150)
mAL
800- \@W
700 - 4
ﬁm =4
00
400
m -4
200
100 g
o
a S
0 5 10 15 20 25 min
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 19.703 801.50470 23.7144 2.5779
2 PDA 254 nm 21.050 3.02900e4 844.37195 97.4221
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WVWD1 A, Wawlength=254 nm (HRHF-20200623-RACE.D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254. nm 17.809 2.04057e4 551.24860 50.0101
2 PDA 254 nm 19.910 2.03975e4 504.31970 49.9899
VWD1 A, Wawelength=254 nm (HRHF-20200623.0)
mAL E
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0 25 5 75 10 125 15 175 20 225 min
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 17.718 8.08922¢e4 2097.40063 95.2545
2 PDA 254 nm 19.856 4065.62109 99.07423 4.7455
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VWD 1A, Wavwelength=254 nm (HRAHF-20200617-RACE-3.0)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254. nm 14.421 4.97738e4 1747.43677 48.7469
2 PDA 254 nm 16.754 5.23329¢4 1535.21460 51.2531
VWD A, Wawelength=25¢ nm |HP\HF-20200617 D)
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0 25 5 75 10 125 15 175 i
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 14.438 7.23118¢e4 2414.40845 95.6843
2 PDA 254 nm 16.774 3261.49048 99.86243 43157
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254. nm 13.967 2.85029¢4 712.03992 49.8842
2 PDA 254 nm 16.211 2.86352¢4 632.05792 50.1158
VWD A, Wawelength=25¢ nm (HRHF-20200602-CHIRAL-4.D)
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0 25 5 75 10 125 15 115 mir
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 14.169 3.65472¢4 845.72095 92.6744
2 PDA 254 nm 16.564 2888.92163 60.38203 7.3256
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VIWD1 A, Wavelength=254 nm (HF\HF-20200618-RACE.D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254. nm 13.422 1.36113e4 450.63660 49.9075
2 PDA 254 nm 14.900 1.36617e4 415.72729 50.0925
VWD &, Wavelengin=25% nm (HFHF 202006 18.0)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 13.642 3.68070e4 1179.10706 97.6831
2 PDA 254 nm 15.135 873.02716 24.12109 2.3169
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VIWD1 A, Wavelength=254 nm (HRAHF-20200519-RACE-1.D)
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 15.080 2.85420e4 1213.61987 49.6673
2 PDA 254 nm 16.257 2.89244¢4 1135.31262 50.3327
VWD A, Wawlengh=252 nm (HPHF-20200518.0)
mAU | b
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Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 15.152 2.70595¢e4 1190.66467 94.7531
2 PDA 254 nm 16.377 1498.40527 59.29599 5.2469
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VIVD1 A, Wavelength=254 nm (HRHF-20200524-RACE-4.D)

mAU
e =
m —
am —
200 1
100 -
L L1 -
1] 2[5 5| ??5 1Il] ‘Ié& 1|5 1'|"I.5 2|0 ?_2L_5 mir] :
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 254. nm 12.587 1.61958e4 516.27911 49.8943
2 PDA 254 nm 18.191 1.62644e4 457.71677 50.1057
VWD A, Wavelength=25% nm (HP\HF-20200524 1)
mAL 8
1000 -
A0 =
&00 -
400
204
g
0 ol
1] 2.I5 5II ??5 1ID 1?1.5 1|5 1'}.5 EID 2?1.5 mir]
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254. nm 12.350 1461.34460 48.88551 2.8608
2 PDA 254 nm 18.285 4.96206e4 1156.93945 97.1392
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VWD A, Wavelength=254 nm (HRHF-20200912-RACE.D)

maAL 5
250+ j §
N-O 1
St
iy Br rac 5
150+
100
&
0 1|0 2IU SID 4'0 5IO min}
Processed Retention Peak area Peak height Peak area
Peak
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 39.046 2.32221e4 262.10471 50.6208
2 PDA 254 nm 44282 2.26525¢4 233.82022 49.3792
VWDT A, Wavelength=254 nm (HPHF-20200315.D)
mAU a
350 I;I—O y O
300 Br ! 5
250
200
150
100
50 g
3
0 5 /\ —r
6 é 1 I{) 1I5 2|{) 2I5 3|0 3l5 AIO 4|5 min|
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 37.630 3.66823e4 386.96817 94.6748
2 PDA 254 nm 44.594 2063.28394 21.97522 5.3252
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VW D1 A, W avelength=254 nm (HF\HF-20200626-2-RACE.D)

mALU 1

100

Ts
/
N-N

80 rac 6 (major)

— T

0 I 5 ' 1rD s 15 20 25 30 35 40 45 ully

Peak Processed Retention Peak area Peak height Peak area

eal
channel time (min) (mAU*s) (mAU) (%)

1 PDA 280.16 nm 38.353 9200.17578 117.25249 50.2860
2 PDA 280.16 nm 42.154 9095.52148 111.29817 49.7140

VWD A, Wavelength=254 nm (HAHF -20200626-2-UP D)

mAl =
200 4 I8
W
1561 6 (major)
100 4
50 -
04 i T

0 5 10 15 25 30 35 40 45 mi

Peak Processed Retention Peak area Peak height Peak area
eal

channel time (min) (mAU*s) (mAU) (%)
1 PDA 280.16 nm 37.774 1.77595¢e4 228.48381 97.8749
2 PDA 280.16 nm 41.754 385.60281 4.72605 2.1251
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VIND1 A, Wavelength=254 nm (HRHF-20200626-2-DOWN-DOWN.D)

mAL a
120 Ts
o
100 - g
6 (minor) &
80
60+
40
20
9 _w
0 5 10 15 20 25 30 35 i
Peak Processed Retention Peak area Peak height Peak area
ea
channel time (min) (mAU*s) (mAU) (%)
PDA 280.16 nm 24.902 7120.41455 134.75426 50.1862
2 PDA 280.16 nm 34.897 7067.57031 95.82932 49.8138
VWD A, Wawelengih=254 nm (HRHF-20200626-2-D0WHN-NEW D)
mALU - 8
300 /TS
©/[N)\<?
250 -5
6 (minor)
2m -
150
100
&1 =
a "wh\ L g
0 5 10 15 2 25 0 3s i
Peak Processed Retention Peak area Peak height Peak area
eal
channel time (min) (mAU*s) (mAU) (%)
1 PDA 254 nm 25.022 1.81723e4 343.74432 97.9537
2 PDA 254 nm 35.241 379.63364 5.14803 2.0463
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