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1. General Information

All reactions were carried out under an atmosphere of nitrogen in flame-dried glassware with
magnetic stirring. '"H NMR spectra, '°’F NMR spectra, 3C NMR spectra were recorded on a
Bruker 300, 400 and 500 MHz spectrometer in CDCl; or acetone-d6. All signals are reported in
ppm with the internal TMS signal at 0 ppm as a standard. Data for 'H NMR spectra are reported as
follows: chemical shift (ppm, referenced to TMS; s = singlet, d = doublet, t = triplet, q = quarte,
dd = doublet of doublets, dt = doublet of triplets, m = multiplet), coupling constant (Hz), and
integration. Data for 13C NMR are reported in terms of chemical shift (ppm) relative to residual
solvent peak (CDCl;: 77.0 ppm). Reactions were monitored by thin layer chromatography (TLC)
using silica gel plates. Flash column chromatography was performed over silica gel (300-400
mesh). The ligands (R, Rs)-N-Me-PC1,['] Wei-Phos,?! (S, Rs)-X1, (S, Rs)-N-Me-X1,0! (R, Rs)-
M1, (R, Rs)-N-Me-M1, (S, Rs)-M1, (S, Rs)-N-Me-M1,[4! (R, Rs)-Xul, (R, Rs)-N-Me-Xul, (S,
Rs)-Xul, (S, Rs)-N-Me-Xul, (S, Rs)-N-Me- Xu3l! and substrates 1a-1aa, 3a-3g, 3i, 3jl% ,3h!7]
3Kk8l,  were synthesized according to published procedures. The spectral data of the substrates
were consisted with that reported in the literature. The enantionmeric excesses of the products
were determined by chiral stationary phase HPLC using a Chiralpak AD-3, IC, AD-H, OJH.

2. Table S1. Screening of the ligands

1 Pdj,(dba)3*CHClI3 (5 mol%), ligand (20 mol% ) Me .
. Cs,CO03 (2.0 equiv.) Bpin
Me * BaPiny
O/W MTBE, 100 °C J
1a 2a

MeO PAr,

0
C( - NMe;  ph,p— /_(“Pth O )

:: P,

MeO. l PAr, p PZ ;P Bu

PPh, MeO. O OMe
Ar = 3,5-(1Bu),-4-MeOCH,
(R)}-DTBM-BIPHEP (R.R)-Me-Duphos (RI(S)-PPFA (S,5)-DIOP (R)}BIDIME
81% yield, 3% ee 83% yield, 5% ee  78% yield, 0% ee  50% yield, 20% ee  78% yield, 41% ee

A, T

PAr; OMe
OO oo

Ar = p-MeCgHy4 ’
(R)-XyIBINAP (R)-MOP (R,R)-QuinoxP (S,Rs)-N-Me-PC1

,,,,,,,,, NR__ NR NR 49% yield, 10% ee

Josiphos SL-J425-1 3 O\\S‘\'Bu ! (S,Rs)-X1: Ar=Ph, R = Ad, R’ =H, 16% yield, 16% ee
NR 3Ar 4 ! (SRs)-N-Me-X1: Ar=Ph, R = Ad, R' = Me, 70% yield, 23% ee
! R’ | (RRg)-M1: Ar=R=Ph, R = H, 56% yield, 0% ee
O {BU ; PR, | (RRg)-N-Me-M1: Ar=R = Ph, R’ = Me, 80% yield, -44% ee
S ! ! (S,Rs)-M1: Ar=R =Ph, R’ = H, 36% yield, 20% ee
PhyP NH i ! (S,Rs)-N-Me-M1: Ar =R = Ph, R’ = Me, 81% yield, 60% ee
PPh, (R,Rg)-Xu1: Ar = Ph, R = Cy, R’ = H, trace
(R,Rs)-N-Me-Xu1: Ar = Ph, R = Cy, R' = Me, 49% yield, -64% ee
Wei-Phos (S,Rs)-Xu1: Ar = Ph, R = Cy, R’ = H, trace
20% yield, 51% o6 (S,Rs)-N-Me-Xu1: Ar = Ph, R = Cy, R’ = Me, 72% yield, 67% ee

(S,Rs)-N-Me-Xu3: Ar = 3,5-(Bu),-4-MeOCgHj, R = Cy, R’ = Me, 84% yield, 87% ee

4Reaction conditions: 1a (0.1 mmol), B,Pin, (1.1 equiv.), Pdy(dba)3*CHCI3 (5 mol%), Ligand (20 mol%), Cs,COj3 (2.0 equiv.),
1 mL of solvent under N, atmosphere at 100 °C for 12 h. ®Determined by 'H NMR analysis with CH,Br, as an internal
standard. °The ee value of 2a was determined by HPLC analysis.
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3. Table S2. Screening of the Amount of H,O for Heck/Borylation

Sequence
3 Ar Il
| Pda(dba)s*CHCl5 (2.5 mol%), N-Me-Xu3 (7.5 mol%), Me } NS
©i Cs,CO3 (2.0 equiv.), HyO (x equiv.) %/ “Bpin . @\/\M(e u
+ B,Pi ;
ow Me * =2rine Et,0, 100 °C Cfg } PCY2
| Ar = 3,5-('Bu),4-MeOCgH,
1a 2a ! N-Me-Xu3
Entry H,0 (x) Yield (%)” ee (%)
1 1.0 97 88
2 2.0 98 89
3 3.0 97 90
4 4.0 97 91
5 5.0 95 91
6 6.0 96 90

@Reaction conditions: 1a (0.1 mmol), B,Pin, (1.1 equiv), Pdy(dba);-CHCl; (2.5 mol%), N-Me-Xu3 (10 mol%),
Cs,CO3 (2.0 equiv), 1 mL of Et,O under N, atmosphere at 100 °C for 12h. ?Determined by 'H NMR analysis with

CH,Br; as the internal standard. “Determined by HPLC analysis.

4. Typical procedure for Palladium-Catalyzed Enantioselective

Heck/Borylation Sequence.

To a sealed tube was added Pd,(dba);*CHCIl; (2.5 mol%), N-Me-Xu3 (7.5 mol%), B,Pin, (0.33
mmol) and Cs,CO; (0.6 mmol). The flask was evacuated and refilled with argon. Then o-
iodophenol-derived allyl ether 1 (0.3 mmol), Et,O (3 mL) and H,O (22 pL) was added to the tube,
and stirred at 80 °C. Following complete consumption of the allyl ether 1 (monitored by TLC),
solvent was removed under reduced pressure. The crude product was then purified by flash

column chromatography on silica gel to afford the desired product.
4.1 Synthesis of (R)-4,4,5,5-tetramethyl-2-((3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-1,3,2-

dioxaborolane (2a).
Me
@fg\ Bpin
o}

2a

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCI; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1a (82.2 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
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Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2a as a colorless ropy liquid (81 mg, 98% yield) with
91% ee. '"H NMR (400 MHz, CDCIl;) § 7.14 (dd, J = 7.4, 1.4 Hz, 1H), 7.08 (td, J = 7.7, 1.5 Hz,
1H), 6.84 (td, J= 7.4, 1.0 Hz, 1H), 6.79-6.72 (m, 1H), 4.41 (d, J= 8.6 Hz, 1H), 4.25 (d, /= 8.6 Hz,
1H), 1.37 (s, 3H), 1.30 (d, J = 15.5 Hz, 1H), 1.24 (d, J = 13.7 Hz, 1H), 1.19 (s, 6H), 1.18 (s, 6H).
3C NMR (101 MHz, CDCl;) & 158.95, 137.29, 127.64, 122.54, 120.31, 109.40, 84.04, 83.13,
43.11, 28.04, 24.75, 24.69. MS (EI): m/z (%) = 275 (M+H", 2.75), 133 (100); HRMS calculated
for [C16H24BO3]*: 275.1803 found: 275.1807. Enantiomeric excess was determined by HPLC with
a Chiralpak AD-3 column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer
tr = 9.8 min, major enantiomer tr = 10.3 min. [a]p?® = 20.6 (¢ = 0.4, CHCI;).

4.2 Synthesis of (S)-2-((3-ethyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2b).

~

O

2b

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1b (86.5 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2b as a colorless ropy liquid (60.5 mg, 70% yield)
with 92% ee. '"H NMR (400 MHz, CDCl;) 8 7.07-6.96 (m, 2H), 6.79-6.73 (m, 1H), 6.66 (d, J= 8.0
Hz, 1H), 4.38-4.25 (m, 2H), 1.70-1.53 (m, 2H), 1.24 (d, J = 15.4 Hz, 1H), 1.13 (d, J = 15.4 Hz,
1H), 1.08 (s, 6H), 1.05 (s, 6H), 0.72 (t, J = 7.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) 3 159.70,
135.07, 127.70, 123.33, 120.04, 109.17, 83.08, 81.81, 46.90, 34.09, 24.69, 24.63, 8.89. MS (EI): m/z
(%) = 289 (M+H*, 7.85), 147 (100); HRMS calculated for [C7;H,sBO;]*: 289.1970 found:
289.1964. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes :
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.5 min, major enantiomer tr =
13.0 min. [a]p® =25.4 (¢ = 0.4, CHCI3).

4.3 Synthesis of (5)-4,4,5,5-tetramethyl-2-((3-propyl-2,3-dihydrobenzofuran-3-yl)methyl)-1,3,2-
dioxaborolane (2¢).

L

O

2c

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1¢ (90.6 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2¢ as a colorless ropy liquid (73 mg, 81% yield) with
91% ee. '"H NMR (400 MHz, CDCl3) 8 7.08-6.95 (m, 2H), 6.79-6.71 (m, 1H), 6.69-6.62 (m, 1H),
4.35-4.26 (m, 2H), 1.64-1.45 (m, 2H), 1.35-1.22 (m, 2H), 1.22-1.10 (m, 2H), 1.08 (s, 6H), 1.06 (s,
6H), 0.77 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz, CDCl;) & 159.59, 135.50, 127.67, 123.30,
120.05, 109.19, 83.07, 82.26, 46.60, 44.10, 24.68, 24.63, 17.79, 14.49. MS (EI): m/z (%) = 303
(M+H*, 7.22), 83 (100); HRMS calculated for [C;sH;sBO;]": 303.2126 found: 303.2120.
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Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol
= 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.1 min, major enantiomer tr = 12.7 min.
[a]p?® =27.7 (¢ = 0.4, CHCI;).

4.4 Synthesis of (5)-2-((3-butyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (2d).

(@)

2d

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1d (94.9 mg, 0.3 mmol), B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2d as a colorless ropy liquid (76.6 mg, 81% yield)
with 92% ee. '"H NMR (400 MHz, CDCl;) 8 7.08-6.96 (m, 2H), 6.80-6.72 (m, 1H), 6.69-6.63 (m,
1H), 4.35 -4.27 (m, 2H), 1.67-1.47 (m, 2H), 1.25 (d, J = 15.5 Hz, 2H), 1.20-1.10 (m, 4H), 1.09 (s,
6H), 1.06 (s, 6H), 0.77 (t, J= 7.2 Hz, 3H). 13C NMR (101 MHz, CDCl;) 8 159.60, 135.58, 127.68,
123.33, 120.08, 109.23, 83.10, 82.28, 46.54, 41.38, 26.70, 24.70, 24.67, 23.13, 13.96. MS (EI):
m/z (%) = 317 (M+H*, 4.40), 83 (100); HRMS calculated for [C9H;3yBO5]*: 317.2283 found:
317.2275. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes :
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 8.9 min, major enantiomer tr =
12.3 min. [a]p* =21.8 (¢ = 0.4, CHCI3).

4.5 Synthesis of (S)-2-((3-isopropyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (2e).

—

O

2e

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1e (90.7 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2e as a colorless ropy liquid (77.7 mg, 90% yield)
with 93% ee. 'TH NMR (400 MHz, CDCl;) § 7.06-6.95 (m, 2H), 6.77-6.70 (m, 1H), 6.66-6.60 (m,
1H), 4.42-4.30 (m, 2H), 1.91-1.78 (m, 1H), 1.26 (d, J = 15.2 Hz, 1H), 1.14 (d, J = 15.2 Hz, 1H),
1.02 (s, 6H), 0.97 (s, 6H), 0.78 (d, J = 6.8 Hz, 3H), 0.72 (d, J = 6.8 Hz, 3H). 3C NMR (101 MHz,
CDCl;) 6 160.08, 133.84, 127.73, 124.05, 119.73, 108.96, 82.94, 79.73, 49.96, 37.15, 24.65, 24.43,
17.74, 17.57. MS (EI): m/z (%) = 303 (M+H*, 3.19), 259 (100); HRMS calculated for
[C1sH27BO;]™: 303.2126 found: 303.2119. Enantiomeric excess was determined by HPLC with a
Chiralpak AD-3 column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr
= 9.4 min, major enantiomer tr = 10.1 min. [a]p® = 32.8 (¢ = 0.4, CHCI;).

4.6 Synthesis of (5)-2-((3-(tert-butyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (2f).
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4

(@)

2f

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1f (94.9 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2f as a colorless ropy liquid (80.4 mg, 85% yield)
with 92% ee. '"H NMR (400 MHz, CDCl;)  7.08-7.02 (m, 1H), 7.02-6.95 (m, 1H), 6.75-6.67 (m,
1H), 6.64 -6.58(m, 1H), 4.55-4.45 (m, 2H), 1.39 (d, J = 14.9 Hz, 1H), 1.02 (d, J = 14.7 Hz, 1H),
0.93 (s, 6H), 0.82 (s, 15H). 13C NMR (101 MHz, CDCls) & 160.56, 132.61, 127.78, 125.75, 119.19,
108.83, 82.80, 78.75, 52.43, 37.02, 25.22, 24.64, 24.17. MS (El): m/z (%) = 317 (M+H", 0.97), 83
(100); HRMS calculated for [C{9H30BO;]*: 317.2283 found: 317.2276. Enantiomeric excess was
determined by HPLC with a Chiralpak AD-3 column (hexanes : 2-propanol = 99:1, 0.5 mL/min,
220 nm); minor enantiomer tr = 10.5 min, major enantiomer tr = 8.5 min. [a]p> = 41.5 (c = 0.4,
CHCI,).

4.7 Synthesis of (S)-2-((3-benzyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2g).

Ph__

O

2g

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1g (105.1 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2g as a colorless ropy liquid (81.8 mg, 78% yield)
with 92% ee. '"H NMR (400 MHz, CDCl;)  7.14-7.07 (m, 3H), 7.05-6.95 (m, 1H), 6.88-6.76 (m,
3H), 6.71 (t,J= 7.4 Hz, 1H), 6.62 (d, /= 8.0 Hz, 1H), 4.44 (d, /= 8.8 Hz, 1H), 4.26 (d, /= 8.8 Hz,
1H), 2.86 (s, 2H), 1.26 (d, J = 15.6 Hz, 1H), 1.15 (d, J = 15.6 Hz, 1H), 1.09 (s, 6H), 1.06 (s, 6H).
3C NMR (101 MHz, CDCl;) & 159.58, 137.65, 134.64, 130.50, 127.94, 127.68, 126.24, 124.05,
119.80, 109.32, 83.17, 81.72, 47.51, 46.96, 24.72, 24.64. MS (EI): m/z (%) = 350 (M*, 1.84), 259
(100); HRMS calculated for [Cp,H,7;BOsNa]*: 373.1945 found: 373.1938. Enantiomeric excess
was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min,
220 nm); minor enantiomer tr = 12.1 min, major enantiomer tr = 16.1 min. [a]p?® = 27.5 (¢ = 0.4,
CHCI,).

4.8 Synthesis of (5)-4,4,5,5-tetramethyl-2-((3-(4-methylbenzyl)-2,3-dihydrobenzofuran-3-

ylmethyl)-1,3,2-dioxaborolane (2h).
QL

O

2h
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Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1h (109.2 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2h as a colorless ropy liquid (91.8 mg, 84% yield)
with 94% ee. '"H NMR (400 MHz, CDCl3) 8 7.11-7.03 (m, 1H), 6.99 (d, J = 7.7 Hz, 2H), 6.93-
6.87 (m, 1H), 6.85-6.74 (m, 3H), 6.69 (d, J = 7.9 Hz, 1H), 4.51 (d, J= 8.8 Hz, 1H), 4.33 (d, J =
8.8 Hz, 1H), 2.90 (s, 2H), 2.28 (s, 3H), 1.32 (d, J = 15.7 Hz, 1H), 1.22 (d, J = 15.6 Hz, 1H), 1.15
(s, 6H), 1.13 (s, 6H). 13C NMR (101 MHz, CDCIl;) & 159.60, 135.65, 134.79, 134.54, 130.36,
128.41, 127.87, 124.05, 119.78, 109.28, 83.12, 81.69, 47.49, 46.56, 24.71, 24.62, 20.96. MS (EI):
m/z (%) = 365 (M+H*, 0.33), 259 (100); HRMS calculated for [C,3H30BOs]*: 365.2283 found:
365.2275. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes :
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 13.1 min, major enantiomer tr =
16.7 min. [a]p* = 32.6 (c = 0.4, CHCI3).

4.9  Synthesis of  (5)-2-((3-(4-fluorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (2i).
RGN

(0]

2i

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1i (110.5 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2i as a colorless ropy liquid (101.2 mg, 92% yield)
with 93% ee. '"H NMR (400 MHz, CDCl;) 8 7.11-7.04 (m, 1H), 6.92-6.76 (m, 6H), 6.69 (d, J = 8.0
Hz, 1H), 4.48 (d, J= 8.9 Hz, 1H), 4.33 (d, /= 8.9 Hz, 1H), 2.90 (s, 2H), 1.34 (d, /= 15.6 Hz, 1H),
1.22 (d, J=15.6 Hz, 1H), 1.18 (s, 6H), 1.15 (s, 6H). 3C NMR (101 MHz, CDCl;) 8 161.65 (d, J=
244.3 Hz), 159.60, 134.31, 133.33 (d, /=3.3 Hz), 131.81 (d, J= 7.8 Hz), 128.07, 123.99, 119.86,
114.45 (d, J = 21.0 Hz), 109.40, 83.27, 81.66, 47.51, 46.11, 24.74, 24.67. '°F NMR (376 MHz,
CDCl;) 6 -116.91. MS (EI): m/z (%) = 369 (M+H", 0.28), 259 (100); HRMS calculated for
[C2H,7BFO;]*: 369.2032 found: 369.2015. Enantiomeric excess was determined by HPLC with a
Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr =
11.0 min, major enantiomer tr = 17.6 min. [a]p?® = 27.4 (¢ = 0.4, CHCI;).

4.10  Synthesis of  (5)-2-((3-(4-chlorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (2j).
QL

O
2j

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCI; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1j (115.4 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
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Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2j as a colorless ropy liquid (110.2 mg, 95% yield)
with 93% ee. '"H NMR (400 MHz, CDCl;) 4 7.18-7.11 (m, 2H), 7.10-7.05 (m, 1H), 6.88-6.75 (m,
4H), 6.69 (d, J = 8.0 Hz, 1H), 4.47 (d, J= 8.9 Hz, 1H), 4.33 (d, /= 8.9 Hz, 1H), 2.89 (s, 2H), 1.30
(d, J=9.7 Hz, 1H), 1.24 (d, J = 7.8 Hz, 1H), 1.17 (s, 6H), 1.15 (s, 6H). 3C NMR (101 MHz,
CDCl;) 6 159.55, 136.09, 134.17, 132.18, 131.72, 128.10, 127.77, 123.94, 119.87, 109.43, 83.25,
81.61, 47.44, 46.23, 24.72, 24.63. MS (EI): m/z (%) = 384 (M*, 0.56), 259 (100); HRMS
calculated for [C,,Hy7BCIO5]*: 385.1736 found: 385.1725. Enantiomeric excess was determined
by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor
enantiomer tr = 11.0 min, major enantiomer tr = 17.8 min. [a]p? = 38.7 (¢ = 0.4, CHCl5).

4.11 Synthesis of (5)-4.4,5,5-tetramethyl-2-((3-(4-(trifluoromethyl)benzyl)-2,3-
dihydrobenzofuran-3-yl)methyl)-1,3,2-dioxaborolane (2Kk).

F3C\©\

(@)

2k

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1k (125.5 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2k as a colorless ropy liquid (103.4 mg, 82% yield)
with 93% ee. '"H NMR (400 MHz, CDCl;) 8 7.44 (d, J = 8.0 Hz, 2H), 7.14-7.05 (m, 1H), 6.99 (d, J
= 8.0 Hz, 2H), 6.88-6.77 (m, 2H), 6.71 (d, J = 8.0 Hz, 1H), 4.50 (d, /= 9.0 Hz, 1H), 435 (d, J =
8.9 Hz, 1H), 2.99 (s, 2H), 1.35 (d, J = 15.7 Hz, 1H), 1.27 (d, J = 15.3 Hz, 1H), 1.19 (s, 6H), 1.16
(s, 6H). 3C NMR (101 MHz, CDCl3) & 159.51, 141.76, 133.99, 130.73, 128.53 (d, J = 32.2 Hz),
128.25, 124.55 (q, J = 3.7 Hz), 124.29 (q, J = 272.9 Hz), 123.94, 119.98, 109.55, 83.34, 81.66,
47.48, 46.65, 24.74, 24.65. ''F NMR (376 MHz, CDCl;) 8 -62.25. MS (EI): m/z (%) = 418 (M,
1.40), 259 (100); HRMS calculated for [Cy3H,sBF;05]": 418.1972 found: 418.1930. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5
mL/min, 220 nm); minor enantiomer tr = 9.3 min, major enantiomer tr = 16.0 min. [a]p?® = 24.7 (¢
= 0.4, CHCly).

4.12  Synthesis of  (5)-2-((3-(3-fluorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (21).

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 11 (110.5 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 21 as a colorless ropy liquid (99.5 mg, 90% yield)
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with 92% ee. '"H NMR (400 MHz, CDCl;) 8 7.10-6.95 (m, 2H), 6.83-6.75 (m, 2H), 6.72 (t,J= 7.4
Hz, 1H), 6.60 (t, J = 7.4 Hz, 2H), 6.52 (d, J = 10.1 Hz, 1H), 4.41 (d, /= 8.9 Hz, 1H), 4.24 (d, J =
9.0 Hz, 1H), 2.85 (s, 2H), 1.26 (d, J = 15.7 Hz, 1H), 1.18 (d, J = 16.4 Hz, 1H), 1.09 (s, 6H), 1.07
(s, 6H). 3C NMR (101 MHz, CDCls) 8 162.25 (d, J = 245.0 Hz), 159.54, 140.20 (d, J = 7.3 Hz),
134.26, 128.98 (d, J = 8.4 Hz), 128.13, 126.11 (d, J= 2.9 Hz), 123.88, 119.92, 117.23 (d, J=21.0
Hz), 113.12 (d, J = 20.9 Hz), 109.43, 83.25, 81.65, 47.46, 46.54 (d, J = 2.0 Hz), 24.71, 24.62. °F
NMR (376 MHz, CDCls) 6 -114.10. MS (EI): m/z (%) = 369 (M+H*, 0.32), 259 (100); HRMS
calculated for [C,,H7BFO5]™: 369.2032 found: 369.2022. Enantiomeric excess was determined by
HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor
enantiomer tr = 10.7 min, major enantiomer tr = 15.4 min. [a]p? = 28.9 (¢ = 0.4, CHCI;).

4.13  Synthesis of  (5)-2-((3-(3-chlorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2m).

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1m (115.4 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2m as a colorless ropy liquid (102.9 mg, 89% yield)
with 90% ee. '"H NMR (400 MHz, CDCls) 6 7.07 (d, J = 8.1 Hz, 1H), 7.01 (t, J = 7.7 Hz, 2H),
6.81 (d, /J=9.3 Hz, 2H), 6.73 (t,J= 7.4 Hz, 1H), 6.68 (d, J= 7.5 Hz, 1H), 6.62 (d, /= 8.0 Hz, 1H),
4.40 (d, J=8.9 Hz, 1H), 4.24 (d, J=9.1 Hz, 1H), 2.82 (s, 2H), 1.24 (d, /= 15.4 Hz, 1H), 1.13 (d,
J =16.0 Hz, 1H), 1.10 (s, 6H), 1.07 (s, 6H). *C NMR (101 MHz, CDCl;) & 159.51, 139.70,
134.19, 133.41, 130.50, 128.85, 128.55, 128.17, 126.41, 123.89, 119.91, 109.45, 83.26, 81.65,
47.43, 46.45, 24.74, 24.63. MS (EI): m/z (%) = 385 (M+H", 0.33), 259 (100); HRMS calculated
for [C5oH27BClO;5]™: 385.1736 found: 385.1726. Enantiomeric excess was determined by HPLC
with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor
enantiomer tr = 10.6 min, major enantiomer tr = 15.3 min. [a]p? = 30.0 (¢ = 0.4, CHCI;).

4.14  Synthesis of  (5)-4,4,5,5-tetramethyl-2-((3-(3-nitrobenzyl)-2,3-dihydrobenzofuran-3-

yl)methyl)-1,3,2-dioxaborolane (2n).
O.N : P

0

2n

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1n (118.6 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2n as a white soild (73.6 mg, 62% yield) with 90% ee.
'H NMR (400 MHz, CDCl3) 8 8.02-7.86 (m, 1H), 7.71 (t, J = 2.0 Hz, 1H), 7.23 (t,J= 7.9 Hz, 1H),
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7.09-6.97 (m, 2H), 6.83-6.71 (m, 2H), 6.59 (d, J = 8.0 Hz, 1H), 4.42 (d, J=9.0 Hz, 1H), 4.25 (d, J
= 9.0 Hz, 1H), 3.10-2.77 (m, 2H), 1.29 (d, J = 15.8 Hz, 1H), 1.19 (d, J = 11.3 Hz, 1H), 1.15 (s,
6H), 1.12 (s, 6H). 3C NMR (101 MHz, Chloroform-d) & 159.50, 147.68, 139.67, 136.44, 133.58,
128.50, 128.40, 125.13, 123.70, 121.45, 120.16, 109.64, 83.48, 81.58, 47.52, 46.37, 24.76, 24.68.
MS (El): m/z (%) = 395 (M+H", 1.63), 259 (100); HRMS calculated for [C,,H»7BNOs]*:
395.1904 found: 395.1908. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes : 2-propanol = 95:5, 0.5 mL/min, 220 nm); minor enantiomer tr = 14.9 min,
major enantiomer tr = 19.3 min. [a]p?° = 24.6 (¢ = 0.4, acetone).

4.15 Synthesis of (5)-4,4,5,5-tetramethyl-2-((3-(3-methylbenzyl)-2,3-dihydrobenzofuran-3-

yl)methyl)-1,3,2-dioxaborolane (20).
M e/©\

o

20

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 10 (109.2 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 20 as a colorless ropy liquid (92.3 mg, 85% yield)
with 93% ee. 'H NMR (400 MHz, CDCl;) & 7.11-7.03 (m, 2H), 6.99 (d, J = 7.6 Hz, 1H), 6.93-
6.88 (m, 1H), 6.83-6.77 (m, 1H), 6.76-6.68 (m, 3H), 4.52 (d, J = 8.8 Hz, 1H), 4.33 (d, /= 8.8 Hz,
1H), 2.90 (s, 2H), 2.24 (s, 3H), 1.32 (d, J = 15.7 Hz, 1H), 1.23 (d, /= 15.6 Hz, 1H), 1.16 (s, 6H),
1.13 (s, 6H). 3C NMR (101 MHz, CDCl;) 8 159.61, 137.56, 137.08, 134.82, 131.41, 127.91,
127.57, 127.50, 126.95, 124.07, 119.75, 109.29, 83.14, 81.72, 47.47, 46.92, 24.73, 24.63, 21.29.
MS (EI): m/z (%) = 365 (M+H*, 0.50), 259 (100); HRMS calculated for [C,3H30BO;]": 365.2283
found: 365.2274. Enantiomeric excess was determined by HPLC with a Chiralpak IC column
(hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 11.5 min, major
enantiomer tr = 14.9 min. [o]p?® = 28.8 (¢ = 0.4, CHCl;).

4.16 Synthesis of (S)-2-((3-(3-methoxybenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2p).

MeO:‘

O

2p

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1p (114.1 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2p as a colorless ropy liquid (70.2 mg, 62% yield)
with 93% ee. 'TH NMR (400 MHz, CDCl;) 8 7.07-6.97 (m, 2H), 6.88-6.80 (m, 1H), 6.78-6.69 (m,
1H), 6.68-6.59 (m, 2H), 6.48 (d, /= 7.6 Hz, 1H), 6.35-6.28 (m, 1H), 4.44 (d, J = 8.9 Hz, 1H), 4.25
(d, /= 8.8 Hz, 1H), 3.57 (s, 3H), 2.84 (s, 2H), 1.32-1.25 (m, 1H), 1.18 (s, 1H), 1.09 (s, 6H), 1.07
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(s, 6H). 3C NMR (101 MHz, CDCls) 8 159.63, 158.93, 139.19, 134.69, 128.58, 127.97, 124.06,
122.94, 119.80, 115.71, 112.23, 109.37, 83.19, 81.70, 54.95, 47.52, 46.99, 24.72, 24.67. MS (EI):
m/z (%) = 380 (M*, 1.94), 259 (100); HRMS calculated for [C3H,0BO4]™: 381.2232 found:
381.2221. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes :
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.4 min, major enantiomer tr =
12.1 min. [a]p* =21.4 (¢ = 0.4, CHCI3).

4.17 Synthesis of (5)-2-((3-(3-(tert-butyl)benzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2q).

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1q (121.9 mg, 0.3 mmol), B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2q as a colorless ropy liquid (114.6 mg, 94% yield)
with 92% ee. '"H NMR (400 MHz, CDCl;) 8 7.25-7.11 (m, 2H), 7.10-7.03 (m, 1H), 6.89-6.74 (m,
4H), 6.72-6.66 (m, 1H), 4.52 (d, J= 8.8 Hz, 1H), 4.34 (d, /= 8.8 Hz, 1H), 3.12-2.83 (m, 2H), 1.32
(d, J = 7.2 Hz, 1H), 1.25-1.22 (m, 1H), 1.20 (s, 9H), 1.18 (s, 6H), 1.15 (s, 6H). 3*C NMR (101
MHz, CDCl;) 6 159.60, 150.22, 137.08, 134.62, 127.88, 127.82, 127.60, 127.32, 124.23, 123.08,
119.77, 109.30, 83.16, 81.92, 47.54, 47.12, 34.36, 31.22, 24.72. MS (EI): m/z (%) = 407 (M+H*,
0.33), 259 (100); HRMS calculated for [C,sH34BOs]™: 407.2752 found: 404.2744. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5
mL/min, 220 nm); minor enantiomer tr = 9.3 min, major enantiomer tr = 12.6 min. [a]p?® = 24.6 (¢
= 0.4, CHCly).

4.18 Synthesis of (5)-4,4,5,5-tetramethyl-2-((3-(2-methylbenzyl)-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (2r).

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1r (109.2 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2r as a white soild (77.7 mg, 71% yield) with 94% ee.
'"H NMR (400 MHz, CDCl3) 8 7.12-7.00 (m, 4H), 6.96-6.92 (m, 1H), 6.74-6.69 (m, 2H), 6.65-6.54
(m, 1H), 4.48 (d, J = 8.8 Hz, 1H), 4.39 (d, J= 8.9 Hz, 1H), 3.09 (d, J = 13.5 Hz, 1H), 2.88 (d, J =
13.5 Hz, 1H), 1.81 (s, 3H), 1.47 (d, J = 15.8 Hz, 1H), 1.27 (d, /= 12.7 Hz, 1H), 1.18 (s, 6H), 1.15
(s, 6H). 3C NMR (101 MHz, CDCl3) § 159.57, 137.65, 135.99, 134.64, 131.06, 130.14, 127.91,
126.30, 125.13, 124.00, 119.93, 109.23, 83.23, 82.38, 47.84, 42.35, 24.76, 24.62, 19.47. MS (EI):
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m/z (%) = 365 (M+H", 0.34), 259 (100); HRMS calculated for [C,3H30BOs]*: 365.2283 found:
365.2277. Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes :
2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 10.6 min, major enantiomer tr =
15.8 min. [a]p® = 34.2 (c = 0.4, CHCl3).

4.19 Synthesis of (S)-2-((3-(3,5-difluorobenzyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2s).

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1s (115.9 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2s as a colorless ropy liquid (101.7 mg, 88% yield)
with 92% ee. '"H NMR (400 MHz, CDCl3) 4 7.12 (d, J = 7.9 Hz, 1H), 6.91 (d, J = 7.3 Hz, 1H),
6.83 (t,J= 7.3 Hz, 1H), 6.72 (s, 1H), 6.63 (t, J= 9.0 Hz, 1H), 6.41 (d, J= 6.5 Hz, 2H), 4.47 (d, J
=9.0 Hz, 1H), 4.32 (d, J = 8.9 Hz, 1H), 2.92 (d, J = 1.7 Hz, 2H), 1.36 (d, J = 16.2 Hz, 1H), 1.27
(d, J = 15.9 Hz, 1H), 1.20 (s, 6H), 1.17 (s, 6H). 13C NMR (101 MHz, CDCIl;) 8 162.28 (dd, J =
247.4, 12.9 Hz), 159.48, 141.53 (t, J = 9.1 Hz), 133.88, 128.38, 123.74, 120.11, 113.15 (dd, J =
24.6, 11.9 Hz), 109.58, 101.80 (t, J = 25.3 Hz), 83.38, 81.59, 47.46, 46.47, 24.76, 24.66. '°F NMR
(376 MHz, CDCl;) 6 -111.05. MS (EI): m/z (%) = 386 (M*, 2.08), 259 (100); HRMS calculated
for [CyoH,sBF,05]%: 386.1865 found: 386.1867. Enantiomeric excess was determined by HPLC
with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor
enantiomer tr = 9.6 min, major enantiomer tr = 15.3 min. [a]p? = 21.8 (¢ = 0.4, CHCl5).

4.20 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-(3,4,5-trifluorobenzyl)-2,3-dihydrobenzofuran-3-
yl)methyl)-1,3,2-dioxaborolane (2t).

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1t (121.3 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2t as a colorless ropy liquid (86 mg, 71% yield) with
94% ee. 'H NMR (400 MHz, CDCl;) & 7.12 (t, J = 7.6 Hz, 1H), 6.95-6.79 (m, 2H), 6.70 (d, J =
8.0 Hz, 1H), 6.52-6.40 (m, 2H), 4.44 (d, J = 9.0 Hz, 1H), 4.31 (d, J = 9.0 Hz, 1H), 2.86 (s, 2H),
1.36 (d, J = 15.6 Hz, 1H), 1.25 (s, 1H), 1.21 (s, 6H), 1.18 (s, 6H). *C NMR (101 MHz, CDCl;) &
159.50, 150.34 (ddd, J = 248.8, 9.8, 4.0 Hz), 138.47 (dt, J = 249.8, 15.3 Hz), 133.93 (td, J = 7.3,
4.8 Hz), 133.57, 128.51, 123.63, 120.18, 114.14 (dd, J = 15.5, 5.3 Hz), 109.65, 83.45, 81.42,
47.44, 46.13,24.75, 24.66. '°F NMR (376 MHz, CDCl;) & -135.68 (d, J = 20.6 Hz), -163.79 (t,J =
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20.7 Hz). MS (EI): m/z (%) = 404 (M", 1.58), 259 (100); HRMS calculated for [C,,Hy4BF;03]*:
404.1771 found: 404.1766. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.8 min, major
enantiomer tr = 18.1 min. [a]p?® = 19.2 (¢ = 0.4, CHCI;).

4.21 Synthesis of (5)-4,4,5,5-tetramethyl-2-((3-(naphthalen-1-ylmethyl)-2,3-dihydrobenzofuran-3-

yl)methyl)-1,3,2-dioxaborolane (2u).

(@)

2u
Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1u (120.0 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2u as a white soild (107.8 mg, 90% yield) with 92%
ee. '"H NMR (400 MHz, CDCl;) 6 7.79 (s, 1H), 7.68 (d, J = 7.7 Hz, 1H), 7.58 (d, J = 8.2 Hz, 1H),
7.34-7.25 (m, 1H), 7.25-7.19 (m, 1H), 7.19-7.13 (m, 1H), 7.00-6.92 (m, 1H), 6.88 (d, J = 6.6 Hz,
1H), 6.67 (d, J=7.2 Hz, 1H), 6.59 (t, J = 8.6 Hz, 2H), 4.46 (d, J = 8.9 Hz, 1H), 4.22 (d, J= 8.9 Hz,
1H), 3.52 (d, J = 13.8 Hz, 1H), 3.20 (d, J = 13.7 Hz, 1H), 1.39 (d, J=15.9 Hz, 1H), 1.25 (d, J =
15.8 Hz, 1H), 1.10 (s, 6H), 1.07 (s, 6H). *C NMR (101 MHz, CDCl;) & 159.44, 135.01, 134.07,
133.65, 133.29, 128.66, 128.46, 127.92, 127.03, 125.27, 124.99, 124.83, 124.34, 123.96, 119.96,
109.34, 83.26, 81.60, 48.28, 41.82, 24.83, 24.60. MS (EI): m/z (%) =401 (M+H"*, 0.21), 259 (100);
HRMS calculated for [C,¢H30BOs]™: 401.2283 found: 401.2273. Enantiomeric excess was
determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220
nm); minor enantiomer tr = 14.4 min, major enantiomer tr = 24.9 min. [o]p> = -34.7 (¢ = 0.4,
CHCI,).
4.22 Synthesis of (S)-2-((3-(dibenzo[b,d]thiophen-4-ylmethyl)-2,3-dihydrobenzofuran-3-yl)methyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2v).

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1v (136.9 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2v as a colorless ropy liquid (112.2 mg, 82% yield)
with 90% ee. '"H NMR (400 MHz, CDCI;) & 8.12-8.01 (m, 1H), 7.95 (s, 1H), 7.83-7.70 (m, 1H),
7.47-7.32 (m, 2H), 7.23 (t, J = 7.8 Hz, 1H), 7.08 (t, J = 7.7 Hz, 1H), 6.97 (d, J = 7.3 Hz, 1H),
6.86-6.73 (m, 2H), 6.70 (d, J = 8.0 Hz, 1H), 4.65 (d, J = 9.0 Hz, 1H), 4.38 (d, J = 9.0 Hz, 1H),
3.32-3.17 (m, 2H), 1.54-1.38 (m, 2H), 1.17 (s, 6H), 1.13 (s, 6H). 3C NMR (101 MHz, CDCl3) §
159.68, 141.40, 138.99, 136.07, 135.51, 134.56, 132.57, 128.38, 128.16, 126.46, 124.19, 123.83,
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122.50, 121.55, 120.10, 119.74, 109.49, 83.27, 81.62, 48.39, 46.10, 24.81, 24.60. MS (EI): m/z (%)
=456 (M*, 1.11), 259 (100); HRMS calculated for [C,3H30BO3S]*: 457.2003 found: 457.1996.
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol
=99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 20.6 min, major enantiomer tr = 30.2 min.
[a]p?® =-46.1 (c = 0.4, CHCI3).

4.23 Synthesis of (S)-trimethyl((3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2,3-
dihydrobenzofuran-3-yl)methyl)silane (2w).

/TMS

O

2w

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1w (103.8 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2w as a colorless ropy liquid (93.3 mg, 90% yield)
with 92% ee. 'TH NMR (400 MHz, CDCl;) 8 7.30-7.15 (m, 2H), 7.00-6.81 (m, 2H), 4.54 (d, J= 8.7
Hz, 1H), 4.45 (d, /= 8.7 Hz, 1H), 1.52 (d, J = 15.2 Hz, 1H), 1.45-1.36 (m, 2H), 1.28 (s, 6H), 1.25
(s, 6H), 1.19 (d, J = 14.7 Hz, 1H), 0.00 (s, 9H). 3C NMR (101 MHz, CDCls) & 158.97, 137.32,
127.62, 123.23, 120.16, 109.35, 83.71, 83.04, 45.56, 32.05, 24.70. MS (EI): m/z (%) = 346 (M*,
5.71), 259 (100); HRMS calculated for [C{9H3;BO;Si]": 346.2136 found: 346.2139. Enantiomeric
excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5
mL/min, 220 nm); minor enantiomer tr = 9.0 min, major enantiomer tr = 11.8 min. [a]p® = 6.1 (¢
= 0.4, CHCl;).

4.24  Synthesis  of  (S)-2-((3-(4-chlorobutyl)-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2x).

Cl

(4

(@)

2x

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1x (105.2 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2x as a colorless ropy liquid (87.9 mg, 84% yield)
with 97% ee. '"H NMR (400 MHz, CDCl;3) & 7.10 (dd, J = 12.2, 7.5 Hz, 2H), 6.84 (t, J = 7.4 Hz,
1H), 6.74 (d, J = 7.9 Hz, 1H), 4.38 (s, 2H), 3.46 (t, J = 6.8 Hz, 2H), 1.77-1.56 (m, 4H), 1.47 (q, J
=14.8, 13.5 Hz, 1H), 1.38-1.20 (m, 3H), 1.16 (s, 6H), 1.14 (s, 6H). '*C NMR (101 MHz, CDCl;) §
159.53, 135.06, 127.86, 123.21, 120.17, 109.33, 83.14, 82.09, 46.42, 44.63, 40.70, 32.93, 24.68,
24.64, 21.91. MS (EI): m/z (%) = 350 (M*, 16.07), 259 (100); HRMS calculated for
[C19HsBClO3]*: 350.1820 found: 350.1816. Enantiomeric excess was determined by HPLC with
a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr =
11.6 min, major enantiomer tr = 19.0 min. [a]p?® = 20.9 (¢ = 0.4, CHCI;).

4.25  Synthesis  of  (5)-2-(4-(3-((4.,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2,3-
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dihydrobenzofuran-3-yl)butyl)isoindoline-1,3-dione (2y).

958

0]

2y

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1y (138.3 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2y as a colorless ropy liquid (101.6 mg, 74% yield)
with 90% ee. '"H NMR (400 MHz, CDCl;) 8 7.88-7.77 (m, 2H), 7.73-7.65 (m, 2H), 7.15-7.00 (m,
2H), 6.82 (t, J= 7.3 Hz, 1H), 6.72 (d, J = 7.9 Hz, 1H), 4.38 (s, 2H), 3.60 (t, /= 7.5 Hz, 2H), 1.82-
1.53 (m, 4H), 1.44-1.18 (m, 4H), 1.15 (s, 6H), 1.13 (s, 6H). 3C NMR (101 MHz, CDCI;) 8 168.19,
159.47, 134.96, 133.73, 132.02, 127.74, 123.20, 123.03, 120.09, 109.19, 83.06, 81.97, 46.37,
40.95, 37.65, 28.85, 24.63, 24.57, 21.75. MS (ED): m/z (%) = 461 (M+H*, 13.22), 259 (100);
HRMS calculated for [C,;H3,BNOs]*: 461.2374 found: 461.2376. Enantiomeric excess was
determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220
nm); minor enantiomer tr = 18.0 min, major enantiomer tr = 21.8 min. [a]p?® = 24.4 (¢ = 0.4,
CHCI,).

4.26 Synthesis of (R)-3-methyl-1-((3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-2,3-
dihydrobenzofuran-3-yl)methyl)-1H-indole (2z).

N

(@)

2z

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1z (121.0 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 2z as a colorless ropy liquid (66.0 mg, 55% yield)
with 92% ee. 'TH NMR (400 MHz, CDCls) § 7.53-7.45 (m, 1H), 7.17-7.01 (m, 4H), 6.99-6.92 (m,
1H), 6.88-6.71 (m, 2H), 6.53 (s, 1H), 4.53 (d, J = 9.2 Hz, 1H), 4.27 (ddd, J = 29.2, 16.0, 9.6 Hz,
3H), 2.27-2.23 (m, 3H), 1.44 (d, J=16.0 Hz, 1H), 1.35 (d, J=15.9 Hz, 1H), 1.19 (s, 6H), 1.15 (s,
6H). 3C NMR (101 MHz, CDCl;) & 159.76, 137.71, 133.05, 128.68, 128.24, 126.62, 124.03,
121.34, 120.42, 118.71, 118.49, 110.47, 109.70, 109.39, 83.51, 80.20, 53.92, 49.24, 24.85, 24.59,
9.51. MS (ED: m/z (%) = 404 (M+H", 6.92), 145 (100); HRMS calculated for [C,5H3;;BNO;]*:
404.2392 found: 404.2382. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 13.5 min,
major enantiomer tr = 19.5 min. [a]p? =-14.2 (¢ = 0.4, CHCly).

4.27 Synthesis of (S)-4,4,5,5-tetramethyl-2-((3-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)-1,3,2-

dioxaborolane (2aa).
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Ph
O

2aa

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 1aa (100.9 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol), H,O (22 pL, 1.2 mmol) and EA (3 mL), after a flash column
chromatography (hexanes: EA = 100:1) afforded the product 1aa as a colorless ropy liquid (51.8
mg, 52% yield) with 82% ee. 'H NMR (400 MHz, CDCl;) § 7.32-7.22 (m, 4H), 7.19-7.09 (m, 3H),
6.92-6.77 (m, 2H), 4.77-4.68 (m, 2H), 1.84 (d, J = 15.4 Hz, 1H), 1.61 (d, J = 15.4 Hz, 1H), 1.05 (s,
12H). BC NMR (101 MHz, CDCl3) 8 159.60, 147.65, 135.70, 128.21, 128.13, 126.17, 126.07, 124.71,
120.60, 109.69, 85.44, 83.20, 50.94, 24.60, 24.48. ESI-MS calculated for C,;H,;BNaO;: m/z (%):
359.1789 (M+Na"), found: 359.1791. Enantiomeric excess was determined by HPLC with a
Chiralpak OJH column (hexanes : 2-propanol = 90:10, 0.5 mL/min, 220 nm); minor enantiomer tr
= 16.5 min, major enantiomer tr = 22.0 min. [a]p* =-3.1 (¢ = 0.3, CHCI3).

4.28  Synthesis of  (R)-2-((5-fluoro-3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (4a).
Me
(0]

4a

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3a (87.6 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 4a as a colorless ropy liquid (80.2 mg, 92% yield)
with 90% ee. 'H NMR (400 MHz, CDCls) 8 6.86 (dd, J = 8.2, 2.7 Hz, 1H), 6.75 (td, J = 8.8, 2.8
Hz, 1H), 6.64 (dd, J = 8.6, 4.1 Hz, 1H), 4.41 (d, J = 8.6 Hz, 1H), 4.25 (d, J = 8.6 Hz, 1H), 1.36 (s,
3H), 1.33-1.25 (m, 2H), 1.21 (s, 6H), 1.20 (s, 6H). 3C NMR (101 MHz, CDCl;) § 157.55 (d, J =
236.6 Hz), 154.84 (d, J= 1.5 Hz), 138.78 (d, J = 7.8 Hz), 113.67 (d, J = 24.2 Hz), 109.89 (d, J =
24.6 Hz), 109.49 (d, J = 8.4 Hz), 84.72, 83.25, 43.58, 27.61, 24.74, 24.70. °F NMR (282 MHz,
CDCl;) 6 -124.34. MS (EI): m/z (%) = 292 (M*, 20.62), 151 (100); HRMS calculated for
[C16H22BFO3]*: 292.1646 found: 292.1642. Enantiomeric excess was determined by HPLC with a
Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr =
8.9 min, major enantiomer tr = 9.7 min. [a]p?® = 14.3 (¢ = 0.4, acetone).

4.29  Synthesis of  (R)-2-((5-chloro-3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (4b).
Me
CI\©f§ Bpin
(6]

4b

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3b (92.6 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 4b as a colorless ropy liquid (79.7 mg, 86% yield)
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with 90% ee. 'TH NMR (400 MHz, CDCl;) 8 7.04 (d, J = 2.3 Hz, 1H), 6.97-6.91 (m, 1H), 6.58 (d, J
=8.4 Hz, 1H), 4.33 (d, /J=8.7 Hz, 1H), 4.18 (d, J= 8.6 Hz, 1H), 1.29 (s, 3H), 1.20 (d, /= 15.5 Hz,
2H), 1.13 (s, 6H), 1.12 (s, 6H). '3C NMR (101 MHz, CDCls) & 157.70, 139.20, 127.49, 124.92,
123.08, 110.41, 84.77, 83.27, 43.43, 27.70, 24.77, 24.69. MS (EI): m/z (%) = 309 (M+H", 6.67),
167 (100); HRMS calculated for [C,cH,3:BClO;]*: 309.1423 found: 309.1427. Enantiomeric
excess was determined by HPLC with a Chiralpak AD-3 column (hexanes : 2-propanol = 99:1, 0.5
mL/min, 220 nm); minor enantiomer tr = 10.3 min, major enantiomer tr = 11.1 min. [a]p® = 34.2
(¢ =0.4, CHCL).

4.30 Synthesis of (R)-2-((3,5-dimethyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-tetramethyl-

1,3,2-dioxaborolane (4c¢).
Me
Me\@f{ Bpin
(0]

4c

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3¢ (86.5 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 4¢ as a colorless ropy liquid (77.3 mg, 89% yield)
with 90% ee. 'TH NMR (400 MHz, CDCl;) 8 6.87 (d, /= 1.9 Hz, 1H), 6.82-6.76 (m, 1H), 6.56 (d, J
=8.1 Hz, 1H), 4.31 (d, /= 8.6 Hz, 1H), 4.14 (d, J= 8.6 Hz, 1H), 2.19 (s, 3H), 1.28 (s, 3H), 1.21 (d,
J = 15.5 Hz, 2H), 1.12 (s, 6H), 1.11 (s, 6H). 3C NMR (101 MHz, CDCls) 8 156.86, 137.27,
129.44, 127.99, 123.14, 108.93, 84.21, 83.10, 43.14, 27.83, 24.76, 24.67, 20.82. MS (EI): m/z (%)
=289 (M+H", 3.42), 147 (100); HRMS calculated for [C17H,sBO5]*": 289.1970 found: 289.1965.
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol
=99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 11.2 min, major enantiomer tr = 15.5 min.
[a]p? =32.8 (¢ = 0.4, CHCl;).

431 Synthesis of (R)-4,4,5,5-tetramethyl-2-((3-methyl-5-phenyl-2,3-dihydrobenzofuran-3-

ylmethyl)-1,3,2-dioxaborolane (4d).
Me
Ph\©f§\ Bpin
o

4d

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3d (105.1 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 4d as a white soild (97.7 mg, 93% yield) with 95% ee.
'H NMR (400 MHz, CDCl3) & 7.48-7.41 (m, 2H), 7.35-7.27 (m, 3H), 7.26-7.21 (m, 1H), 7.18 (t, J
=17.4 Hz, 1H), 6.73 (d, /= 8.3 Hz, 1H), 4.39 (d, /= 8.6 Hz, 1H), 4.22 (d, /= 8.6 Hz, 1H), 1.33 (s,
3H), 1.26 (d, J = 15.5 Hz, 1H), 1.18 (d, J = 15.2 Hz, 1H), 1.09 (s, 6H), 1.08 (s, 6H). 3C NMR
(101 MHz, CDCl;) 6 158.80, 141.56, 137.88, 133.88, 128.57, 126.77, 126.70, 126.31, 121.64,
109.54, 84.61, 83.16, 43.19, 28.22, 24.73. MS (EI): m/z (%) = 350 (M*, 58.53), 209 (100); HRMS
calculated for [C,H,7,BOsNa]*: 373.1945 found: 373.1938. Enantiomeric excess was determined
by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor
enantiomer tr = 11.2 min, major enantiomer tr = 12.9 min. [a]p? = -65.5 (¢ = 0.4, CHCI;).
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4.32 Synthesis of (R)-4,4,5,5-tetramethyl-2-((3-methyl-5-(2-phenylpropan-2-yl)-2,3-
dihydrobenzofuran-3-yl)methyl)-1,3,2-dioxaborolane (4e).

Me
- Bpin
Ph
(0]

4e

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3e (117.6 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 4e as a colorless ropy liquid (113.1 mg, 96% yield)
with 92% ee. 'TH NMR (400 MHz, CDCl;) 8 7.19-7.11 (m, 4H), 7.10-7.01 (m, 1H), 6.97 (d, J= 2.1
Hz, 1H), 6.88-6.80 (m, 1H), 6.55 (d, /= 8.3 Hz, 1H), 4.31 (d, J= 8.6 Hz, 1H), 4.15 (d, /= 8.5 Hz,
1H), 1.57 (s, 6H), 1.25 (s, 3H), 1.15 (t, J= 16.1 Hz, 2H), 1.09 (s, 6H), 1.08 (s, 6H). 3C NMR (101
MHz, CDCl;) 6 156.90, 151.19, 142.80, 136.75, 127.81, 126.66, 126.27, 125.36, 120.94, 108.48,
84.47, 83.06, 43.22, 42.57, 31.14, 27.95, 24.76, 24.70. MS (EI): m/z (%) = 392 (M*, 58.25), 377
(100); HRMS calculated for [C,sH33BO5]*: 392.2523 found: 392.2518. Enantiomeric excess was
determined by HPLC with a Chiralpak AD-H column (hexanes : 2-propanol = 99:1, 0.5 mL/min,
220 nm); minor enantiomer tr = 10.9 min, major enantiomer tr = 9.5 min. [a]p?® = 23.5 (¢ = 0.4,
acetone).

4.33 Synthesis of (R)-2-((5-(tert-butyl)-3-methyl-2,3-dihydrobenzofuran-3-yl)methyl)-4,4,5,5-

tetramethyl-1,3,2-dioxaborolane (4f).
Me
Bu o

4f

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3f (99.1 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 4f as a colorless ropy liquid (90.2 mg, 91% yield)
with 90% ee. "H NMR (400 MHz, CDCl;) 8 7.12 (d, J= 2.1 Hz, 1H), 7.06-7.00 (m, 1H), 6.60 (d, J
=8.3 Hz, 1H), 4.32 (d, /= 8.5 Hz, 1H), 4.16 (d, J = 8.5 Hz, 1H), 1.29 (s, 3H), 1.26 (d, /=2.8 Hz,
1H), 1.21 (s, 9H), 1.16 (s, 1H), 1.12 (s, 6H), 1.10 (s, 6H). *C NMR (101 MHz, CDCl;) § 156.79,
143.25, 136.72, 124.40, 119.55, 108.49, 84.48, 83.08, 43.27, 34.33, 31.75, 28.07, 24.78, 24.72.
MS (EI): m/z (%) = 331 (M+H*, 9.23), 315 (100); HRMS calculated for [C,0H3,BO;]": 331.2439
found: 331.2431. Enantiomeric excess was determined by HPLC with a Chiralpak IC column
(hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 8.8 min, major
enantiomer tr = 9.2 min. [a]p? = 31.8 (¢ = 0.4, CHCl,).

4.34  Synthesis of (R)-4,4,5,5-tetramethyl-2-((3-methyl-2,3-dihydronaphtho[2,3-b]furan-3-

yl)methyl)-1,3,2-dioxaborolane (4g).
Me
E Bpin
Qs

4g
Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCI; (2.5 mol%),
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N-Me-Xu3 (7.5 mol%) from allyl ether 3g (97.3 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 100:1) afforded the product 4g as a white soild (76.1 mg, 78% yield) with 93% ee.
'H NMR (400 MHz, CDCl;) & 7.66-7.54 (m, 2H), 7.48 (s, 1H), 7.26 (d, J = 6.9 Hz, 1H), 7.20-7.14
(m, 1H), 6.98 (s, 1H), 4.40 (d, J = 8.5 Hz, 1H), 4.24 (d, J = 8.5 Hz, 1H), 1.37 (d, ] = 1.4 Hz, 3H),
1.35-1.19 (m, 2H), 1.10 (s, 6H), 1.08 (s, 6H). *C NMR (101 MHz, CDCls) & 158.14, 140.29,
134.34, 129.63, 127.68, 126.66, 125.46, 122.94, 121.27, 103.71, 84.35, 83.23, 42.77, 27.98, 24.78,
24.69. MS (EI): m/z (%) = 325 (M+H*, 11.31), 183 (100); HRMS calculated for [C,0H,cBO3]*:
325.1970 found: 325.1963. Enantiomeric excess was determined by HPLC with a Chiralpak IC
column (hexanes : 2-propanol = 99:1, 0.5 mL/min, 220 nm); minor enantiomer tr = 12.0 min,
major enantiomer tr = 14.5 min. [a]p® = 46.8 (¢ = 0.4, CHCI;).

4.35 Synthesis of (R)-1-methyl-6-(phenylsulfonyl)-1-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)-1,6-dihydro-2 H-furo[3,2-e]indole (4h).

Q //\ Me .
Ph’S\\/N - BPin
0
(0]

4h

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3h (136 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 6:1) afforded the product 4h as a white soild (98.3 mg, 73% yield) with 80% ee.
'H NMR (400 MHz, CDCl;) & 7.86 (d, J = 7.5 Hz, 2H), 7.73 (d, J = 8.7 Hz, 1H), 7.56-7.47 (m, 2H),
7.41 (t, J = 1.5 Hz, 2H), 6.76 (d, J = 8.8 Hz, 1H), 6.66 (d, J = 2.7 Hz, 1H), 4.49 (d, J = 8.6 Hz, 1H),
4.27 (d, J = 8.6 Hz, 1H), 1.45 (s, 3H), 1.39 (d, J = 12.8 Hz, 1H), 1.32 (d, J = 15.6 Hz, 1H), 1.05 (s,
12H). 3C NMR (101 MHz, CDCls) § 155.43, 138.29, 133.58, 130.46, 129.13, 127.30, 127.13, 126.78,
126.57, 112.60, 107.37, 106.17, 83.88, 83.11, 44.21, 27.64, 24.59. ESI-MS calculated for
Cy4HsBNNaOsS: m/z (%): 476.1673 (M+Na"), found: 476.1680. Enantiomeric excess was
determined by HPLC with a Chiralpak ADH column (hexanes : 2-propanol = 80:20, 0.5 mL/min,
250 nm); major enantiomer tr = 16.7 min, minor enantiomer tr = 20.1 min. [a]p?° = 34.1 (¢ = 0.3,
CHCI,).

4.36 Synthesis of (S)-4,4,5,5-tetramethyl-2-((4-methylchroman-4-yl)methyl)-1,3,2-dioxaborolane

(4i).
d%ngin
O

4i
Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3i (86.4 mg, 0.3 mmol) , B,Pin, (83.8 mg, 0.33 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 20:1) afforded the product 4i as a colorless oil (63.2 mg, 73% yield) with 85% ee.
'"H NMR (400 MHz, CDCl3) 6 7.29 (dd, J=7.8, 1.6 Hz, 1 H), 7.03 (ddd, /= 8.2, 7.3, 1.6 Hz, 1 H),
6.85 (td, J=7.7, 1.3 Hz, 1 H), 6.75 (dd, J = 8.1, 1.2 Hz, 1 H), 4.20 (dddd, J = 20.1, 13.9, 7.6, 3.2
Hz, 2 H), 2.25 (ddd, J = 13.6, 9.0, 3.6 Hz, 1 H), 1.80 (ddd, J = 13.9, 6.1, 2.9 Hz, 1 H), 1.40 (s, 3
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H), 1.30 (s, 2 H), 1.16 (s, 6H), 1.12 (s, 6H). 3C NMR (101 MHz, CDCl;) & 153.52, 132.53,
127.19, 126.79, 120.18, 116.63, 82.88, 63.05, 36.37, 32.06, 31.58, 24.72, 24.59. MS (EI): m/z (%)
=288 (M+H*, 18.61), 147 (100); HRMS calculated for [C{7;H,cBO;]*: 288.1897 found: 288.1902.
Enantiomeric excess was determined by HPLC with a Chiralpak AD-3 column (hexanes : 2-
propanol = 99.5:0.5, 0.3 mL/min, 254 nm); minor enantiomer tr = 18.2 min, major enantiomer tr =
19.4 min. [a]p?° = 14.8 (¢ = 0.4, acetone).

4.37 Synthesis of (S)-4,4,5,5-tetramethyl-2-((1-methyl-2,3-dihydro-1H-inden-1-yl)methyl)-1,3,2-

dioxaborolane (4j).
Me
: -.§ "Bpin

4

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3j (81.6 mg, 0.3 mmol) , B,Pin; (83.8 mg, 0.33 mmol),
Cs,CO;3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 20:1) afforded the product 4j as a colorless oil (62.1 mg, 77% yield) with 89% ee.
'H NMR (400 MHz, CDCls) 8 7.30-7.02 (m, 4 H), 2.88 (td, /= 7.2, 3.2 Hz, 2 H), 2.21-2.06 (m, 1
H), 1.94 (ddd, J=12.5, 7.6, 6.2 Hz, 1 H), 1.31 (s, 3 H), 1.26 (d, J = 14.9 Hz, 1 H), 1.19 (s, 6H),
1.18 (s, 6H), 1.11 (d, J = 14.9 Hz, 1 H). 3C NMR (101 MHz, CDCl;) & 153.36, 142.44, 126.12,
125.96, 124.26, 122.29, 82.80, 45.32, 40.76, 30.08, 28.68, 24.81, 24.74. MS (EI): m/z (%) = 272
(M+H*, 4.49), 131 (100); HRMS calculated for [C;;HpBO,]": 272.1948 found: 272.1950.
Enantiomeric excess was determined by HPLC with a Chiralpak AD-3 column (hexanes : 2-
propanol = 99.5:0.5, 0.3 mL/min, 254 nm); minor enantiomer tr = 12.3 min, major enantiomer tr =
13.9 min. [a]p?° = 23.0 (¢ = 0.4, acetone).

4.38 Synthesis of (R)-1-(3-methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)indolin-

1-yl)ethan-1-one (4k).
Me
@E< BPin
N

\

Ac
4k

Prepared according to typical procedure at 80 °C for 12 h by using Pd,(dba);*CHCl; (2.5 mol%),
N-Me-Xu3 (7.5 mol%) from allyl ether 3k (94.5 mg, 0.3 mmol) , B,Pin; (99 mg, 0.39 mmol),
Cs,CO3 (195.5 mg, 0.6 mmol) and H,O (22 pL, 1.2 mmol), after a flash column chromatography
(hexanes: EA = 5:1) afforded the product 4k as a yellow solid (87.1 mg, 92% yield) with 53% ee.
'"H NMR (400 MHz, CDCl;) 6 8.15 (d, J = 7.9 Hz, 1H), 7.21-7.11 (m, 2H), 7.02 (t, J = 7.0 Hz, 1H),
4.06 (d, J=10.2 Hz, 1H), 3.76 (d, J = 10.2 Hz, 1H), 2.22 (s, 3H), 1.39 (s, 3H), 1.26 (s, 1H), 1.24 (s,
1H), 1.11 (s, 12H). 3C NMR (101 MHz, CDCl;) & 168.59, 141.52, 140.85, 127.47, 123.63, 122.04,
116.82, 83.14, 62.86, 41.48, 29.78, 24.70, 24.60, 24.18. ESI-MS calculated for CsH,sBNNaO;: m/z
(%): 338.1898 (M+Na*), found: 338.1905. Enantiomeric excess was determined by HPLC with a
Chiralpak ADH column (hexanes : 2-propanol = 96:4, 0.5 mL/min, 220 nm); major enantiomer tr
= 29.9 min, minor enantiomer tr = 33.6 min. [a]p?° =-1.1 (¢ = 0.3, CHCI;).
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5. Synthetic Transformations

5.1 Synthesis of (5)-(3-methyl-5-phenyl-2,3-dihydrobenzofuran-3-yl)methanol (5).

Ph\©f§\OH
o

5

The synthesis was conducted according to a modified literature procedure.” An aqueous hydrogen
peroxide solution (0.4 mL, 30% w/w) was added dropwise to a solution of 4d (105 mg, 0.3 mmol)
in THF and aqueous sodium phosphate monobasic (1.5 mL, 0.75 mmol, 0.5 M) at 0 °C. The
mixture was stirred at 0 °C for 30 min and at room temperature for 1.5 h. Upon the completion of
the reaction as determined by TLC, the mixture was cooled to 0 °C and quenched with water. The
aqueous layer was extracted with EtOAc (3 x 5 mL). The combined organic layers were dried over
magnesium sulfate, filtered and concentrated. The crude product was purified by column
chromatography on silica gel (hexanes: EA = 5:1) to provide 5 as a colorless oil (45.4 mg, 99%)
with 94% ee. '"H NMR (400 MHz, CDCl3) 8 7.43 (d, J = 7.2 Hz, 2H), 7.36-7.26 (m, 3H), 7.25-
7.16 (m, 2H), 6.77 (d, J = 8.3 Hz, 1H), 4.51 (d, J = 8.9 Hz, 1H), 4.12 (d, J = 8.8 Hz, 1H), 3.58 (d,
J=10.8 Hz, 1H), 3.49 (d, J = 10.9 Hz, 1H), 1.30 (s, 3H). 3C NMR (101 MHz, CDCl3) & 159.86,
141.08, 134.18, 132.53, 128.68, 127.81, 126.73, 126.59, 121.88, 109.93, 80.51, 68.91, 47.62,
21.82. ESI-MS calculated for Ci;¢HcNaO;: m/z (%): 263.1042 (M+Na*), found: 263.1043.
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol
= 95:5, 0.5 mL/min, 220 nm); minor enantiomer tr = 16.3 min, major enantiomer tr = 17.8 min.
[a]p2’ = 29.2 (c = 0.4, acetone).

5.2 Synthesis of (R)-trifluoro((3-methyl-5-phenyl-2,3-dihydrobenzofuran-3-yl)methyl)-A%-borane,

potassium salt (6).
Me
(0]

6

The synthesis was conducted according to a modified literature procedure.['%] The boronic ester 4d
(140 mg, 0.4 mmol) was dissolved in acetonitrile (2.5 mL) and saturated aqueous KHF, (4.5 M,
0.45 mL, 5.1 equiv) was added. The reaction mixture was stirred at room temperature for 3 h,
concentrated, azeotroped with methanol, and placed on the vacuum for 3 h. The crude product was
dissolved in hot acetone, filtered, and Then the solvent was removed under vacuum and the crude
product was recrystallized from acetone to give the desired product 6 as a white solid (130.4 mg,
98%). 'H NMR (400 MHz, Acetone-d6) & 7.61-7.51 (m, 2H), 7.41-7.35 (m, 3H), 7.31-7.19 (m,
2H), 6.71 (d, J = 8.2 Hz, 1H), 4.48 (d, /= 8.6 Hz, 1H), 4.23 (d, J = 8.6 Hz, 1H), 1.33 (s, 3H), 0.89
(dq, J=13.8, 6.8 Hz, 1H), 0.63 (dq, J = 13.7, 6.8 Hz, 1H). 3C NMR (101 MHz, Acetone-d6) &
159.87, 143.44, 142.75, 133.96, 129.47, 127.26, 126.91, 126.26, 122.11, 109.74, 109.65, 86.01,
4491 (d, J= 1.9 Hz), 28.30. °F NMR (376 MHz, Acetone-d6) & -135.50. ESI-MS calculated for
Ci6HsBF;KNaO: m/z (%):353.0700 (M+Na"), found: 353.0691. [a]p2° = 33.2 (¢ = 0.4, acetone).
5.3 Synthesis of (R)-3-allyl-3-methyl-5-phenyl-2,3-dihydrobenzofuran (7).
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Ph

The synthesis was conducted according to a modified literature procedure.l''!] The boronic ester 4d
(140 mg, 0.4 mmol) was dissolved in THF (2.0 mL) under argon. The mixture was cooled to -78
°C, vinyl magnesium bromide (1.0 M in THF, 1.2 mL, 1.2 mmol) was added dropwise and the
solution was stirred at room temperature for 2 h. Then a solution of I, (152 mg, 1.2 mmol) in
MeOH (3.0 mL) was added dropwise at -78 °C. After 2 h, a solution of MeONa (108 mg, 2.0
mmol) in MeOH (3.0 mL) was dropwised at room temperature for 2 h. The reaction was quenched
by the addition of saturated aqueous Na,S,0; (10 mL). The organic layer was separated and the
aqueous phase extracted with EtOAc (3 x 5 mL). The combined organic layers were washed with
brine (10 mL), dried over magnesium sulfate and concentrated. The crude product was purified by
column chromatography on silica gel (hexanes: EA = 50:1) to give 7 as a colorless oil (50 mg,
99%) with 92% ee.'H NMR (400 MHz, CDCl;) 8 7.46 (d, J = 7.4 Hz, 2H), 7.36-7.26 (m, 3H),
7.24-7.18 (m, 2H), 6.77 (d, J = 8.2 Hz, 1H), 5.75-5.54 (m, 1H), 5.03 (s, 1H), 4.99 (d, /= 6.7 Hz,
1H), 4.36 (d, J = 8.6 Hz, 1H), 4.10 (d, J = 8.6 Hz, 1H), 2.33 (d, /= 7.3 Hz, 2H), 1.31 (s, 3H). 13C
NMR (101 MHz, CDCl;) & 159.25, 141.43, 135.53, 134.08, 133.89, 128.66, 127.23, 126.81,
126.50, 121.74, 118.45, 109.75, 82.32, 45.18, 45.10, 25.17. MS (ESI): m/z (%) = 250 (M+H",
17.78); HRMS calculated for [CyyH,5BO;]*: 250.1358 found: 250.1356. Enantiomeric excess was
determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol = 95:5, 0.5 mL/min, 220
nm); minor enantiomer tr = 11.5 min, major enantiomer tr = 10.6 min. [a]p?® = 85.0 (¢ = 0.2,
acetone).

5.4 Synthesis of (R)-3-(furan-2-ylmethyl)-3-methyl-5-phenyl-2,3-dihydrobenzofuran (8).

Me o)
(@)
8

The synthesis was conducted according to a modified literature procedure.[''] n-BuLi (2.4 M in
hexanes, 0.1 mL, 0.24 mmol) was added dropwise at -78 °C to a solution of furan (16.3 mg, 0.24
mmol) in THF (1.0 mL). The cooling bath was removed and the mixture was stirred at room
temperature for 1 h. The mixture was cooled to -78 °C and boronic ester 4d (70 mg, 0.2 mmol)
was added dropwise as a solution in THF (1.0 mL). The mixture was stirred for 1 h at -78 °C and a
solution of N-bromosuccinimide (42.7 mg, 0.24 mmol) in THF (1.0 mL) was added dropwise.
After 1 h at -78 °C, a saturated aqueous solution of Na,S,0; was added and the reaction mixture
was allowed to warm to room temperature. After addition of Et,0O and water, the layers were
separated and the aqueous layer was extracted with Et;O (3 x 5 mL). The combined organic layers
were dried over MgSO, and concentrated in vacuo. The crude product was purified by column
chromatography on silica gel (hexanes: EA = 50:1) to give 8 as a colorless oil (44 mg, 76%) with
95% ee. '"H NMR (400 MHz, CDCl3) 8 7.56-7.47 (m, 2H), 7.43-7.35 (m, 3H), 7.34-7.32 (m, 1H),
7.31-7.25 (m, 1H), 7.23-7.19 (m, 1H), 6.85 (d, J = 8.2 Hz, 1H), 6.29 (t, J=2.5 Hz, 1H), 5.97 (d, J
= 3.1 Hz, 1H), 4.60 (d, J = 8.8 Hz, 1H), 4.19 (d, J = 8.8 Hz, 1H), 2.96 (s, 2H), 1.39 (s, 3H). 13C
NMR (101 MHz, CDCl;) & 159.12, 152.50, 141.53, 141.35, 135.35, 134.06, 128.65, 127.38,
126.77, 126.51, 121.77, 110.21, 109.81, 107.88, 82.72, 45.84, 38.73, 24.82. MS (EI): m/z (%) =
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290 (M*, 9.31), 209 (100); HRMS calculated for [CyyH,sBO;]*: 290.1307 found: 290.1311.
Enantiomeric excess was determined by HPLC with a Chiralpak IC column (hexanes : 2-propanol
= 95:5, 0.5 mL/min, 220 nm); minor enantiomer tr = 9.5 min, major enantiomer tr = 8.1 min.
[a]p® = 76.6 (c = 0.4, acetone).

6. X-ray structure of 4d.
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Total: 108.852 610.305 100.00 100.00
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2 10.337 85.000 429 489 95.55 94.93 n.a.
Total: 89.903 452.437 100.00 100.00
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Total 219.824 843.330 100.00 100.00
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1 8.843 63.033 410.712 50.08 59.56 n.a.
2 12.300 62.840 278.828 458.92 40.44 n.a.
Total: 125.873 689.540 100.00 100.00

30/110




|Chromatogram

T B Wiz-20180803 #25 [manipulated] WLZ-2-12-2" IC LV WIS_2 WVL:220 nm
1400 - \\\
1200 =/ ™Bpin
1000 4 o
- 2d
3
T
.E. 800
8
&
£
S 600
E
12-12.313
400
2004
11 - B.8E0
4 | - ! T
.50-| T T T T T 1
B.00 9.00 10.00 11.00 12.00 13.00 14.00
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a
1 B.880 4.549 30.149 4.14 6.67 n.a.
2 12.313 105.303 421.690 95.86 93.33 n.a.
Total 109.852 451.839 100.00 100.00
23885358855 RIRRS333E $835 523388 J2S5RERSS
I L X X kL] TS rrrrr Trrocccoo
e e | e———— L —el g | i |
\_/
B Bpin
. (¢}
2e
1
] (]
) “
4 z I sgniie
o o - - Qoomm
s.’o Fr5 FIO 6‘5 6.‘0 5‘5 5‘0 4"’ 4.‘0 315 3..0 2.5 Q.ID ]I.'i lI0 Dr.rr 0[0 —0[.5
f1 (ppm)

31/110




(B N ]
g BESE § zeq23 § ° sI3y
g 8832 8 YBRRE g 5 g5t
| oy R | S | | gl e
\_/
P Bpin
(¢]
2e
1 1
] ]
L A
2:0 260 ]EID léD l‘}O Jlliﬂ I.'I'.O lAI!O l:IiO 12;0 1[0 160 9‘0 8‘0 ?’0 6‘0 5‘0 40 3‘1} 2ID lID 1‘} —iO
f1 (ppm)
|Chromatogram
ey [ WiLz-20160603 #3 [manipulated] WLZ-2-11-2 LV WIS_2 WVL:220 nm
Bpin
500 -
o
Racemic-2e
4004
5
T
E
& 300
&
£
2
< 2004
i1 - 9.440 AT
B /\ /\
4 - I T
.20 -I T T T T 1
a.00 9.00 10.00 11.00 12.00 13.00
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 9.440 24,883 148.453 49,96 52.05 n.a.
2 10.077 24925 136.738 50.04 47.85 n.a.
Total: 49808 285.193 100.00 100.00
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|Chromatogram

— T WLz-20180803 #10 [manipulated] WLZ-2-11-2* UV _VIS_2 WVL:220 nm
2000 4
\_/
1750 ] g Bpin
1500 (0]
2e
o 1250 1
% 1-9427
% 1000 ]
B
5
2 750
S
500
250 4
12 -10.103
0 : - .
.200 -I T T T T 1
8.00 9.00 10,00 11,00 12.00 13.00
Time [min]
Integration Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % % n.a.
1 89.427 190.378 1082.549 86.50 96.56 n.a.
2 10.103 6911 38.555 3.50 3.44 n.a.
Total: 197.289 1121.104 100.00 100.00
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|Chromatogram
o [ WLz-20180803 #43 [manipulated] WLZ-2-11-3 AD3 UV WIS_2 WVL:220 nm
1004 Bpin
(0]
B0
e Racemic-2f
5
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E
T 60
B
£
a
< 40
|1-8.433
|2 - 10.450
204
4 —-———M\/\ 1
T T
.5 -I T T T T T T 1
500 7.50 875 10,00 11.25 1250 14.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL %o % n.a.
1 B8.433 5.064 32.535 5017 5412 n.a.
2 10.450 5.030 27.583 49.83 45.88 n.a.
Total: 10.094 60.118 100.00 100.00
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|Chromatogram

a0 [ WiLz-20160603 #50 [manipulated] WLZ-2-11-3* AD3 LV WIS_2 WVL:220 nm
g Bpin
4004
o
2f
5 3004
T
E
8
&
£
5 2004
E
11-8467
100 4
| | a2 10497
T T L
.20 -I T T T T T T 1
5.00 6.25 7.50 8.75 10,00 11.25 12.50 14.00
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 B.467 22.320 143.481 86.01 96.52 n.a.
2 10.497 0.928 5.167 3.93 3.48 n.a.
Total 23.248 148.648 100.00 100.00
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|Chromatogram
— T WLz-20180803 #64 [manipulated] WLZ-2-19-1I1C UV _VIS_1 WVL:210 nm
Ph
1000 Bpin
(o}
800
Racemic-2g
g
E
E
@ 600
B
£
2
S
AR 1-12.447
(2 - 16.140
200 4
] !
T =
.50 -I T T T T T T T T T 1
a.0 10.0 1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0
Time [min]
Integration Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % % n.a.
1 12.447 77.316 353.226 49,32 57.71 n.a.
2 16.140 79.453 258.850 50.68 42.29 n.a.
Total: 156.768 612.075 100.00 100.00
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|Chromatogram

2000 - 1 WLZ-20180803 #61 [manipulated] WLZ-2-19-1° [C UV_VIS_2 WVL:220 nm
Ph__
=/ Bpin
2500 4 P
(0]
2000 - 29
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S
E
8 15004
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< 1000 4 2 -16.100
500 -
i1 -12.110
] ' : ; J
.100 -I T T T T T T T T T 1
2.0 10.0 1.0 12.0 13.0 14.0 15.0 168.0 17.0 18.0 190
Time [min]
Int ion Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mALU*min maLU %o % n.a.
1 12.110 13.801 56.139 4,18 5.56 n.a.
2 16.100 316.038 952 972 95.82 94 .44 n.a.
Total: 329.839 1009.111 100.00 100.00
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|Chromatogram
500 - ﬂ WLZ-20180803 874 [manipulated] WLZ-2-22-1 I1C U WIS 2 WVL:220 nm
Me
4004 g
Bpin
O o
EE el Racemic-2h
3
T
£
g 2004
E
A -15.217
12 - 17067
100 4
- |
.20 -I T T T T T T T 1
11.00 12,50 13.75 15,00 16,25 17.50 18.75 20.00
Time [min]
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min malU*min mAL % % n.a.
1 13.217 37.349 128.937 49,54 54,19 n.a.
2 17.067 38.036 108.979 50.46 45.81 n.a.
Total: 75.386 237916 100.00 100.00
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|Chromatogram

1800 - : WLZ-20180803 #77 [manipulated] WLZ-2-22-1* IC UV WIS 2 WWL:220 nm
1600 4
1400
1200 4
7
1004 4
E 2h
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E 800 ]
2
g &00 4
(2-16.733
400
200 4
o] 11-13.130 .
.100 = T T T T T T T
11.00 12.50 13.75 15.00 16.25 17.50 18.75 20.00
Tirme: [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL Y % n.a.
1 13.130 5.316 19.704 2.92 ave n.a.
2 16.733 176.673 504.250 a7.08 96.24 n.a.
Total: 181.989 523.954 100.00 100.00
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|Chromatogram

H0D - u WILZ-201 80803 &#75 [manipulated] WLZ-2-22-2 IC UV WIS 2 WWL:220 nm
F
500 O
Bpin
4004 O (0]
5 Racemic-2i
z
E
& 3004
B
£
a
< 2004
11 -10.810
100 4 12 - 17.570
g 1
204 1 ]
3.00 10.00 11.25 12,50 1375 15.00 16.25 17.50 18.75 20,00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 10.810 35.587 173.878 49,83 63.07 n.a.
2 17.570 35.834 101.804 50.17 36.93 n.a.
Total: 71421 275.683 100.00 100.00
|Chromatogram
2500 - : WLZ-20180803 #86 [manipulated) WLZ-2-22-2* IC UV VIS 2 WWL:220 nm
2000 4
5 1500
2 2i
E
8
&
£
5 9000
E
12 - 17.590
500
¢ 1-11.040
T T : T
.100 -I T T T T T T T T 1
9.00 10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.75 20,00
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 11.040 11.124 58.471 3.52 7.34 n.a.
2 17.580 304467 T38.325 96.48 92.66 n.a.
Total: 315.591 T96.795 100.00 100.00
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|Chromatogram

900 - ﬂ WILZ-201 80803 £78 [manipulated] WLZ-2-22-3 IC UV WIS 2 WWL:220 nm
800 cl ‘
00 Bpin
600 O o
= Racemic-2j
Z 500 !
]
E 400
a
2 300
i1- 10,890
200
|2 - 18220
1004
04 — L ,
.50 -I T T T T T T T T 1
9,00 10.00 11.25 12.50 13.75 15.00 1625 17.50 18.75 20.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 10.880 57.501 258.380 50.05 63.24 n.a.
2 18.220 57.379 150.217 49.85 36.76 n.a.
Total: 114.880 408.598 100.00 100.00
|Chromatogram
3000 : WLZ-201 20803 #82 [manipulatad] WLZ-2-22-3° IC UV VIS 2 WWL:220 nm
2500
2000
5 .
= 2
H )
& 1500 4
&
£
2
2
000} (2-17.830
500
i1-11.020
i 1
.100 5 T T I T T T T T T I
.00 10.00 11.28 12,50 1375 15.00 16.25 17.50 18.75 20.00
Tirne: [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL™min mALU ] % n.a.
1 11.020 14.407 70.398 350 737 n.a.
2 17.830 397.459 885.081 96.50 92.63 n.a.
Total: 411.866 955489 100.00 100.00
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f1 (ppm)
|Chromatogram
n- [ WLZ-20180803 #1217 [manipulated] WLZ-2-110-3 IC UV_WIS_2 WVL:220 nm
F3C ‘
400 .
Bpin
‘ (6]
E 300 Racemic-2k
E
3
B
£
5 2004
E 11-9.187
100 -
12 = 16470
1 1
1
.20-| T T T T T T T T T 1
800 875 10.00 11.25 12.50 1375 15.00 16.25 17.50 18.75 20.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 8.197 32857 170.105 50.24 69.22 n.a.
2 16.470 32.547 75.637 49.76 30.78 n.a.
Total: 65.404 245.742 100.00 100.00
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|Chromatogram

5000 : WLZ-20180803 #218 [manipulated] WLZ-2-110-3* 1IC U WIS 2 WWYL:220 nm
4000 4
5 3000 4
e 2k
E
8
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5 2000 4
g 12 - 15.047
1000 4
|1 - 0267
i 1 i 1 :
.200 -I T T T T T T T T T 1
B.00 8.75 10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.75 20.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL %o % n.a.
1 89.267 25.500 124.434 338 6.57 n.a.
2 15.947 735.375 1769.338 96.65 93.43 n.a.
Total: TE0.876 1893.772 100.00 100.00
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|Chromatogram

800 - n WLZ-201 80803 #59 [manipulated] WLZ-2-19-2 IC Uy VIS_2 WVL:220 nm
500 - O
F .
Bpin
4004 O o
EE Racemic-2I
& 300
&
£
2
< 2004
i1 - 10.587
1004 |2 - 15.650
- | 1
.20 -I T T T I T T T T T I T 1
8.0 2.0 10.0 1.0 12.0 130 14.0 15.0 16.0 17.0 18.0
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 10.597 31.581 158.566 50.59 61.00 n.a.
2 15.650 30.847 101,377 49.41 39.00 n.a.
Total: 62.428 259943 100.00 100.00
|Chromatogram
1000 - : WLZ-20180803 #52 [manipulated) WLZ-2-19-2* IC Uy VIS 4 WVL:275 nm
8754
750 J
. 6254 21
3
T
E
@ 500
&
£
& 375
E
250 4 12-15.453
125
11 - 10657
0 0 L ]
.50 -I T T T T T T T T T 1
1] 2.0 10.0 1.0 12.0 13.0 14.0 15.0 16.0 7.0 18.0
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 10.657 2.891 14.905 3.90 6.09 n.a.
2 15.453 71.218 229.963 96.10 93.81 n.a.
Total: 74109 244 868 100.00 100.00
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|Chromatogram

900 - WLZ-20180803 #58 [manipulated] WLZ-2-19-3 IC UV VIS 2 WVL220 nm
800 ‘
Cl )
700 O Bpin
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=
E 500
g
E 400
a
- 300 i1+ 10507
260.] 12 - 15,560
1004
04 - T
.50 -I T T T T T T T T T 1
8.0 9.0 10.0 1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
Time [min]
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 10,507 61.621 300.274 50.00 59.73 n.a.
2 15.560 61.625 202,444 50.00 40.27 n.a.
Total: 123.245 502.718 100.00 100.00
|Chromatogram
— : WLZ-20180803 #53 [manipulated)] WLZ-2-19-3* 1T LW _VIS_2 WVL:220 nm
5000
4000 4
i 2m
5
z
E
& 3000 4
B
£
2
< 2000 4 12 - 15340
10040 4
|1 -10.600
200 ' T T
8D an 10.0 10 120 130 140 150 16.0 17.0 180
Time [min]
Integration Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % % n.a.
1 10.600 33.649 146.344 4,99 7.04 n.a.
2 15.340 640.787 1931.901 95.01 92.96 n.a.
Total: 674.436 2078.244 100.00 100.00
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<Chromatogram>
mAU

750 PDA Multi 2 220nm.4nm
O5N l
] 2 Bpin
500+ O
] (0]
§ Racemic-2n
=t =+
N &
250+ fl o
| I| |I 'ﬂ\ll
| |
|I I|I {I |
| |I \ ,l' "-..
o] | \ )
‘ECII.C!I I I12_5I - I‘FSI.UI I I‘1?*|_5I o I2CII_CII I22':1_5I - 2I5.D
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time Area | Area% | Height | Height%
1. 14856 5208712 50.096 289354 57.252
2] 19.274] 5188806 49.904 216049 | 42.748
Total 10397517 100.000 | 505403 | 100.000
<Chromatogram>
mAU
PDA Multi 1 220nm.4nm
500+ /@\
O,N >
3 o
o
250 2 2n
.'\I
|
| |
||
o [
© [
g < A
D_'/\“_‘__ / ST
— - ——— - — T — T
10.0 12.5 15.0 17.5 20.0 225 25.0
min
<Peak Table>
PDA Ch1 220nm
Peak# Ret. Time | Area | Area% | Height | Height%
1, 14878 308521 4.815| 17077 6.459
2 19.291 6060051 95.185| 247306 | 93.541
Total 6366573 | 100.000 | 264383 | 100.000
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|Chromatogram

900 - E WLZ-20180803 #82 [manipulated] ‘WLZ-2-24-2 IC Uy VIS_2 WVL:220 nm
0
Me Boi
pin
700 O
(¢}
BOD
Racemic-20
500
400 -
300 4
11-11.527
200 |2 15.037
100 4
a4 ] T 1
_50 _I T T T T T 1
8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 11.527 61.189 240.428 49,99 55.76 n.a.
2 15.037 61.221 180.718 50.01 44.24 n.a.
Total: 122.410 431.145 100.00 100.00
|Chromatogram
e [ Wiz-20180803 #83 [manipulated] WLZ-2-24-2" IC UV _VIS_2 WVL:220 nm
5000
4000 -
20
3000 4
2000 4
12 = 14,853
1004 4
11 - 11,500 )
200 . : : : : : = : :
8.0 2.0 10,0 1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 11.500 17.135 75.749 335 4.76 n.a.
2 14.853 494.869 1516.961 96.65 95.24 n.a.
Total: 512.004 1592.710 100.00 100.00
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|Chromatogram

500 - u WLZ-20180803 870 [manipulated] WLZ-2-21-1 IC UV VIS 2 WWL:220 nm
MeO I
4004 Bpin
O O
3 300+ Racemic-2p
E
8
&
£
5 2004
E
\1-9417
100 4
12 - 12257
- 1 l
T T
.20 -I T T T T T T T 1
6.00 7.50 875 10,00 11.25 12.50 13.75 15.00
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 9.417 23.532 107.978 49,83 59.21 n.a.
2 12.257 23.696 74.381 5017 40.79 n.a.
Total: 47.229 182.359 100.00 100.00
|Chromatogram
o T WLz-20180803 #71 [manipulated] WLZ-2-21-1° IC UV _WVIS_2 WVL:220 nm
1000 4 MeO” : ~ )
p Bpin
(o}
80D -
5 2
2 P
E
= G600 -
B
£
a
S
Sy 12-12.133
200 4
|1-9.433
p I I :
.50 -I T T T T T T T 1
6.00 750 875 10.00 11.25 12,50 13,75 15.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 8.433 4,260 20.257 365 5.8 n.a.
2 12.133 112.354 355933 96.35 94.62 n.a.
Total: 116.614 376.190 100.00 100.00
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|Chromatogram

2000 : WLZ-20180803 #72 [manipulated] WLZ-2-21-3IC UV WIS 2 WWL:220 nm
1750 4 ‘
Bu )
Bpin
1500 ] O
O
= 1250
2 Racemic-2q
E
% 1000
&
£
2
8 7504
500 18,280
12-12.453
250 4
| PR o Y L .
.50 & T T T T I T T T T 1
6.00 7.50 B.75 10.00 11.25 12,50 13.75 15.00
Time [min]
Int n Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 9.280 68.817 417.182 49.77 60.34 n.a.
2 12.453 60.448 274.232 50.23 39.66 n.a.
Total: 138.266 691.414 100.00 100.00
|Chromatogram
2000 - : WLZ-20180803 #73 [manipulated] WLZ-2-21-3° IC UV WIS 2 WWL:220 nm
Q.
Bu o,
1504 4
12504
2 2
E
& 1000
&
£
2 7s0]
L
12 - 12563
500+
250
I \1-9.200
04 T ; T
.100 -I T T T T T T T 1
6.00 7.50 875 10.00 11.25 12,50 13,75 15.00
Time [min]
Integration Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % % n.a.
1 9.260 6.145 36.716 3.4 5.86 n.a.
2 12.563 148.734 589.390 96.06 94.14 n.a.
Total: 155.879 626.106 100.00 100.00
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|Chromatogram

1500 - ﬂ WLZ-20120803 #80 [manipulated] WLZ-2-24-1 IC Uy VIS_2 WVL:220 nm
1400 4
9 4
1200 4 .
Bpin
1000 4 O 0
Racemic-2r
00 -
GO0
11-10.533
400
12 = 16,103
N L
4 1
-50 _I T I T T T T T 1
8.0 2.0 10.0 1.0 12.0 13.0 14.0 15.0 16,0 17.0 18.0
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 10,533 93.492 467.356 49,83 62.42 n.a.
2 16.103 94.118 281.350 5017 37.58 n.a.
Total: 187.610 T48.T06 100.00 100.00
|Chromatogram
5000 _ 1 WLZ-20180803 #81 [manipulated] WLZ-2-24-1° IC UV _VIS_2 WVL:220 nm
o
4004 < E Bpin
o
3000 2r
2000 4
(2 15757
10040 4
|1+ 10.547
T T 1
_200 _I T T T T T T T T T 1
8.0 9.0 10,0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
Int n Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 10.547 14.236 75.911 20 533 n.a.
2 15.757 475.017 1349.233 97.09 94 67 n.a.
Total: 489.253 1425.143 100.00 100.00

60/110




-10

A

n )l

s
00'0-— - FE
e
iy} = SHFes
awLp zo9 L= oL
STt '9
mqﬂ Ve |
vE'L zL o
8L < . LYoy~
a ® v Ly
" O a e TR
16z, W ) 89'9L
267 =Ll e 00'LL v
ZeL
w 65181 =
e <868
i 08'L0L
| o5 50'Z0L
; o 85'60L
£ e
i) 2l o :.J.:W
Zeny
= 1ozk
& vl
8e'8zl
L sgeet’
= £5'IPL
or'9 9w’
Zve |=
—o”m o 81651
£9°9 - .E.%FW
99'9 = E.— Lo 9% )
zr9y = ke steal
Z89 g { 8s°col
£8'9 - N__w." =
58'9 B 004 &
168 Z0'L
Z69 L=
[T =
£V
sTL L=

100
1 (ppm)

1o

120

150 140 130

170 160

180

T
190

200

1]

a

61/110



—-111.05
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|Chromatogram
00 14 WLZ-20180803 #213 [manipulated] WLZ-2-110-1 IC UV _VIS_2 WVL:220 nm
F
500 - O
F Boi
in
4004 O P
= o
E Racemic-2s
4 300 4
&
£
2
< 2004
11-9.407
100 - \2-15.323
4 __L}L 1 T
.20 'I T T T T T 1
6.0 8.0 10.0 12.0 14.0 16.0 180 20.0
Time [min]
Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 9.497 32.681 164.554 49.82 52.94 n.a.
2 15.323 32923 96.911 50.18 37.06 n.a.
Total: 65.605 261.465 100.00 100.00
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|Chromatogram

T T WLz-20180603 #214 [manipulated] WLZ-2-110-1" IC UV _VIS_2 WVL220 nm
F
2500
F
2000 4
=)
z
E
& 1500 4
B
£
2
S
1000 12 - 15297
500
\1-8.557
] 1 i 1 T
.100 -I T T T T T T 1
6.0 8.0 10.0 12.0 14.0 16.0 18,0 200
Time [min]
Integration Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min AL Yo % n.a.
1 8.557 13.353 67.181 3.88 6.80 n.a.
2 15.297 331.060 920.485 96.12 93.20 n.a.
Total: 344.413 987.666 100.00 100.00
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|Chromatogram

300 _ | WLZ-20180603 #2189 [manipulated] WLZ-2-110-2 IC UV VIS_4 WVL.275 nm
F
250 4 F O
F .
Bpin
200 O
=) (¢}
<L .
E Racemic-2t
w 150 -]
o
&
£
i \1-9.77T
2 100
504 12 - 18850
04 1 /f\_ | ;
.20 -I T T T T T T T 1
6.0 8.0 10.0 12.0 140 16.0 18.0 20,0 22.0
Time [min]
Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 8777 22,689 108.131 50.53 69,18 n.a.
2 18.650 22215 458 607 49.47 30.82 n.a.
Total: 44.904 157.739 100.00 100.00
|Chromatogram
S [ WLZ-20180803 #1220 [manipulated] WLZ-2-110-2" IC UV _VIS_4 WVL:275 nm
F
350 - F.
300 ] F
__ 250
5
z
E
@ 200
B
£
£ 150
) 1 12+ 16,147
100
50|
11 - 9.847
04 T ; T
.20 -I T T T T T T T 1
6.0 8.0 10.0 12.0 14.0 16.0 18.0 200 220
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 9.847 2137 10.206 325 T.12 n.a.
2 18.147 63.585 133.045 96.75 92.88 n.a.
Total: 65.722 143.251 100.00 100.00
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|Chromatogram

e B WLz-20180803 #104 [manipulated] WLZ-2-25-1IC UV _VIS_2 WVL:220 nm
2500 O‘
Bpin
2000 O
E (0]
E Racemic-2u
& 1500 4
B
£
a
< 1000 4 i1 - 14323
500 2-25173
] L ; . T
.100 -I T T T T T T T T T 1
10.0 12.0 14.0 16.0 18.0 20.0 220 240 26.0 280 w00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 14,323 326.097 965.804 49,99 66.38 n.a.
2 25173 326.220 489.300 50.01 33.62 n.a.
Total: 652.317 1455.193 100.00 100.00
|Chromatogram
5000 - E WLZ-201180803 #91 [manipulated] WLZ-2-25-1* IC U WIS 2'WWL:220 nm
4000
5 3000 4
=y
E
3
&
£
5 2000
g 2 - 24 BRO
10040 4
y1 - 14.410
J I - L T
.200 % T T T T T T T T T
10.0 120 14.0 16.0 18.0 20.0 220 24.0 6.0 28.0 300
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL™min mALU ] % n.a.
1 14.410 47.754 159.764 389 9.24 n.a.
2 24.880 1179.456 1568.631 96.11 90.76 n.a.
Total: 1227.210 1728.395 100.00 100.00

67/110




Fooz

Feo
Foo'L

qu—.
Z0'Z
(14}
0L
ZL'L
FLo'L
'L

'L

09'tT
—.ﬂ.eﬂv.

oLy~
eeer—

89'9L
([ 7
Nm.b__.\
e
1z'es /

61601 —

LB
E.au—/
551zl
S.NNTM
cgezLf
6L¥ZL
o 9zL
91’8z}
8€'8z1
15284
95'¥El |
1S'SEL-
109l
668l
v LyL-
80'65L—

A R ]

£1 (ppm)

68/110



|Chromatogram

1500 - ’ WLZ-20180803 #94 [manipulated) WLZ-2-25-31C Uy VIS 2 WVL:220 nm
14040
1200 O i
S Bpin
1004 4 O
(0}
5 -
E BOD 4 Racemic-2v
]
&
£ so0d
a |1 - 19,563
e
400
|2 - 20,807
2004
04 I ' 1 |
-100 -I T T T T T T T T T T 1
150 16.0 18.0 20,0 220 24.0 26.0 28.0 0.0 320 340 350
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mA L min maLU % % n.a.
1 19.563 278.566 537.468 50.04 54,88 n.a.
2 29.897 278174 200943 4996 35.12 n.a.
Total: 556.740 828.411 100.00 100.00
|Chromatogram
- ’ WLZ-20180803 #25 [manipulated)] WLZ-2-25-3* 1C LW _VIS_2 WVL:220 nm
4000 4
3500 4
3000 4
5 2v
E 2500
[}
5
E 2000 1
2
S
1500 12 = 30,167
10040 4
500 4
|1 - 20597
o] L 1 :
.200 -I T T T T T T T T T T 1
150 16.0 18.0 20,0 220 24.0 26.0 280 30.0 320 340 350
Time [min]
Integration Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % % n.a.
1 20,597 72611 144611 4.97 9.492 n.a.
2 30167 1388.033 1313.528 95.03 90.08 n.a.
Total: 1460.644 1458.138 100.00 100.00
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|Chromatogram

7004 u WLZ-201 80803 #227 [manipulated] WLZ-2-111-11C UV WIS 2 WWL:220 nm
TMS
B0 - Bpin
5001 0
5 Racemic-2w
= 400
E
3
5 300
E (1-8.823
2
2004
(2 - 11613
1004
04 1 1
T T
.50 -I T T T T T T T T 1
500 6.25 7.50 875 10.00 11.25 12,50 1375 15,00 16.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 B.923 43235 266.514 50.05 68.07 n.a.
2 11.613 43.141 124.993 49.85 31.93 n.a.
Total: BEB.375 391.507 100.00 100.00
|Chromatogram
00— ﬂ WLZ-201 80803 #228 [manipulated] WLZ-2-111-1*1C UV WIS 2 WWL:220 nm
7004
GO0
_ 500
E 2w
E
w 4004
o
B
5
300 4
5 |2 - 11777
2004
1004
11 - 0,040
o 1 1 ;
.50 -I T T T T T T T T 1
500 6.25 7.50 875 10.00 11.25 12,50 1375 15,00 16.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 8.040 4,603 20431 arz 10.06 n.a.
2 11.777 119.180 263.050 96.28 89.94 n.a.
Total: 123.783 292,481 100.00 100.00
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|Chromatogram

500 - n WILZ-20180803 #229 [manipulated] WLZ-2-111-2 I1C Uy WIS 2 WWVLI220 nm
Cl
b Bpin
400 4
(0]
5 3004 Racemic-2x
<L
E
]
&
£
S 200
< 1=11.237
00 -
12- 16610
1 1 , 1 |
.20 -I T T T T T T T T T 1
50 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20,0 220 24.0
Time [min]
Int ion Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 11.237 34.853 154.683 49,90 66.92 n.a.
2 18.610 35.080 TEATT 50.10 33.08 n.a.
Total: 70.043 231159 100.00 100.00
|Chromatogram
1000 - : WLZ-20180803 #230 [manipulated) WLZ-2-111-2* IC Uy VIS_2 WVL:220 nm
8754
750
- 625 2x
I
E
@ 500
&
£
& 3754 2-19.007
E .
250 4
125
vl =115
0] 1 . ff{ 1 T
.50 -I T T T T T T T T T 1
5.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 200 2.0 24.0
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 11.573 2.207 7141 142 1.98 n.a.
2 19.007 153.517 354423 98.58 98.02 n.a.
Total: 155.725 361.564 100.00 100.00
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|Chromatogram

900 - ﬂ WLZ-201 80803 #234 [manipulated] WLZ-2-112-2 1C W _VIS_2 WVL:220 nm
BOD 4 O
N
F00 4
o
600 Bpin
7
E 500 4 Racemic-2y
3
E 400
a
2 300
§1-1B.143
200 \2 - 22.067
- /k
o 1 T 1 |
.50 -I T T T T T T T T T 1
10.0 12.0 14.0 16.0 180 200 20 24.0 260 280 w00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 18.143 111.572 233.710 50.10 56.89 n.a.
2 22.067 111.112 177.068 49.90 43.11 n.a.
Total: 222.684 410.778 100.00 100.00
|Chromatogram
2400 : WLZ-20180803 #2315 [manipulated] WLZ-2-112-2* IC Uy VIS_2 WVL:220 nm
(0]
2000 4
Bpin
1500
3
I
E
8
&
E 1000 -
E
12 -21.767
500
1= 17,960
T 1 T
.100 -I T T T T T T T T T 1
10.0 12.0 14.0 16.0 18.0 2000 220 240 26.0 28.0 30.0
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 17.980 24,634 51.034 4,98 6.70 n.a.
2 21.767 A7D.062 711.156 95.02 93.30 n.a.
Total: 494,696 T62.190 100.00 100.00
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|Chromatogram

1200 - : WLZ-20180803 #96 [manipulated) WLZ-2-26-2 IC Uy VIS_2 WVL:220 nm
1004 4
XU N
Bpin
800
o
Z Racemic-2z
E
o 500
&
£
2
< 400 4 i1-13.523
200 4 12 - 19.580
] 1
1
.50 -I T T T T T T T 1
10.0 12.0 14.0 16.0 i8.0 200 220 24.0 25.0
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 13.523 104.281 370472 49,93 65.53 n.a.
2 19.590 104.587 184 584 50.07 34.47 n.a.
Total: 208.869 565.356 100.00 100.00
|Chromatogram
S ! WLZ-20180803 #27 [manipulated)] WLZ-2-28-2* IC W _VIS_2 WVL:220 nm
2500
2000
5
=y
E
& 1500 4
B
£
a
< 1004 4
|2 - 19480
500
11-13513
] I
.100 -I T T I T T T T I T 1
10.0 12.0 14.0 16.0 180 20.0 220 20 250
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 13.513 18.398 61.422 4,16 7.38 n.a.
2 19.460 424.263 770.632 95.84 92.62 n.a.
Total: 442 660 832.054 100.00 100.00
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VWDIA, Wavelength=220 nm

e
40 Ph
357 Bpin
304
(0]
- 25 Racemic-2aa
E 20
15
104
-
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Time [min]
VWDIA, Wavelength=220 nm
Ret. Time [min] Area Height Height% Area%
16. 645 2557. 69 38.15 59, 46 49,51
22. 094 2608. 13 26. 01 40. 54 50. 49
Total. 5165. 81 64. 16 100. 00 100. 00
VWD1A, Wavelength=220 nm
140 =
120- n )
P Bpin
100-
80 ©
% 2aa
60-
[=23
@
10 -
20
G 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
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Time [min]
VWDIA, Wavelength=220 nm
Ret. Time [min] Area Height Height% Area%
16. 539 1271.31 19. 56 13.39 8.97
21.979 12897. 34 126. 53 86. 61 91.03
Total. 14168. 65 146. 09 100. 00 100. 00
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—-124.34

4a
10 0 -0 20 30 40 -50 -0 80 0 -0 -120 40 180 -180 200
1 (ppm)
|Chromatogram
19004 ﬂ WLZ-20180803 #30 [manipulaied) WLZ-2-13-11C UV WIS 2 WWL:220 nm
’ mAL
Me .
E Bpin
1,000 4
(¢}
2004 Racemic-4a
=)
z
E
T 600
B
£
a
< 4004
Aedal |2 - 9663
200 +
J I 1
T T hyi14]
.m-l T T T T 1
7.00 8.00 9,00 10.00 11,00 12.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 B.az7 39.297 248.570 49,99 52.55 n.a.
2 9.663 39.305 224 470 50.01 47.45 n.a.
Total: TB.602 473.039 100.00 100.00
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|Chromatogram

o T WLz-20180803 #31 [manipulated] WLZ-2-13-1° IC UV _WVIS_2 WVL:220 nm
10040 4
4a
B0D
5
E 2 - 066D
j2-10]
- 600
o
B
£
a
£ 400
200 4
i 1- 8873
04 I L I
.100 -I T T T 1
7.00 8.00 9.00 10.00 11.00 12.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL %o % n.a.
1 B.A873 6.121 41.304 4,94 6.29 n.a.
2 9.660 117.877 615.363 95.06 93.71 n.a.
Total: 123.998 B656.667 100.00 100.00
33 285 a8t i
ML TT TS -l e
e ~ - —il—
1
4b
| r B L. - _L;
" ¥ F‘é”h
é.g % 3 é e T
- - - K]
%0 &5 &0 75 10 &S &0 55 50 45 40 35 %0 25 20 s Lo a5 oo -5
f1 (ppm)
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|Chromatogram
e [l WLz-20180603 7148 [manipulated] WLZ-2-16-2 AD3 UV _WVIS_2 WVL:220 nm
Me .
cl Bpin
500+
o
; Racemic-4b
400
=)
z
E
& 300
B
£
a
gzm. 1-10.233
AT 12-10.930
100 4
.20 :I T T I T 1
8.00 10.00 11.00 12.00 13.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 10.233 29.855 174.430 49,96 52.07 n.a.
2 10.930 29.004 160.567 50.04 4793 n.a.
Total: 58.760 334.997 100.00 100.00
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|Chromatogram

e E WLZ-20180803 #47 [manipulated)] WLZ-2-18-2* AD3 UV WIS 2 WWL:220 nm
1600
1400 4
1200 4 4b
7
E 1004 4
3
E 800 ]
a
< 600 |1-10.340
400
200 4
: \2 - 11.007
04 I T
.100 -I T T T T 1
B.00 9.00 10.00 11.00 12.00 13.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 10,340 102.165 547.571 85.07 895.14 n.a.
2 11.087 5283 27.8989 4.83 4.86 n.a.
Total: 107.458 575.570 100.00 100.00
SE58RR5GA 8822 2 8829 g
L Irrr LR A X1 o e ]
e ~ | | |
4c
. L Lo
538 g8 £ 2833
e - = Mmew e
50 75 70 65 60 55 50 15 40 35 20 25 20 s Lo 05 0.0 <5
f1 (ppm)
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|Chromatogram
o T WLz-20180803 #38 [manipulated] WLZ-2-16-1 IC UV _VIS_2 WVL:220 nm
Me .
Me Bpin
1004 4
(¢}
Racemic-4c
80D -
=)
z
E
= G600 -
B
£
a
< 400 -
|1+ 11,067
2004 12 - 15,087
p 1
1
.5D -I T T T T T T T 1
9.00 10,00 11.00 12,00 13.00 14,00 15.00 16.00 17.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 11.067 52.383 268.443 49,32 62.72 n.a.
2 15.087 53.832 159.555 50.68 37.28 n.a.
Total: 106.225 427998 100.00 100.00
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|Chromatogram

B WLz-20180803 #40 [manipulated]

1200 WLZ-2-16-1* IC UV_WIS_2 WWL:220 nm
1004 4
80D 4c
5
=y
E
T 60D
&
£
2
2
s 12 - 15.487
200 4
1-11.180
4 L |
| |
.50 E T T T T T T
.00 10.00 11.00 13.00 14.00 15.00 16.00 17.00
Tirme: [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL Y % n.a.
1 11.180 5.858 30.785 5.09 8.05 n.a.
2 15.487 109.162 351.748 94.91 51.95 n.a.
Total: 115.019 382.533 100.00 100.00
223987088 8¢ER $88S 383]E88
P b= P P P P = = - O LR R e
e 2 N ~ - e | At
4d
1 1
' L
i |
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TEER g3 gRNSe
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£1 (ppm)
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|Chromatogram
o T WLz-20180803 #86 [manipulated] WLZ-2-13-3 IC UV_VIS_3 WVL:254 nm
Me .
10001 Ph Bpin
o
800 Racemic-4d
=)
z
E
= G600 -
B
£
a
< 400 -
12- 12713
200 i1- 11,190
4 l 1
1 ]
.50 -I T T T T T 1
9.00 10.00 11.00 12.00 13.00 14.00 15.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 11.180 57.644 203.283 49.97 45,09 n.a.
2 12.713 57.008 247 557 50.03 54.91 n.a.
Total: 115.752 450.840 100.00 100.00
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|Chromatogram

2000 . 1 WLZ-20180803 #67 [manipulated] WLZ-2-13-3" IC UV_VIS_3 WVL:254 nm
2500 -
2000 4 4d
5
<L
E
4 1500 4
&
£
2
< 10040 4
|2 -12.940
500
i 11-11.227 i
.100 -I T T I T T T I 1
9.00 10.00 11.00 12.00 13.00 14.00 15.00
Time [min]
Integration Results
MNo. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 11.227 65.188 27.572 2.49 335 n.a.
2 12.840 242 190 TO6.496 97.51 96.65 n.a.
Total: 248.378 824.068 100.00 100.00
223858833338865233383 8823 KRZ22=288
e ey R Lk TS Frrr e e
e e e e ~ - st
4e
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1
I 9 |
25555 gg gc<88
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3.[5 S.ID ?.IE T.IO E.’i E.ID 5.‘5 5.‘0 4.’5 -l.‘D 3.‘5 3.‘0 2.’5 2.‘0 1 IS l.IO 0[5 O.ID —0‘.5
£1 (ppm)
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1
20 =00 190 180 170 160 150 w0 130 120 1o w0 80 s 0 60 0 40 X 2 @ 0 -0
£l (ppn)
<Chromatogram>
mAlL
PDA Multi 2 220nm 4nimy
500
Me
Bpin
S
o
= % (e}
& e
1 o I Racemic-4e
250+ I “
_ (-
H ||
]
D— I | I"x_ || "».. i i
0.0 R R 10.0 125 150 7.5 200
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time| Area | Area% | Height = Height%
1 9524 3591441 49.845 272858 48.687
2 10999 3613770 50.155 287364 51.313
Total 7205211 100.000 560023 100.000
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<Chromatogram>

mAU
7501 PDA Multi 2 220nm.4nm
] Me
Ph
500 _ o
] o 4e
|
||
250 |||
| 3
| n
o
| R
0 ~ S al
——— —T — T T
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time  Area | Area% | Height | Height%
1] 9.511 5360592 | 96.165 | 385696 | 95.688
2] 10.950] 213761 3.835 17382 4.312.
Total 5574353 100.000 | 403078 | 100.000
¥8333338 3558 gg8ynese
N - -1 o o of o e
—— ~ - e
Me
Bu 0o
4f
"
gy ¢ g2 ELLRE
- - - Moo
8.‘0 7.‘5 '|‘.I0 E.IE s.ro 5.‘5 5.‘0 4.‘5 -1.‘0 3.‘5 3.[0 2.‘5 9.‘ o I.IE 1 .IO 0.‘5 o.'o {: 5
£1 (ppm)
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|Chromatogram
= [ WiLz-20160603 #43 [manipulated] WLZ-2-16-3 IC LV WIS_2 WVL:220 nm
Me
B0 Bpin
TO0 By (0]
500 Racemic-4f
z
E 500
8
=
-E 400
2
2 3ng]
11-8677 5. gq37
2004
1004
a4 *
'SO'I T T T T T 1
6.00 7.00 5.00 9.00 10.00 11.00 12.00
Time [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min miA L *min maU % % n.a.
1 B.ETT 36.770 239.580 49,88 51.09 n.a.
2 5137 36.845 229.392 50.12 48.91 n.a.
Total: 73.715 468.972 100.00 100.00

91/110



|Chromatogram

— T WLz-20180803 #44 [manipulated] WLZ-2-16-3" IC UV_VIS_2 WVL220 nm
1004 4
4f
80D -
=)
z
E
@ 600
B
£
2
< 400 4
12 - 8243
200 4
1-877
T T
.50 -I T T T T T 1
6.00 7.00 8.00 9.00 10,00 11.00 12.00
Time [min]
Integration Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAL % n.a.
1 B.7T0 2646 18.442 4,84 5.54 n.a.
2 9.243 50.952 314.707 95.06 94 .46 n.a.
Total: 53.598 333.149 100.00 100.00
39883552802 3353 55953828 8
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f1 (ppm)
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1
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f1 (ppm)
|Chromatogram
B0 ﬂ WLZ-20180803 #108 [manipulated] WLZ-2-34 IC UV VIS 4 WWL:275 nm
Me .
Bpin
90
(0}
4004 Racemic-4g
=)
=
E
& 3004
&
fa
a
E 2004 |1-11.600
|2- 14,553
100
A | T
.20 -.I T T T T T T T 1
9.00 10.00 11.25 12.50 13.75 15,00 16.25 17.50 18.00
Time [min]
Integration Results
Mo.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % % n.a.
1 11.600 52.713 198.166 49,91 57.18 n.a.
2 14.553 52.908 148.375 50.08 42.82 n.a.
Total: 105.621 346.541 100.00 100.00
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|Chromatogram

T B WLz-20180803 #107 [manipulated] WLZ-2-34* 1C UV VIS4 WVL:275 nm
1400 4
1200 4
1000 4 4g
5
=y
.E‘ Bm -
3
B
£
3 6004
S 12 - 14817
400
200 4
| i-1en
] T : T
.50 -I T T T T T T T 1
.00 10.00 11.25 12.50 1375 15.00 16.25 17.50 18.00
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 11.970 5427 22.232 X 4,36 n.a.
2 14.517 153.737 4B7.964 96.59 95.64 n.a.
Total 159.164 510.196 100.00 100.00
SaNNIAneIIIqRNEE
PP b= PP~ 8O @
et P
4h
1
1
1 TH L
e i an aary 2 o o) At
8855 88§ 85 8823
-1 = o5
5 80 B85 80D 75 65 60 655 50 45 40 35 30 25 20 15 10 05 00 -05 -1
1 (ppm)
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2 JBLOI2REZRE =
8 s3s8NEssdne éﬁgﬁg
S VN7 pNG

—44.21
—27.64
~24.59

4h

T T T T T T T T T T T T T T
210 200 180 180 1Y0 160 150 140 130 120 110 100 90 80

T
40 30 20 10 o =10

70 60
1 (ppm)
VWDIA, Wavelength=250 nm
1792 = =
— —
; : o) = M
1790 2 T e .
_g-N BPin
17881 PR3
1786
| (0]
- 1784
E 1782 Racemic-4h
17804
17784
1776
1774"______*__,_/\,\AM_‘___V
]772_ 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 T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Time [min]
VWDIA, Wavelength=250 nm
Ret. Time [min] Area Height Area%
16. 728 407. 03 19.09 55.00 50. 67
20. 142 396. 21 15. 62 45.00 49. 33
Total. 803. 24 34.71 100. 00 100. 00
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VWD1A, Wavelength=250 nm

1607

1407

1204

100+

80

yu

60

40

20

o

Time [min]

VWD1A, Wavelength=250 nm

Ret. Time [min]

16. 686

Area%

Height%
90. 17

91.38

Height

Area

163. 65

3669. 47

9.83

8.62

15. 43

400. 01

20.123

100. 00

100. 00

179.08

4069. 48

Total.

zhhy
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Bpin

Me
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%m.m
2
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007K

Fooi

Frog

30 25 20 15

35

40

4.5

1 (ppm)
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2‘110 260 1‘.;0 1é0 1'}0 1(;0 1.‘|30 1:10 1I|3l] 1é0 11IU 100 9.0 8:'.] ?IO G:D EIID 4:0 3;} 2|0 1|0 tIJ -1|0
1 (ppm)
<Chromatogram>
mAU
4 PDA Multi 1 254nm.4nm
1 Me Bpin
3_
1 o
4 = Racemic-4i
1 o @
1_
0—_'"'I""I""I""I""I""I""I""
5.0 75 10.0 125 15.0 17.5 20.0 225 25.0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height Height%
1 18.184 43596 49.008 1868 53.413
2] 19.779 45362 50.992 1629 46.587
Total 88958 100.000 3497 100.000
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<Chromatogram>

mAU
PDA Multi 1 254nm,4nm|
1 Bpin
75
50+ 2 4
i @
25
o™
&
2]
0 N
T T . 3 LT PO ' | N E L
5.0 75 10.0 125 15.0 17.5 20.0 225 25.0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height | Height%
1 18.212 101465 7.464 4314 9.405
2 19.363 1257906 92.536 41560 | 90.595
Total 1359371 100.000 45874 | 100.000
a0 st nc s ek o e e IRRAER SEgeEgsauns
o e e e e e e e e e e e e e frrrr
Pull il el e Pyh el ettt s Ry B
Me
: ?§ “Bpin
4
A T -
oy
3 s 3% s3dse
) o e Gewne
8‘5 BjU ?75 7.0 S.I5 6.0 575 SIO as 370 2.5 2'0 1‘5 1 TO OjS OIB EJI 5
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& I =887 & o~ © -
2 g 8438 Seie g5 sg3k
o ~ Ny 11wy
Me
: -; ~Bpin
4j
|
2"10 2{‘50 160 1é0 1?‘0 1;0 1AI10 1:‘30 1él} 11‘0 160 9’0 8:’.] ?.0 E‘D 5:0 -ilﬂ 2;] 1‘0 tIJ 1‘0
1 (ppm)
<Chromatogram>
mAU
50 PDA Mult 1 254nm dnm
| M
40 : e?; ~Bpin
] 8 <
30—- 3 E',':- Racemic-4j
20
10
G-' v i =T T T LI e Tl et
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time| Area | Area% | Height | Height%
1 12.358| 474361 49.449 | 26692 | 51.991
2| 13874 484928 50.551 | 24648 | 48.009
Total 959289 100.000 51340 100.000
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<Chromatogram>
mAU

75 PDA Multi 1 254nm,4nm|
i Me
: :.; “Bpin
50
| = 4
©
i
254
o
3
i s
0 AN
———— ] — ———
0.0 25 5.0 7.5 10.0 12. 15.0 17.5 20.0
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area Area% Height Height%
1 12.349 41346 5.577 2420 6.369
2 13.871 700075 94.423 35572 93.631
Total 741421 100.000 37992 100.000
=3 223338 28R 8 883=
o o e~ TS i o~ T
[ —— “ON 1 N
Me
@f{spm
N
Ac
4k
e L " Ly ,Jasg
8 53 5 8 8z
: By : - : ' : : : : : o o s : : :
9.0 85 8.0 75 74 6.5 6.0 55 50 45 4.0 a5 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
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b 83 533y g2 8 g msge
g $§ NENE grER€E @ s RI3%
| o Nhe S - | I

T T T T T T T T T T T T T T T T T T T
210 200 180 180 170 160 150 140 130 120 MO0 100 90 80 70 60 50 40 30 20 10

1 (ppm)

VWDIA, Wavelength=220 nm

= =
30 Me . 3
20 BPin
104
]
o
% Ac
il Racemic-4k
720_
a0
740_
750_
—_—
1 2 3 4 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
Time [min]
VWD1A, Wavelength=220 nm
Ret. Time [min] Area Height Height% Area%
28. 752 5373.05 69. 33 47.69 50. 75
31.951 5213.97 76. 04 52.31 49. 25
Total. 10587. 02 145. 38 100. 00 100. 00

101/110




VWDI1A, Wavelength=220 nm

100
80
60
401

mAU
IS
=
o

201 -

—20

. SO S | .

N S e At S e M Sy Sy e S B S Sy S S SN I Dy S B B
1 23 45 6 7 8 910111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

Time [min]
VWDIA, Wavelength=220 nm
Ret. Time [min] Area Height Height% Area%
29.916 9252. 23 153. 44 77.21 76. 49
33.558 2844. 20 45.30 22.79 23.51
Total. 12096. 42 198.74 100. 00 100. 00
IR dQRRNReR 3% 2c 848% &
e N N P S S e -
e SN S |
5
1
[l
$8% g . d
oS § S 2 3 S <
NoN e o e = =
&5 &0 175 70 &5 &0 &5 S0 45 40 a5 %o 25 20 LS 10 05 00 05
1 (ppm)
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o - ]
SRR 53385 3§ 3
2 g TR B8kEES - 5
| e e | Py e | |
5
1
1
]
1 N} {
| L
2:0 260 ];D ]éD ]'}D Jl‘iD ISIO l-{O ILI’O liU 11;4} 9’0 y ?IO 6‘0 .":0 ;0 I;D 2‘0 lI0 —10
1 (ppm)
|Chromatogram
2o Bl Wiz-20180803 #112 [manipulated] WLZ-2-38 AD3 UV _VIS_2 WVL:220 nm
400 4
Me
Ph OH
300 4 0
Racemic-5
=)
z
E 200
3
B
£
a
2 1004
11 - 16463 2-17.883
o4
- 1 >
-1 20 -I T T T T T T T I T T 1
12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 220
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 16.493 78.578 123.332 50.22 51.17 n.a.
2 17.883 77.904 117.714 49.78 48.83 n.a.
Total: 156.482 241.046 100.00 100.00
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|Chromatogram

300 - ﬂ WILZ-20180803 #1123 [manipulated) WLZ-2-38" AD3 W _VIS_2 WVL:230 nm
2504
200
- 5
5
=y
E
& 150
B
£
a
< 1004
i1 - 16337
50+
] ¢ | 12-17.777
.10 = r T T T T T I T I T T T 1
120 13.0 14.0 15.0 16.0 17.0 18.0 19.0 200 21.0 220
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % % n.a.
1 16.337 41.741 65.114 a7.08 a7.03 n.a.
2 17.777 1.254 1.994 292 297 n.a.
Total: 42.995 67.109 100.00 100.00
RRAIARSAAININSINYRR 2SI 3 3 8 985383 8%
e e e e - ) R o o - cococcoooc
e T RS i e ) P2 2S52°¢
Ph
6
]
1
1
B A NI
AN oy i o
gdz £ §g : 33
o od ol - - M e e
05 100 985 90 B85 B0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
1 (ppm})
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P~ w = O v Ot W
) IR BS85&§ES - o o wueg
i g8 39 gans€: 3 3338dazees
| N | S e
6
| 8 | ]
1
|
g el oo b i & 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 =10
1 (ppm})

—-135.50

T T T T T T T T T T
10 0 =10 =20 30 -40 -0 B0 -FO 0 =120 =140 =160 =180 =200

0 -1
1 (ppm)
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vosy = Foos 68°€E}
695 L= 80vEL
0L'S = £5°SEL
3 ards
: = SZT65L—
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b Ev Feeo i}
[ TEN _t2
611 — a.m
VL = -
iyl Bz [
TTL
1TL] Ll
62 L] -
e
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Rﬁ
Wi 3
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100
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120

130

140
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<Chromatogram>

mAU
PDA Multi 2 220nm,4nm
1500 \@Mfeg\/
] Ph
(6]
] Racemic-7
1000
1 ""I‘- r\:
I f
500 [ /|
] [ !
II lII II |
IIII I'|I I|III \‘\
G T T | T T T T | T T T T | T |III I\\l T T | T T T T _| T T T T | T T T T
8 9 10 1 12 13 14 15
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time ~ Area | Area% | Height = Height%
1, 10.700 7654150 50.047 661981 51.596
2| 11.554 7639885 49.953 | 621037 | 48.404
Total 15294036 100.000) 1283018 100.000
<Chromatogram>
mAL
5000-) PDA Multi 2 220nm 4nm
1 Me VY
4000+ o \Cfg\/
| o
3000 7
| o+
] ©
4 o
2000 F"
] III III|
1000 [
T | | =
: |II Il'l E
I A -
0= T I T TR ] —— R A B E Y O N TR L T S
8 9 10 1M 12 13 14 15
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time  Area | Area% | Height | Height%
1. 10.614 23993482 95.883 1939038 95.804
2]  11.470] 1030223_| 4.117] 84917 | 4.196
Total 25023710 | 100.000| 2023954 | 100.000
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f1 (ppm)
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<Chromatogram>

mAL
2 PDA Multi 2 220nm Ann
i Me 0}
] Ph
150+ \@fg\@
] o
: Racemic-8
100+ E i
] i\ 8
i || ﬂm
i | \
50 | (|
] I ([
4 | |
J | |I I| ||I
G_ i .-'l l\_ J e
25 50 75 w0 125 150
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time Area Area% Height Height%
1 8.140 815402 49 977 83032 54629
2 9.553 816138 50.023 68961 45371
Total 1631540 100.000 151994 | 100.000
<Chromatogram>
mAU
4000 PDA Multi 2 220nm.4nm
i Me o
| Ph\[::I:%;\K&;y
3000+ o
] 8
2000 %
] |
: I
1000 [
] [
4 |ﬁ E
- I 1 P
D_ o e _.l_\_ _c..i -
25 &0 75 100 125 150
min
<Peak Table>
PDA Ch2 220nm
Peak# Ret. Time Area Area% Height Height%
1 8.131 18254957 97.318 1942884 97.611
2 9.546 503172 2.682 47555 2.389
Total 18758129 100.000 1990439 | 100.000
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