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(A) General information

'H NMR spectra were recorded on commercial instruments (400 MHz or 600 MHz). Chemical shifts were reported in ppm from tetramethylsilane
with the solvent resonance as the internal standard (CDCls, 6 = 7.26, DMSO-ds, 5 = 2.50). Spectra were reported as follows: chemical shift (& ppm),
multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, dd = doublet of doublets), coupling constants (Hz), integration and
assignment.

13C{*H} NMR spectra were collected on commercial instruments (101 MHz or 151MHz) with complete proton decoupling. Chemical shifts are
reported in ppm from the tetramethylsilane with the solvent resonance as internal standard (CDCls, 6 = 77.0, DMSO-ds, & = 39.5).

F{*H} NMR spectra were collected at 376 MHz with complete proton decoupling.

Enantiomeric excesses (ee) were determined by HPLC analysis using the corresponding commercial chiralpak column as stated in the experimental
procedures at 25 <C.

Optical rotations were measured with a Perkin-Elmer model 241 polarimeter and reported as follows:

[a]o" (c: g/100 mL, in CHClIs, unless otherwise noted, A = 589 nm).

HRMS was recorded on a commercial apparatus (ESI Source).

IR spectra were recorded on SHIMADZU IR Tracer-100 FT-IR spectrophotometer.

Chromatography: Qingdao Haiyang silica gel, HG/T2354-92, HCP.

Solvents: Et2O (diethyl ether), THF (tetrahydrofuran), and toluene were freshly distilled from sodium metal prior to use. EtOAc (ethyl acetate),
CHCIs, CH2Cl2, CH2CICH:CI, CHCI>CH-Cl and CHCI.CHCI2 were freshly distilled from CaH: prior to use.

The preparation of acids, diazoketones? and ligands® followed the literature.

(B) Preparation of the substrates

General procedure for the synthesis of 2-acetylbenzoic acids A21-A25' and 2-cinnamoylbenzoic acids A1-A19.
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=
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General procedure 1: To astirred solution of salicylaldehyde derivative (30 mmol) in EtOH (150 mL) at room temperature was added acethydrazide
(2.22 g, 30.0 mmol), and the reaction was heated to reflux for 12 h. Upon completion, the mixture was cooled to room temperature, concentrated
and washed with PE. The crude S1 was directly used in the next step without purification.

Product S1 (30 mmol) was dissolved in 150 mL THF, then Pb(OAc)4 (14.64 g, 33 mmol) was added slowly in portions while stirring. The reaction
was stirred at room temperature for 2—3 h. After completion, the mixture was filtered and then the solvent was removed under reduced pressure. The
residue was dissolved in 400 mL of EtOAc and washed with water (3x70 mL). The combined organic phases were successively washed with saturated
aqueous NaHCO3z and brine. The combined organic layers were dried over anhydrous Na2SOs, filtered and evaporated. The crude was purified by
column chromatography on silica gel (PE/EtOAc = 15/1) to give product S2.

To astirred solution of S2 (18 mmol) in MeCN (180 mL) at 0 <C was successively added NaH2PO4 (0.96 g, 6.18 mmol), H20: (35% in H20, 5.2
mL) and NaClO: (6.48 g, 72 mmol). The reaction mixture was vigorously stirred at 0 <C for 1 h and at room temperature for 2 h. After completion,
the reaction mixture were added EtOAc (120 mL) and water (75 mL). The organic layer was separated, and the aqueous layer was extracted by
EtOAc (360 mL). The combined organic layer was washed with water and brine, dried over anhydrous Na:SQOa, filtered and evaporated. The
resulting acid substrates A21-A25 are generally pure enough to use without further purification unless other notification.

Substrates A15-A19 were implemented following reported methods with modification'®. To to a solution of compounds A21-A25 (15 mmol) and
corresponding aldehyde (18 mmol) in ethanol (15 mL) was added an aqueous solution of NaOH (4.0 M, 2.0 equiv) at 0 <C. The ice-bath was removed,
and the reaction stirred at room temperature until complete consumption of starting material. The reaction was then acidified with 6 M HCI aqueous
solution at 0 <C. Then the EtOH was removed completely by rotoevaporation and the remaining aqueous layer was extracted with EtOAc, the
combined organic layers were dried over anhydrous Na.SO4 and concentrated under reduced pressure. The crude solids were further purified by
trituration using dichloromethane, ethanol and petroleum ether to provide pure ketoacids A15-A19.

Substrates A1-Al14 were synthesized as the same condition with those of A15-A19.
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General procedure 2% A mixture of phthalic anhydride (12 mmol), malonic acid (10 mmol) and pyridine (0.79 g, 10 mmol) was refluxed for 3 h
to 5 h. Upon completion, the resulting mixture was cooled to room temperature, and then water (9 mL) was added and the mixture was stirred for 30
min. The solution was treated with concentrated HCI to pH 3-4, extracted with ethyl acetate (210 mL). The organic layers were combined, dried
over NazSO4 and evaporated under reduced pressure. The crude compound were further purified by trituration using dichloromethane, ethanol and
petroleum ether to provide pure acid A26.

o)

OH
X Ph

0

A15
2-cinnamoy|-5-methylbenzoic acid (A15)
Compound A15 was obtained according to the general procedure 1 as a pale green solid (20% yield).
IH NMR (400 MHz, CDCls) & 9.62 (s, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.49 — 7.47 (m, 2H), 7.37 — 7.32 (m, 4H), 7.18 — 7.13 (m, 2H), 7.00 (d, J =
16.4 Hz, 1H), 2.44 (s, 3H);
BC{*H} NMR (101 MHz, CDCls) § 197.4, 171.0, 145.6, 144.3, 142.8, 134.3, 131.2, 130.5, 130.2, 128.8, 128.4, 128.1, 127.7, 124.9, 21.6 ppm;
m.p. 150.2 — 154.3 <C;
HRMS (ESI) m/z [M+Na]* calcd for C17H140sNa: 289.0835, found: 289.0837;
IR (neat): 3028, 2921, 2653, 1689, 1648, 1600, 1495, 1447, 1408, 1287, 1193, 1126, 1059, 973, 866, 839, 787, 716, 604, 481, 456 cm™2.
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A16
2-cinnamoy|-5-methoxybenzoic acid (A16)
Compound A16 was obtained according to the general procedure 1 as a pale yellow solid (36% yield).
IH NMR (400 MHz, CDCls) & 9.45 (s, 1H), 8.05 (d, J = 8.8 Hz, 1H), 7.49 — 7.46 (m, 2H), 7.37 — 7.33 (m, 3H), 7.14 (d, J = 16.4 Hz, 1H), 7.01 —
6.96 (m, 2H), 6.82 (d, J = 2.4 Hz, 1H), 3.88 (s, 3H);
BC{*H} NMR (101 MHz, CDCls) 5 196.9, 170.5, 163.4, 145.6, 145.2, 134.3, 133.4, 130.6, 128.8, 128.4, 127.6, 119.4, 114.6, 112.9, 55.7 ppm;
m.p. 155.1 — 158.7 <C;
HRMS (ESI) m/z [M+Na]* calcd for C17H1404Na: 305.0784, found: 305.0784;
IR (neat): 3054, 2934, 2655, 2361, 1676, 1596, 1572, 1406, 1332, 1283, 1237, 1176, 1025, 841, 762, 690, 597, 556, 485 cm 2.
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A17
2-cinnamoy|-4-methylbenzoic acid (A17)
Compound A17 was obtained according to the general procedure 1 as a white solid (34% yield).
'H NMR (600 MHz, DMSO-ds) & 13.12 (s, 1H), 7.70 — 7.68 (m, 3H), 7.49 (d, J = 7.8 Hz, 1H), 7.43 - 7.39 (m, 4H), 7.22 — 7.16 (m, 2H), 2.42 (s,
3H);
BC{*H} NMR (151 MHz, DMSO-ds) & 195.2, 167.9, 143.7, 140.0, 138.4, 134.3, 132.2, 130.9, 130.6, 130.0, 129.0, 128.5, 127.8, 127.3, 20.7 ppm;
m.p. 190.1 - 194.2 <C;
HRMS (ESI) m/z [M+Na]* calcd for C17H1403Na: 289.0835, found: 289.0839;
IR (neat): 2986, 2816, 2661, 2577, 2361, 1681, 1651, 1496, 1448, 1306, 1280, 1209, 1056, 970, 832, 766, 584, 457 cm™.
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A18
4-chloro-2-cinnamoylbenzoic acid (A18)
Compound A18 was obtained according to the general procedure 1 as a white solid (32% yield).
H NMR (600 MHz, DMSO-ds) & 7.89 (d, J = 2.4 Hz, 1H), 7.76 (dd, J = 8.4, 2.4 Hz, 1H), 7.71 - 7.70 (m, 2H), 7.55 (d, J = 8.4 Hz, 1H), 7.44 - 7.39
(m, 3H), 7.25-7.18 (m, 2H);
BC{*H} NMR (151 MHz, DMSO-ds) & 194.6, 166.4, 144.7, 139.9, 134.5, 134.2, 132.6, 131.8, 130.7, 129.6, 129.3, 129.0, 128.6, 127.0 ppm;
m.p. 185.9 - 190.7 <C;
HRMS (ESI) m/z [M+Na]* calcd for C16H1:*+98°CIOsNa: 309.0289, found:309.0290;
HRMS (ESI) m/z [M+Na]* calcd for C16H11%9%°CIOsNa: 311.0260, found: 311.0255;
IR (neat): 3008, 2633, 2361, 1703, 1645, 1623, 1593, 1449, 1277, 1261, 1211, 1104, 1029, 833, 797, 763, 688, 574 cm™.
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4-bromo-2-cinnamoylbenzoic acid (A19)

Compound A19 was obtained according to the general procedure 1 as a white solid (20% yield).

H NMR (600 MHz, DMSO-ds) § 8.03 (d, J = 2.4 Hz, 1H), 7.90 (dd, J = 8.4, 2.4 Hz, 1H), 7.73 - 7.68 (m, 2H), 7.48 (d, J = 8.4 Hz, 1H), 7.44 - 7.39

(m, 3H), 7.25 - 7.17 (m, 2H);

BC{*H} NMR (151 MHz, DMSO-ds) & 194.7, 166.2, 144.7, 140.2, 134.7, 134.2, 132.6, 132.1, 130.7, 129.8, 129.0, 128.7, 127.0, 123.0 ppm;

m.p. 209.8 - 212.1 <C;

HRMS (ESI) m/z [M+Na]* calcd for C16H117®91%BrOsNa: 352.9784, found: 352.9787;

HRMS (ESI) m/z [M+Na]* calcd for C16H1:%%°263BrOsNa: 354.9763, found: 354.9765;

IR (neat): 3307, 2988, 2937, 2361, 2338, 1719, 1611, 1424, 1372, 1334, 1276, 1198, 1142, 1035, 964, 883, 751, 695, 570, 471 cm ™.
(0]

OH

o]

A26
2-propionylbenzoic acid (A26)
Compound A26 was obtained according to the general procedure 2 as a white solid (78% yield).
H NMR (400 MHz, CDCls) § 7.79 (d, J = 7.6 Hz, 1H), 7.67 (td, J = 7.6, 1.2 Hz, 1H), 7.55 — 7.49 (m, 2H), 4.89 (s, 1H), 2.21 (s, 2H), 0.88 (t, J =
7.2 Hz, 3H);
BC{'H} NMR (151 MHz, DMSO-ds) & 168.1, 149.2, 134.7, 130.3, 126.7, 124.5, 122.8, 108.7, 31.5, 7.8 ppm;
m.p. 93.5-98.0 C;
HRMS (ESI) m/z [M]" calcd for C1oHgO3: 177.0546, found: 177.0549;
IR (neat): 3361, 2980, 2941, 2361, 2337, 1740, 1461, 1416, 1380, 1344, 1276, 1262, 1135, 1061, 897, 761, 697 cm ™.

(C) Optimization of reaction conditions

Table S1. The screening of ligands.

o Sc(OTHIL
N (1:1, 10 mol%)
OH + 2 Rhy(TFA), (1 mol%)
x_Ph )H(
Ph CH,Cly, —10 °C, 6 h
o o
A1 B1

Qs
g
== T
o /N—H H\N\ o
Ar Ar L-RaPh: Ar = CgHs

L-PiPh: Ar = C¢Hg

L-PiMe,: Ar = 2,6-Me,CgHs

L-PiEtzZ Ar = 2,6-Et2C6H3 o Q +

L-PiPry; Ar = 2,6-Pr,CeHs N Nl 0
0

L-PiBn: Ar = CH,CgHs /N‘H”O_ "0 N,
L-PiC,H,4Ph: Ar = CoH,CgHs Ar Ar
L-PrPh: Ar = CgHs

entry? ligand yield (%)° ee (%)°
1 L-PiPh 40 66

2d L-RaPh 20 2

3 L-PrPh 34 6

4 L-PiPr, 26 0

5 L-PiEt, 24 0

6 L-PiMe, 25 8

7 L-PiBn 66 94



8 L-PiC;H4Ph 75 97

@Unless otherwise noted, the reactions were performed with Al (0.10 mmol), B1 (2.0 equiv),
Sc(OTf)z (10 mol%), Ligand (10 mol%), Rh2(TFA)s (1 mol%), in CH:Cl2 (2.0 mL) at
—10 °C for 6 h. ® Isolated yield. ¢ Determined by chiral HPLC.

Table S2. The screening of metal salts.

Metal salts/
0 L-PiC,H,Ph
N (1:1, 10 mol%)
OH + );( Rhy(TFA), (1 mol%)
X-Ph Ph CH,Cly, ~10 °C, 6 h
o 0
A1 B1
entry? metal salts yield (%)° ee (%)°
1 Sc(OTH)s 75 97
2 Ni(OTf)2 29 60
3 Mg(OTf). 22 49
4 Cu(OTf):2 26 6
5 Zn(OTH): 37 20
6 Fe(OTf)s 84 97
7 Co(OTf)2 57 80
8 Fe(OTH). 67 0

2Unless otherwise noted, the reactions were performed with A1 (0.10 mmol), B1 (2.0 equiv),
metal salts (10 mol%), L-PiC2HsPh (10 mol%), Rh2(TFA)a (1 mol%), in CH2Cl2 (2.0 mL)
at—10 °C for 6 h. ® Isolated yield. ¢ Determined by chiral HPLC.

Table S3. The screening of temperature.

0 Fe(OTf)/L-PiC,H,Ph
(1:1, 10 mol%)
OH Rhy(TFA)4 (1 mol%)
~__Ph Ph)ﬁ(
CH,Cly, T °C, 6 h
o
A1 B1
entry? T(T) yield (%)? ee (%)°
1 10 88 92
2 0 83 97
3 -10 84 97
4 -20 84 97

aUnless otherwise noted, the reactions were performed with A1 (0.10 mmol), B1 (2.0 equiv),
Fe(OTf)z (10 mol%), L-PiC2H4Ph (10 mol%), Rha(TFA)4 (1 mol%), in CH2Cl2 (2.0 mL) at
T <C for 6 h. ° Isolated yield. ¢ Determined by chiral HPLC.

Table S4. The screening of solvents.



6 Fe(OTf)3/L-PiC,H,Ph

oH N Ny Rh(1:1, 10 mol%)o
)Y 2(TFA)4 (1 mol%)
X Ph Ph
o Solvents, -10 °C, 6 h

o)

A1 B1
entry? solvents yield (%)° ee (%)°
1 THF 10 4
2 EtOAC 32 0
3 Toluene 11 6
4 Et.0 54 95
5 CH2Cl2 84 97
6 CHCI3 80 91
7 CH2CICH:CI 78 97
8 CHCI2CH.CI 31 5
9 CHCI.CHCI2 82 96

2Unless otherwise noted, the reactions were performed with A1 (0.10 mmol), B1 (2.0 equiv),
Fe(OTf)s (10 mol%), L-PiC2H4Ph (10 mol%), Rh2(TFA)4 (1 mol%), in Solvents (2.0 mL)
at—10 °C for 6 h. ® Isolated yield. ¢ Determined by chiral HPLC.

Table S5. The screening of counter ion of Fe(l11) salt.

0 FeXs/L-PiC,H,Ph
(1:1, 10 mol%)
)H( Rhy(TFA)4 (1 mol%)
X Ph Ph
CH,Clp, —10 °C, 6 h
o}
A1 B1
entry? FeXs yield (%)° ee (%)°
1 FeCls 85 -8
2 Fe(NTf)s 78 88
3 Fe(OTf)s 84 97

aUnless otherwise noted, the reactions were performed with A1 (0.10 mmol), B1 (2.0 equiv),
FeXs (10 mol%), L-PiC2HsPh (10 mol%), Rhz(TFA)4 (1 mol%), in CH.Clz (2.0 mL) at
~10 <T for 6 h. ® Isolated yield. ¢ Determined by chiral HPLC.

Table S6. The screening of ratio between Fe(OTf)s and L-PiC,H4Ph.

o (OTf)3IL PiC,H,Ph
(x:1, 10 mol%)
)Y Rhy(TFA), (1 mol%)
Xx_Ph Ph
CH,Cl,, =10 °C, 6 h
o}
A1 B1
entry? x:1 yield (%)° ee (%)°
1 0.8:1 82 96
2 1:1 84 97
3 1.2:1 91 97
4 151 85 95



@Unless otherwise noted, the reactions were performed with A1 (0.10 mmol), B1 (2.0 equiv),
Fe(OTf)s (10x mol%), L-PiC2H4Ph (10 mol%), Rha(TFA)a (1 mol%), in CHCl, (2.0 mL)
at —10 <C for 6 h. ° Isolated yield. ¢ Determined by chiral HPLC.

Table S8. The screening of other ligands

0 Fe(OTf)3/L
OH N, (1.2:1,10 mol%)
+ Rhy(TFA)4 (1 mol%)
X Ph Ph
CH,Clp, =10 °C, 6 h
o)
o)
A1 B1

L3
N— \\N 0 SN
- N~y7= —H-N.
Bn R R
CiaHas L-PiC,H,Ph:
L4 L5 L6 R = C,H,Ph
entry? L yield (%)° ee (%)°
1 L1 20 5
2 L2 Trace
3 L3 26 0
49 L4 23 0
5 L5 24 0
6 L6 21 0
7 L-PiC,H4Ph 91 97

@ Unless otherwise noted, the reactions were performed with A1 (0.10 mmol), B1 (2.0 equiv), Fe(OTf)s (12 mol%), L (10 mol%),
Rh2(TFA)s (1 mol%), in CH2Clz (2.0 mL) at 10 <C for 6 h. ° Isolated yield. ¢ Determined by chiral HPLC. ¢ Without using of
Fe(OTf)s and Rh2(TFA)4

Table S7. The screening of amount of Fe(OTf)z and L-PiC,H4Ph.

o Fe(OTf)/L-PiC,H,Ph
oH Ny (1.2:1, x mol%)
+ Rh,(TFA)4 (1 mol%)
X Ph Ph

CH,Cl,, —10°C, 6 h

o o}
A1 B1
entry? X yield (%)° ee (%)°
1 10 91 97
2 5 91 97
3 2 91 97



4 1 88 96

aUnless otherwise noted, the reactions were performed with A1 (0.10 mmol), B1 (2.0 equiv),
Fe(OTf)s (1.2x mol%), L-PiCz2H4Ph (x mol%), Rh2(TFA)4 (1 mol%), in CH2Cl2 (2.0 mL)
at —10 <C for 6 h. ® Isolated yield. ¢ Determined by chiral HPLC.

Table S9. The screening of rhodium source.

* Fe(OTf)s/L-PiC,H,Ph
OH Ny (1.2:1, 2 mol%)
+ )H( Rh, source (1 mol%)
X Ph Ph
) CH,Cly, -10°C, 6 h

o}

A1 B1
entry? Rh2 source yield (%)° ee (%)°
1 Rha(TFA)a 91 97
2 Rh2(Oct)4 59 93
3 Rh2(OAC)4 76 94
4 Rhz(esp)4 64 93
5 Rhz(piv)s 68 94

2Unless otherwise noted, the reactions were performed with A1 (0.10 mmol), B1 (2.0 equiv),
Fe(OTf)s (2.4 mol%), L-PiC2H4Ph (2 mol%), Rhz source (1 mol%), in CH2Cl (2.0 mL) at
—10 <T for 6 h. ® Isolated yield. ¢ Determined by chiral HPLC.

(D) Experimental procedures

General procedure for the preparation of the racemic products.
Q]

o)
N
Rl O OH P e 2 Re  RNa(TFA), (1 mol%)
A e TR
NN Ra%( CH,Cl,, 40°C, 2h
5 0
0.1 mmol 0.2 mmol
A1-A19 B1-B20
(2)
o 0
N, Sc(OTf)y/(+)Ls-PiPr, o
L, Y oH (1:1, 10 mol%) g0
R st Rhy(TFA)4 (1 mol%) L
Ph
o © CH,Cly, -10 °C, 6 h RS OH
0.1 mmol 0.2 mmol
A20-A26 B1 C20-C26

General produce for (1): To a test tube, Rhy(TFA)s (1 mol%) and the substrates A1-A19 (0.10 mmol) were added under an N;
atmosphere. Then CH,Cl, was added and the mixture was stirred at 40 °C, and a solution of the corresponding a-diazoketones B1-
B20 (0.20 mmol in 1.0 mL CHCl,) was added. After the addition was completed, the reaction was stirred at 40 °C for 2 h, The crude
reaction mixture was purified using column chromatography on silica gel (PE/CH2CI, = 1:1) to afford racemic products.

General produce for (2): To an oven-dried reaction tube under nitrogen atmosphere were added the Sc(OTf)3 (4.9 mg, 10 mol %), (+)Ls-
PiPrz (6.5 mg, 10 mol %), and CH,Cl, (1.0 mL). The mixture was stirred at 35 °C for 30 min. Then the solution was evaporated in vacuo
and nitrogen was introduced. After that, CH,Cl, (1.0 mL), Rhy(TFA)s (0.7 mg, 1 mol %), acids A20-A26 (0.10 mmol) were added
subsequently. The reaction mixture was stirred at 35 °C for 20 min. After the solution was cooled to —10 °C, a-diazoketone B1 (0.20
mmol in 1.0 mL CH,Cl,) was added, and the reaction mixture was stirred at —10 °C for 6 h. The reaction system was purified by column
chromatography on silica gel (PE/CH,Cl, = 1:1.5) to afford the desired products.



Representative experimental procedure for the catalytic asymmetric reactions
Q)]

o Fe(OTf)s/L-PiC,H,4Ph
N, (1.2:1, x mol%)
R2— D OH =~ TRpt ¢ R4 _ Rha(TFA), (1 mol%)
= AN NS 3%(
R CH,Cly, =10 °C, 6 h
o) (6]
0.1 mmol 0.2 mmol
A1-A19 B1-B20
(2)
o .
N, Sc(OTf),/L-PiPr,
, [ " "OH (1:1, x mol%)
Re A rs T Rh,(TFA),4 (1 mol%)
o °© CH,Cly, =10 °C, 6 h
0.1 mmol 0.2 mmol
A20-A26 B1 ©20-C26

General produce for (1): In a glovebox, ketoacids A1-A19 (0.1 mmol), Rhz(TFA)s (0.70 mg, 0.001 mmol, 1 mol%) and Fe(OTf)s/L-
PiC2H4Ph (1.2:1, x mol%) were weighted into a dried test tube. Anhydrous CHCl, (1.0 mL) was added and the solution was stirred at
35 °C for 0.5 h. After the solution was cooled to —10 °C, a-diazoketones B1-B20 (0.20 mmol in 1.0 mL CH,Cl,) was added, the reaction
mixture was stirred at —10 °C for 6 h. The reaction system was purified by column chromatography on silica gel (PE/CH,Cl, = 1:1) to
afford the desired product .

General produce for (2): The corresponding products C20-C26 were obtained by using Sc(OTf)s/L-PiPr2 (1:1, X mol%) as the catalyst
in the same reaction conditions.

(E) The analytical and spectral characterization data of the products

(3S,4R)-3-acetyl-4-hydroxy-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl2 = 1/1) to afford the desired product C1; 0.1 mmol scale reaction; 34.9
mg, white solid, 91% yield, 97% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =254 nm, t1 =
7.08 min, t2 = 8.72 min];

'H NMR (400 MHz, CDCls) § 8.14 — 8.12 (m, 1H), 7.82 (dd, J = 8.0, 1.2 Hz, 1H), 7.75 — 7.67 (m, 3H), 7.49 (td, J = 7.6, 1.2 Hz, 1H), 7.46 — 7.40
(m, 3H), 7.22 — 7.14 (m, 3H), 7.10 — 7.07 (m, 2H), 6.11 (d, J = 15.6 Hz, 1H), 5.99 (d, J = 15.6 Hz, 1H), 5.26 (s, 1H), 2.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.1, 163.0, 146.2, 135.9, 135.7, 132.1, 131.3, 130.2, 129.2, 128.6, 128.4, 128.3, 127.9, 127.7, 126.6, 126.5,
125.1, 122.0, 90.6, 76.8, 27.4 ppm;

m.p. 136.6 — 139.0 <T;

HRMS (ESI) m/z [M+Na]* calcd for C2sH2004Na: 407.1254, found: 407.1255;

[@]p? = +480.3 (c = 0.38 in CHCls);

IR (neat): 3465, 3062, 3027, 2924, 1740, 1706, 1602, 1495, 1451, 1358, 1287, 1248, 1081, 969, 770, 751, 717, 694 cm™..

HPLC spectrum of C1
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(3S,4R)-3-acetyl-4-hydroxy-4-((E)-2-methoxystyryl)-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/EtOAc = 10/1) to afford the desired product C2; 0.1 mmol scale reaction;
35.6 mg, white solid, 86% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, & = 254 nm,
t1 = 7.59 min, t2 = 9.92 min];

IH NMR (400 MHz, CDCls) 6 8.12 — 8.10 (m, 1H), 7.83 (d, J = 7.6 Hz, 1H), 7.74 — 7.69 (m, 3H), 7.50 — 7.37 (m, 4H), 7.15 - 7.11 (m, 1H), 7.09 —
7.07 (m, 1H), 6.79 (t, J = 7.6 Hz, 1H), 6.73 (d, J = 8.4 Hz, 1H), 6.40 (d, J = 16.4 Hz, 1H), 6.04 (d, J = 16.0 Hz, 1H), 5.22 (s, 1H), 3.65 (s, 3H), 2.13
(s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.2, 163.2, 156.9, 146.5, 135.7, 131.5, 130.1, 129.1, 129.0, 128.4, 128.2, 127.4, 127.2, 126.6, 125.2, 125.1,
122.0, 120.4, 110.8, 90.7, 55.3, 27.5 ppm;

m.p. 84.0 - 87.0 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH220sNa: 437.1359, found: 437.1355;

[@]p? = +508.3 (c = 0.40 in CHCly);

IR (neat): 3465, 3068, 3014, 2938, 2837, 1738, 1706, 1600, 1490, 1459, 1357, 1288, 1247, 1084, 1031, 753, 712 cm ™.

HPLC spectrum of C2
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(3S,4R)-3-acetyl-4-((E)-2-fluorostyryl)-4-hydroxy-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl. = 1/1) to afford the desired product C3; 0.1 mmol scale reaction; 32.1
mg, white solid, 80% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t; =
6.84 min, t2 = 8.12 min];

IH NMR (400 MHz, CDCls) & 8.12 (dd, J = 8.0, 1.2 Hz, 1H), 7.83 — 7.81 (m, 1H), 7.75 — 7.68 (m, 3H), 7.49 (td, J = 7.6, 1.2 Hz, 1H), 7.45 — 7.40
(m, 3H), 7.15 — 7.10 (m, 2H), 6.98 — 6.94 (m, 1H), 6.92 — 6.87 (m, 1H), 6.32 (d, J = 16.0 Hz, 1H), 6.12 (dd, J = 16.0, 1.6 Hz, 1H), 5.26 (d, J = 1.6
Hz, 1H), 2.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.0, 163.0, 161.5 (d, Jc.r = 251.5 Hz), 146.2, 135.8, 131.3, 130.3, 130.1 (d, Jc.r = 5.1 Hz), 129.3, 129.2, 128.6,
128.3,127.6 (d, Jcr = 4.0 Hz), 126.5, 125.1, 124.6  (d, Jc-r = 3.0 Hz), 123.9, 123.9 (d, Jcr = 11.1 Hz), 121.9, 115.6 (d, Jcr = 21.2 Hz), 90.5, 76.8,
27.4 ppm;

BE{IH} NMR (376 MHz, CDCls) § -117.17 ppm;

m.p. 145.2 - 147.1 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sHi9FOsNa: 425.1159, found: 425.1158;

[@]p?* = +522.9 (c = 0.31 in CHCls);

IR (neat): 3465, 3067, 2924, 1740, 1708, 1603, 1489, 1453, 1358, 1287, 1248, 1083, 755, 706, 573 cm ..

HPLC spectrum of C3
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(3S,4R)-3-acetyl-4-hydroxy-4-((E)-3-methylstyryl)-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl2 = 1/1) to afford the desired product C4; 0.1 mmol scale reaction; 36.2
mg, white solid, 91% yield, 92% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t1 =
6.07 min, t2 = 7.31 min];

IH NMR (400 MHz, CDCls) 6 8.13 (d, J = 7.6 Hz, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.75 — 7.68 (m, 3H), 7.51 — 7.39 (m, 4H), 7.09 (t, J = 7.6 Hz, 1H),
6.98 (d, J=7.6 Hz, 1H), 6.91 — 6.89 (m, 2H), 6.08 (d, J = 16.0 Hz, 1H), 5.97 (d, J = 16.0 Hz, 1H), 5.25 (s, 1H), 2.24 (s, 3H), 2.14 (s, 3H);

1BC{*H} NMR (101 MHz, CDCls) § 211.2, 163.1, 146.3, 137.9, 135.9, 135.7, 132.2, 131.3, 130.2, 129.2, 128.7, 128.5, 128.3, 128.3, 127.4, 127 .4,
126.6, 125.1, 123.7, 122.0, 90.6, 76.8, 27.5, 21.2 ppm;

m.p. 71.0 - 73.3 C;
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HRMS (ESI) m/z [M+Na]* calcd for C2sH2204Na: 421.1410, found: 421.1409;
[a]o® = +491.7 (c = 1.07 in CHCI3);
IR (neat): 3463, 3019, 2855, 1737, 1705, 1602, 1492, 1451, 1357, 1286, 1247, 1215, 1080, 1037, 969, 751, 712, 693, 564 cm 2.

HPLC spectrum of C4
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(3S,4R)-3-acetyl-4-((E)-3-bromostyryl)-4-hydroxy-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl. = 1/1) to afford the desired product C5; 0.1 mmol scale reaction; 23.2
mg, white solid, 50% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t1 =
6.89 min, t2 = 8.12 min];

'H NMR (400 MHz, CDCls) 6 8.12 (d, J = 7.6 Hz, 1H), 7.80 — 7.78 (m, 1H), 7.73 (t, J = 7.6 Hz, 1H), 7.67 — 7.65 (m, 2H), 7.49 (t, J = 7.6 Hz, 1H),
7.45—-7.42 (m, 3H), 7.29 — 7.26 (m, 1H), 7.21 (s, 1H), 7.07 — 7.03 (m, 1H), 7.00 — 6.98 (m, 1H), 6.07 (d, J = 16.0 Hz, 1H), 5.99 (d, J = 16.0 Hz,

1H), 5.26 (s, 1H), 2.13 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.0, 162.9, 146.0, 138.1, 135.8, 131.2, 130.8, 130.5, 130.4, 129.9, 129.5 129.3, 129.1, 128.7, 128.3, 126.5,

125.2,125.1, 122.5, 121.9, 90.5, 76.6, 27.4 ppm;

m.p. 69.8 - 74.2 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1e®183BrOsNa: 485.0359, found: 485.0362;
HRMS (ESI) m/z [M+Na]* calcd for C2sH1o%163BrOsNa: 487.0338, found: 487.0341;

[@]p? = +426.1 (c = 0.64 in CHCl3);
IR (neat): 3464, 3021, 2925, 1738, 1706, 1600, 1563, 1452, 1357, 1287, 1248, 1210, 1080, 969, 757, 690, 560 cm ™.

HPLC spectrum of C5
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(3S,4R)-3-acetyl-4-hydroxy-4-((E)-4-methylstyryl)-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl2 = 1/1) to afford the desired product C6; 0.1 mmol scale reaction; 32.3
mg, white solid, 81% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t1 =
9.52 min, t2 = 11.00 min];

'H NMR (400 MHz, CDCls) 6 8.13 (dd, J = 7.6, 1.2 Hz, 1H), 7.82 (dd, J = 7.6, 1.2 Hz, 1H), 7.75 — 7.68 (m, 3H), 7.49 (td, J = 7.6, 1.6 Hz, 1H), 7.46
—7.40 (m, 3H), 7.02 — 6.97 (m, 4H), 6.06 (d, J = 16.0 Hz, 1H), 5.94 (dd, J = 16.0, 1.2 Hz, 1H), 5.25 (d, J = 1.2 Hz, 1H), 2.26 (s, 3H), 2.14 (s, 3H);
BC{*H} NMR (101 MHz, CDCls) § 211.1, 163.0, 146.3, 137.8, 135.7, 133.1, 132.1, 131.3, 130.1, 129.1, 129.0, 128.5, 128.2, 126.7, 126.6, 126.5,
125.1,122.0, 90.6, 76.8, 27.4, 21.1 ppm;

m.p. 72.8 - 76.3 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH2204Na: 421.1410, found: 421.1397;

[a]p®® = +494.1 (c = 1.32 in CHCl3);

IR (neat): 3463, 3023, 2921, 1737, 1705, 1603, 1451, 1357, 1286, 1247, 1211, 1081, 1040, 971, 754, 712,583 cm ™.

HPLC spectrum of C6
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(3S,4R)-3-acetyl-4-((E)-4-chlorostyryl)-4-hydroxy-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CHzCl. = 1/1) to afford the desired product C7; 0.1 mmol scale reaction; 38.5
mg, white solid, 92% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =254 nm, t1 =
10.51 min, t2 = 11.57 min];

IH NMR (400 MHz, CDCls) & 8.13 — 8.12 (m, 1H), 7.81 — 7.79 (m, 1H), 7.75 — 7.71 (m, 1H), 7.67 — 7.64 (m, 2H), 7.50 (td, J = 7.6, 1.2 Hz, 1H),
7.45 - 7.40 (m, 3H), 7.17 — 7.14 (m, 2H), 7.02 — 6.98 (m, 2H), 6.06 (d, J = 16.0 Hz, 1H), 5.95 (dd, J = 16.0, 1.2 Hz, 1H), 5.25 (d, J = 1.2 Hz, 1H),
2.13 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.1, 163.0, 146.1, 135.8, 134.4, 133.6, 131.3, 130.9, 130.3, 129.3, 128.7, 128.6, 128.3, 128.3, 127.8, 126.5,
125.1, 122.0, 90.6, 76.7, 27.4 ppm;

m.p. 120.6 - 123.0 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH19*+989Cl04Na: 441.0864, found: 441.0866;

HRMS (ESI) m/z [M+Na]* calcd for CasH19%%9%°CIO4Na: 443.0835, found: 443.0831;

[a]p® = +388.0 (¢ = 0.61 in CHCl3);

IR (neat): 3464, 3026, 1738, 1706, 1492, 1452, 1357, 1288, 1248, 1211, 1085, 1042, 970, 755, 727,579 cm™™.

HPLC spectrum of C7
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(3S,4R)-3-acetyl-4-((E)-4-bromostyryl)-4-hydroxy-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl. = 1/1) to afford the desired product C8; 0.1 mmol scale reaction; 30.1
mg, white solid, 65% yield, 98% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t; =
8.54 min, t2 = 9.79 min];

IH NMR (400 MHz, CDCls) 6 8.12 (dd, J = 7.6, 1.2 Hz, 1H), 7.80 (dd, J = 7.6, 1.2 Hz, 1H), 7.73 (td, J = 7.2, 1.2 Hz, 1H), 7.67 — 7.65 (m, 2H), 7.50
(td, J=7.6, 1.2 Hz, 1H), 7.45 — 7.40 (m, 3H), 7.32 — 7.29 (m, 2H), 6.95 — 6.92 (m, 2H), 6.05 (d, J = 16.0 Hz, 1H), 5.97 (d, J = 16.0 Hz, 1H), 5.26 (s,
1H), 2.13 (s, 3H).;

3C{*H} NMR (101 MHz, CDCls) § 211.0, 163.0, 146.0, 135.8, 134.9, 131.5, 131.2, 130.9, 130.3, 129.3, 128.7, 128.4, 128.3, 128.1, 126.5, 125.1,
121.9,121.8, 90.5, 76.7, 27.4 ppm;

m.p. 110.3 - 112.5 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH19"891%3BrO4Na: 485.0359, found: 485.0369;

HRMS (ESI) m/z [M+Na]* calcd for C2sH102%9163BrOsNa: 487.0338, found: 487.0348;

[@]p? = +433.1 (c = 0.82 in CHCls);

IR (neat): 3465, 3066, 2927, 1738, 1706, 1602, 1488, 1452, 1358, 1287, 1247, 1078, 970, 756, 723, 575 cm ™.

HPLC spectrum of C8
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(3S,4R)-3-acetyl-4-hydroxy-4-((E)-4-iodostyryl)-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C9; 0.1 mmol scale reaction; 29.6
mg, white solid, 58% yield, 96% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, t; =
11.93 min, t2 = 13.06 min];

'H NMR (400 MHz, CDCls) & 8.12 (dd, J = 8.0, 1.2 Hz, 1H), 7.81 — 7.78 (m, 1H), 7.73 (td, J = 7.6, 1.2 Hz, 1H), 7.66 — 7.64 (m, 2H), 7.52 — 7.47
(m, 3H), 7.45 — 7.39 (m, 3H), 6.82 — 6.80 (m, 2H), 6.04 (d, J = 16.0 Hz, 1H), 5.98 (d, J = 16.0 Hz, 1H), 5.25 (s, 1H), 2.13 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.0, 163.0, 146.0, 137.5, 135.8, 135.4, 131.2, 131.0, 130.3, 129.2, 128.7, 128.5, 128.3, 128.3, 126.5, 125.1,
121.9,93.4, 90.5, 27.4 ppm;

m.p. 73.2 -75.4 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1910sNa: 533.0220, found: 533.0229;

[@]p?t = +416.3 (c = 0.71 in CHCla);
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IR (neat): 3464, 3064, 2924, 1737, 1705, 1602, 1484,1452, 1357, 1287, 1247, 1212, 1082, 970, 755, 721,572 cm™.,
HPLC spectrum of C9
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F3C
(3S,4R)-3-acetyl-4-hydroxy-3-phenyl-4-((E)-4-(trifluoromethyl)styryl)isochroman-1-one
The residue was purified by column chromatography on silica gel (PE/CH2Cl> = 1/1) to afford the desired product C10; 0.1 mmol scale reaction;
29.4 mg, white solid, 65% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 98/2, 1.0 mL/min, A = 254 nm, t1
=6.60 min, t2 = 7.24 min];
'H NMR (400 MHz, CDCls) & 8.14 (d, J = 7.6 Hz, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.74 (t, J = 7.6 Hz, 1H), 7.68 — 7.66 (m, 2H), 7.51 (t, J = 7.6 Hz,
1H), 7.45 — 7.42 (m, 5H), 7.17 (d, J = 8.0 Hz, 2H), 6.19 (d, J = 15.6 Hz, 1H), 6.10 (d, J = 16.0 Hz, 1H), 5.30 (s, 1H), 2.14 (s, 3H);
BC{*H} NMR (101 MHz, CDCls) § 211.0, 162.9, 145.9, 139.4, 135.9, 131.2, 130.5, 130.4, 130.2, 129.8 (q, Jcr = 32.3 Hz), 129.3, 128.8, 128.3,
126.8, 126.4, 125.3 (q, Jc-r = 272.7 Hz), 125.4 (q, Jc-r = 4.0 Hz), 125.1, 121.9, 90.5, 76.6, 27.4 ppm;
BE{'H} NMR (376 MHz, CDCls) § -62.59 ppm;
m.p. 76.7 - 80.7 C;
HRMS (ESI) m/z [M+Na]* calcd for C2sHi9F304Na: 475.1128, found: 475.1135;
[@]p? = +452.4 (c = 1.09 in CHCl3);
IR (neat): 3465, 3069, 2926, 1740, 1707, 1608, 1452, 1358, 1324, 1288, 1248, 1164, 1122, 1070, 755, 715, 575 cm™.
HPLC spectrum of C10
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(3S,4R)-3-acetyl-4-((E)-2,6-dichlorostyryl)-4-hydroxy-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C11; 0.1 mmol scale reaction;
33.5 mg, white solid, 74% yield, 98% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 = 6.85 min, t2 = 8.48 min];

H NMR (400 MHz, CDCls) § 8.11 (dd, J = 8.0, 1.2 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.79 — 7.73 (m, 3H), 7.48 (td, J = 7.6, 1.2 Hz, 1H), 7.45 —
7.40 (m, 3H), 7.14 (d, J = 8.0 Hz, 2H), 6.97 (d, J = 8.0 Hz, 1H), 6.26 (d, J = 16.0 Hz, 1H), 6.05 (dd, J = 16.0, 1.2 Hz, 1H), 5.34 (d, J = 1.6 Hz, 1H),
2.13 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.0, 162.8, 146.0, 135.8, 135.4, 134.2, 133.6, 131.3, 130.2, 129.1, 128.7, 128.4, 128.3, 128.0, 126.7, 126.2,
125.2,121.9,90.1, 77.1, 27.2 ppm;

m.p. 148.4 - 151.7 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1s%9%89Cl,04Na: 475.0474, found: 475.0485;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1g%69%°CI,04Na: 477.0445, found: 477.0455;

[@]p? = +393.9 (c = 0.93 in CHCly);

IR (neat): 3462, 3021, 2922, 1738, 1705, 1602, 1495, 1428, 1357, 1286, 1247, 1209, 1082, 1042, 967, 755, 729, 705, 573 cm 2.,

HPLC spectrum of C11
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(3S,4R)-3-acetyl-4-hydroxy-4-((E)-2-(naphthalen-2-yl)vinyl)-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C12; 0.1 mmol scale reaction;
26.5 mg, white solid, 61% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 = 12.16 min, t2 = 14.14 min];

!H NMR (400 MHz, CDCls) & 8.18 — 8.16 (m, 1H), 7.86 (dd, J = 8.0, 1.2 Hz, 1H), 7.77 — 7.65 (m, 6H), 7.51 (td, J = 7.6, 1.2 Hz, 1H), 7.48 — 7.39
(m, 6H), 7.30 — 7.27 (m, 1H), 6.29 (d, J = 15.6 Hz, 1H), 6.13 (dd, J = 16.0, 1.2 Hz, 1H), 5.31 (d, J = 0.8 Hz, 1H), 2.16 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.1, 163.1, 146.3, 135.8, 133.4, 133.3, 133.0, 132.2, 131.4, 130.3, 129.2, 128.6, 128.3, 128.0, 128.0, 127.9,
127.5,127.0, 126.6, 126.2, 126.0, 125.2, 123.4, 122.0, 90.7, 76.9, 27.4 ppm;

m.p. 128.1 - 130.8 <C;

HRMS (ESI) m/z [M+Na]* calcd for C29H2204Na: 457.1410, found: 457.1403;

[@]p? = +532.3 (c = 0.83 in CHCls);

IR (neat): 3464, 3020, 1738, 1706, 1602, 1452, 1356, 1287, 1248, 1082, 751, 710, 583 cm™™.

HPLC spectrum of C12
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(3S,4R)-3-acetyl-4-((E)-2-(furan-2-yl)vinyl)-4-hydroxy-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl> = 1/1) to afford the desired product C13; 0.1 mmol scale reaction;
26.2 mg, white solid, 70% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1=7.26 min, t2 = 9.78 min];

IH NMR (400 MHz, CDCls) § 8.10 (dd, J = 7.6, 1.2 Hz, 1H), 7.77 (dd, J = 7.6, 1.2 Hz, 1H), 7.73 — 7.65 (m, 3H), 7.47 (td, J = 7.6, 1.2 Hz, 1H), 7.44
—7.38 (m, 3H), 7.21 (d, J = 2.0 Hz, 1H), 6.24 (dd, J = 3.2, 1.6 Hz, 1H), 6.05 — 6.03 (m, 1H), 6.00 —5.99 (m, 2H), 5.22 (d, J = 0.8 Hz, 1H), 2.12 (s,
3H);

BC{*H} NMR (101 MHz, CDCls) § 211.1, 163.0, 151.7, 146.4, 142.2, 135.8, 131.2, 130.3, 129.1, 128.5, 128.3, 126.6, 125.8, 124.9, 121.8, 119.9,
111.2,109.3, 90.6, 76.6, 27.4 ppm;

m.p. 75.9 - 78.2 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1s0sNa: 397.1046, found: 397.1037;
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[a]p? = +496.8 (C =

0.34 in CHCly);

IR (neat): 3464, 3025, 2924, 2338, 1739, 1706, 1602, 1491, 1452, 1357, 1287, 1248, 1081, 963, 750, 708, 576 cm™™.
HPLC spectrum of C13
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Cc14

(3S,4R)-3-acetyl-4-hydroxy-3-phenyl-4-((E)-2-(thiophen-2-yl)vinyl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl> = 1/1) to afford the desired product C14; 0.1 mmol scale reaction;
27.7 mg, white solid, 71% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 =7.50 min, t2 = 11.29 min];

'H NMR (400 MHz, CDCls) § 8.13 - 8.11 (m, 1H), 7.80 (dd, J = 7.6, 1.2 Hz, 1H), 7.73 (td, J = 7.2, 1.2 Hz, 1H), 7.67 — 7.64 (m, 2H), 7.49 (td, J =
7.6, 1.2 Hz, 1H), 7.46 — 7.38 (m, 3H), 7.08 — 7.06 (m, 1H), 6.84 (dd, J = 4.8, 3.6 Hz, 1H), 6.74 — 6.72 (m, 1H), 6.20 (d, J = 16.0 Hz, 1H), 5.82 (dd,
J=15.6,1.2 Hz, 1H), 5.23 (d, J = 1.2 Hz, 1H), 2.13 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.1, 163.0, 146.0, 140.9, 135.8, 131.2, 130.3, 129.2, 128.6, 128.3, 127.2, 127.0, 126.7, 126.5, 125.2, 125.1,
124.9, 121.9, 90.6, 76.6, 27.5 ppm;

m.p. 70.7 - 73.3 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1s04SNa: 413.0818, found: 413.0825;

[a]p?! = +481.3 (¢ = 0.26 in CHCl3);

IR (neat): 3463, 3069, 2924, 2361, 1739, 1706, 1602, 1452, 1356, 1287, 1248, 1210, 1082, 959, 753, 700, 564 cm™.

HPLC spectrum of C14
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(3S,4R)-3-acetyl-4-hydroxy-7-methyl-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl. = 1/1) to afford the desired product C15; 0.1 mmol scale reaction;
30.2 mg, white solid, 76% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 =5.56 min, t2 = 6.61 min];

IH NMR (400 MHz, CDCls) § 8.01 (d, J = 8.0 Hz, 1H), 7.69 — 7.66 (m, 2H), 7.60 (s, 1H), 7.45 — 7.38 (m, 3H), 7.29 — 7.27 (m, 1H), 7.22 — 7.14 (m,
3H), 7.11—7.08 (m, 2H), 6.11 (d, J = 16.0 Hz, 1H), 5.98 (d, J = 16.0 Hz, 1H), 5.22 (s, 1H), 2.47 (s, 3H), 2.13 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.4, 163.2, 147.2, 146.2, 136.0, 131.9, 131.4, 130.4, 129.5, 129.1, 128.4, 128.3, 127.9, 127.8, 126.6, 126.6,
125.5,119.3, 90.6, 76.8, 27.5, 22.2 ppm;

m.p. 128.7 - 131.6 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH2204Na: 421.1410, found: 421.1408,;

[@]p? = +407.1 (c = 0.96 in CHCly);

IR (neat): 3461, 3024, 2922, 2361, 1737, 1704, 1607, 1495, 1448, 1357, 1283, 1256, 1214, 1071, 770, 748, 693, 591, 550 cm 2.

HPLC spectrum of C15
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(3S,4R)-3-acetyl-4-hydroxy-7-methoxy-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C16; 0.1 mmol scale reaction;
31.5 mg, white solid, 76% yield, 92% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, & = 254 nm,
t1 = 12.05 min, t2 = 13.84 min];

IH NMR (400 MHz, CDCls) & 8.07 (dd, J = 8.8, 1.2 Hz, 1H), 7.69 — 7.66 (m, 2H), 7.45 — 7.38 (m, 3H), 7.26 — 7.25 (m, 1H), 7.22 — 7.14 (m, 3H),
7.11—7.09 (m, 2H), 6.98 — 6.95 (m, 1H), 6.13 (d, J = 16.0 Hz, 1H), 5.98 (d, J = 16.0 Hz, 1H), 5.29 (s, 1H), 3.91 (s, 3H), 2.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.6, 165.6, 162.9, 149.1, 135.9, 132.8, 132.0, 131.4, 129.1, 128.4, 128.2, 127.9, 127.5, 126.6, 115.3, 114.3,
109.1, 90.5, 76.9, 55.8, 27.4 ppm;

m.p. 87.5-91.6 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH220sNa: 437.1360, found: 437.1360;

[@]p? = +312.4 (c = 0.44 in CHCls);

IR (neat): 3462, 3061, 2941, 2361, 1732, 1707, 1603, 1492, 1448, 1264, 1214, 1077, 771, 751, 695, 590, 552 cm .

HPLC spectrum of C16
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(3S,4R)-3-acetyl-4-hydroxy-6-methyl-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C17; 0.1 mmol scale reaction;
28.3 mg, white solid, 71% yield, 91% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1=7.31 min, t2 = 8.91 min];

IH NMR (400 MHz, CDCls) § 7.93 - 7.92 (m, 1H), 7.70 — 7.67 (m, 3H), 7.55 — 7.52 (m, 1H), 7.46 — 7.38 (m, 3H), 7.21 — 7.13 (m, 3H), 7.09 — 7.06
(m, 2H), 6.07 (d, J = 16.0 Hz, 1H), 5.96 (dd, J = 16.0, 1.2 Hz, 1H), 5.21 (d, J = 1.2 Hz, 1H), 2.44 (s, 3H), 2.13 (s, 3H);

3C{*H} NMR (101 MHz, CDCls) § 211.2, 163.6, 143.3, 138.7, 136.7, 136.0, 132.0, 131.4, 130.4, 129.1, 128.4, 128.3, 127.9, 127.9, 126.6, 126.6,
125.1,121.8, 90.6, 76.8, 27.5, 21.0 ppm;

m.p. 66.6 — 69.8 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH2204Na: 421.1410, found: 421.1407;

[a]o® = +472.0 (c = 0.49 in CHCI3);
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IR (neat): 3464, 3060, 3026, 2924, 1736, 1705, 1613, 1494, 1357, 1283, 1251, 1210, 1181, 1079, 1044, 969, 749, 695, 593, 561 cm ™.
HPLC spectrum of C17
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(3S,4R)-3-acetyl-6-chloro-4-hydroxy-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C18; 0.1 mmol scale reaction;
30.1 mg, white solid, 72% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 = 6.27 min, t = 8.39 min];

IH NMR (400 MHz, CDCl3) & 8.09 (d, J = 2.0 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.70 — 7.63 (m, 3H), 7.45 — 7.41 (m, 3H), 7.22 — 7.15 (m, 3H),
7.09 —7.06 (m, 2H), 6.09 (d, J = 16.0 Hz, 1H), 5.93 (dd, J = 16.0, 0.8 Hz, 1H), 5.26 (d, J = 0.8 Hz, 1H), 2.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 210.9, 161.9, 144.7, 135.8, 135.7, 134.9, 132.5, 131.0, 129.8, 129.4, 128.4, 128.4, 128.1, 127.3, 127.1, 126.7,
126.5, 123.5,90.7, 76.7, 27.4 ppm;

m.p. 58.7 - 63.4 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH19*+989Cl04Na: 441.0864, found: 441.0858;

HRMS (ESI) m/z [M+Na]* calcd for C2sH19%9%°CIO4Na: 443.0835, found: 443.0829;

[@]p? = +410.1 (c = 0.50 in CHCls);

IR (neat): 3464, 3063, 2925, 1742, 1707, 1598, 1449, 1358, 1299, 1243, 1078, 969, 752, 695, 593, 559 cm ™.

HPLC spectrum of C18
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(3S,4R)-3-acetyl-6-bromo-4-hydroxy-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C19; 0.1 mmol scale reaction;
35.7 mg, white solid, 77% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 = 6.94 min, t2 = 9.82 min;

'H NMR (400 MHz, CDCls) & 8.25 — 8.24 (m, 1H), 7.85 — 7.83 (m, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.66 — 7.64 (m, 2H), 7.46 — 7.39 (m, 3H), 7.23 -
7.15 (m, 3H), 7.09 — 7.07 (m, 2H), 6.09 (d, J = 16.0 Hz, 1H), 5.93 (d, J = 16.0 Hz, 1H), 5.26 (s, 1H), 2.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 210.9, 161.8, 145.2, 138.7, 135.7, 132.8, 132.5, 131.0, 129.4, 128.4, 128.4, 128.1, 127.2, 127.1, 126.7, 126.5,

123.6, 122.6, 90.6, 76.7, 27.5 ppm;

m.p. 70.9 - 75.0 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH19®183BrO4Na: 485.0359, found: 485.0359;
HRMS (ESI) m/z [M+Na]* calcd for C2sH1s163BrO4Na: 487.0339, found: 487.0338;
[a]o® = +422.9 (c = 0.40 in CHCls);
IR (neat): 3463, 3063, 3027, 2361, 2337, 1742, 1706, 1594, 1450, 1358, 1241, 1215, 1083, 969, 769, 754, 695, 593, 557 cm ™.
HPLC spectrum of C19
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(3S,4R)-3-acetyl-4-hydroxy-4-methyl-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1.5) to afford the desired product C20; 0.1 mmol scale reaction;
26.7 mg, white solid, 90% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm,
t1 =5.61 min, t2 = 6.48 min];

1H NMR (400 MHz, CDCls) & 8.06 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.76 — 7.68 (m, 3H), 7.50 — 7.42 (m, 4H), 4.86 (s, 1H), 2.08 (s,
3H), 1.16 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.2, 163.0, 149.2, 135.7, 131.6, 130.3, 129.2, 128.5, 128.2, 126.5, 124.1, 121.3, 90. 7, 74.5, 27.3, 25.8 ppm;
m.p. 100.2 — 102.8<C;

HRMS (ESI) m/z [M+Na]* calcd for C1sH1604Na: 319.0941, found: 319.0940;

[@]p?t = +421.7 (c = 0.95 in CHCl3);

IR (neat): 3476, 3067, 2933, 1738, 1706, 1603, 1452, 1357, 1290, 1257, 1212, 1099, 1052, 755, 705, 602, 579, 559 cm ™.

HPLC spectrum of C20
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(3S,4R)-3-acetyl-4-hydroxy-4,7-dimethyl-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl> = 1/1.5) to afford the desired product C21; 0.1 mmol scale reaction;
14.9 mg, white solid, 48% yield, 91% ee; determined by HPLC analysis [Daicel chiralpak I1C, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm,
t1 =5.97 min, t> = 7.88 min];

IH NMR (400 MHz, CDCls) § 7.94 (d, J = 8.0 Hz, 1H), 7.75 — 7.72 (m, 2H), 7.60 (s, 1H), 7.49 — 7.44 (m, 3H), 7.23 (dd, J = 8.0, 1.6 Hz, 1H), 4.83
(s, 1H), 2.47 (s, 3H), 2.08 (s, 3H), 1.15 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.5, 163.1, 149.2, 147.1, 131.6, 130.4, 129.2, 129.1, 128.5, 126.6, 124.5, 118.6, 90.6, 74.5, 27.3, 25.8, 22.2
ppm;

m.p. 164.7 - 169.3 <;

HRMS (ESI) m/z [M+Na]* calcd for C19H1804Na: 333.1097, found: 333.1094;

[@]p?* = +301.7 (c = 0.29 in CHCls);

IR (neat): 3475, 2922, 2361, 1740, 1706, 1610, 1449, 1359, 1269, 1218, 1105, 1054, 773, 701, 588 cm™.

HPLC spectrum of C21
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(3S,4R)-3-acetyl-4-hydroxy-7-methoxy-4-methyl-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1.5) to afford the desired product C22; 0.1 mmol scale reaction;
16.0 mg, white solid, 49% yield, 96% ee; determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm,
t1 = 8.78 min, t = 12.07 min];

'H NMR (400 MHz, CDCls) § 7.99 (d, J = 8.8 Hz, 1H), 7.74 — 7.71 (m, 2H), 7.49 — 7.41 (m, 3H), 7.27 — 7.26 (m, 1H), 6.91 (dd, J = 8.4, 2.4 Hz,
1H), 4.89 (s, 1H), 3.92 (s, 3H), 2.08 (s, 3H), 1.15 (s, 3H);

B3C{*H} NMR (101 MHz, CDCls) § 211.6, 165.6, 162.8, 152.0, 132.9, 131.6, 129.1, 128.4, 126.6, 114.8, 113.6, 108.4, 90.5, 74.6, 55.8, 27.2, 25.6
ppm;

m.p. 127.2 - 129.8 <C;

HRMS (ESI) m/z [M+Na]* calcd for C19H180sNa: 349.1046, found: 349.1041;

[@]p?® = +372.5 (c = 0.49 in CHCl3);

IR (neat): 3476, 2933, 2846, 2332, 1732, 1605, 1492, 1449, 1358, 1329, 1274, 1093, 1049, 773, 733, 702, 597 cm ™™,

HPLC spectrum of C22
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(3S,4R)-3-acetyl-4-hydroxy-4,6-dimethyl-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1.5) to afford the desired product C23; 0.1 mmol scale reaction;
25.8 mg, white solid, 83% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm,
t1 =5.40 min, t2 = 6.46 min];

'H NMR (400 MHz, CDCls) & 7.86 (s, 1H), 7.75 — 7.73 (m, 2H), 7.69 (d, J = 8.0 Hz, 1H), 7.52 — 7.43 (m, 4H), 4.83 (s, 1H), 2.41 (s, 3H), 2.07 (s,
3H), 1.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.3, 163.2, 146.4, 138.3, 136.6, 131.6, 130.4, 129.1, 128.5, 126.5, 124.1, 121.1, 90.7, 74.5, 27.3, 25.8, 20.9
ppm;

m.p. 116.6 - 118.1 C;

HRMS (ESI) m/z [M+Na]* calcd for C1sH1s04Na: 333.1097, found: 333.1093;

[@]p?* = +419.4 (c = 0.79 in CHCl3);

IR (neat): 3477, 2987, 2929, 1737, 1707, 1495, 1447, 1358, 1262, 1212, 1181, 1110, 1051, 780, 737, 698, 563 cm ™.

HPLC spectrum of C23
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c24
(3S,4R)-3-acetyl-6-chloro-4-hydroxy-4-methyl-3-phenylisochroman-1-one
The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1.5) to afford the desired product C24; 0.1 mmol scale reaction;
13.9 mg, white solid, 42% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 230 nm,
t1 =5.37 min, t2 = 6.69 min];
'H NMR (400 MHz, CDCls) 6 8.02 (d, J = 2.4 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.73 - 7.69 (m, 2H), 7.66 (dd, J = 8.4, 2.4 Hz, 1H), 7.50 — 7.43 (m,
3H), 4.88 (s, 1H), 2.08 (s, 3H), 1.14 (s, 3H);
BC{*H} NMR (101 MHz, CDCls) § 210.9, 161.8, 147.6, 135.7, 134.5, 131.2, 129.9, 129.3, 128.6, 126.4, 126.0, 122.8, 90.7, 74.3, 27.2, 25.8 ppm;
m.p. 110.7 - 114.9 <C;
HRMS (ESI) m/z [M+Na]* calcd for C1gH15**9%°ClO4Na: 353.0551, found: 353.0551;
HRMS (ESI) m/z [M+Na]* calcd for C1sH15%9%°CIO4Na: 355.0522, found: 355.0518;
[@]p? = +387.4 (c = 0.52 in CHCl3);
IR (neat): 3474, 3068, 2856, 1740, 1707, 1458, 1409, 1358, 1248, 1213, 1109, 1049, 840, 766, 719, 699, 604, 558 cm ™.
HPLC spectrum of C24
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(3S,4R)-3-acetyl-6-bromo-4-hydroxy-4-methyl-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl> = 1/1.5) to afford the desired product C25; 0.1 mmol scale reaction;
30.8 mg, white solid, 82% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =230 nm,
t1 =5.49 min, t2 = 7.01 min];

!H NMR (400 MHz, CDCls) § 8.18 (d, J = 2.0 Hz, 1H), 7.81 (dd, J = 8.4, 2.0 Hz, 1H), 7.73 - 7.69 (m, 3H), 7.50 — 7.45 (m, 3H), 4.87 (s, 1H), 2.08
(s, 3H), 1.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 210.9, 161.7, 148.1, 138.6, 132.9, 131.2, 129.3, 128.6, 126.4, 126.2, 123.0, 122.2, 90.7, 74.4, 27.2, 25.8 ppm;
m.p. 110.4 - 113.6 <C;

HRMS (ESI) m/z [M+Na]* calcd for C1gH15"29183BrOsNa: 397.0046, found: 397.0044;

HRMS (ESI) m/z [M+Na]* calcd for C1sH1s%163BrOsNa: 399.0025, found: 399.0023;

[@]p?* = +332.6 (c = 0.63 in CHCl3);

IR (neat): 3474, 3067, 2932, 2361, 1743, 1707, 1449, 1404, 1358, 1245, 1213, 1108, 1050, 762, 713, 700, 609, 556 cm*.

HPLC spectrum of C25
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(3S,4R)-3-acetyl-4-ethyl-4-hydroxy-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl. = 1/1.5) to afford the desired product C26; 0.1 mmol scale reaction;
19.6 mg, colorless oil, 63% yield, 96% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 230 nm,
t1 = 5.05 min, t2 = 6.05 min];

'H NMR (400 MHz, CDCls) 6 8.06 (d, J = 7.6 Hz, 1H), 7.76 — 7.67 (m, 4H), 7.49 — 7.42 (m, 4H), 4.83 (d, J = 2.4 Hz, 1H), 2.05 (s, 3H), 1.66 — 1.58
(m, 2H), 1.39 - 1.30 (m, 1H), 0.58 (t, J = 7.2 Hz, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.4, 163.1, 146.6, 134.7, 131.5, 130.3, 129.1, 128.5, 128.3, 126.7, 126.0, 121.8, 91.1, 76.5, 29.4, 27.2, 6.5
ppm;

HRMS (ESI) m/z [M+Na]* calcd for C1gH1s04Na: 333.1097, found: 333.1093;

[@]p? = +374.7 (c = 0.44 in CHCl3);

IR (neat): 3478, 2974, 2937, 2361, 1741, 1707, 1603, 1452, 1358, 1289, 1249, 1102, 1068, 772, 752, 710, 594 cm ™.,

HPLC spectrum of C26
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(3S,4R)-3-acetyl-3-(2-fluorophenyl)-4-hydroxy-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C27; 0.1 mmol scale reaction;
29.7 mg, white solid, 74% yield, 82% ee; determined by HPLC analysis [Daicel chiralpak ID, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm,
t1 =7.95 min, t2 = 15.79 min];

'H NMR (400 MHz, CDCls) § 8.08 (d, J = 7.6 Hz, 1H), 7.79 — 7.70 (m, 3H), 7.46 (td, J = 7.6, 1.6 Hz, 1H), 7.42 — 7.37 (m, 1H), 7.24 — 7.18 (m, 4H),
7.14 - 7.10 (m, 3H), 6.15 (d, J = 16.0 Hz, 1H), 6.01 (d, J = 16.0 Hz, 1H), 4.71 (s, 1H), 2.23 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 206.9, 162.6, 159.6 (d, Jc.r = 249.5 Hz), 146.2, 135.9, 135.8, 131.7, 131.3 (d, Jcr = 8.1 Hz), 130.2, 129.9 (d,
Jor = 3.0 Hz), 128.4, 128.2, 128.0, 127.9, 126.6, 124.8, 124.1 (d, Jcr = 3.0 Hz), 121.5, 120.9 (d, Jc-r = 11.1 Hz), 116.3 (d, Jc-r = 23.2 Hz), 88.3 (d,
Jcr=5.1 Hz), 76.5, 26.4 ppm;

¥E{IH} NMR (376 MHz, CDCls) & -109.72 ppm;

m.p. 135.5 - 138.4 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sHi9FO4Na: 425.1160, found: 425.1158;

[@]p?” = +438.1 (c = 0.58 in CHCl3);

IR (neat): 3500, 3067, 2924, 2360, 1740, 1490, 1453, 1359, 1284, 1246, 1077, 1035, 768, 694 cm ™.

HPLC spectrum of C27

v
v
1.00] L0
- (g}
—
<050 /\
0'00%_\_'\—}—/'\}&""'
0.00 2.00 4.00 6.00 8.00 10.00 1200 1400 16.00 18.00 20.0C
Minutes
Retention Time Area % Area
1 7.841 18064852 49.71
2 15.544 18275148 50.29
0.301
%
30.20 o>
= .
0.10] fl\\
OOO L R L L
0.00 4.00 6.00 800 1000 1200 14.00 16.00 1800 20.0C
Minutes
Retention Time Area % Area
1 7.952 1153454 8.93
2 15.792 11761161 91.07

29



(3S,4R)-3-acetyl-4-hydroxy-3-(3-methoxyphenyl)-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/2) to afford the desired product C28; 0.1 mmol scale reaction;
38.1 mg, white solid, 92% yield, 96% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 =9.91 min, t2 = 11.16 min];

!H NMR (400 MHz, CDCl3) § 8.11 (d, J = 7.2 Hz, 1H), 7.81 (d, J = 7.6 Hz, 1H), 7.73 (td, J = 7.6, 1.6 Hz, 1H), 7.49 (td, J = 7.6, 1.2 Hz, 1H), 7.34
(t, J=8.0 Hz, 1H), 7.26 — 7.16 (m, 5H), 7.11 — 7.09 (m, 2H), 6.96 — 6.93 (m, 1H), 6.11 (d, J = 16.0 Hz, 1H), 6.00 (d, J = 16.0 Hz, 1H), 5.21 (s, 1H),
3.79 (s, 3H), 2.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.0, 163.0, 159.5, 146.3, 136.0, 135.8, 132.8, 132.1, 130.2, 129.3, 128.6, 128.4, 128.0, 127.8, 126.6, 125.2,
122.0,118.9, 114.9, 112.3, 90.5, 76.8, 55.4, 27.4 ppm;

m.p. 99.8 - 104.2 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH220sNa: 437.1359, found: 437.1359;

[@]p?t = +488.7 (c = 0.99 in CHCls);

IR (neat): 3464, 3023, 2924, 1737, 1706, 1602, 1490, 1454, 1357, 1287, 1247, 1078, 1040, 969, 749, 721, 691, 558 cm ™.

HPLC spectrum of C28

0.40-
0.30%
2 0.207
0.10-
oo00fp——
0.00 2.00 4.00 6.00 8.00 10 OO 12 00 .00 16.00
Minutes
Retention Time Area % Area
1 9.886 7221578 50.17
2 11.136 7172165 49.83
0.30
0.20
=)
< ™
— -
0.10 >
o))
0.00 L I I — T T A_\L T 7
0.00 2.00 4.00 6.00 8.00 10 OO 12 OO .00 16.00
Minutes
Retention Time Area % Area
1 9.913 129424 1.87
2 11.155 6781096 98.13

(3S,4R)-3-acetyl-3-(3-fluorophenyl)-4-hydroxy-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C29; 0.1 mmol scale reaction;
35.0 mg, white solid, 87% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 =8.00 min, t2 = 9.23 min];

'H NMR (400 MHz, CDCls) & 8.13 — 8.11 (m, 1H), 7.81 (dd, J = 8.0, 1.2 Hz, 1H), 7.74 (td, J = 7.6, 1.6 Hz, 1H), 7.52 — 7.44 (m, 3H), 7.43 - 7.37
(m, 1H), 7.23 - 7.17 (m, 3H), 7.13 — 7.08 (m, 3H), 6.17 (d, J = 15.6 Hz, 1H), 5.98 (dd, J = 15.6, 1.2 Hz, 1H), 5.22 (d, J = 1.2 Hz, 1H), 2.14 (s, 3H);
BC{*H} NMR (101 MHz, CDCls) § 210.8, 162.6, 162.6 (d, Jc.r = 247.4 Hz), 146.1, 135.9, 135.8, 134.0 (d, Jc-r = 8.1 Hz), 132.3, 130.3, 129.9 (d,
Jor = 8.1 Hz), 128.7, 128.4, 128.1, 127.2, 126.6, 125.1, 122.3 (d, Jc-r = 4.0 Hz), 121.8, 116.3 (d, Jcr = 21.2 Hz), 114.1 (d, Jcr = 25.3 Hz), 89.9,
76.8, 27.4 ppm;

BE{IH} NMR (376 MHz, CDCls) & -111.59 ppm;

m.p. 64.6 - 67.0 C;
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HRMS (ESI) m/z [M+Na]* calcd for C2sHi9FO4Na: 425.1159, found: 425.1151;

[a]p? = +448.5 (c = 1.02 in CHCly);

IR (neat): 3466, 3078, 3026, 1739, 1707, 1589, 1487, 1442, 1358, 1288, 1248, 1210, 1079, 970, 786, 750, 721, 689, 558 cm 2.
HPLC spectrum of C29
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(3S,4R)-3-acetyl-3-(3-chlorophenyl)-4-hydroxy-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C30; 0.1 mmol scale reaction;
33.9 mg, white solid, 81% yield, 93% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 =7.95 min, tz = 9.71 min];

IH NMR (400 MHz, CDCls) & 8.13 — 8.11 (m, 1H), 7.82 — 7.79 (m, 1H), 7.75 — 7.71 (m, 2H), 7.60 (dt, J = 7.2, 1.2 Hz, 1H), 7.50 (td, J = 7.2, 1.2
Hz, 1H), 7.39 — 7.34 (m, 2H), 7.23 — 7.17 (m, 3H), 7.11 — 7.09 (m, 2H), 6.17 (d, J = 16.0 Hz, 1H), 5.97 (dd, J = 16.0, 1.2 Hz, 1H), 5.20 (d, J = 1.2
Hz, 1H), 2.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 210.7, 162.6, 146.0, 135.9, 135.8, 134.5, 133.5, 132.4, 130.3, 129.6, 129.4, 128.7, 128.4, 128.1, 127.2, 126.8,
126.7,125.1, 124.8, 121.8, 89.9, 76.8, 27.5 ppm;

m.p. 60.2 — 64.4 C;

HRMS (ESI) m/z [M+Na]* calcd for CasH19%+9%°CIO4Na: 441.0864, found: 441.0866;

HRMS (ESI) m/z [M+Na]* calcd for C2sH19%9%°CIO4Na: 443.0835, found: 443.0836;

[a]o2®= +462.4 (c = 0.73 in CHCI3);

IR (neat): 3067, 2924, 1741, 1707, 1600, 1477, 1454, 1358, 1287, 1247, 1213, 1080, 970, 772, 750, 690, 560 cm™.

HPLC spectrum of C30
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(3S,4R)-3-acetyl-3-(3-bromophenyl)-4-hydroxy-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl. = 1/1) to afford the desired product C31; 0.1 mmol scale reaction;
40.3 mg, white solid, 87% yield, 93% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 = 8.13 min, t2 = 10.12 min];

IH NMR (400 MHz, CDCl3) & 8.12 (d, J = 7.6 Hz, 1H), 7.89 — 7.88 (m, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.76 — 7.72 (m, 1H), 7.65 — 7.62 (m, 1H),
7.56 —7.53 (m, 1H), 7.52 — 7.48 (m, 1H), 7.30 (t, J = 8.0 Hz, 1H), 7.23 - 7.17 (m, 3H), 7.11 — 7.09 (m, 2H), 6.16 (d, J = 16.0 Hz, 1H), 5.95 (d, J =
16.0 Hz, 1H), 5.18 (s, 1H), 2.14 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 210.8, 162.6, 146.0, 135.9, 135.8, 133.6, 132.5, 132.4, 130.3, 129.8, 129.6, 128.7, 128.4, 128.1, 127.2, 126.7,
125.3,125.1, 122.6, 121.8, 89.8, 76.8, 27.5 ppm;

m.p. 109.5 - 111.7 <;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1e®183BrOsNa: 485.0359, found: 485.0362;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1o8163BrOsNa: 487.0338, found: 487.0341;

[@]p? = +394.8 (c = 0.53 in CHCly);

IR (neat): 3464, 3024, 2920, 2361, 1741, 1707, 1600, 1566, 1454, 1357,
HPLC spectrum of C31
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(3S,4R)-3-acetyl-4-hydroxy-4-((E)-styryl)-3-(3-(trifluoromethyl)phenyl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C32; 0.1 mmol scale reaction;
38.4 mg, white solid, 85% yield, 92% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, & = 254 nm,
t1 = 6.38 min, t2 = 7.94 min];

IH NMR (400 MHz, CDCls) & 8.14 (dd, J = 8.0, 1.2 Hz, 1H), 8.00 (s, 1H), 7.89 — 7.86 (m, 1H), 7.81 — 7.79 (m, 1H), 7.75 (td, J = 7.2, 1.2 Hz, 1H),
7.69 —7.67 (m, 1H), 7.58 — 7.49 (m, 2H), 7.22 — 7.14 (m, 3H), 7.08 — 7.05 (m, 2H), 6.14 (d, J = 16.0 Hz, 1H), 5.92 (dd, J = 15.6, 1.2 Hz, 1H), 5.21
(d, J=1.2 Hz, 1H), 2.16 (s, 3H);

3C{*H} NMR (101 MHz, CDCls) § 210.8, 162.6, 145.9, 136.0, 135.7, 132.7, 132.5, 130.9 (q, Jcr = 32.3 Hz), 130.4, 129.9, 129.9, 128.8, 128.4,
128.1, 127.0, 126.6, 126.5 (d, Jc-r = 273.7 Hz), 126.1 (d, Jc-r = 4.0 Hz), 125.1, 123.7 (d, Jc-r = 4.0 Hz), 121.7, 90.0, 76.8, 27.6 ppm;

BE{IH} NMR (376 MHz, CDCls) § -62.49 ppm;

m.p. 50.5 -52.5 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sHi9F304Na: 475.1128, found: 475.1129;

[a]p?! = +410.2 (c = 0.54 in CHCls);

IR (neat): 3468, 2922, 2360, 1743, 1709, 1603, 1450, 1329, 1247, 1168, 1128, 1078, 768, 749, 696, 556 cm ™.

HPLC spectrum of C32
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(3S,4R)-3-acetyl-4-hydroxy-4-((E)-styryl)-3-(p-tolyl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C33; 0.1 mmol scale reaction;
36.6 mg, white solid, 92% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 = 8.59 min, t2 = 14.75 min];
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1H NMR (400 MHz, CDCls) § 8.12 (d, J = 7.6 Hz, 1H), 7.82 — 7.80 (m, 1H), 7.72 (td, J = 7.6, 1.2 Hz, 1H), 7.56 (d, J = 8.4 Hz, 2H), 7.48 (td, J =
7.6, 1.2 Hz, 1H), 7.24 — 7.16 (m, 5H), 7.12 — 7.09 (m, 2H), 6.12 (d, J = 16.0 Hz, 1H), 6.01 (d, J = 16.0 Hz, 1H), 5.24 (s, 1H), 2.37 (s, 3H), 2.12 (s,
3H);

BC{*H} NMR (101 MHz, CDCls) § 211.2, 163.2, 146.4, 139.1, 136.0, 135.7, 132.0, 130.2, 129.0, 128.5, 128.4, 127.9, 127.9, 127.8, 126.7, 126.5,
125.1,122.1,90.7, 76.8, 27.3, 21.1 ppm;

m.p. 62.8 - 67.0 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH2204Na: 421.1410, found: 421.1413;

[@]p? = +509.1 (c = 0.58 in CHCl3);

IR (neat): 3463, 3029, 2920, 2361, 1740, 1706, 1603, 1453, 1358, 1289, 1248, 1081, 969, 769, 725, 693, 559 cm .

HPLC spectrum of C33
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(3S,4R)-3-acetyl-3-(4-fluorophenyl)-4-hydroxy-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C34; 0.1 mmol scale reaction;
37.4 mg, white solid, 93% vyield, 94% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 =8.26 min, t2 = 11.27 min];

'H NMR (400 MHz, CDCls) § 8.12 (dd, J = 8.0, 1.2 Hz, 1H), 7.80 (dd, J = 8.0, 1.2 Hz, 1H), 7.73 (td, J = 7.6, 1.6 Hz, 1H), 7.70 — 7.66 (m, 2H), 7.50
(td, J = 7.6, 1.6 Hz, 1H), 7.23 — 7.16 (m, 3H), 7.15 — 7.08 (m, 4H), 6.13 (d, J = 16.0 Hz, 1H), 5.96 (dd, J = 16.0, 1.2 Hz, 1H), 5.22 (d, J = 1.2 Hz,
1H), 2.13 (s, 3H);

3C{*H} NMR (101 MHz, CDCls) § 211.1, 163.2 (d, Jc-r = 250.5 Hz), 162.8, 146.1, 135.9, 135.8, 132.3, 130.3, 128.7, 128.6 (d, Jc.r = 12.1 Hz),
128.4,128.1, 127.3, 127.2 (d, Jc-r = 3.0 Hz), 126.6, 125.1, 121.9, 115.4 (d, Jc-r = 21.2 Hz), 90.2, 76.8, 27.4 ppm;

9F{IH} NMR (376 MHz, CDCls) & -112.16 ppm;

m.p. 63.3- 64.7 <C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH19FO4Na: 425.1160, found: 425.1165;

[e]o?! = +444.7 (c = 0.60 in CHCI3);

IR (neat) 3466, 3027, 2341, 1740, 1706, 1603, 1509, 1358, 1288, 1243, 1164, 1080, 970, 840, 727, 693, 559 cm ™,

HPLC spectrum of C34
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(3S,4R)-3-acetyl-3-(4-chlorophenyl)-4-hydroxy-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1/1) to afford the desired product C35; 0.1 mmol scale reaction;
37.3 mg, white solid, 89% yield, 92% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 =7.81 min, t2 = 13.00 min];

'H NMR (400 MHz, CDCls) § 8.12 (d, J = 7.6 Hz, 1H), 7.80 (d, J = 7.6 Hz, 1H), 7.73 (td, J = 7.6, 1.2 Hz, 1H), 7.66 — 7.62 (m, 2H), 7.50 (td, J =
7.6, 1.2 Hz, 1H), 7.42 — 7.39 (m, 2H), 7.23 — 7.16 (m, 3H), 7.11 — 7.09 (m, 2H), 6.14 (d, J = 16.0 Hz, 1H), 5.96 (d, J = 16.0 Hz, 1H), 5.20 (s, 1H),
2.13 (s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.0, 162.7, 146.1, 135.9, 135.7, 135.5, 132.4, 130.3, 130.0, 128.7, 128.6, 128.5, 128.1, 128.0, 127.2, 126.7,
125.1,121.8,90.1, 76.8, 27.4 ppm;

m.p. 71.9 - 74.7 C,

HRMS (ESI) m/z [M+Na]* calcd for C2sH19*+989Cl04Na: 441.0864, found: 441.0862;

HRMS (ESI) m/z [M+Na]* calcd for C2sH1¢*69%9Cl04Na: 443.0835, found: 443.0833;

[@]o® = +411.7 (c = 1.12 in CHCl3);

IR (neat): 3466, 3026, 1739, 1706, 1600, 1492, 1454, 1357, 1287, 1247, 1210, 1080, 1013, 969, 804, 750, 693, 591, 557 cm ™.

HPLC spectrum of C35
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(3S,4R)-3-acetyl-3-(4-bromophenyl)-4-hydroxy-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH.Cl. = 1/1) to afford the desired product C36; 0.1 mmol scale reaction;
42.5 mg, white solid, 92% yield, 95% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, & = 254 nm,
t1 = 8.64 min, t2 = 14.68 min];

IH NMR (400 MHz, CDCls) & 8.12 (dd, J = 7.6, 0.8 Hz, 1H), 7.81 — 7.79 (m, 1H), 7.73 (td, J = 7.6, 1.2 Hz, 1H), 7.60 — 7.54 (m, 4H), 7.51 — 7.47
(m, 1H), 7.23 - 7.15 (m, 3H), 7.11 — 7.08 (m, 2H), 6.15 (d, J = 16.0 Hz, 1H), 5.97 (dd, J = 16.0, 1.2 Hz, 1H), 5.19 (d, J = 1.2 Hz, 1H), 2.13 (s, 3H);
1BC{*H} NMR (101 MHz, CDCls) § 210.8, 162.7, 146.0, 135.9, 135.7, 132.4, 131.5, 130.5, 130.3, 128.7, 128.4, 128.3, 128.1, 127.2, 126.6, 125.0,
123.8,121.8,90.1, 76.8, 27.4 ppm;

m.p. 75.0 - 76.2 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH10"89183BrOsNa: 485.0359, found: 485.0367;

HRMS (ESI) m/z [M+Na]* calcd for C2sH102%9163BrOsNa: 487.0338, found: 487.0348;

[@]p?* = +458.8 (c = 1.12 in CHCl3);

IR (neat): 3465, 3026, 2360, 1739, 1706, 1602, 1489, 1454, 1358, 1287, 1247, 1211, 1076, 1009, 969, 751, 694, 591, 556 cm 2.

HPLC spectrum of C36
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(3S,4R)-3-acetyl-4-hydroxy-3-(naphthalen-2-yl)-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1.5/1) to afford the desired product C37; 0.1 mmol scale reaction;
38.6 mg, white solid, 89% yield, 94% ee; determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 =5.74 min, t2 = 6.59 min];

H NMR (400 MHz, CDCls) § 8.19 (d, J = 2.0 Hz, 1H), 8.16 (dd, J = 8.0, 1.2 Hz, 1H), 7.93 — 7.90 (m, 2H), 7.88 — 7.81 (m, 3H), 7.76 (td, J = 7.6,
1.2 Hz, 1H), 7.57 — 7.50 (m, 3H), 7.17 — 7.10 (m, 3H), 7.05 — 7.03 (m, 2H), 6.11 (d, J = 16.0 Hz, 1H), 6.03 (d, J = 16.0 Hz, 1H), 5.35 (s, 1H), 2.16
(s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 211.1, 163.1, 146.3, 135.9, 135.8, 133.3, 132.7, 132.3, 130.3, 128.8, 128.7, 128.3, 128.1, 127.9, 127.8, 127.5,
127.0, 126.6, 126.6, 126.5, 125.2, 123.7, 122.1, 90.7, 77.1, 27.5 ppm;

m.p. 85.9 - 89.9 <C;

HRMS (ESI) m/z [M+Na]* calcd for C29H2204Na: 457.1410, found: 457.1406;

[@]p?t = +510.6 (c = 0.66 in CHCl3);

IR (neat): 3464, 3060, 3024, 2361, 1738, 1705, 1601, 1454, 1357, 1285, 1247, 1217, 1079, 969, 814, 768, 748, 693, 558, 477 cm ™.

HPLC spectrum of C37

1 .50*;
) 1 .00—;
< ]
0.50*:
0.007 ' T ' T ' T ' T ' T '
0.00 2.00 4.00 6.00 8.00 10.00
Minutes
Retention Time Area % Area
1 5.735 14129712 50.29
2 6.587 13967910 49.71
1.00-
] o)
2 _
2 0.50- 3
1 To)
) s
0.00 ' ' T T ' P T ' ' T
0.00 2.00 4.00 6.00 8.00 10.00
Minutes
Retention Time Area % Area
1 5.745 289571 2.83
2 6.594 9956580 97.17

(3S,4R)-4-hydroxy-3-phenyl-3-propionyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl> = 1.5/1) to afford the desired product C38; 0.1 mmol scale reaction;
37.4 mg, colorless oil, 94% yield, 89% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =254 nm,
t1 = 8.56 min, t2 = 10.11 min];

H NMR (400 MHz, CDCls) 6 8.11 (d, J = 7.6 Hz, 1H), 7.82 (d, J = 7.6 Hz, 1H), 7.73 (t, = 7.6 Hz, 1H), 7.66 — 7.64 (m, 2H), 7.49 (t, J = 7.6 Hz,
1H), 7.44 — 7.37 (m, 3H), 7.21 — 7.13 (m, 3H), 7.09 — 7.07 (m, 2H), 6.09 (d, J = 16.0 Hz, 1H), 5.98 (d, J = 16.0 Hz, 1H), 5.38 (s, 1H), 2.64 — 2.54
(m, 1H), 2.46 — 2.36 (m, 1H), 0.85 (t, J = 7.2 Hz, 3H);

BC{'H} NMR (101 MHz, CDCls) § 214.1, 163.2, 146.3, 136.0, 135.7, 132.1, 131.7, 130.2, 129.1, 128.6, 128.4, 128.3, 127.9, 127.8, 126.6, 126.5,
125.2,122.1,90.7, 76.8, 32.9, 7.6 ppm;

HRMS (ESI) m/z [M+Na]* calcd for C2sH2204Na: 421.1410, found: 421.1416;

[a]p? = +474.4 (c = 0.36 in CHCly);

37



IR (neat): 3463, 2925, 1739, 1705, 1602, 1452, 1287, 1248, 1081, 1044, 969, 750, 707, 694 cm™.
HPLC spectrum of C38
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(3S,4R)-3-butyryl-4-hydroxy-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1.5/1) to afford the desired product C39; 0.1 mmol scale reaction;
37.9 mg, colorless oil, 92% yield, 87% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 = 6.15 min, t2 = 7.90 min];

IH NMR (400 MHz, CDCls) & 8.12 (dd, J = 7.6, 1.2 Hz, 1H), 7.82 (dd, J = 7.6, 1.2 Hz, 1H), 7.75 — 7.70 (m, 1H), 7.68 — 7.65 (m, 2H), 7.49 (td, J =
7.6, 1.2 Hz, 1H), 7.45 — 7.37 (m, 3H), 7.21 — 7.13 (m, 3H), 7.10 — 7.06 (m, 2H), 6.10 (d, J = 16.0 Hz, 1H), 5.99 (d, J = 15.6 Hz, 1H), 5.39 (s, 1H),
2.56 — 2.47 (m, 1H), 2.43 — 2.35 (m, 1H), 1.45 - 1.31 (m, 2H), 0.65 (t, J = 7.2 Hz, 3H);

BC{'H} NMR (101 MHz, CDCls) § 213.4, 163.2, 146.4, 136.0, 135.8, 132.2, 131.5, 130.2, 129.1, 128.6, 128.4, 128.3, 128.0, 127.9, 126.7, 126.6,
125.2,122.2,90.6, 76.9, 41.2, 16.7, 13.2 ppm;

HRMS (ESI) m/z [M+Na]* calcd for C27H2404Na: 435.1567, found: 435.1563,;

[@]p? = +414.1 (c = 1.34 in CHCl3);

IR (neat): 3463, 2966, 1738, 1703, 1603, 1495, 1452, 1362, 1286, 1247, 1081, 1049, 969, 749, 695, 560 cm™™.

HPLC spectrum of C39
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(3S,4R)-4-hydroxy-3-(3-methylbutanoyl)-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1.5/1) to afford the desired product C40; 0.1 mmol scale reaction;
42.2 mg, colorless oil, 99% yield, 82% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A =254 nm,

t1 = 6.60 min, t = 8.98 min;

IH NMR (400 MHz, CDCls) & 8.12 (dd, J = 8.0, 1.2 Hz, 1H), 7.83 (dd, J = 7.6, 1.2 Hz, 1H), 7.75 — 7.67 (m, 3H), 7.49 (td, J = 7.6, 1.2 Hz, 1H), 7.45
~7.38 (m, 3H), 7.21 — 7.13 (m, 3H), 7.09 — 7.06 (m, 2H), 6.11 (d, J = 15.6 Hz, 1H), 5.99 (d, J = 16.0 Hz, 1H), 5.41 (s, 1H), 2.42 — 2.30 (m, 2H),

2.01-1.91 (m, 1H), 0.66 (d, J = 6.8 Hz, 3H), 0.61 (d, J = 6.4 Hz, 3H);

BC{*H} NMR (101 MHz, CDCls) § 212.8, 163.1, 146.3, 135.9, 135.7, 132.1, 131.3, 130.1, 129.1, 128.5, 128.4, 128.3, 128.2, 127.9, 127.8, 126.6,

125.1,122.2,90.4, 76.8, 47.8, 23.4, 22.2, 21.6 ppm;
HRMS (ESI) m/z [M+Na]* calcd for C2sH2604Na: 449.1723, found: 449.1724;

[a]p? = +352.3 (c = 1.10 in CHCls);

IR (neat): 3464, 3062, 2960, 2360, 1739, 1702, 1602, 1495, 1452, 1364, 1287, 1247, 1159, 1081, 1050, 1035, 969, 748, 700, 560 cm ™.

HPLC spectrum of C40
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(3S,4R)-4-hydroxy-3-pentanoyl-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl. = 1.5/1) to afford the desired product C41; 0.1 mmol scale reaction;
42.2 mg, colorless oil, 99% yield, 85% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm,
t1 = 7.01 min, t2 = 8.94 min];

1H NMR (400 MHz, CDCls) § 8.12 (dd, J = 7.6, 1.2 Hz, 1H), 7.84 — 7.82 (m, 1H), 7.73 (td, J = 7.6, 1.2 Hz, 1H), 7.69 — 7.66 (m, 2H), 7.49 (td, J =
7.6, 1.2 Hz, 1H), 7.45 — 7.39 (m, 3H), 7.21 — 7.13 (m, 3H), 7.10 — 7.06 (m, 2H), 6.11 (d, J = 16.0 Hz, 1H), 6.00 (d, J = 15.6 Hz, 1H), 5.40 (s, 1H),
2.59 — 2.51 (m, 1H), 2.44 — 2.36 (m, 1H), 1.45 - 1.24 (m, 2H), 1.12 - 0.89 (m, 3H), 0.71 (t, J = 7.6 Hz, 3H);

BC{*H} NMR (101 MHz, CDCls) § 213.5, 163.1, 146.3, 136.0, 135.7, 132.1, 131.5, 130.1, 129.1, 128.5, 128.3, 128.2, 127.9, 127.8, 126.6, 126.5,
125.1,122.1, 90.6, 76.8, 39.0, 25.2, 21.6, 13.5 ppm;

HRMS (ESI) m/z [M+Na]* calcd for C2sH2604Na: 449.1723, found: 449.1720;

[@]p?® = +405.7 (c = 1.36 in CHCls);

IR (neat): 3463, 3062, 2959, 2960, 2932, 1738, 1703, 1602, 1495, 1451, 1373, 1286, 1247, 1081, 1050, 969, 770, 749, 694, 560 cm ™.,

HPLC spectrum of C41

0.40 )
D 4
< 4 ‘
0.201
0 '00; T ' T T T T T T T h T T T T T " T ] T " T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00
Minutes
Retention Time Area % Area
1 7.009 6787094 50.12
2 8.950 6754122 49.88
0.80
0.60*;
) N N ]
< 0.40 ] 5
0.20- l
0.00- L
0.00 2.00 4.00 6.00 8.00 10.00 12.00
Minutes
Retention Time Area % Area
1 7.012 1039951 7.57
2 8.941 12702235 92.43
o}

C42

0

N/

LT
(3S,4R)-3-benzoyl-4-hydroxy-3-phenyl-4-((E)-styryl)isochroman-1-one
The residue was purified by column chromatography on silica gel (PE/CH2Cl> = 1.5/1) to afford the desired product C42; 0.1 mmol scale reaction;
44.2 mg, white solid, 99% vyield, 87% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 85/15, 1.0 mL/min, A = 254 nm,
t1 =7.30 min, t2 = 11.52 min];
!H NMR (400 MHz, CDCls) & 7.89 — 7.84 (m, 2H), 7.73 — 7.66 (m, 5H), 7.46 — 7.37 (m, 5H), 7.28 — 7.16 (m, 5H), 7.15 — 7.11 (m, 2H), 6.16 — 6.08
(m, 2H), 5.53 (s, 1H);
BC{*H} NMR (101 MHz, CDCls) § 202.2, 162.9, 146.6, 136.1, 135.5, 134.0, 134.0, 132.7, 132.4, 130.7, 130.0, 129.1, 128.4, 128.3, 128.3, 128.3,
127.9,127.7, 126.6, 126.4, 125.0, 122.3, 90.8, 77.6 ppm;
m.p. 87.2-88.9 C;
HRMS (ESI) m/z [M+Na]* calcd for CsoH2204Na: 469.1410, found: 469.1413,;
[@]p? = +504.2 (c = 0.81 in CHCla);
IR (neat): 3465, 3062, 3027, 2361, 1741, 1665, 1599, 1450, 1370, 1286, 1245, 1076, 772, 709, 691 cm 1.
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HPLC spectrum of C42
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(3S,4R)-3-(4-chlorobenzoyl)-4-hydroxy-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/CH2Cl> = 1.5/1) to afford the desired product C43; 0.1 mmol scale reaction;
47.6 mg, white solid, 99% vyield, 72% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 85/15, 1.0 mL/min, A = 254 nm,
t1 =7.75 min, t2 = 16.88 min];

'H NMR (400 MHz, CDCls) & 7.90 (d, J = 7.6 Hz, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.73 — 7.65 (m, 5H), 7.44 — 7.37 (m, 4H), 7.24 — 7.11 (m, 7H),
6.15—6.06 (m, 2H), 5.40 (s, 1H);

B3C{*H} NMR (101 MHz, CDCls) § 200.6, 162.7, 146.6, 140.7, 136.0, 135.6, 132.5, 132.5, 132.2, 132.1, 130.1, 129.2, 128.8, 128.4, 128.4, 128.0,
127.9,127.6, 126.6, 126.4, 125.0, 122.2, 90.8, 77.5 ppm;

m.p. 200.8 — 205.6 <T;

HRMS (ESI) m/z [M+Na]* calcd for CaoH21+98°Cl04Na: 503.1021, found: 503.1020;

HRMS (ESI) m/z [M+Na]* calcd for CaoH21349%°Cl04Na: 505.0991, found: 505.0995;

[@]o2° = +385.4 (¢ = 1.57 in CHCl3);

IR (neat): 3469, 3063, 3027, 2361, 1740, 1667, 1585, 1492, 1451, 1366, 1285, 1244, 1077, 844, 752, 669, 587 cm™.

HPLC spectrum of C43
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Br
(3S,4R)-4-((E)-4-bromostyryl)-3-(4-chlorobenzoyl)-4-hydroxy-3-phenylisochroman-1-one
The residue was purified by column chromatography on silica gel (PE/EtOAc = 15/1) to afford the desired product C44; 0.1 mmol scale reaction;
42.0 mg, white solid, 75% yield, 84% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm,
t1 = 7.13 min, t2 = 14.83 min];
'H NMR (400 MHz, CDCls) § 7.90 (d, J = 7.6 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.73 (t, J = 7.6 Hz, 1H), 7.67 — 7.65 (m, 4H), 7.45 — 7.41 (m, 4H),
7.33 (d, J=8.0 Hz, 2H), 7.26 — 7.24 (m, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.11 — 6.03 (m, 2H), 5.41 (s, 1H);
BC{*H} NMR (101 MHz, CDCls) § 200.5, 162.7, 146.4, 140.8, 135.7, 134.9, 132.4, 132.2, 132.0, 131.6, 131.3, 130.2, 129.3, 128.8, 128.5, 128.4,
128.3,128.2, 126.3, 125.0, 122.1, 121.9, 90.7, 77.4 ppm;
m.p. 100.8 — 105.4 <C;
HRMS (ESI) m/z [M+Na]* calcd for CsoHz0"®183Br 34968°C|O4Na: 581.0126, found: 581.0135;
HRMS (ESI) m/z [M+Na]* calcd for CsoH20®*9163Br 36-965°C]O4Na: 583.0105, found: 583.0115;
[@]p? = +349.7 (c = 0.93 in CHCly);
IR (neat): 3468, 3066, 3029, 2926, 1739, 1666, 1586, 1487, 1451, 1284, 1244, 1076, 1011, 828, 769, 757, 590 cm™™.
HPLC spectrum of C44
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(3S,4R)-3-(4-chlorobenzoyl)-4-hydroxy-4-((E)-4-iodostyryl)-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/EtOAc = 15/1) to afford the desired product C45; 0.1 mmol scale reaction;
37.6 mg, white solid, 62% yield, 86% ee; determined by HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm,
t1 = 7.47 min, t2 = 15.86 min];

H NMR (400 MHz, CDCls) § 7.90 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.73 (t, = 7.6 Hz, 1H), 7.67 — 7.64 (m, 4H), 7.54 (d, J = 8.0 Hz,
2H), 7.45—-7.41 (m, 4H), 7.26 — 7.24 (m, 2H), 6.85 (d, J = 8.0 Hz, 2H), 6.12 — 6.02 (m, 2H), 5.41 (s, 1H);

BC{*H} NMR (101 MHz, CDCls) § 200.5, 162.7, 146.3, 140.9, 137.5, 135.8, 135.5, 132.4, 132.2, 132.0, 131.4, 130.3, 129.3, 128.8, 128.5, 128.5,
128.4,126.3, 125.0, 122.1, 93.5, 90.7, 77.4 ppm;

m.p. 101.6 — 106.5 <C;

HRMS (ESI) m/z [M+K]* calcd for CsoH20%*%%°Cl104K: 644.9726, found: 644.9726;

HRMS (ESI) m/z [M+K]* calcd for CaoH20*4%°CII04K: 646.9697, found: 646.9703;

[@]p?° = +280.8 (c = 0.95 in CHCls);

IR (neat): 3467, 3064, 3031, 2925, 1739, 1666, 1586, 1487, 1451, 1283, 1246, 1220, 1089, 973, 837, 771,534 cm ™.

HPLC spectrum of C45
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(3S,4R)-3-benzoyl-4-hydroxy-4-((E)-4-iodostyryl)-3-(p-tolyl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/EtOAc = 15/1) to afford the desired product C46; 0.1 mmol scale reaction;
37.5 mg, white solid, 64% yield, 93% ee; determined by HPLC analysis [Daicel chiralpak IC, n-hexane/i-PrOH = 98/2, 1.0 mL/min, X = 254 nm, t
= 8.84 min, t2 =9.90 min];

IH NMR (600 MHz, CDCls)  7.87 — 7.83 (m, 2H), 7.72 (td, J = 7.2, 1.2 Hz, 1H), 7.67 — 7.66 (m, 2H), 7.57 — 7.54 (m, 4H), 7.47 — 7.39 (m, 2H),
7.29-7.26 (m, 2H), 7.23 (d, J = 7.8 Hz, 2H), 6.89 — 6.88 (m, 2H), 6.14 (d, J = 15.6 Hz, 1H), 6.07 (d, J = 15.6 Hz, 1H), 5.52 (s, 1H), 2.36 (s, 3H);
BC{*H} NMR (151 MHz, CDCls) § 202.3, 163.0, 146.5, 139.1, 137.5, 135.6, 135.6, 134.0, 131.2, 130.7, 130.1, 129.6, 129.1, 128.7, 128.4, 128.4,
126.3,125.0, 122.4, 93.4,90.8, 77.6, 21.2 ppm;

m.p. 102.2 - 106.8 <C;

HRMS (ESI) m/z [M+Na]* calcd for Cs1Hz3 104Na: 609.0533, found: 609.0535;

[@]p?2 = +288.1 (c = 0.81 in CHCly);
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IR (neat): 3463, 3064, 3030, 2922, 1741, 1666, 1660, 1483, 1450, 1286, 1244, 1079, 1005, 971, 769, 693, 588 cm™™.
HPLC spectrum of C46
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(3S,4R)-3-acetyl-4-hydroxy-4-phenethyl-3-phenylisochroman-1-one

The residue was purified by column chromatography on silica gel (PE/EtOAc = 5/1) to afford the desired product F1; 0.1 mmol scale reaction; 36.9
mg, colorless oil, 96% yield, 97% ee; determined by HPLC analysis [Daicel chiralpak 1A, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 230 nm, t1 =
5.49 min, t2 = 7.40 min];

'H NMR (400 MHz, CDCls) § 8.13 - 8.10 (m, 1H), 7.85 — 7.82 (m, 1H), 7.78 — 7.72 (m, 3H), 7.51 — 7.41 (m, 4H), 7.15 — 7.05 (m, 3H), 6.89 — 6.86
(m, 2H), 4.96 (d, J = 2.8 Hz, 1H), 2.60 (td, J = 13.2, 4.4 Hz, 1H), 2.11 — 2.03 (m, 4H), 1.96 — 1.87 (m, 1H), 1.63 (td, J = 13.6, 4.4 Hz, 1H);
BC{*H} NMR (101 MHz, CDCls) § 211.3, 162.9, 146.7, 141.2, 134.9, 131.2, 130.5, 129.2, 128.6, 128.5, 128.2, 126.6, 125.8, 125.8, 121.7, 91.0,
76.2,38.1, 28.4, 27.2 ppm;

HRMS (ESI) m/z [M+Na]* calcd for C2sH220sNa: 409.1410, found: 409.1415;

[@]p? = +405.2 (c = 0.71 in CHCly);

IR (neat): 3473, 3065, 3027, 2930, 1739, 1707, 1602, 1495, 1452, 1355, 1284, 1246, 1210, 1089, 1040, 756, 707, 587 cm™™.

HPLC spectrum of F1
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(3S,4S)-3-acetyl-4-hydroxy-3-phenyl-4-((2S,3R)-3-phenyloxiran-2-yl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/EtOAc = 5/1) to afford the desired product F2; 0.1 mmol scale reaction; 35.2
mg, colorless oil, 88% yield, 87:13 dr, >99% ee/>99% ee; determined by HPLC analysis [Daicel chiralpak IE, n-hexane/i-PrOH = 95/5, 1.0 mL/min,
A =230 nm, t1 = 25.49 min, t2 = 42.18 min];

IH NMR (400 MHz, CDCls) & 8.14 — 8.12 (m, 1H), 7.86 — 7.84 (m, 1H), 7.78 (td, J = 7.6, 1.2 Hz, 1H), 7.73 — 7.69 (m, 2H), 7.54 (td, J = 7.6, 1.2
Hz, 1H), 7.46 — 7.39 (m, 3H), 7.19 — 7.14 (m, 3H), 6.73 — 6.70 (m, 2H), 4.98 (d, J = 1.2 Hz, 1H), 3.31 (d, J = 2.0 Hz, 1H), 3.00 — 2.99 (m, 1H), 2.10
(s, 3H);

BC{*H} NMR (101 MHz, CDCls) § 210.5, 162.4, 143.0, 135.6, 135.4, 131.1, 130.3, 129.3, 129.1, 128.8, 128.0, 128.0, 126.4, 125.7, 125.3, 122.4,
89.7.74.1, 63.3, 55.5, 26.9 ppm;

HRMS (ESI) m/z [M+K]" calcd for CasH200sK: 439.0942, found: 439.0944;

[@]p? = +226.7 (c = 0.76 in CHCl3);

IR (neat): 3464, 3021, 2926, 2334, 1738, 1710, 1602, 1493, 1454, 1358, 1288, 1249, 1212, 1078, 1038, 906, 752, 721, 695, 580 cm ™.

HPLC spectrum of F2
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(3R,4R)-4-hydroxy-3-((R)-1-hydroxyethyl)-3-phenyl-4-((E)-styryl)isochroman-1-one

The residue was purified by column chromatography on silica gel (PE/EtOAc = 4/1) to afford the desired product F3; 0.1 mmol scale reaction; 35.1
mg, white solid, 91% yield, 97% ee; determined by HPLC analysis [Daicel chiralpak ID, n-hexane/i-PrOH = 80/20, 1.0 mL/min, X = 254 nm, t1 =
4.99 min, t2 = 5.66 min];

IH NMR (400 MHz, CDCls) & 8.08 (dd, J = 7.6, 1.2 Hz, 1H), 7.97 — 7.94 (m, 2H), 7.88 (dd, J = 8.0, 1.2 Hz, 1H), 7.73 (td, J = 7.6, 1.4 Hz, 1H), 7.50
(td, J=7.6, 1.2 Hz, 1H), 7.42 — 7.33 (m, 3H), 7.17 — 7.09 (m, 3H), 7.01 — 6.99 (m, 2H), 6.12 (d, J = 16.0 Hz, 1H), 6.01 (d, J = 16.0 Hz, 1H), 5.27 (s,
1H), 4.47 — 4.41 (m, 1H), 2.88 (d, J = 5.2 Hz, 1H), 1.03 (d, J = 6.4 Hz, 3H);

3C{*H} NMR (101 MHz, CDCls) § 163.1, 143.9, 136.1, 135.2, 134.9, 131.0, 130.4, 129.3, 128.3, 128.3, 128.1, 127.8, 127.7, 127.3, 126.5, 125.4,
123.2,86.1, 77.7, 72.4, 18.9 ppm;

m.p. 149.1 - 152.0 C;

HRMS (ESI) m/z [M+Na]* calcd for C2sH2204Na: 409.1410, found: 409.1412;

[a]p?® = +302.0 (c = 0.75 in CHCls);

IR (neat): 3350, 3022, 2925, 2856, 1706, 1602, 1493, 1451, 1415, 1375, 1294, 1250, 1218, 1093, 1024, 965, 751, 695, 560 cm .

HPLC spectrum of F3
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(F) Large scale experiment
General experimental procedure for the scale-up reaction
o) Fe(OTf)4/L-PiC,H,Ph o
cl N (1.2:1, 2 mol%) o)
O OH O n Rh,(TFA)4 (1 mol%) O.‘\\U\
\ o CH,Cl,, =10 °C, 12 h Ph
0 Cl
3.0 mmol 6.0 mmol
AN B1 Clc11

Ketoacid A11 (3.0 mmol, 0.96 g), Rh2(TFA)4 (21.0 mg, 0.001 mmol, 1 mol%) were weighted into a oven-dried reaction tube. Then, in a glove box,
prepared in advance Fe(OTf)a/L-PiC,H.Ph catalyst (72.0 mg, 0.02 mmol, 2 mol%) was added to the tube, anhydrous CH2Cl(35.0 mL) was added
and the resulting solution was stirred at 35 <C for 2—-3 h. After the solution was cooled to —10 <C for 20 min, a-diazoketones B1 solution (6.0 mmol,
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0.96 g, 25 mL CH:Cl2) was slowly added, the reaction mixture was stirred at —10 <C for 12 h. The reaction system was purified by column
chromatography on silica gel (PE/CH2CI. = 1.5:1) to afford the desired product C11 in 71% yield (0.963g) with 97% ee.

(G) The transformations of the product

H,, Pd/C (10 mol%)
Mo, FOI& (O mole)

EtOAc, rt, 12 h
Condition A
(e}
o ©
y m-CPBA (2.4 equiv)
- I—r’h
| O 1)DCM, 0°C, 12 h
2)DCM, 1t, 9 h
Condition B
c1
97% ee
NaBH, (2.0 equiv)
L T,

1) MeOH, =30 °C, 2 h
2) H,0 (1 equiv)
-30 °C, 10 min

Condition C

91% yield, 97% ee
Condition A: The compound C1 (38.4 mg, 0.10 mmol, 97% ee) was dissolved in EtOAc (2 mL), and 10% Pd/C (3.84 mg) was added to the mixture.
Under Hz atmosphere using balloon, the mixture was stirred at rt for 12 h. After completion of the reaction, the reaction mixture was filtered through
a pad of celite, and the solvent was removed under reduced pressure and the obtained crude compound was purified by column chromatography on
silica gel (PE/EtOAc = 5/1) to give the product F1 in 96% yield with 97% ee.

Condition B: A reaction tube was charged with C1 (38.4 mg, 0.10 mmol, 97% ee), m-CPBA (2.0 equiv, 48.8 mg) and anhydrous CH2Cl2 (1.0
mL).The resulting solution was stirred at 0 <C for 12 h, then continued to react for 9 h at room temperature. The reaction would be quenched by
NaHCOs (aq). The resulting solution was extracted with CH2Clz (3<L0 mL). The combined organic layers were dried over Na.SOs, filtered and
concentrated in vacuo. The residue was purified by column chromatography on silica gel (PE/EtOAc = 5/1) to afford the desired product F2 in 88%
yield with 87:13 dr and >99% ee/>99% ee.

Condition C: An oven-dried test tube was charged with C1 (38.4 mg, 0.10 mmol, 97% ee) and NaBH4 (2.0 equiv, 7.6 mg) under N2 atmosphere.
After MeOH (2.0 mL) was added under —30 °C, the mixture was stirred at —30 °C for 2 h. Then the reaction was quenched by H20 (15 pL) at —30
°C. The reaction system was purified by column chromatography on silica gel (PE/EtOAc = 4/1) to afford the desired product F3 in 91% yield with
97% ee.

(H) Control experiments

Control experiment 1
0 Fe(OTf)3/L-PiC,H,Ph
(1.2:1, 2 mol%)
N>

O OH O n ot RN2(TFA), (1 mol%)
A Ph
0

CH,Cly, =10 °C, 6 h

o
0.1 mmol 0.2 mmol
A1 B21

In a glovebox, ketoacid Al (0.1 mmol), Rh2(TFA)4 (0.70 mg, 0.001 mmol, 1 mol%), and Fe(OTf)s/L-PiC2H4Ph (2.0 mol%, 1.2:1) were weighted
into a dried test tube. Anhydrous CH2Cl2 (1.0 mL) was added and the solution was stirred at 35 °C for 0.5 h. After the solution was cooled to —10 <C,
ethyl 2-diazo-2-phenylacetate B21 (0.20 mmol in 1.0 mL CH2Clz) was added, and the reaction mixture was stirred at —10 <C for 6 h. The reaction
system was purified by column chromatography on silica gel (PE/EtOAc = 10:1) to afford the desired product C47 in 99% vyield without
enantioselectivity.
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C47: HPLC analysis [Daicel chiralpak IA, n-hexane/i-PrOH = 80/20, 1.0 mL/min, A = 254 nm, t1 = 7.23 min, t2 = 8.66 min];

'H NMR (400 MHz, CDCls) § 8.12 (dd, J = 7.6, 1.2 Hz, 1H), 7.83 — 7.79 (m, 3H), 7.73 (td, J = 7.6, 1.6 Hz, 1H), 7.53 — 7.49 (m, 1H), 7.44 — 7.38
(m, 3H), 7.22 - 7.17 (m, 3H), 7.13 - 7.11 (m, 2H), 6.20 (d, J = 15.6 Hz, 1H), 6.08 (dd, J = 15.6, 1.2 Hz, 1H), 5.25 (d, J = 1.2 Hz, 1H), 4.19 - 4.11
(m, 1H), 4.06 —3.97 (m, 1H), 1.01 (t, J = 7.2 Hz, 3H);

13C{*H} NMR (101 MHz, CDCls) § 172.2, 163.2, 145.2, 135.9, 135.3, 132.8, 132.0, 129.8, 129.1, 128.8, 128.4, 128.0, 128.0, 126.9, 126.7, 126.6,
125.1,122.9, 87.1, 76.6, 63.1, 13.5 ppm;

HRMS (ESI) m/z [M+Na]* calcd for C26H220sNa: 437.1359, found: 437.1358;

HPLC spectrum of C47

0.404
)
< 0.20-
0.00 T T T T T T T T T T T T T T T T T T T T T T T
0.00 2.00 4.00 6.00 8.00 10.00 12.00
Minutes
Retention Time Area % Area
1 7.232 6122554 50.34
2 8.660 6040087 49.66

Control experiment 2
O)Y Fe(OTf)3/L-PiC,H4Ph
o) (1.2:1, 2 mol%)
O o O Rhy(TFA), (1 mol%)
X CH,Cly, 10 °C, 6 h

O NR

In a glovebox, intermediate D1 (0.1 mmol), Rh2(TFA)4 (0.70 mg, 0.001 mmol, 1 mol%) and Fe(OTf)a/L-PiC,H4Ph (2.0 mol%, 1.2:1) were weighted
into a dried test tube. Anhydrous CH2Cl (1.0 mL) was added and the solution was stirred at 35 °C for 0.5 h. After the solution was cooled to =10 T,

the reaction mixture was stirred at —10 <C for 6 h. No reaction happened in this condition.
Ph

D1
IH NMR (400 MHz, CDCl3) § 8.13 (dd, J = 8.0, 1.2 Hz, 1H), 7.66 — 7.62 (m, 1H), 7.59 — 7.55 (m, 1H), 7.46 — 7.44 (m, 3H), 7.41 — 7.33 (m, 8H),
7.21(d, J = 16.4 Hz, 1H), 6.93 (d, J = 16.4 Hz, 1H), 6.10 (5, 1H), 2.11 (s, 3H);
3C{!H} NMR (101 MHz, CDCls) 5 201.2, 196.0, 165.5, 145.5, 142.2, 134.3, 132.7, 132.6, 130.6, 130.6, 129.7, 129.3, 128.9, 128.8, 128.4, 128.2,
128.1,127.6, 127.1, 81.9, 26.1 ppm;
HRMS (ESI) m/z [M+Na]* calcd for C2sHz004Na: 407.1254, found: 407.1251;

Control experiment 3
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(0]
B1 (2.0 equiv)
OH Rhy(TFA)4 (1 mol%)

xPh CH,Cl,, 6 h

A1

other condition:

i.40°C 74% yield 24% yield
i. -10°C 30% yield 69% yield
iii. Fe(OTf)3 (4.8 mol%), -10 °C 40% vyield 54% yield
iv. Fe(OTf); (4.8 mol%), L* (4 mol%)  91% yield trace

Condition i: In a glovebox, ketoacid Al (0.1 mmol) and Rh2(TFA)4 (0.70 mg, 0.001 mmol, 1 mol%) were weighted into a dried test tube. Anhydrous
CH2Cl2 (1.0 mL) was added and the solution was stirred at 40 °C. a-diazoketone B1 (0.20 mmol in 1.0 mL CH.Cl2) was added, the reaction mixture
was stirred at 40 <C for 6 h. The reaction system was purified by column chromatography on silica gel (PE/CH2Cl. = 1:1) to afford the racemic
product C1 in 74% yield and racemic intermediate D1 in 24% yield.

Condition ii: In a glovebox, ketoacid Al (0.1 mmol) and Rh2(TFA)4 (0.70 mg, 0.001 mmol, 1 mol%) were weighted into a dried test tube. Anhydrous
CH2Cl2 (1.0 mL) was added and the solution was stirred at —10 °C. Then, a-diazoketone B1 (0.20 mmol in 1.0 mL CH2Cl.) was added at —-10 <C,
and the reaction mixture was stirred at —10 <C for 6 h. The reaction system was purified by column chromatography on silica gel (PE/CH2Cl2 = 1:1)
to afford the racemic product C1 in 30% yield and racemic intermediate D1 in 69% yield.

Condition iii: In a glovebox, ketoacid Al (0.1 mmol), Rh2(TFA)s (0.70 mg, 0.001 mmol, 1 mol%) and Fe(OTf)s (4.8 mol%) were weighted into a
dried test tube. Anhydrous CH2Cl. (1.0 mL) was added and the solution was stirred at 35 °C for 0.5 h. After the solution was cooled to —10 <C, a-
diazoketone B1 (0.20 mmol in 1.0 mL CH2Cl2) was added, and the reaction mixture was stirred at —10 <C for 6 h. The reaction system was purified
by column chromatography on silica gel (PE/CH:Cl. = 1:1) to afford the racemic product C1 in 40% yield and racemic intermediate D1 in 54%
yield.

Condition iv: In a glovebox, ketoacid Al (0.1 mmol), Rh2(TFA)4 (0.70 mg, 0.001 mmol, 1 mol%) and Fe(OTf)s/Ls-PiCoH4Ph (4 mol%, 1.2:1) were
weighted into a dried test tube. Anhydrous CH2Cl> (1.0 mL) was added and the solution was stirred at 35 °C for 0.5 h. After the solution was cooled
to —10 T, a-diazoketone B1 (0.20 mmol in 1.0 mL CH2Cl2) was added, and the reaction mixture was stirred at —10 <C for 6 h. The reaction system
was purified by column chromatography on silica gel (PE/EtOAc = 10:1) to afford the desired product C1 in 91% yield with 97% ee and racemic
intermediate D1 in trace yield.

Control experiment 4

0 0
o N, N, Fe(OTf)/L-PiC,H,Ph
< pn + Ph)Y . Ph)HfOEt (1.2:1, 0 or 2 mol%) 0" Ph,
X I Rhy(TFA), (1 mol%) X Ph
o} CH4Cly, 10 °C, 6 h )
AM B1 B21 D1

(A1:B1:B21 = 1:1:1)

1) with Fe-L: C1 (45% yield, 95% ee); C47 (51% yield, 0 % ee)

2) without Fe-L: C1 (18% yield); D1 (32% yield); C47 (54% yield)
Condition 1: In a glovebox, ketoacid Al (0.1 mmol), Rh2(TFA)4 (0.70 mg, 0.001 mmol, 1 mol%) and Fe(OTf)s/L-PiC,H4Ph (2.0 mol%, 1.2:1) were
weighted into a dried test tube. Anhydrous CH2Cl> (1.0 mL) was added and the solution was stirred at 35 °C for 0.5 h. After the solution was cooled
to —10 <C, a-diazoketone B1 (0.10 mmol) and a-diazoester B27 (0.10 mmol) in 1.0 mL CH2Cl> were added, and the reaction mixture was stirred at
—10 <C for 6 h. The reaction system was purified by column chromatography on silica gel (PE/EtOAc = 10:1) to afford the desired product C1 in
45% yield with 95% ee and C47 in 51% yield with 0% ee.
Condition 1: In a glovebox, ketoacid Al (0.1 mmol), Rh2(TFA)4 (0.70 mg, 0.001 mmol, 1 mol%) weighted into a dried test tube. Anhydrous CH2Cl>
(2.0 mL) was added. After the solution was cooled to —10 <C, a-diazoketone B1 (0.10 mmol) and a-diazoester B27 (0.10 mmol) in 1.0 mL CH2Cl2
were added, and the reaction mixture was stirred at =10 <C for 6 h. The reaction system was purified by column chromatography on silica gel
(PE/EtOAC = 10:1) to afford the desired product C1 in 18% yield, D1 in 32% yield and C47 in 54% vyield.

Control experiment 5

Q Fe(OTf)3/L-PiC,H,Ph
OH N, (1.2:1, 0 or 4 mol%)
S__Ph + Ph)HfOEt Rhy(TFA)4 (1 mol%)
CH,Cl,, T°C, 6 h
O [¢)
A1 B21
Entry® T Background reaction: yield (%)” Cat: yield (%) ce (%)
! -30 91 92 0
2 -40 90 90 0
3 -50 87 39 0
4 -60 85 2 0

@ Unless otherwise noted, all reactions were carried out with Al (0.10 mmol), B21 (2.0 equiv), Fe(OTf)s/L-PiC,H4Ph
(1:1, 0 or 4 mol%), Rhz(TFA)4(1 mol%), in CHzCl2 (2.0 mL) at T < for 6 h. ° Isolated yield. ¢ Determined by chiral
HPLC analysis on a chiral stationary phase. All dr value were up to >19:1 detected by *H NMR.

Control experiment 6
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O+ OFEt
0 Fe(OTf),/L-PiC,H,Ph I
N (1.2:1, 4 mol%)
OH 2 OEt Rh, source (1 mol%) ? Ph
x_Ph + Ph)ﬁ( /o)
CH,Cl,, 60 °C, 6 h
o 0 X O
0.1 mmol 0.2 mmol e}
A1 B21 ca7 D2
Entry? Rh2 source Conv. (%) C47/D2° C47 yield (%)° CA47 ee (%)°
1 Rh2(TFA)a >99 85/15 85 0
2 Rh2(OAC)4 >99 88/12 88 0
3 Rha(esp)s >99 70/30 70 0
4 Rha(Oct)s >99 80/20 80 0
5 Rha(piv)a >99 35/65 35 0

@ Unless otherwise noted, the reactions were performed with Al (0.10 mmol), B21 (0.20 mmol), Fe(OTf)s (4.8
mol%), L-PiC,H4Ph (4 mol%), Rhz source (1 mol%), in CH2Cl> (2.0 mL) at —60 <C for 6 h. ® Isolated yield. ©
Determined by chiral HPLC.

(1) pKan prediction via XGBoost

0 AN
©
N, Rh(Il) Po Phry
OH —_— R
* Ph)kR O)ﬂf and others
R = Me, OMe 0

pK,4 prediction via XGBoost (Agenw. Chem. Int. Ed. 2020, 59, 19282)

H H !
‘ :
0 0 o) ‘
® © O__Ph | O._Ph O._Ph o. _Ph _O__Ph
OnPh O Ph H O ] ‘ g o | H O Hel
A X e 0 g
Oj/ie R0 o RR—O ‘ o] o o o)
. -2.40 1.88 -1.05 1.50
H,0 3.15 3.31 3.21 g.gg | s 8,09 s 150
DMSO 10.62 10.06 10.12 : :
! H ’
H ! |
T | 0 ' /(% -0
0 0 o ‘ ® o o
® o Ph ! (0] Ph o Ph ! o
_O._Ph - ! e ~ _O._Ph
O._Ph O._Ph H G o H®) : I o | H NG e
&n ‘ Rh S ‘ 07 “OMe 0" oMe |
0~ “OMe Rh—0O~ “OMe 0~ “OMe Rh—0O" "OMe . 07 “OMe ©0” > 0oMe
H,0 3.95 3.40 3.30 3.42 1 -0.87 1.45 0.64 1.10
DMSO 11.46 10.70 10.35 9.85 7.19 7.51 6.22 7.42

pK, prediction via XGBoost (Agenw. Chem. Int. Ed. 2020, 59, 19282)

0“ R 0“ R Ph 0” "R HO™ 'R HO™ "R Ph HO” "R
R H,0 DMSO H,0 DMSO H,0 DMSO H,0 DMSO H,0 DMSO H,O DMSO
Me 782 16.17 7.51 13.06 7.69 13.36 8.04 13.37 6.77 1277 6.50 12.01
OMe 10.30 17.43 7.23 1343 7.60 13.92 752 12.16 6.04 11.52 6.03 10.92
Ph 8.56 16.53 7.77 1355 731 11.64 8.01 12.53 6.75 12.15 6.11 9.70

website: http://isyn.luoszgroup.com/prediction
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(J) X-ray crystal structure of the product C1 and F3

Single crystal of C1 was obtained by recrystallization in hexane, CH2Cl> and 'PrOH; CCDC (C1: 2004207) contains the supplementary
crystallographic data which can be obtained free of charge from The Cambrige Crystallographic Data Centere.

Formula CasH2004
Formula mass (amu) 384.41
Space group P61
a(A) 17.6742 (3)
b (A) 17.6742 (3)
c (A 11.6231 (3)
o (deg) 90
B (deg) 90
y (deg) 120
V (A% 3144.36 (15)
z 6
2 (A) 1.54178
T (K) 170
Praica (g cmS) 1.218
2 (mm?) 0.663
Transmission factors 0.797,0.975
6 max (deg) 80.488
No. of unique data, including Fo? <0 4224
No. of unique data, with Fo? > 26(Fo?) 4032
No. of variables 268
R(F) for Fo? > 20(Fo?) 2 0.0383
Ruw(Fo?) ° 0.1046
Goodness of fit 1.089
*R(F) = > |Fo| — [Fe]| / TIFo.

b Rw(Fo?) = [Z[W(Fo? — F?)?] / YWFo“1¥2; w = [6?(Fo?) + (Ap)? + Bp], where p = [max(F.?,0)
+2F2] /3

Single crystal of F3 was obtained by recrystallization in hexane, CH2Cl> and 'PrOH; CCDC (F3: 2085693) contains the supplementary
crystallographic data which can be obtained free of charge from The Cambrige Crystallographic Data Centere.

Formula CasH2204
Formula mass (amu) 386.42
Space group pP212121
a(A) 6.5263 (1)
b (A) 13.9032 (3)
c(A) 21.5712 (4)
o (deg) 90
$ (deg) 90
y (deg) 90
V (A% 1957.29 (6)
Z 4
2 (A) 1.54178
T(K) 173
Praled (g cm®) 1.311
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2 (mm?) 0.711

Transmission factors 0.794, 0.940

6 max (deg) 68.254
No. of unique data, including Fo? <0 3454
No. of unique data, with Fo? > 26(Fo?) 3307
No. of variables 271

R(F) for Fo? > 20(Fo?) 2 0.0282

Rw(Fo?) ® 0.0752

Goodness of fit 1.127

ER(F) = 2IFol = [Fell / ZIFol.
b Ru(Fo?) = [ [W(Fo? — Fe?)?] / YWFo*1Y2 wt = [6%(Fo?) + (Ap)? + Bp], where p = [max(Fo?,0)
+2FA /3

(K) Copy of *H, 3C{*H}, and *F{*H} NMR Spectra.

N ONODOONNNMNNOLOLTOMONONNOMON <
© AR RN N
(o) MNNMNNMNMNMNMMMMMNMNNMNMNMNMNMNMNNMNNMNNMNMNO N
| NS N |
Parameter Value
Title langjw-20210313-dw-69.1.1.1r
Solvent cbci3
0 =y Temperature 294.1
- e Number of Scans 16
— T T T T Spectrometer Frequency 400.18
10 9 8.00 7.96 7.92 Nucleus H
) & < <
=) =) 5} =)
—& T T = T —o T =5 T
750 745 740 735 7.30 7.2 7.1 7.0 6.9
(0]
OH
Xx_Ph
@)
A15
J I 7
@ S LsIdIF <
- e <eece <
- s NS N~ ™
T T T T T T T T T T T T T T T T T T T T T T T 1
1.0 10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 0.0 -
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Parameter Value

Title langjw-20210313-dw-69.2.1.1r
Solvent cbci3
Temperature 294.4

Number of Scans 256

Spectrometer Frequency100.63

Nucleus 13C

o]

OH

X Ph

A15

" | "
v

T T T T
160 150 140 130 120 110 100

T T T
190 180 170

10 200 60 50 40 30 20 10
Te] OIFTOONNMONNOOLOLUTOMNO—TOO0®®MNOMAN ®©
< COYNITLTMNMNNMONMNNT QOO O RO QOO
) BONNNNNNNNNNNNNNNNNNGOG OGO O®
| N T\ e ——————— e
& 2 I &
e e e S
T T = T —o T T L T
Parameter Value
n 10 9 8.1 8.0 750 745 740 735 7.30 Title langjw-20210313-dw-70.1.1.1r
Solvent cobci3
Temperature 294.2
Number of Scans 16
Spectrometer Frequency 400.18
P’y p\‘ P Nucleus 1H
] < <
- ol -
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MeO

OH
X Ph

A16

& @ <ddxe
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Parameter Value
Title langjw-20210313-dw-70.2.1.1r
Solvent cbci3
Temperature 294 .4
Number of Scans 256
Spectrometer Frequency 100.63
Nucleus 13C
[ L 0
T T T T T T T T T T T Meo
146 144 142 140 138 136 134 132 130 128 126 OH
Xx._Ph
O
A16
T T T T T T T T T T T T T T T T T T T T T T
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| e |
_____,/\M Parameter Value
Title as-20210315-LJW-dw-71-2.1.1.1r
o< Solvent DMSO
© o Temperature 298.0
- M Number of Scans 16
Spectrometer Frequency 600.17
:J\p;"’ 7.65 7.60 Nudeus "
T T l\i O
724722720718716714 750 745 740 735 730
OH
X _Ph
O
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JJ I N
o cF oD d
@ eeece <
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Title 25-20210315-LIW-dw-71-2.2.1.1r
Solvent DMSO
Temperature 298.0
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Spectrometer Frequency 150.91
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T T T
135 130 125 OH
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: ° Spectrometer Frequency 600.17
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=) N o
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ceieTs
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Parameter Value
Title as-20210315-LJW-dw-72-2.6.1.1r
Solvent DMSO
Temperature 298.0
Number of Scans 256
Spectrometer Frequency 150.91
Nucleus 13C
(0]
T T T T T T T T T T OH
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Cl
O
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™ ™ " )
T 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 -10
OANT-TODNOANTOONDWONTITNNOANNTOODDIDLNOM
QOO NNNNNOOY YT LTNNONNAN
WONMNNMNMNMMNMNMNMMNMNMMNMMNMMNMMMNMMMNMMNMNMMNMNNMNMNMNNDMN
P
Parameter Value
Title as-20210315-LJW-dw-73-2.7.1.1r
Solvent DMSO
M Temperature 298.0
6 ‘b |b Number of Scans 16
Q. ° F' Spectrometer Frequency 600.17
= T = 1T T — O T : Nucleus 1H
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T YV i
&
g. 3 - OH
T = T © T T N\ T
7.50 7.45 7.40 7.25 7.20 7.5 \ Ph
Br
(0]
A19
cOWBSI®
eewaor
AN~ ®MN
. . . . . . . . . . . . . . .
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

56



~ N MNANNO=NOONOO
< © ST OSTITANNODODWONM
(<] © ITTOOMMOMHNNNNN
- - rFTrrTrrTrTIETCTTETETSTOCoe
| | —— e\ ——"
Parameter Value
Title as-20210315-LJW-dw-73-2.8.1.1r
Solvent DMSO
Temperature 208.0
Number of Scans 256
Spectrometer Frequency 150.91
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Parameter Value
1Title ljw-20210609-dw-34.1.fid
2Solvent CDCI3
3Temperature 296.3
4Number of Scans 32
5Spectrometer Frequency 400.13
6Nucleus 1H
n‘: < o
e A N
L ] = (]
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langjw-20210313-OHA-673.1.1.1r
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Parameter
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K No_wm
=~ 8
5
g ©
w
® LS
L2 =
o'k .
=
L2 =
=
S
® 20} w
- [ =
oy *®

80'¢

si'e

=0'L

1.0 0.5 0.0

1.5

2.0

2.5

3.0

3.5

6.0 5.5 5.0 4.5 4.0

6.5

8.0 7.5 7.0

8.5
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Parameter Value
Title 1jw-20210120-0ha-564.2.fid
Solvent cbci3
Temperature 294.5
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
T T T T T T T T T T
131 130 129 128 127 126 125 124 123 122 -
OMe = Ph
| OH
C2
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
DO~ OO T - DLOMNOTT 000DV -TODDMNOANTT —OMMOAN—-—ONVDNDOOOTOTFTMOOD WO
CTET T TRROONNNNNNNENNOOQOOUMLYYYIYNIIIIICT I I 00000 00" == ONN«
WWWWOMMMNMNMNMMMMMMMMMMMMMMMMMMMMMMMMMMNMNNOO OO OO O©O©O©O©OOOAN
P S B -
Parameter Value
Title as-20201216-ljw-oha-417-4
d Py & Solvent cbci3
o o =] Temperature 298.1
— T T T = T . t"" Number of Scans 32
Spectrometer Frequency 400.13
8.13 8.11 8.097.85 7.80 7.75 7.70 Nucleus 1H
N &
e <
T = T @ T
N < < N
S 2 o S
T N T T = ah T = T
715  7.10 7.05 7.00 6.95 6.90 6.15 6.10
' L ) A Il
AR s d 2 %
eeseeoeaqe ee Q e
M- MN«- - - - - ™
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

60



o oY o NOOOTONONQO - QOO ANLWY
< 0« © CB-O0OC0O0PIBONNOOBLITOD O 151w 2R N
= © oW TOOOOOANANNNNANANNNNN = =6 ~
N - - - FrrFrrrrrrrr s e -0~ N
[ SIS [T S S p———————— et — [
Parameter Value
Title as-20201216-ljw-oha-417-4.2 fid
Solvent CDCI3
Temperature 298.1
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
\ \ \ \ \ \
130.0 129.5 129.0 128.5 128.0 127.5
T T T T T
126 125 124 123 122
N ) l
v
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 9 80 70 60 S0 40 30 20 10 0
NG
N~
-
b
Parameter Value
Title as-20201216-ljw-oha-417-4.3 fid
Solvent CDCI3
Temperature 298.2

Number of Scans 16
Spectrometer Frequency 376.46
Nucleus 19F

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

61



TANONN-CrONOVD-—ONODTNTONNOONDINTDOODIOW < %
CTTOOANNNNOOOUYYIYIITIIILITIONM 000N NR0 - ORAN N
BONNNNNNNNNNNNNNNNNNNNNNNCOOOOOBWBL oA
T TN e —————— e N/
Parameter Value
Title ljw-20210120-oha-566.1.fid
Solvent CcDCI3
Py 7S Temperature 204.2
o °. c_ - Number of Scans 32
- . = . 0 . ; . <t ; ; Spectrometer Frequency400.13
Nucleus 1H
320 8.15 8.10 8.05 7.85 7.80 7.75 7.70 7.65 7.55 7.50 7.45 7.40 7.35
o % o
e o e
= T o o T
7.10 7.05 7.00 6.95 6.90 6.85
PO E BN 'S 3 <'&
Qeer <Qaec ee e eeQ
- Mn< - OGN - - - oM
. T T T T T T T T T T T T T T T T T T
.5 8.0 7.5 7.0 6.5 .0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
N CTORANNONANNDOOT YO NO
- CONUUNT-ODOOOONNOOONCQ X AR
- OTMONOOOANNNNNNNNNNNS  © N
~ B R N SRR L SR Y N N
I T —— I (.
Parameter Value
Title ljw-20210120-oha-566.2.fid
Solvent CDCI3
Temperature 204.4
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
T T T T T T T
136 135 134 133 132 131 130
T T T T T T T T T
129.0 128.0 127.0 126.0 125.0
. . J L |
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
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Parameter Value
Title ljw-20201221-oha-432-2.1.fid
Solvent CDCI3
J L Temperature 293.6
o~ o ) o < Number of Scans 32
o < - < - < Spectrometer Frequency 400.13
- - o L o]
— 7 T T T T T T Nucleus 1H
8.15  8.10 780 775  7.70  7.65 7.50 7.45 7.40
M J \ M\ o
g g o S 8 b
e = = = ——S 0
730 725 7.20 7.5 7-10 7.05 7.00 6.15 6.10 6.05 6.00 5.95 5.90 (0] /
‘\\\k
= Ph
| OH
Br
C5
j A L n AN Al
NATONE QN TR o S I
SO vrovroenoaeo S o < <
TN M - - - - - ©
T T T T T T T T T T T T T T T T T T T
.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
S QO T ON®RTRWM—NOWYN- IR
- NCOU-O0O0ODPPAIDHVOOWWAN—R  © N
- OCTMNOOOOANNNNNNNNNNS  © ~
o~ FrrFrrrrrrrrr T e rE S S E S0 N o~
| UG P . R s | |
Parameter Value
Title ljw-20201221-oha-432-2.2.fid
Solvent CDCI3
Temperature 293.8
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
T T T T T T T
131 130 129 128 127 126 125
Br
L A Jal 1L Al
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
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ML Parameter Value
’ﬁ—‘ Title ljw-20201216-oha-411-2.1 fid
o o o Solvent CDCI3
. . . . - . . . . P . . Temperature 298.1
Number of Scans 32
8.16 8.14 8.12 8.10 7.82 7.78 7.74 7.70 7.66 Spectrometer Frequency 400.13
Nucleus 1H
) o
S S 2 0]
T T T T 09— — ; ; < ; ; ;
752 7.50 7.48 7.46 7.44 742 740 702  7.00 698  6.96 o O
A ‘\\\k
3 = Ph
= | o
T ™ T T
5.26 5.25 524 5.23
L J Ju
Lo N & o' o <@
eeeee < S 9 < v 9
R Rl ) < - - - XS]

. : . : . . . . . . . . . . . . . . .
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
f1 (ppm)

- o MAON =M -OLANNOD- O

- 1) OCNWONTCOPPODOOOCOWNL X N

- © TOOOOOONANNNNNNNNNS © ~ =

~ - RRRESNCSNGGNEGREGREAL SN SNL LA AL L L R S O N N

I I e ———— I [

Parameter Value

Title ljw-20201216-oha-411-2.2 fid
Solvent CcDCI3
Temperature 298.1

Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C

133 132 131 130 129 128 127 126 125

T T T T T T T T T T T T
210 200 19 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)
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T T T T T T T
131 130 129 128 127 126 125

DO DO OONNOONNTODNDVONNNT-OOOOYT-—ODDOTNNMMID WO
TS OONNNNNNOOOQOOOUUDYYIIIILIIILLIL T T 0000000000 NN
WOWOWONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNOOOOWLLWOWWOAN
e R ——————

M W ﬂ‘ Parameter Value
o o Title ljw-20201204-oha-400.1.fid
. o Solvent CcDCI3
T T j j J T Temperature 297.2
8.15 8.10 7.80 7.75 7.70 7.65 Number of Scans 32
Spectrometer Frequency 400.13
Nucleus 1H
<+ <
o o
H 5
T v T T T f T T
7.52 7.50 7.48 7.46 7.44 7.42 7.40 7.38
=) =)
N e e
N T T & T T T T T
7.15  7.10 7.05 7.00 526 5.24  5.22
S o -
Qeeeceeec Qe < ]
TN MONN - - - ”®
T T : T T T T T T T T T T T T

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.0 1.5 1.0 0.5 0.0

- © TOTOMOMONOMM®OLW- O

- M CUVYTHTc-cOODBOPBONOCWYNLN A

p © TOOOOMOONNNNNNNNNOS © ~

~ - FrFrFrFrIFrFrEFrEFETETEFrEFEEEE -0 N Y]

I I T r———— e I
Parameter Value
Title ljw-20201204-oha-400.2.fid
Solvent CcDCI3
Temperature 297.7

Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C

Ll

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
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1 Title ljw-20210323-OHA-702.1.fid
ig ! 2Solvent cDcCI3
°. g ﬁ g 3Temperature 295.8
S - - o 4Number of Scans 32
T T T T T T T T T T T
815 810 80578 778 774 770 7.66 7.62 o pestrometor Froquency 400.13
1 =
2 4 S 5 Q
= Poy . o T o T T
7.50 745 740 7.35 730 7.00 6.95 6.90 6.85
m A “‘\
I & =
) S ] O
T ‘-\ T = T T T = T T
6.10 6.05 6.00 5.95 5.28 5.26 5.24 5.22
J N l )
BN F DB BR S <'% o &
Senen®Me- ee = e
rrvraNT®OaN - - - ©
. . . . . . . . . . . . . . . . . .
8.5 8.0 7.5 7.0 6.5 6.0 5.5 .0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
o o o oM ANTM -0 0®
< ) CUSr-r-O0O0PWBVPXPXXOW e 2 N N
X 2 3220883 JINRANAg ¢ R
I I e e I
Parameter Value
1 Title ljw-20210323-OHA-702.2 fid
2Solvent cDcCI3
3Temperature 296.1
4Number of Scans 512
5Spectrometer Frequency 100.62
T T T T T T T T T T 6Nucleus 13C
131 130 129 128 127 126 125 124 123 122 O
~
©
N~
|
‘\\\
O
. . . . .
77.4 77.2 77.0 76.8 76.6 Br C8
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
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Parameter Value
Title ljw-20201126-oha-423-4."
< 7 Solvent cociz
) d < < Temperature 294.0
T T T i = T N Number of Scans 32
8.14 8.10 8.06 7.80 7.75 7.70 7.65 Spectrometer Frequency 400.13
Nucleus 1H
N @
=) =}
I ey
752750748746744742740738
P =) &
Qe e e
T N\ T T S T = T
6.85 6.80 6.75 6.05 6.00 5.95
u I
swery e 73 N o &
eeaeeceeqQ e Qe ] Q
T ANMm® N - - - ™
T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
S} QON®OITNOMANMNIMMID = O
- MONLBWLWC-Tc O ®WWM®MO W 0 N
- OFTOMONOMOOMHOOANNNNNNNNMO N~
& Ferfrrrrrrrrr e 0O ~
| | eSS em———— |
Parameter Value
Title ljw-20201123-0ha-423-3.2.fid
Solvent cobcia
Temperature 295.2
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
0]
T T T T T T T T T
138 136 134 132 130 128 126 124 122 O O
.MQ
| C9
" L "
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
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Parameter Value
1Title as-20201129-LJW-OHA-426-3.1.fid
’T‘ 2Solvent CcDcCI3
P= g‘ g g 3Temperature 293.8
- - - ol 4Number of Scans 32
T T T T T T 5Spectrometer Frequency400.13
8.20 8.10 8.007.90 7.85 7.80 7.75 7.70 7.65 6Nucleus 1H
S S 3 S o
T = 10— O . = L :
155 7.50 7.45 740 720 710 62 61 6.0 (0] O
‘n\/‘k
- Ph
| OH
& FsC c10
SNBSS = & &
©990995¢50 S 9 S S
TN >N - - - ]
85 80 75 70 65 60 55 50 45 0 35 3. 25 20 15 1.0 05 0.0
© 2T ANUTNTOWONDMNMOOYILLMM OO
- NLOO’)LOFOOOOCDCDO’)O)OOQ@(D(DLDLDLOLOLDNFQ"‘Q © <
— OTFTOOMOOMOHOOMOMOANNNNNNNNNNNNNNNN—-O [} N~
N Frrrrrrrrrrrrrrrrrr s ECECSECSC O N N
‘ NN NN NN NN | |
Parameter Value
1Title as-20201129-LJW-OHA-426-3.2.fid
2Solvent CcDCI3
3Temperature 294.2
4Number of Scans 512
5Spectrometer Frequency 100.62
6Nucleus 13C
T T T
131.0 130.0 129.0 128.0 125.4 125.3 125.2
o P © o
oo} y N (0]
N Q N —
| 1 | |
128 127 126 125 124 123 122 121 120
' , )
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
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Parameter Value
Title as-20201130-ljw-oha-426-3.1.fid
Solvent cbci3
Temperature 294.2
Number of Scans 16
Spectrometer Frequency ~ 376.46
Nucleus 19F

0]

‘\\\k

T T T T
-90 -100 -110 -120

T T
-130 -140

T T T T T T
-160 -170 -180 -190 -200 -210

10 0 -10 -20 -30 -40 -50 -60 -70 -80 -150
NNOOOOMNOODONMNNMMNMNOOLLOMOMNMOONDOMNOULULULITOHNOANT T —TOO0OLOMHONLLOTONMOONOSTT®™
SO S OONNNNNNNNNNNENNOOYSIIIEIEIIIIIEEEEEE S 000N NOOOQOQMM-
W OWOWAONMNMMNMNMNMNMMNMMMMMMMMNMMMNMMMMMMMMMMMNMMNMNNNOO OO O O©OOOOOAN
TS i ——————— " — —

M M Parameter Value

rq‘ (V‘ ﬁ Title ljw-20201125-0ha-439-4.1 fid
=] Q ] Solvent cociz
— T = T T 0, Temperature 2943
814 8.12 810 808 7.9 7.75 Number of Scans 32
Spectrometer Frequency 400.13
M/J\/\A Nucleus 1H
/\/\ LJL/M
)
° ] =1 =]
T \“ T "’\ T ol . . N
7.52 7.5 7.10 7.05 7.00 6.95
N
S
‘,—y—&,—y— T T T T T 1
6.30  6.25 6-10 6-05 537 535 533 531
M J; J
YT 3 a & Y
°eecaeee Qe e o
MO N - - - - [y}
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0

69



S} ¥ OAITNOMNMNTNITMOMONNNO
- N OUWWLT OO W®OO®DO O . N
S € IpofooeNdNdaddNAgy N
I | e \r———— | I
Parameter Value
Title ljw-20201123-0ha-439-3.2 fid
Solvent cDcCiI3
Temperature 295.1
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
Cl = Ph
| OH
T T T T T T T
131 130 129 128 127 126 125
Cl c11
T 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 -10
VDOONDOVOLOLITOOONNNTONDT—ONNTITTOANNT T ~TO0OO0DDDODONTNIIL— — = ©
CTETTOOONNNNNNNNNENOOOUUIIIIIIILIILILLITIONOMNNONNNONNT = 0O
WWBONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNGOGO O O OWWOAN
I e e ——— ittt ——
Tj\\ VWW
Parameter Value
g g x Title ljw-20200915-0ha-418.1.fid
- ‘_‘ ‘n' Solvent CcDCI3
T T T T T T T T T T T Temperature 299.7
8.208.188.168.148.12 790 7.85 7.80 7.75 7.70 7.65 Number of Scans 32
Spectrometer Frequency 400.13
Nucleus 1H
d @ o <
- © o o
= — T r = T T =T T T T
750 745 740 735 730 6.18 6.14 6.10 6.06
M } ull
Soe s g'& o
QOANw MO ] Q
- OO - - -
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
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Parameter Value
Title ljw-20200915-0ha-418.2 fid
Solvent cobcia
Temperature 300.0
Number of Scans 512
T T T T T T T Spectrometer Frequency 100.62
132.5 131.5 130.5 129.5 Nucleus 13C

T T
128.0 127.0 126.0 125.0

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 0

f1 (ppm)
N+- OO OMNOMNMANTTMNDOOONMNNNOOOONMNMNUOUOANNNT-r OO ANTOUOSTTONOUOLTITODNDO NN
TESONNNNNNNNOOOOOOQOQOYYIITIILLIILLLLIONONNNNNNOOOOOORANN
WWOWOMNNMMNMNMMMNMMMMMMMMMMMMMMMMMMMMMMMNMNMNMNMNMNO OO OOO© O OO
Pl | ————— e e\
—
M MWL Parameter Value
‘J- g g Title ljw-20201202-oha-433-4.1.fid
°. . . Solvent CDCI3
- - oY
T T T T T T T T T T T T T T T T Temperature 204.3
8.14 8.12 8.10 8.08 8.06 7.80 7.78 7.76 7.74 7.72 7.70 7.68 7.66 Number of Scans 32
Spectrometer Frequency 400.13
M Nucleus 1H
4 & P T
S S o
- o) o 5 T T T

o 4
d d -
- - T T T T T T T

6.06 6.04 6.02 6.00 598 596 524 522 520 5.18

il

02
0.99=

3.0.

1.00=
3.00<—

2 2 eex
- - - -

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

8.5 8.

d o ¢S
S3¢o
M

0
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Parameter Value
Title 1jw-20201202-0ha-433-4.2.fid
Solvent cbci3
Temperature 294.7

Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C

136 134 132 130 128 126 124 122

;J

T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10

MMV O0O0D0OUTOONOOOLOLUT-—ODDOMOMOANNTOOONMNOULTONTOONNDDITITOONOANM
CTENTRONNNENNNNOOQOOOOYYIIIIIICOOOOO®OEQAMMNMNNNNT"TQO®OEONN -
0 WWWOMNNMNMNMNMNMMMMMMMMMMMMMMMMMMMMMMMMNMNOOOOOOOOOOLLLLLLN
N rr————————
—
J/‘\\/L Parameter Value
) < & =) Title ljw-20201123-0ha-457-3.1.fid
o o o
e g g . Solvent cbci3
- - - ol
T T T T T T T T Temperature 294.7
8.14 8.12 8.10 8.08 7.80 7.75 7.70 7.65 Number of Scans 16
Spectrometer Frequency 400.13
M o :
S S &
- 0 o

T T T T
7.52 7.50 7.48 7.46 7.44 7.42 7.40 7.38 7.10 7.05 7.00

1.00
ot
2.00"
0.991
1.0
1.001
0.997
0.987
1.00: ¢
3.00: —
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Value
ljw-20201123-0ha-457-3.2.fid

cDcCI3

Parameter

Title

Solvent

295.3

Number of Scans 256

Temperature

Spectrometer Frequency 100.62

13C

Nucleus

130 129 128 127 126 125

131

10

20

€Lgy
$Lre)

5
o
]
©
—

60
™
©

£602

13
~
N
~

Value
1jw-20210120-0ha-568.1.fid

CDCI3

Parameter

Title

Solvent

294.1
Number of Scans 32
Spectrometer Frequency 400.13

Temperature

o'k

e

reo”

7.60 Nucleus 1H

7.65

8.00 7.96 7.70

8.04

7.45 7.40 7.35 7.30 7.25 7.20 7.15 7.10 7.05

lﬁﬁﬂ_‘

—_—

sz
reLL
ze
J 0L
1z

feor

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

8.5
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Value
ljw-20210120-oha-568.2.fid

cDCI3

294.6

Parameter
Number of Scans 512

Title

Solvent

Temperature

Spectrometer Frequency 100.62

Nucleus

T T T T T T T T
132 131 130 129 128 127 126 125

190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10

210 200

vz
16'€
62°S
96's
009
b9
Sl
G6'9
G6'9
96'9
16'9
16'9
86'9
602
(i
b2
vLL
vLL
GL'L
arz]
1L
8L,
8L,
0z'L
2T L
zTL
sz'2
9Z'L]
9Z'.1
8€/ 1
6€.1
Ly L]
2y L]
YL
YL
G¥'L Y
99/ 4

19,
89°L
89°L
69°L
G0'8
90’8
80'8
80'8

wwNm

Value
ljw-20201221-oha-540.3.fid

CcDcCI3
293.4

Parameter
4Number of Scans 32

1Title

2Solvent

3Temperature

5Spectrometer Frequency 400.13

6Nucleus

r€o¢

8.00 7.75 7.70 7.65 7.60 7.50 7.45 7.40 7.35

8.10

MeO

C16

—Fzo'¢

6.0

6.1

7.307.257.20 7.157.10 7.05 7.00 6.95 6.2

——Iso'e

—150'}

—

m\oc.v
6°1
mv.m
H/mN.—‘
0°€
(1 )r4
Ho

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0

3.5

4.0

w)

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5
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Parameter Value
1Title ljw-20201221-oha-540.4 fid
2Solvent CcDCI3
3Temperature 293.7
4Number of Scans 512
5Spectrometer Frequency 100.62
6Nucleus 13C
T T T T T T T O
133 132 131 130 129 128 127
o MeO 0]
R /
| ,.\\k
Ph
772 768  76.4 I C16
' '. \

T 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 -10
MOANNOOODOODONMNMOULULTTONONNONNTOONANNTTTOODODODOMNMMNMOOLOLOOVONNMNMOOWLONTYONTS™
POEORCEEOOEOLRLLHWVLRIYYLIIIITIIT S 000000000 RR NN —
MNNMNNMNMMMMMMMMMMNMMMMMMMMMMMMMMMNMMNMMMMMMMMMMNMMNMNMNMNMNOOUOLOOLLOLONN

N i
Parameter Value
Title ljw-20201202-oha-518.1.fid
Solvent CcDCI3
Temperature 204.3
g. g g :‘ Number of Scans 16
= ‘ ‘«; ‘ ‘ “_- ‘ ‘ n" ‘ zzzcez:osme‘er Frequency1 H4oo.13
7.95 7.90 7.85 545 770 7.65 7.60 7.55 7.50 7.45 7.40 7.35
TS S o
3 Z 3 I I
= S S S S
—8 o= — = ; o O
720 7.5 7.10 7.056.10 6.05 6.00 5.95 520  5.15 k
ay
= Ph
| OH
C17
AJ t N J A_,A |
doddow g £ Y
egQowvw e S S e 9
MMM N - - - (] (3]
80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.:
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Number of Scans 512
T T Spectrometer Frequency 100.62

132 131 130 129 128 127 126 125 Nucleus 13C

Parameter Value
Title ljw-20201202-oha-518.2.fid
‘l Solvent cbci3
ﬂ Temperature 294.6
T T T T T

@
©
~

I

A

77.5 77.0 76.5 76.0 75.5

|

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
DDV OWONDONNOULLLTLOLOOTOOANNTT—TANNTOODDNDOVMOOMNNMOIOODDOVONMNNMNENLOL «~—O© O
CORNNROEOOEOOEEOOIIITIITIITINNNNN S~ - == -0CCQ00noRaaa NN
WONMNNMMMMMMMNMMMMMMMMMNMNMMMMMMMMNMMMNMMMMMNMMMMMNMMNMMNMMNMMNNMNNMNMNOOUOLUOLOLL L ON
NN ' Q

|

—
M Parameter Value
e
—_—

é é Title ljw-20210209-OHA-601.1.fid
P=1 - Solvent CcDCI3
: - : : : e : : Temperature 295.7
Number of Scans 32
8.10 8.05 778 774 770 7.66 17.62 Spectrometer Frequency 400.13
“\/\/\\‘ Nucleus 1H
- - N
o o

[ S T T T T
7.40 7. 7.15

745 710 7.05 o
N\ Cl
%% —g— Ph
El _E

o
. -

N~
=

T
6.10 6.05 5.95 5.90 5.28 5.26 5.24

Cc18

T d S8 dd 2

Qv o Qe <

MMM - - -
T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Parameter Value
Title ljw-20210209-OHA-601.2.fid
Solvent CDCI3
Temperature 296.3
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
(0]
136 135 134 133 132 131 1300 1290 1280 1270 1260
N o O
e /
| v
cl - Ph
| OH
77.0 76.5
i | L
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
LLTOVLOOCrDOOVYTTOLINNTDIONOONDLLIDN NV © <
NNOORONOQOOOOQOIIIIIYINANNNT 00000 N —
BONNNNNNNNNNNNNNNNNNNNNNNNNNNNOoOB BB o
e —————— |
Parameter Value
1Title ljw-20201221-0ha-543.1.fid
2Solvent CDCI3
3Temperature 293.6
T + T =T N T T 4Number of Scans 32
8.30 8. 25 8. 20 8. 15)0 7.80 7.70 7.6/ 5Spectrometer Frequency 400.13
J\k\ 6Nucleus 1H
! . M#
S N
e T & T \'- T
720 7.5 7.0 7.05 6.1 6.0 59 530 528 526 524 522
b ShdbNB N g'q 2
@ ©9evwoo e e e
SO FraN®mMmN - - -
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Parameter Value
1Title ljw-20201221-oha-543.2 fid
2Solvent cDCI3
3Temperature 203.8

4Number of Scans 512
5Spectrometer Frequency 100.62

6Nucleus 13C

T T T T T
133 132 131 130 129 128.5 128.0 127.5 127.0 126.5

—76.7

77.4 77.0 76.6 76.2

. IM\H _

2 0 180 150 0 40 30 20 10
OUN-—OWNONTONDVODNDO©O©TN © @ ©
COWONNNNNNNOOOSI T @ S) -
WONNNNNNNNNNNNNNNNNN < o -

e i | | |
Parameter Value
Title ljw-20201218-oha-537.1.fid
Solvent cDCI3
=y < & Temperature 295.5
o =] =] Number of Scans 32

T T T = : o] : Spectrometer Frequency 400.13
8.08 8.06 8.04 7.80 7.75 7.70 Nucleus H

JJJJ‘_\/\& _%q

- S
S T A (@)
7.507.487.467.447.42 4.88 4.86 4.84

101
3.061

i
3.011
3.061

e | 1.001

N4 4an
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Parameter Value
Title ljw-20201218-oha-537.2 fid
Solvent CDCI3
Temperature 205.9
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
T T T T T T T T T T T O
136 134 132 130 128 126 O
‘\\\J\
OH
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 60 50 40 30 20 10 0
LOLLOOONODONOLLIVLTON M © )
OONNNNNNOSSSSISTTNANNN & s} -
NNNNNNNNNNNNNNNNNNN o o -
NN NN | ‘ |
Parameter Value
Title ljw-20210219-OHA-615.1.fid
Solvent CcDcCI3
Temperature 295.6

Number of Scans 64
Spectrometer Frequency 400.13
Nucleus 1H

) d b
< - e
T = T A =
8.0 7.9 7.8 7.7 7.6
n B
e -
T © T T A T
7.50 7.45 7.247.227.20
Cc21
| ‘{
SAdR B S
ewneaox e
N -
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Parameter Value
Title jw-20210219-OHA-615.2.fid
Solvent cociz
Temperature 296.0
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
c21
TR || -
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
OV IFTITONANNTOODOMNLLOLNONOANTNOONTOOO [o0] Yo}
ONNMNNMNNMNNMNNMNMNNMNNMNMMNMMMMMMMNMNNNOOOOST O N -
e ——— | | |
Parameter Value
Title jw-20210219-OHA-624.1.fid
Solvent cocia
J\L Temperature 295.6
! Number of Scans 32
S g Spectrometer Frequency 400.13
- ‘ ‘ P ‘ Nucleus 1H 0)
8.00 7.96 7.80 7.75 7.70 7.65
MeO 0
N W, V. W QI
3 2 g \
T o T T = T T = T . Ph
~
7.5 7.4 7.3 7.2 6.95 6.90 OH
g C22
<
—
4.95 4.90 4.85
e S Y 'y =y I
eeaonm < < < < S
N M- - - © © ©
T T T T T T T T T T T T T T T T T !
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -(
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Parameter Value
Title ljw-20210219-OHA-624 .2 fid
Solvent CDCI3
Temperature 296.0
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
0]
MeO 0]
O |
WY
7 Ph
~
OH
C22
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
OULUOLONOHOMHMOOVNTT™OOWNLWM (3] - N~ <
ONNNNNNNOOLOUBOST T T I @ ¥ e -
MNNMNNMNNMMNMNMMNMNMNMNNMNMMNNMNMNNMNDMN < N N -
e | | ‘ ‘
Parameter Value
Title ljw-20201218-oha-536.1.fid
Solvent CcDCI3
[\ Temperature 295.6
] =] - Number of Scans 32
T T ~N = T —F T T Spectrometer Frequency 400.13
7.90 7.85 7.80 7.75 7.70 7.65 7.55 750 745  7.40 Nuclous ™
JL 0
]
- S o0
4.90 4.80 4.70 \”\
W
o Ph
P
OH
Cc23
l L t T L_A_AJMJ{ -
<8R ® =y d & &
eoQrx S S o <
- N« < - © ™ ]
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Value
ljw-20201218-0ha-536.2.fid

cbci3
295.7

Parameter
Number of Scans 512

Title

Solvent

Temperature

Spectrometer Frequency 100.62

13C

Nucleus

190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10

210 200

vitL—

80'Cc —

ww.j
v
3 4]
St/
St/
v
v
YA
Ly L]
8v'L
6L
67",
0G°. 1
9L
G9'/ 4
99°/ 1
1911
69/ 1
0L/
LL LA
LL LA
2L
€227
oh:
8L,
208
208

|\h
o= o
<
o— I
z/O <
)
o
o
0
b
<
I
Q
ER e
$8 8
= <
N o
§3: 2
R EERE
o
. 22
g gL
g ]
I 2% ¢
§ - 2550
a co8 =3
ga2gd
02 E£E0D
£3252
+ FOF
2
~
00' | | &
® <
L2
~
w
[ F®
r00g o A
M 00" |
L S
)
©
S -
=~
20’} -
r F S
~
w
5} L
= <+
F
~
=3
S L
A B FLLe
16 _,_‘m%
[ =
)
0. L
® o
F
~

F00°L

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

8.5
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Parameter Value
Title ljw-20210219-OHA-558.2 fid
Solvent cDCI3
Temperature 295.9
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
T T T O
135 130 125 (@) |
R\
o] -~ Ph
-
OH
C24
" ) " N "
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
POANANTONANNTT-~TOO0ONODD O WON OO OLWLWN @ <
T T O®OOONNNNNNNOUOULYEYYLIIIIITT® N -
WONNNNNNNNNNNNNNNNNNNNNNNNNY o -
L N B ‘ |
Parameter Value
Title ljw-20210219-OHA-621.1 fid
M Solvent cbci3
Temperature 295.6
\J' d 1—‘ Number of Scans 32
o ()] -
3 . : Spectrometer Frequency 400.13
e T T O T T T T Nucleus 1H
8.19 8.17 7.82 7778 774 7.70
N 0|
0 T T T A
7.48 744  7.40
Br - Ph
2
OH
C25
T oo S 3 &
Qo AN < e N
o Mm®™M - © ©
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
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Parameter Value
Title ljw-20210219-OHA-621.2.fid
Solvent CcDCI3
Temperature 206.0
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
T T T T T T O
132 130 128 126 124 122 O |
Br - Ph
2
OH
‘ C25
’ » " " ! ! - - AR "
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
NODOOITTONT—DONNOONNOODLOONNTOVLOOTONNOODDDINOTMNOO ®©
CONNNNNNNNOOOOIIILITILILILILILILTNNOOOOOOOOQOMNMMMMMNN® O
BONNNNNNNNNNNNNNNNNNNNNNNSFANrFrrs rrrrsfrrrsrrrser e -v-000
NN S NN NN R AU g
Parameter Value
Title ljw-20210219-OHA-623.1 .fid
Solvent CcDCI3
o»%g, o Nomer of Scans a5
oo ]
T 7 T T T Spectrometer Frequency 400.13
8.10 8.08 8.06 8.04 7.80 7.75 7.70 7.65 Nucleus 1H
. M 0]
S 8 0]
T ¥ T T T T — T T T O |
750 746 742 486 4.84 4.82 4.80 \\J\

ﬂ%\@?a%uﬁ

- Ph

“
T T T R T
1.65 1.60 1.55 1.40 1.36 1.32 C26
l ﬁ wl \_AJL‘W‘JLJ\_) { l l

"o » & & o 3

%09 % o @ & S

oM< o N - - ™

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

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0
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Parameter Value

Title jw-20210219-OHA-623.2 fid
Solvent CcDCI3
Temperature 296.0

Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C

-

134 132 130 128 126 124 122 120

ol

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 S50 40 30 20 10 0

ONOONNUULTTONTONDNDOOITTET-TOOODHIDONTONONODDDDVOTNOANN—-OONMNMMOMOO ™M
QONNNNNNNNNNNNYSISIYIIEIEITO0000NNNNNT ¢S C s s e O00NN
WONMNMMNMMNMNMMMNMMMMMMMMMMMMMMMMMMMMMNMMMMNMMMMNMNMMMNMMNMNMNNNOO OO SN
i S
s i =
Parameter Value
1Title 25-20210323-LJW-OHA-693.1.fid
=3 2Solvent cobci3
d - 3Temperature 296.0
r — r . . —0 . . . 4Number of Scans 32
8 12 8 10 8 08 8 06 7 80 7 76 7 72 7 68 5Spectrometer Frequency 400.13
: ' ) : . : . . 6Nucleus 1H
) ) d )
o - - o
- - < (2]
T T T T T T T T T T
7.45 7.40 7.35 7.22 7.18 7.14 7.10
) < )
] < S
- - -
; T T T T T T T
6.15 6.05 5.95 4.75 4.70 4.65
M ‘ l e
8 D =y
e e Qe < S
- M-S N - - - ™
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Parameter Value
1Title as-20210323-LJW-OHA-693.2.fid
2Solvent CcDCI3
3Temperature 296.0
: : : : : : : : : 4Number of Scans 512
5Spectrometer Frequency 100.62
136 135 134 133 132 131 130 129 128 OV e
b i I
N S B A e e A B
126 125124123122 121120119 118 117 116
0
©
~
I
T T T T
77.5 77.0 76.5 76.0 J ‘ ' ‘ ‘
L | A L ‘
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(\I 920 80 70 60 50 40 30 20 10 0
~
o
=}
I
Parameter Value
1Title as-20210323-LJW-OHA-693.3 fid
2Solvent CcDcCI3
3Temperature 295.9
4Number of Scans 16
5Spectrometer Frequency 376.46
6Nucleus 19F
1
T T T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
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Parameter Value
1Title ljw-20210105-0ha-430-3.1.fid
//\j\ J\J\_/\ 2Solvent CcDCI3
_ % o 3Temperature 293.9
& é lb 4Number of Scans 32
(=) 2 < < 5Spectrometer Frequency 400.13
—T T = T T I T 6Nucleus 1H
8.14 8.12 8.10 7.80 7.75 7.70 7.52 7.50 7.48 7.46
jo. AN IS
s N o o
- L < e
" . . m‘ . l\q —_——
7.35 7.30 7.25 7.20 7.15 7.10 6.96 6.94 6.92
e T d
e e
T
6.15 6.05 5.95
[ _J A A_J\__i__‘J___
B D N = 'S o< ) 4
aneOvmoo Q9 e S S
Cor+rv+r1ANT« - - - o o
T T T T T T T T T T T T T T T T T T
85 80 75 70 65 6.0 5 50 45 40 35 3.0 25 20 15 1.0 05 0.0
(S] QUVMQO OO NMOITO®0ONOGQM
- NDOOUWNNODVOBONOWNGE DR < <
p OCNITODOOOANNNNNNNN+ = O © o} ~
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Parameter Value
1 Title ljw-20201231-OHA-430.2.fid
2Solvent CDCI3
3Temperature 204.7
4Number of Scans 512
5Spectrometer Frequency 100.62
6Nucleus 13C
A B B L e B e
135 133 131 129 127 125
OMe
o, N ' ' ’ J’ ‘ L A o "
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

87



DOV r-r N TCTONOTON T - 000NNV OONDD-NOO0OONNDVON—ONNDONOO©ONNT
TS OOONNNNODODOUOLLOYLYIIILIIIILIIILIONONNNT T 000 —00Q0 0NN
WBOONNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN GO OO B1816 1A
e ] e ————— L
JUL Parameter Value
Title ljw-20210105-0ha-416-6.1.fid
» P & Solvent cbciz
=] =1 =} Temperature 294.0
T T — T T : =, : : L= : Number of Scans 32
315 8.3 8.11 8.097.82 7.80 7.78 7.76 7.74 7.72 Spectrometer Frequency 400.13 0]
Nucleus 1H
& < b >
@ N ° v
T —2 T ‘T T St T s
1.55 7.50 7.45 7.40 7.35 7.20 7.15 7.10
=) &
- e
T = T T T \‘- T
6.20 6.15 6.10 6.05 6.00 5.95
Sadadds EF I 3
SQaemnMANMY e < -
MmO - - - ©
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 .0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
© 0 © TR0ONMNOONT T NGO MNOYNNO
=] e EY B CUWSNVNOPPOBOONOCOANNTrOCOS 2R N
- © © © TOOODOOANANNNNNNNNNN— == DO ~
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Parameter Value
Title as-20201231-ljw-oha-416-5.2.fid
Solvent CDCI3
Temperature 294.7
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
I
T T T T T T T T T T
136 135 134 133 132 131 130 129 128 127
N B B e e AR
124 122 120 118 116 114
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
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Parameter Value

Title as-20200914-LIW-OHA-416-4.3. fid
Solvent cbci3

Temperature 299.9

Number of Scans 16
Spectrometer Frequency 376.46
Nucleus 19F

T T T T T T T T
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M Title |jw-20201012-0ha-464-2.1.fid
N & @ % Solvent cbci3
[ o r=3 =3 Temperature 299.3
T Q@ T = . . o ———— . . Number of Scans 32
Spectrometer Frequency 400.13
8.14 8.12 8.10 7.827.80 7.78 7.76 7.74 7.72 7.62 7.60 7.58 Nucleus H
< P 9 S
- o =] (=]
- o o) o

T T T
7.52 7.48 7.39 737 7.35 7.33.24 7.20 7.16 7.12 7.08

SN .

e e
- -

T T
6.20 6.15 6.10 6.05 6.00 5.95

: it
1.1“153
2.03<

J
1.00=
1.011
1.031

3.0
2.0
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Parameter Value
Title ljw-20201012-0ha-464-2.2 fid
Solvent CcDCI3
Temperature 299.7
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
132 131 130 129 128 127 126 125
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|
71.5 77.0 76.5
T T T T T T T T T T T T T T T T T T T T T T
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Parameter Value
Title ljw-20210112-oha-447-4.1.fid
Solvent CDCI3
Temperature 298.5
0! O Q Q Number of Scans 32
—_ - . = = Spectrometer Frequency 400.13
8.12 8.08 790 7.85 7.80 7.75 Nucleus "
Y VYV MM
° ] S S 2 S
= = = = I o

7.30 7.25 7.20 7.15 7.10

SHNE®N & L &
598589 NG09 39 S
O v v ®MN - - ©
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
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Parameter Value

Title as-20201123-ljw-oha-493.2 fid
Solvent cbci3
Temperature 294.9

T T T T T T T T

136 134 132 130 129 128 127 126 125 124 123 122

«
©
~

I

77.4 77.2 77.0 76.8 76.6 76.4

Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
<
N
©
Parameter Value
Title as-20201123-ljw-oha-493.3.fid
Solvent CcDCI3
Temperature 294.7
Number of Scans 16
Spectrometer Frequency 376.46
Nucleus 19F
10 0 -10 20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
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Parameter Value
1Title 1jw-20200922-0ha-448.1.fid
2Solvent cbci3
3Temperature 299.6

4Number of Scans 32
5Spectrometer Frequency 400.13
6Nucleus 1H
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Parameter Value
1Title ljw-20200922-oha-448.2 fid
2Solvent CcDCI3
3Temperature 299.7
4Number of Scans 512
5Spectrometer Frequency 100.62
. . . . . . . . 6Nucleus 13C
132 131 130 129 128 127 126 125
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Value
as-20201123-ljw-oha-458-3.2 fid

cDciI3

Parameter

Title

Solvent

295.0

Number of Scans 512

Temperature

Spectrometer Frequency 100.62

Nucleus
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Parameter Value
Title as-20201123-ljw-oha-458-3.3.fid
Solvent cbci3
Temperature 294.8
Number of Scans 16
Spectrometer Frequency 376.46
Nucleus 19F

T T T T T T T T T T
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Parameter Value
,/\/\\J\A/\ 1Title ljw-20210105-0ha-401-3.1.fic
Py A N 2Solvent cbciz
e =4 g 5 3Temperature 294.1
o - - o 4Number of Scans 32
T T 5Spectrometer Frequency 400.13
8.14 8.12 8.10 7.80 7.75 17.70 7.65 7.60 6Nucleus H
E : g 8
= . oL M T o
7.50 7.45 7.40 720 715 7.10
° <
] Q
T T e T
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8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
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Parameter Value
1Title 1jw-20201231-OHA-401.2 fid
2Solvent CcDCI3
3Temperature 294.9
4Number of Scans 512
5Spectrometer Frequency 100.62
6Nucleus 13C
T T T T
136.0 135.0 131 129 127 125
@
©
~
|
T T
77.2 76.8 76.4 ‘
T T T T T T T T T T T T T T T T T T T T T
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M MM Parameter Value
Title ljw-20201109-oha-489-2.1.fid
é \J' \J' & é Solvent CDCI3
C S C) N e Temperature 297.5
T T a1 T T T — T T T T T Number of Scans 16
.14 8.12  8.107.82 7.80 7.78 7.76 7.74 7.72 7.60 7.56 7.52 7.48 7.44 Spectrometer Frequency 400.13
Nucleus 1H
3 g . 5
M . o . = : : ey
7.20 7.15 7.10 7.05 6.15 6.10 6.05 6.00 5.95
M l AA“ | "
SeE'dD 8D &' 3 <
eeednNgeQoe e e ] ]
e v+-oN - - - 0
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
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Parameter Value
Title ljw-20201109-0ha-489-2.2 fid
Solvent CDCI3
Temperature 297.8
Number of Scans 256
Spectrometer Frequency 100.62
Nucleus 13C
R e e T e o e N T L
136 134 132 130 128 126 124
@
©
~
|
T T T T T
77.2 76.8 76.4
v v "

T T T T T T T T T T T T T T T T T T T T T T T
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Parameter Value
Title ljw-20201204-oha-443.1.fid
Solvent cDCI3
g g é 3 g Temperature 297.2
- - ol P - Number of Scans 32
j i T T T ! T j Spectrometer Frequency 400.13
8.20 8.18 8.16 8.14.95 7.90 7.85 7.80 7.75 Nucleus 1H
0 @ &
0 < <
T T B T T 2 o
7.58 7.56 7.54 7.52 7.50 7.20 7.15 7.10 7.05 7.00
=y &
Q e
= T T = T
6.10 6.05 6.00
I 1 ] L N
e SB OB § D s’ & <
eevrmaomaoo 9 e -
T ANMe-O OWN - - - ©
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
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Parameter Value
Title ljw-20201204-0ha-443.2. fid
Solvent cbci3
Temperature 297.6
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
T T T T T T T T T
130 129 128 127 126 125 124 123 122
NE
~
~
I
77.2 76.8 76.4
" " ‘\ N ; "
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
NOMNMT- N OOUOITTONITITANTONDDT - ONNMNMNOIIOINNENOOONOIINOTOULM—OWONLOM
CERANNNOOOOUIIIIILINNANNS - --0300r-000N0OLLULITTLT MDD
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N S S0 ot S S S
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é ] & o
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. . . Parameter Value
— - - o
T T T T T T Title Ijw-20210112-oha-436-2.1.fid
8.12 8.08.85 7.80 7.75 7.70 7.65 7.60 Solvent cocis
Temperature 298.5

g 8 g g
= (Y {o] o

7.50 7.45 7.40 7.35 7.20 7.15 7.10 7.05

a e Ao ey

6.10 6.05 6.00 5.95 2.65 2.60 2.55

-1.00+
.04

35

T T
245 240 2

g

Number of Scans 32
Spectrometer Frequency 400.13

Nucleus

1H

SNOTNG DR S 3¢

299058909 39 K]

TFTTErTANTOMOON - - - -
T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Parameter Value
Title ljw-20210112-0ha-436-2.2.fid
Solvent CcDCI3
Temperature 208.8
Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C
T T T T T T T T T T T
135 133 131 129 127 125
@
©
~
I
T T T
77.5 77.0 76.5
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
ON+--FTONTONOVOONNOOONDONLTONANT—OONDONNODODDDONNDETNDDD— F N WO
TN TOOOONNOOOOOOUNYYNNYNNYNYYIYIT T n00000TN000MYTTNOO0Q
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T e —————————— L — ———
) ) d <
< < - S Parameter Value
T T T T T = T — T N Title 1jw-20210219-OHA-462.1 fid
8.14 8.10 8. 7.85 7.80 7.75 7.70 7.65 Solvent coci3
Temperature 295.5
Number of Scans 32
M Spectrometer Frequency 400.13
& I‘J) Nucleus 1H
- N - e
' o o,
= T T T T T T
750 7.45 7.40 7.3
3 1 =
fﬁ_*h% ‘ -1 < N
5.95 255250245240235 150145140135130

MJ

99



1 126.7
| 126.6
1 125.2
1222
90.6

_213.4
—163.2
ki
—76.9
—41.2

Parameter
Title

Solvent
Temperature

—~16.7
~13.2

Value
1jw-20210219-OHA-462.2 fid
CDCI3
296.0

Number of Scans 512
Spectrometer Frequency 100.62

Nucleus 13C
T T T T T T T T T T T
135 133 131 129 127 125
°’.
©
~
I
—
77.5 77.0 76.5
N A )\ A
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
O N+ TANANNDNDTTOONDNDNVONDOMNANNT—ODNDODONNMOULUIIDOVONNMNONOIITNTNOWOTNONO
TLTNROOQONNNNNOOOOYYYIYIEIYINT T m0000Q0QOmO0dRNYNMmMNN0OoQ
WOWOWONMNNMNMNMMMMMMMMMMMMMMMMMMMMMMMMMNMMNMMMMNMNNOOOUOLOLANNNNOOOO
G e Sl
ﬂ W\/L M/\A/\ Parameter Value
= P 0 N =y Title ljw-20201123-0ha-500-3.1.fid
=] (=) (=) =] - Solvent cDcI3
T =T T — T 0 T : — . Temperature 204.7
Number of Scans 16
8.13 8.12 8.11 8.10 7.85 7.80 7.75 770 76‘552 7.48 7.44 7.40 Spactrometer Frequency 400.13
M M M Nucleus 1H
< < =) N 5
- ) =] 1) e
o o . —

7.20 7.15 7.10 7.056.15 6.10 6.05 6.00 2.45 2.40 2.35 2.30

=1 =] =
[ 90— i
2.00 1.95 0.70 0.65 0.60

UL L A
STENS e ga & [ 8
eeceaexrx e ee e e e ee
T MeTEMON - - - N - o™
T T T T T T T T T T T T T T T T T T 1
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -(
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Parameter Value
Title ljw-20201123-0ha-500-3.2.fid
Solvent CcDCI3
Temperature 295.0
Number of Scans 256
Spectrometer Frequency 100.62
Nucleus 13C
A e B L R B e S
136 134 132 130 128 126 124
©
©
~
I
T T T
77.5 77.0 76.5
i , A I
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
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Parameter Value
M Title ljw-20201109-oha-483-2.1 fid
< &, 6 (b pg Solvent cDcCI3
o > - =] - - Temperature 297.9
. = . . = . = . N “_' . P . Number of Scans 16
Spectrometer Frequency 400.13
8.14 8.12 8.107.85 7.80 7.75 7.70 7.65 7.50 7.45 7.40 Nucleus H
M A?/\ A
8 8 g 2
— S . =T T =T
720 715 710  7.05 6.10  6.05  6.00
3 3 3 J/J\/WW/VVWUW
—— S o
2.60 2.55 2.50 2.45 2.40 2.35 1.40 1.35 1.30 1.25 11 1.0 009
B & B P
eewovrvryaoo Q9 o
rervraNT®moN - - =)
T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
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Parameter Value
Title ljw-20201109-oha-483-2.2 fid
Solvent CDCI3
Temperature 298.1
Number of Scans 256
Spectrometer Frequency 100.62
Nucleus 13C
T T A R B
135 133 131 129 127 125
@
©
N~
|
T T T T T
772 768  76.4
m ™ " o (i
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 O
DONOOTTNONOANTTTODDNDOVOMNOULOONOOANNTTT OO0V OOIFTIEITTTONDDOOMNOTNON—-NNM
R OO®DEOONNNNNOOQOOOOYIIIIILIIIINONNNNNNNTT <=l
MNNMNNMNMMMMMMMMNMMMMMNMMMNMMMNMMNMNMNMMNMNMNMMNNMNMNMMNMNMNMMMNMMNMNMMNMMNMNMNNMNNNNOOW
g é ] Parameter Value
. ol - ot . . o . . Title 1jw-20201109-0ha-487-2.1.fid
Solvent CcDCI3
7.90 7.86 7.82.75 7.70 7.65 7.44 7.40 7.36 Temparaturo 2075
Number of Scans 16
Spectrometer Frequency 400.13
Nucleus 1H
) <
< N
T T 10 T T N T
7.30 7.25 7.2 7.15 7.10
w L A L/\_J\_.M—A_A;
DB DS < 3
oMYA S S
N LN N -
: : : : : : : : : : : : : : : : : :
3.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Parameter Value
Title ljw-20201109-0ha-487-2.2 fid
Solvent CDCI3
Temperature 297.7
Number of Scans 256
Spectrometer Frequency 100.62
T T T T T T T T T Nucleus 13C
133 132 131 130 129 128 127 126 125
©
N o)
I
o ©
‘\\\/
= Ph
| OH
. . .
77.5 77.0 76.5
C42
" A b L "
. . . . . . . . . . . . . . . . . . . . . .
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
CONNO - NDONOODTLTNTCTODNNTOONOONNMNOTLTILTON—I0— O ©O
DDV ONNNNOOOOOIILTLTITMNMOANNNNNT-T - - -+ -+ v+ ++v O
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN G © 6o v
NN I
=) < )
- S -
A = . 10 . . o . var
arameter alue
7'90 7'85 7'75 7'70 7'65 7'60 Title as-20210112-ljw-oha-495-2.1 fid
Solvent CcDCI3
Temperature 298.4
Number of Scans 16
Spectrometer Frequency 400.13
ﬁ % Nucleus 1H
; < ‘ ‘ PN ‘
745 740 7.35 7.25 7.20 7.15 7.10 O
‘\\\/
= Ph
| OH cl
C43
Ll .
ST RS =3 o
A S e
-0 <N~ N -
. . . . . . . . . . . . . . . . . .
.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
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Parameter Value
Title as-20210112-ljw-oha-495-2.2 fid
Solvent CcDCI3
Temperature 208.7
132.4 132.2 Number of Scans 256
Spectrometer Frequency 100.62
Nucleus 13C
T T T T T
130 129,_n 128 127 126
~
~
|
Cl
—-—
78.0 77.5 77.0 76.5
. . . . . . . . . . . . . . . . . . . . .
200 190 180 170 160 150 140 130 120 110 100 920 80 70 60 50 40 30 20 10 0
COYTANLOCTNODOLOTNOOWLTDON — N O
RORONNNOOETELTONONNNDO T OO
NNNNNNNNNNNNNNNNNOGOOCOO®
DN G Sl sl
i < N N
o - - -
= = , = . <t  Parameter Value )
7.90 7.85 7.80 7.75 7.70 7.65 ;I:Sent IKJ:\A'S(Z:(I):‘IO‘IZOthafSI‘S.'I,fId
Temperature 294.1
Number of Scans 16
Spectrometer Frequency 400.13
M Nucleus 1H
g
“ v N N
T <. T \N T TAI T N\ T O
7.45 7.40 7.35 7.30 7.25 7.00 6.98 6.96
Ll
- Ph
| OH cl
Br c44
FENREDTE® & 3
Qe wmT e YN - e
et T NNN N -
. . . . . . . . . . . . . . . . . .
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
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Parameter Value
Title ljw-20210120-oha-548.2.fid
Solvent CDCI3
Temperature 294.6
Number of Scans 256
M Spectrometer Frequency 100.62
Nucleus 13C
T T T 1 T "~ T T T T T " T " T " T " T " T " T " T " T
136 135 134 133 132 131 130 129 128 127 126 125 124 123 122 121
N o}
N
[
o) /O
oy
- Ph
| OH Cl
T T T T T Br C44
77.5 77.0 76.5
—— T +~ T + T + T +~ T +~ T ~ 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
TOSTANOLUNDTTNOOTOMOOLOM~—ONTNDON—
NRVRANNNOOOOUYTIINNRO=OOCT
MNNMNNMMMMMMMMMNMMMNMNMNNMNDNOO ©O© ©O© O OW
N S S S
M Parameter Value
M oy v Title 1jw-20210120-0ha-546.1.fid
- Q b Solvent cbci3
- - - o Temperature 294.0
= — T ' ' ! Number of Scans 16
7.90 7.85 780 7.75 7.70 7.65 Spectrometer Frequency 400.13
Nucleus 1H
N T <+ T T N
75 7.4 73 6.90 6.86 6.82
/\-J U ‘\l
sEtd VAN ® R 3 2
A B A N e
et NT NN N -
T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
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Parameter Value
Title ljw-20210120-0ha-546.2.fid
Solvent CDCI3
Temperature 204.7
Number of Scans 256
Spectrometer Frequency 100.62
1 l j Nucleus 13C
: . . ; ; T
140 138 136 134 132 130 129 128 127 126 125 124 123 122 121
N
~
~
I
L
775 77.0 76.5
. NI
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
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN ©©©© 6666 1uN
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Parameter Value
1 Title langjw-27052021-OHA-606.1.1.1r
/\ 2Solvent cbci3
é & & 3Temperature 294.4
h =] o ) 4Number of Scans 32
Fi . -~ L T T T "“ T T 5Spectrometer Frequency 600.17
7.88 7.86 7.84 7.82 71.74 7.72 71.70 7.68 7.66 7.57 755 7.3 BNucleus ™
AUIPANVAW
3 3 < <
—L T — 0 T — O T Oy T
7.45 7.40 7.307.28 7.26 7.24 7.22  6.90 6.89 6.88 6.87
J I
rBIYYe T e <o 3 X
TeaeQwme ] 2 -
N NNNN - o - (3]
T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
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Parameter Value
1Title langjw-27052021-OHA-606.2.1.1r
2Solvent cDCI3
3Temperature 295.2
4Number of Scans 512
5Spectrometer Frequency 150.91
l J 6Nucleus 13c
T T T T T T . T T T T T T
139 138 137 136 135 134 131 130 129 128 127 126 125
©
N~
~
I
T T T
77.4 77.0 76.6
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
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CTEOS TS ST 00®QOANNNNNNNNOYYIIIIIIL T 0000000000000
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e e ————— o
814 812 810 785 780 775 770 7.50 7.45
W\ A JM
7 b o
; . S
T 9, T T O T T T T O
7.15 7.10 7.05 6.89 6.87 6.85 2.6 25
Parameter Value (@) O
Title 1jw-20210503-OHA-YS-1-4.1.fid /
Solvent cDcI3 W
Temperature 297.1

1H

Number of Scans 16
Spectrometer Frequency400.13
Nucleus

-
b -
—F T _\
21 2.0 1.9 170 1.65 1.60 155 E1
pEeduE o & eR
eeexa-Q i i ey
Mot OoN - - <t - -
T T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
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Parameter Value
Title jw-20210503-OHA-YS-1-4.2.fid
Solvent cociz
Temperature 297.3
Number of Scans 256
—— T Spectrometer Frequency 100.62
135134133 132 131 130 129 128 127 126 125 Nucleus 13¢
N
©
~
I
\\\
O
T T T
77.5 77.0 76.5
” ‘ﬂ—-quﬂ“——A——ﬂd
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
TTONOUNVTTOONDDOANT~TONDDOSITTOUOOITITNNONTOVDODONMNNMOONDANNTONN—-TOOOOO®O
TELTR®OOQQOONNNNNNNOONUDYIIIIIII TS s NNNENNOOMNOCOQO
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O Sttt S SRR b
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S - g 3
A — T o
8.16 8.14 8.12 8.10 785 780 7.75 7.70
Parameter Value O
N Py Title |jw-20210414-OHA-YS-6-2.1.fid
A\ < ; Solvent cbci3
= —M T T T T T Temperature 295.8 O
7.55 750 7.45 7.40 7.18 7.16 7.14 7.12  Number of Scans 16 O
Spectrometer Frequency 400.13 /
Nucleus 1H n‘«
g > Ph
)
T A o] OH
6.75 6.70
F2
sadoRoDd N <’ S S &
SRR < Qv wewe -
T ANTMM N - O O v™O ]
T T T T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
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Parameter Value
Title ljw-20210414-OHA-YS-6-2.2 fid
Solvent cDcCI3
Temperature 296.0
Number of Scans 256
Spectrometer Frequency 100.62
Nucleus 13C
T
131 130 129 128 127 126 125 124 123 122
T 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 -10
CODORNNOVUVTIDINNTONTODNOOOVIONNOLLITONONNNTOOOIDTOMAN®®N
TCCQAQAOAARVRRONNNNYYIYIYIITNNNNNNN I I I 00O "OQNROQ
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Title 1jw-20210430-OHA-YS-3-6.1.fid
- m' Solvent cbci3
T T Temperature 296.9

810 sos 800 795 790 775 7.73 7.1

JLM

7.50 745 7.40 735

Number of Scans 16
Spectrometer Frequency 400.13

Nucleus 1H

] 5
- S ni‘ : e : S 0o
715 710 7.05 7.00 450 445 440 2.90 2.85
o OH
RN
- Ph
| OH
U{ l F3
s¥reoed &S 'S P I\ &
©aa889595¢9 oo S o o o
"TrrO T MOMN oo - o o (3]
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0
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Parameter Value
Title ljw-20210430-OHA-YS-3-6.2.fid
Solvent CDCI3
Temperature 297.1
Number of Scans 256
T T T T T T Spectrometer Frequency 100.62
131 130 129 128 127 126 Nucleus 13C
~
~
N~
|
I e B
77.5 77.0 76.5
T T T T T T T T T T T T T T T T T T T
80 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 0
DO - -0 0NDONMANT - —00NATOO0ONDNDOONMNO N~ ~NDOOOOOWWWLMNMT NN D
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=) o o Parameter Value
T T T T 0 T = T Title 1jw-20210629-0ha-791.1.fid
8.14 8.13 8.12 8.11 7.85 7.80 7.75 7.70 Solvent cbci3
Temperature 296.9
Number of Scans 32
Spectrometer Frequency 400.13
Nucleus 1H
< < =) B
e - < e
‘-\ T m\ P” T N T
7.50 7.45 7.40 7.20 7.15 7.10
Ag\jzfﬂgx Mgiggg M
S 3 S
T =T T T = T —
420 4.15 4.10 4.05 4.00 395 1.02 1.00 0.98
U . A
S'F N F S 3N o
eeeevxree @ Q e
MO T M®MON o -
T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
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Parameter Value
Title ljw-20210629-oha-791.2.fid
Solvent cDCI3
Temperature 297.3
Number of Scans 512
Spectrometer Frequency 100.62
T T T T T : Nucleus 13C
130 129 128 127 126 125 (o)

)
O‘-\\/A

OEt
|5th

Cc4a7

T T T T T T T T T
90 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

TANNO OUTONIODONNLOLOLLOD OOUUOITIT TOONDONNOOLLITITOHONMOLW — O «—
TN TO0O00OOUULUYIIILIIIILIITINMNNNMNONNONNONT O]
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N T ———————— —
JQCFQCZM Parameter vaiue
> ) < Title ljw-20210701-OHA-by-2d-2.1.fic
: - N Solvent cbciz
T T T B Temperature 297.5
3.15 8.13 8.11 7,66 7.64 7.62 7.60 7.58 7.56 Number of Scans 32
Spectrometer Frequency 400.13
Nucleus 1H
3 g Ph
9 T o
7.45 7.40 7.35 (o)

0.97=
3.0
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Parameter Value
Title 1jw-20210701-OHA-by-2d-2.2 fid
Solvent cbci3
Temperature 297.8

Number of Scans 512
Spectrometer Frequency 100.62
Nucleus 13C

Ph

134 133 132 131 130 129 128 127

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