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1. Supplementary tables for experiments

Table S1. Effect of copper salts in the model reaction.“

@&w@&

e U

PH “ipr

[Cu] (10 mol%), L*9 (15 mol %)

K3POy4 (3.0 equiv), 1,4-dioxane, rt, 2 d

Ph 'Pr

Racemic E1 (1.0 equiv) (16 equt)

Entry [Cu] Conv. of E1 Yield of 1 (%) Eeof1 (%) Yield of 1'
1 CuCl 84 84 88 0
2 CuBr 84 82 87 Trace
3 Cul 84 79 56 Trace
4 CuTc 85 75 83 8
5 CuBr-SMe» 84 85 89 0
6 Cu(PPh3)3-CF3 86 77 <5 9
7 Cu(MeCN)4-BF4 86 84 88 0
8 Cu(OTf)-toli 86 86 89 0
9 Cu(OTf)+(CsHe)1/2 90 90 89 0
10 Cu(OAc), 89 86 84 0
11 Cu(OT1) 85 86 89 0

@Reaction conditions: Racemic E1 (0.05 mmol), H,O (0.075 mmol, 1.5 equiv), [Cu] (10 mol%), L9* (15
mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane (0.50 mL) at room temperature (rt) for 2 days under argon.

Conversion of E1, yields of 1 and 1' were based on '"H NMR analysis of the crude products using 1,3,5-

trimethoxybenzene as an internal standard; ee values were based on HPLC analysis. Tc, 2-

thiophenecarboxylate.
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Table S2. Effect of bases in the model reaction.?

Cu(OTf):(CgHeg)1/2 (10 mol %),
Q o ——— Q Sy Q J\
base (3.0 equiv), 1,4-dioxane, rt, 2 d

Ph P
Pr (1.5 equiv) '

Racemic E1 (1.0 equiv)

Entry Base Conv. of E1 (%)  Yield of 1 (%) Ee of 1 (%) Yield of 1’ (%)

1 K3PO4 90 90 89 0

2 K>COs3 47 48 88 Trace
3 Rb2CO3 79 76 80 Trace
4 Cs2COs 82 71 25 9

5 K>HPO, 0 0 - 0

6 KOAc 0 0 - 0

7 KOBu 85 57 <5 26
8 DBU 83 31 <5 50
9 DIPEA 0 0 - 0

@Reaction conditions: Racemic E1 (0.05 mmol), H,O (0.075 mmol, 1.5 equiv), Cu(OTf)+«(C¢He)12 (10
mol%), L9* (15 mol%), and base (3.0 equiv) in 1,4-dioxane (0.50 mL) at room temperature (rt) for 2
days under argon. Conversion of El, yields of 1 and 1' were based on '"H NMR analysis of the crude
products using 1,3,5-trimethoxybenzene as an internal standard; ee values were based on chiral HPLC

analysis. DBU, 1,8-diazabicyclo[5.4.0Jundec-7-ene. DIPEA, diisopropylethylamine.
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Table S3. Effect of solvents in the model reaction.®

N
c o Cu(OTf):(CgHg)1/2 (10 mol %),
N& + H,0 L*9 (15 mol %) )‘S/OH Me
i 'Pr

Me T PH Vipr K3PO, (3.0 equiv), solvent, rt, 2 d
Racemic E1 (1.0 equiv) (1.5 equiv)

Entry Solvent Conv. of E1 Yield of 1 (%) Eeof1 (%) Yield of 1/

1 1,4-dioxane 90 90 89 0

2 1,3-dioxolane 82 81 80 Trace
3 THF 84 81 68 Trace
4 MTBE 85 86 84 0

5 MeCN 84 85 <5 0

6 DCM 81 80 87 0

7 CHCl; 66 50 85 0

8 DCE 86 83 86 0

9 PhCl 65 51 81 0
10 toluene 71 71 82 0
11 PhCF3 82 80 80 0
12 EtOAc 84 85 37 0
135 L,4-dioxane/ 86 81 86 Trace

1,3-dioxolane
14¢ 14-dioxane/ 85 86 88 0

1,3-dioxolane

1,4-dioxane/
15¢4 ) >99 97 93 0
1,3-dioxolane

“Reaction conditions: Racemic E1 (0.05 mmol), H,O (0.075 mmol, 1.5 equiv), Cu(OTf)*(CsHe)1/2 (10
mol%), L9* (15 mol%), and K5POj4 (3.0 equiv.) in solvent (0.50 mL) at room temperature (rt) for 2 days
under argon. Conversion of E1, yields of 1 and 1' were based on '"H NMR analysis of the crude products
using 1,3,5-trimethoxybenzene as an internal standard; ee values were based on chiral HPLC analysis.
bA mixture of 1,4-dioxane/1,3-dioxolane (3/2, v/v) was used as solvent. ‘A mixture of 1,4-dioxane/1,3-
dioxolane (4/1, v/v) was used as solvent. YAt 0 °C for 5 days. MTBE, methyl ¢-butyl ether; DCE, 1,2-

dichloroethane.

S4



Table S4. Effect of water loading in the model reaction.“

\Q\ J>\ Cu(OTf)-(CgHg)1/2 (10 mol %), L*9 (15 mol %) \Q\ )S/OH
K3POy4 (3.0 equiv), 1,4-dioxane/1,3-dioxolane (4/1, viv),

Racemic E1 1.0 equiv) (Cequ) 0°C,5d
Entry X Conv. of E1 (%) Yield of 1 (%) Ee of 1 (%)
1 1.5 >99 97 93
2 5.0 57 54 90
3 10 47 44 86
4 50 32 32 67
5 100 30 28 12
6 200 28 27 11
7b 1.5 92 90 90

“Reaction conditions: Racemic E1 (0.05 mmol, 1.0 equiv), H,O (X equiv), Cu(OTf)+(CsHg)i/2 (10 mol%),
L*9 (15 mol%), and K3POs (3.0 equiv) in 1,4-dioxane/1,3-dioxolane (0.50 mL, v/v =4/1) at 0 °C for 5
days under argon. Conversion of E1 and yield of 1 were based on 'H NMR analysis of the crude product
using 1,3,5-trimethoxybenzene as an internal standard; ee values were based on chiral HPLC analysis.

bPerformed under air.

S5



Table S5. Control experiments in the model reaction.“

: CF; O Ph
NC Cu(OTf)-(CeHe)1/2 (10 mol %), ~ NC ! 3
o '
L*9 (15 mol %) 0 : = NJ\;/Ph
NJ} T JYOH I LY
M H py ipr . 1,4-dioxane/1,3-dioxolane (4/1, v/v), ” i VAr z €2
e ' (15eauv) kPO, (3.0 equiv), 0°C, 5 d Me T PR Pro (Ar = 4-CF3CeHy)
Racemic E1(1.0 equiv) Standard conditions 1 : L*9
Entry Variations Conv. of E1 (%) Yield of 1 (%) Ee of 1 (%)
1 None >99 97 93
2 Without [Cu] 5 6 <5
3 Without L*9 8 6 0

4 Without K3POy 0 0 -

aStandard conditions: Racemic E1 (0.05 mmol, 1.0 equiv), H,O (1.5 equiv), Cu(OTf)+(CsHe)i2 (10
mol%), L*9 (15 mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane/1,3-dioxolane (0.50 mL, v/v=4/1) at 0 °C
for 5 days under argon. Yields were based on '"H NMR analysis of the crude product using 1,3,5-

trimethoxybenzene as an internal standard; ee values were based on chiral HPLC analysis.
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Table S6. Effect of N-aryl substituent on the amide moiety in the substrate.*
Cu(OTf):(CeHg)12 (10 mol %)

Q L*9 (15 mol %) Q
~ Cl + H,O ~ OH
ﬂ ) K3POy, 1,4-dioxane/1,3-dioxolane ” e
1)
PR Pr 0°C, argon Ph' ‘Pr
Racemic E (1.5 equiv) 1, 1a-1f, 30
o) 0 o 0
OH
\N)S(OH \N)S(.OH \H)s{ \N)S(OH
H PR “ipr H PR’ “ipr PH iPr H o “ipy
1, 96%, 93% eeP 1a, 53%, 8% ee 1b, 67%, 78% ee 1c, 47%, 27% ee
0] 0] 0] 0}
OH OH OH
\N)S(OH \N)S; \N)Sf \N)S{,
H prf “ip; H pr’ “ipr H pH “ipr H pr’ “ipr
1d, 65%, 15% ee 1e, 39%, 11% ee 1f, trace 30, 89%, 93% ee®

“Reaction conditions: racemic o-tertiary haloamides E (0.10 mmol, 1.0 equiv), H,O (1.5 equiv),
Cu(OTf)+(CeHe)12 (10 mol%), L*9 (15 mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane/1,3-dioxolane (1.0
mL, v/v=4/1) at 0 °C for 5 days under argon. The yields were isolated yields, and ee values were based
on chiral HPLC analysis. ?0.20 mmol scale.
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2. Supplementary figures for experiments

0
i g
0, * 0,
@\N& . ho CuBr (10 mol %), L*11 (15 mol %) NJ\*/OH
Ho P

H

Rb,CO;3 (3.0 equiv), 1,4-dioxane, rt, 3 d Ph
Racemic a-secondary (1.5 equiv) S1
haloamide ES1 16%, 64% ee
F O Ph
| X NJ\;/Ph
_N H NMGZ
CN L*11

Figure S1. Preliminary investigation on the O-alkylation of water with racemic a-
secondary haloamide. Reaction conditions: racemic a-tertiary haloamide ES1 (0.20
mmol, 1.0 equiv), H>O (1.5 equiv), CuBr (10 mol%), L*11 (15 mol%), and Rb>CO3
(3.0 equiv) in 1,4-dioxane at rt for 3 days under argon. The yield was isolated yield,
and ee value was based on chiral HPLC analysis.
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Figure S2. The X-ray structure of 2. (CCDC 2526649, 50% probability ellipsoids).
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Figure S3. The X-ray structure of (Cu-L*9)2. (CCDC 2526651, 50% probability
ellipsoids). Ar', 4-CF3CgsHa.
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1 Standard diti 0 0
cl s andard conditions 180K 160K
ArHN)SQ' T HPO - ArHNT 7 TOAHNT Y
Ph ipr (Ar = 4-CN-2-MeCgH3) Ph Pr Ph 'Pr
1" 1
80- and '60-labeling tertiary alcohols, 89%

E1, 0.1 mmol 1.5 equiv

5.0x10°- C:\Users\Lenov...6-06\zjy-22.raw Injection | FTMS + p ESI F...0000-1500.0000] MS + spectrum 0.09..0.11
333.1454
, 100.00%
45x10°
NC NC
0 0
16 - 18
2.0410%- OH OH
g Me I PH TP Me T PH Tipr
3.5410%
Cale. [M + Na]': 331.1417 Calc. [M + NaJ*: 333.1459
30010 ESI-HRMS [M + Na]*: 331.1412 ESI-HRMS [M + Na]*: 333.1454
2.5%10%- l
3311412
146.13%
2.0+10°
1.5+10°-
334.1488
1.0~10°- 20.08%
3362503
332.1447 13.32%

5.0-10% 2o 0656 10-07:’: . 334.2346

i29. 331.0853 3322 »

3.14% 3300731 2 81% 332.0887) 5 470, 5332223 S50% 3351521

‘ 0.53% | 061% | | 0.52% t 1-3|6-'°
0of |- . AT ! -
3290 3295 330.0 3305 3310 3315 3320 3325 3330 3335 3340 3345 3350 3355 3360 336
m/'z (Da)

Figure S4. The '80-labeling experiment and high resolution mass spectrum (HRMS).
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Me
u(OTf)(CgHeg)1/2 (10 mol %),

Me ClI C N via Me
@NﬁPh L*9 (15 mol %) @fo ©N o}
Et >
H,0, K3PO, (3.0 equiv), Ph \ﬁ
o 20, K3PO4 (3.0 equiv) Et \\/Et Ph
E36

1,4-dioxane, 80 °C, 3 d
43, 52%

Figure S5. Radical clock experiment. Reaction conditions: racemic a-tertiary
haloamides E36 (0.20 mmol, 1.0 equiv), H2O (1.5 equiv), Cu(OTf)*(CsHs)1~ (10
mol%), L*9 (15 mol%), and K3PO4 (3.0 equiv) in 1,4-dioxane (2.0 mL) at 80 °C for 3
days under argon. The yield was isolated yield.
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3. General information

Most of the reactions were carried out under argon atmosphere using Schlenk
techniques. All the solvents used for the reactions were dried according to standard
procedures. Schlenk tube was oven dried before use. Reagents were purchased at the
highest commercial quality and used without further purification, unless otherwise
stated. Cu(OTf)«(CeHs)12 (CAS 37234-97-2) was purchased from Bide Pharmatech Ltd.
Cul was purchased from Sigma-Aldrich. Anhydrous 1,4-dioxane and 1,3-dioxolane
were purchased from J&K Scientific and stored under argon. K3POs was purchased
from Bide Pharmatech Ltd, and pretreated prior to use by heating at 200 °C for 3 hours
in vacuum. Analytical thin layer chromatography (TLC) was performed on precoated
silica gel 60 GF254 plates. Flash column chromatography was performed using
Tsingdao silica gel (60, particle size 0.040—0.063 mm). As the eluent, the petroleum
ether (PE) and EtOAc were purchased from Shanghai Titan Scientific Co. Ltd without
further purification. Visualization on TLC was achieved by use of UV light (254 nm),
iodine or basic KMnOy indicator. NMR spectra were recorded on Bruker DRX-400
spectrometers at 400 MHz for '"H NMR, 100 MHz for '3C NMR and 376 MHz for '°F
NMR, respectively, in CDCIl; with tetramethylsilane (TMS) as an internal standard. The
chemical shifts are expressed in ppm and coupling constants were given in Hz. Data for
"H NMR are recorded as follows: chemical shift (ppm), multiplicity (s, singlet; d,
doublet; t, triplet; g, quartet; p, pentet, m, multiplet; br, broad), coupling constant (Hz),
integration. Data for '3C NMR are reported in terms of chemical shift (5, ppm). Mass
spectrometric data were obtained using Bruker Apex IV RTMS. Enantiomeric excess
(ee) was determined using Agilent high-performance liquid chromatography (HPLC)
with a Hitachi detector. Column conditions were reported in the experimental section
below. Specific optical rotation was measured on a Rudolph-Autopol 1. X-ray
diffraction was measured on a 'Bruker APEX-II CCD’ diffractometer with Ga—Ka

radiation.
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4. The preparation of substrates and ligands

Preparation of a-tertiary haloamides

Table S7. Previously reported a-tertiary haloamides.

@w @@ @% @%b @%@

"Pr

NC NC
@ Loy g . 0
B
. cl N cl N& r
Me 1 PH Me M PH Me Hme Bu
OMe \

R Et, E24
R ="Pr, E26
= "By, E27 E28 E29 E31

The a-tertiary haloamide substrates reported in the literature are listed in Table S7. The
corresponding substrates E1, E15, E17, E18, E19, E22, E24, E26-E29 and E31 were
prepared according to the reported procedure!.

Table S8. General procedures for preparing new a-tertiary haloamides.

General Method A:

1) LDA 1) LDA R Cl
Y THF, 78 °Cto0°C j‘\ ) - pe
Ar” >CO,H
Ar” COOH 2) Rl or RBr 2)ccl, r 2

THF, -78 °C to r.t. THF, -78°C to r.t.

NC

1) oxalyl chloride, DMF
o Cl

(0]
2) NH, N&
Me A’ R
NC Me

Et;N, CH,Cl,, 0 °C to rit.

General Method B:
1) LDA

. . R 1) SOCl,, 80 °C R Cl
A COOH THF, 78 °Cto 0°C )\ - cl
' 2) Rl or RBr Ar” >cooH 2)NCS, HCI, 90 °C
THF, -78 °C to r.t.
NH R!
e i
Cl
R1 Me ”&V
o Ar R
Et;N, CH,Cl,, 0 °C to r:t. Me
= CN, CF3 or CO,Me
General Method C:
1) LDA
Me Br
~ THF, 78 °C to 0 °C Me 1) SOCl,, 80 °C ol
R” “COOH - - =
2) Rl or RBr R™ "COOH 2)Br,, 60°C,24h

THF, -78 °C to r.t.

NH, NC e
/@: Q R = Ad, E30
NC Me N)S{Br R=Bu E31 Ad=

> Me 7 R Me R=Cy, E32

Et;N, CH,Cl,, 0 °C to rit.
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The synthesis of a-cyclobutyl substituted phenylacetic acid S2.

Br  LiHMDS (3.0 equiv)
" SCOOH + |:( >

THF, 0°Ctort, 12 h Ph 2 COOH

The a-cyclobutyl substituted phenylacetic acid S2 was prepared according to the
previously reported procedure?. A solution of phenylacetic acid (5.0 mmol) in dry THF
(10 mL) was cooled in ice bath. Then LIHMDS (15 mL, 1M solution in THF) was added
dropwise. After 1 h, a solution of bromocyclobutane (0.74 g, 5.5 mmol) in dry THF
(5mL) was slowly added and the cold bath was removed. The reaction mixture was
stirred overnight, then carefullyly quenched with water and extracted with EtOAc (10
mL x 3). The aqueous layer was acidified with 2.0 N HCI and extracted with EtOAc
(10 mL x 3). The organic layers were combined and washed with brine, dried with
Na»SOs, and purified by silica gel column chromatography (eluent: petroleum
ether/EtOAc = 10/1 to 5/1) to afford the a-cyclobutyl substituted phenylacetic acid S2
as a white solid.

Table S9. The structures of new a-tertiary haloamide substrates.
NC\Q\ o NC o NC\@\ o NC o NC o
cl Cl N Cl \Q\ cl \Q\ cl
Me Me
Me Me Bu MeO
E2 E3 E4 E5 E6
BnO

E10 (
E11 (

NC
NC NC
\Q\ e} . NC o NC o o o
N Cl Cl cl

H i N cl N N N

Me Pr H H H
Q Me H P —Et me H PH Me N PH Me H PH

o
£ F

E13 E14 E16 E20 E21

\@% ke ke %@ e

E30 (R = 'Pr) E34 ( R Cy
E35 (R = cyclopentyl)

E25

The new a-tertiary haloamides are listed in Table S9. Substrates E2, E3, E6-ES8, E10,
E12, E13, E20, and E23 were prepared using General Method A (Table S8); substrates
E4, ES, E9, E11, E14,E16, E21, E25, E30, E31, and E35 were prepared using General
Method B (Table S8); and substrate E32 and E34 were prepared using General
Method C (Table S8), according to the previously reported procedures'.
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Characterization data for new a-tertiary haloamides

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-(m-tolyl)butanamide (E2)

NC
O
Cl
N
H

Me Pr
Me
E2
According to General Method A, the synthesized substrate E2 was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid.
'H NMR (400 MHz, CDCIls) & 8.67 (s, 1H), 8.19 (d, J = 8.5 Hz, 1H), 7.56 — 7.50 (m,
2H), 7.51 - 7.44 (m, 1H), 7.43 (d,J=2.0Hz, 1H), 7.31 - 7.22 (m, 1H), 7.14 (d,J= 7.5
Hz, 1H), 3.24 - 3.10 (m, 1H), 2.37 (s, 3H), 2.24 (s, 3H), 1.17 (d, J = 6.4 Hz, 3H), 0.82
(d, J= 6.6 Hz, 3H).
13C NMR (100 MHz, CDCI3) 6 168.3, 139.6, 138.4, 138.1, 133.8, 131.1, 129.2, 128.3,
126.9, 123.4,120.9, 118.7, 107.7, 86.1, 37.3, 21.6, 18.9, 17.2, 16.9.
HRMS (ESI) m/z calcd. for C20H21CIN2NaO [M + Na]* 363.1235, found 363.1229.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(3,5-dimethylphenyl)-3-methyl-

butanamide (E3)
NC o
N cl
N .

Me 'Pr
Me

Me
E3

According to General Method A, the synthesized substrate E3 was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid.
'H NMR (400 MHz, CDCl3) & 8.65 (s, 1H), 8.21 (d, J= 8.5 Hz, 1H), 7.53 — 7.47 (m,
1H), 7.46 — 7.42 (m, 1H), 7.32 (s, 2H), 6.96 (s, 1H), 3.21 — 3.11 (m, 1H), 2.33 (s, 6H),
2.25(s,3H), 1.16 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.7 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 168.4, 139.7, 138.4, 138.0, 133.8, 131.1, 130.1, 128.3,
124.1, 120.9, 118.8, 107.7, 86.2, 37.3, 21.5, 19.0, 17.3, 17.1.

HRMS (ESI) m/z calcd. for C21H23CIN2NaO [M + Na]* 377.1391, found 377.1387.

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-(p-tolyl)butanamide (E4)
NC o
N Cl
me M Pr

E4 Me

According to General Method B, the synthesized substrate E4 was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid.

S16



TH NMR (400 MHz, CDCIl3) 6 8.69 (s, 1H), 8.18 (d, J= 8.5 Hz, 1H), 7.65 — 7.56 (m,
2H), 7.51 — 7.45 (m, 1H), 7.44 — 7.38 (m, 1H), 7.24 — 7.11 (m, 2H), 3.22 — 3.10 (m,
1H), 2.34 (s, 3H), 2.24 (s, 3H), 1.16 (d, /= 6.4 Hz, 3H), 0.83 (d, /= 6.7 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 168.4, 139.6, 138.3, 135.6, 133.7, 131.0, 129.1, 128.3,
126.2,120.9, 118.7, 107.7, 86.0, 37.3, 20.8, 18.9, 17.2, 16.9.

HRMS (ESI) m/z calcd. for C20H21CIN2NaO [M + Na]* 363.1235, found 363.1229.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(4-isobutylphenyl)-3-methylbutanamide

(ES)
NC o
N cl
N

Me Pr

E5 '‘Bu
According to General Method B, the synthesized substrate ES was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a yellow oil.
'TH NMR (400 MHz, CDCl3) 6 8.69 (s, 1H), 8.19 (d, J= 8.4 Hz, 1H), 7.62 (d, 2H), 7.52
—7.44 (m, 1H), 7.45 - 7.39 (m, 1H), 7.15 (d, /= 8.2 Hz, 2H), 3.24 — 3.07 (m, 1H), 2.46
(d, J=7.2 Hz, 2H), 2.23 (s, 3H), 1.94 - 1.78 (m, 1H), 1.16 (d, /= 6.4 Hz, 3H), 0.88 (d,
J=6.6 Hz, 6H), 0.82 (d, J = 6.7 Hz, 3H).
I3C NMR (100 MHz, CDCl3) 6 168.4, 142.1, 139.6, 135.8, 133.7, 131.0, 129.1, 128 4,
126.1, 121.0, 118.7, 107.7, 86.1, 44.7, 37.4, 30.0, 22.3, 22.2, 18.9, 17.2, 16.9.
HRMS (ESI) m/z calcd. for C23H27CIN2NaO [M + Na]* 405.1704, found 405.1704.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(3-methoxyphenyl)-3-methyl-

butanamide (E6)
NC o
N Cl
H .

Me 'Pr
OMe

E6
According to General Method A, the synthesized substrate E6 was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a light yellow
solid.
'H NMR (400 MHz, CDCl3) 6 8.67 (s, 1H), 8.19 (d, J= 8.5 Hz, 1H), 7.49 (dd, J = 8.5,
2.0 Hz, 1H), 7.43 (d, J = 1.9 Hz, 1H), 7.33 — 7.27 (m, 3H), 6.91 — 6.86 (m, 1H), 3.82
(s, 3H), 3.24 — 3.10 (m, 1H), 2.24 (s, 3H), 1.16 (d, /= 6.4 Hz, 3H), 0.82 (d, /= 6.7 Hz,
3H).
I3C NMR (100 MHz, CDCIl3) 6 168.1, 159.6, 140.1, 139.6, 133.8, 131.1, 129.5, 128 .4,
121.0, 118.7, 118.6, 113.2, 112.9, 107.8, 85.8, 55.3, 37.5, 19.0, 17.3, 16.9.
HRMS (ESI) m/z calcd. for C20H21CIN2NaO; [M + NaJ* 379.1184, found 379.1178.
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2-(3-(Benzyloxy)phenyl)-2-chloro-N-(4-cyano-2-methylphenyl)-3-methyl-

butanamide (E7)
cl
N
H .

Me Pr
OBn

E7

According to General Method A, the synthesized substrate E7 was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid.
'TH NMR (400 MHz, CDCl3) & 8.66 (s, 1H), 8.20 (d, J = 8.5 Hz, 1H), 7.53 — 7.31 (m,
10H), 7.01 — 6.95 (m, 1H), 5.11 (s, 2H), 3.26 — 3.10 (m, 1H), 2.25 (s, 3H), 1.19(d, J =
6.4 Hz, 3H), 0.84 (d, J= 6.7 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 168.2, 158.8, 140.2, 139.6, 136.6, 133.9, 131.2, 129.6,
128.7, 128.5, 128.1, 127.6, 121.1, 119.0, 118.8, 114.4, 113.8, 107.9, 85.9, 70.1, 37.6,
19.1,17.3, 17.0.

HRMS (ESI) m/z calcd. for C26HasCIN2NaO, [M + Na]* 455.1497, found 455.1493.

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-(4-(methylthio)phenyl)-

butanamide (E8)
N o]
H .

Me 'Pr

ES SMe

According to General Method A, the synthesized substrate E§ was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid.
'TH NMR (400 MHz, CDCl3) 6 8.73 (s, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.72 — 7.63 (m,
2H), 7.55 - 7.42 (m, 2H), 7.31 — 7.20 (m, 2H), 3.32 — 3.08 (m, 1H), 2.49 (s, 3H), 2.27
(s, 3H), 1.17 (d, J= 6.4 Hz, 3H), 0.85 (d, /= 6.7 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 168.1, 139.4, 139.3, 135.0, 133.8, 131.0, 128.4,

126.8, 125.8, 120.9, 118.6, 107.8, 85.8, 37.3, 18.8, 17.2, 16.8, 15.2.

HRMS (ESI) m/z calcd. for C20H21CIN2NaOS [M + Na]* 395.0955, found 395.0954.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(4-fluorophenyl)-3-methylbutanamide
(E9)
NC o
N o]
Me H Pr

E9 F

According to General Method B, the synthesized substrate E9 was purified by column
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chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a white solid.
'H NMR (400 MHz, CDCl3) & 8.75 (s, 1H), 8.15 (d, J = 8.4 Hz, 1H), 7.92 — 7.67 (m,
2H), 7.53 = 7.37 (m, 2H), 7.19 — 6.95 (m, 2H), 3.26 — 3.08 (m, 1H), 2.25 (s, 3H), 1.16
(d, J=6.4 Hz, 3H), 0.82 (d, J = 6.7 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 168.0, 162.4 (d, J=248.6 Hz), 139.3, 134.3(d, /= 3.3
Hz), 133.7, 130.9, 128.6, 128.3 (d, J = 8.2 Hz), 121.1, 118.5, 115.2 (d, J = 21.5 Hz),
107.9, 85.3,37.6, 18.8, 17.1, 16.7.

19F NMR (376 MHz, CDCl3) 6 —-113.7.

HRMS (ESI) m/z calcd. for Ci9HsCIFN2NaO [M + Na]* 367.0984, found 367.0979.

2-(4-Bromophenyl)-2-chloro-N-(4-cyano-2-methylphenyl)-3-methylbutanamide
(E10)

NC
O

Cl
N .
Me H Pr

E10 Br

According to General Method A, the synthesized substrate E10 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

'H NMR (400 MHz, CDCl3) & 8.72 (s, 1H), 8.16 (d, J= 8.5 Hz, 1H), 7.71 — 7.58 (m,
2H), 7.57 — 7.47 (m, 3H), 7.45 (s, 1H), 3.22 — 3.05 (m, 1H), 2.26 (s, 3H), 1.16 (d, J =
6.4 Hz, 3H), 0.82 (d, /= 6.7 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 167.9, 139.4, 137.7, 133.9, 131.6, 131.2, 128.63, 128.3,
122.9,121.2, 118.7, 108.1, 85.6, 37.8, 19.0, 17.4, 16.9.

HRMS (ESI) m/z calcd. for C19Hi1sBrCIN>NaO [M + Na]* 427.0183, found 427.0179.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(4-iodophenyl)-3-methylbutanamide

(E11)
Cl
N
H .

Me Pr

E11 |

According to General Method B, the synthesized substrate E11 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

TH NMR (400 MHz, CDCIl3) 6 8.72 (s, 1H), 8.11 (d, J= 8.5 Hz, 1H), 7.82 — 7.63 (m,
2H), 7.54 — 7.46 (m, 2H), 7.46 — 7.42 (m, 1H), 7.41 — 7.38 (m, 1H), 3.22 — 3.02 (m,
1H), 2.24 (s, 3H), 1.13 (d, J = 6.4 Hz, 3H), 0.79 (d, J = 6.7 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 167.5, 139.1, 138.2, 137.3, 133.7, 130.8, 128.6, 128.2,
121.0, 118.4, 107.8, 94.5, 85.4,37.4, 18.7, 17.2, 16.7.
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HRMS (ESI) m/z calcd. for C19HisCIIN2NaO [M + Na]* 475.0045, found 475.0044.

2-([1,1'-Biphenyl]-4-yl)-2-chloro-N-(4-cyano-2-methylphenyl)-3-methyl-
butanamide (E12)

NC
0O

Cl
N .
Me D Pr

E12 Ph

According to General Method A, the synthesized substrate E12 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

'TH NMR (400 MHz, CDCl3) 6 8.80 (s, 1H), 8.24 (d, J = 8.5 Hz, 1H), 7.86 (d, J = 8.6
Hz, 2H), 7.68 — 7.58 (m, 4H), 7.55 — 7.44 (m, 4H), 7.42 —7.35 (m, 1H), 3.34 — 3.20 (m,
1H), 2.30 (s, 3H), 1.24 (d, J = 6.4 Hz, 3H), 0.93 (d, J = 6.7 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 168.3, 141.3, 140.0, 139.6, 137.6, 133.9, 131.2, 128.9,
128.6, 127.8, 127.2, 127.1, 127.0, 121.1, 118.8, 107.9, 86.1, 37.6, 19.1, 17.4, 17.1.
HRMS (ESI) m/z calcd. for C2sH23CIN2NaO [M + Na]* 425.1391, found 425.1387.

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-(naphthalen-2-yl)butanamide
(E13)

NC
O

Cl
N .
H ipr

e )

According to General Method A, the synthesized substrate E13 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

'H NMR (400 MHz, CDC13) 6 8.79 (s, 1H), 8.31 (s, 1H), 8.19 (d, /= 8.5 Hz, 1H), 8.01
—7.81 (m, 4H), 7.62 — 7.50 (m, 2H), 7.47 (dd, J = 8.5, 1.6 Hz, 1H), 7.40 (s, 1H), 3.44
—3.26 (m, 1H), 2.24 (s, 3H), 1.28 (d, /= 6.4 Hz, 3H), 0.90 (d, /= 6.7 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 168.3, 139.6, 136.0, 133.9, 133.0, 132.9, 131.1, 128.8,
128.6, 128.4, 127.5, 126.9, 126.7, 126.1, 123.9, 121.2, 118.8, 107.9, 86.3, 37.5, 19.2,
17.4,17.1.

HRMS (ESI) m/z calcd. for C23H21CIN2NaO [M + Na]* 399.1235, found 399.1230.

Me

2-Chloro-N-(4-cyano-2-methylphenyl)-3-ethyl-2-phenylpentanamide (E14)
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NC
0
Cl
N
Me T Ph)—Et
Et
E14

According to General Method B, the synthesized substrate E14 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

'H NMR (400 MHz, CDCIl3) & 8.69 (s, 1H), 8.15 (d, J=8.5 Hz, 1H), 7.81 — 7.70 (m,
2H), 7.50 — 7.30 (m, 5H), 2.75 —2.59 (m, 1H), 2.22 (s, 3H), 1.67 — 1.50 (m, 2H), 1.36
—1.22 (m, 2H), 1.06 (t, J= 7.5 Hz, 3H), 0.78 (t,J = 7.6 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 168.5, 139.7, 138.7, 133.9, 131.1, 128.6, 128.5, 128 .4,
126.6, 121.1, 118.8, 107.9, 86.7, 50.6, 26.5, 23.8, 17.3, 13.7, 13.4.

HRMS (ESI) m/z calcd. for C21H23CIN2NaO [M + Na]* 377.1391, found 377.1386.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-cyclobutyl-2-phenylacetamide (E16)

NC
0
cl
N
Me 1 PH
E16

According to General Method B, the synthesized substrate E16 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

'TH NMR (400 MHz, CDCls) & 8.47 (s, 1H), 8.22 (d, J= 8.5 Hz, 1H), 7.64 — 7.56 (m,
2H), 7.52 (dd, J=8.5, 1.6 Hz, 1H), 7.46 (s, 1H), 7.43 — 7.34 (m, 3H), 3.76 — 3.58 (m,
1H), 2.33 —2.26 (m, 1H), 2.24 (s, 3H), 2.21 — 2.10 (m, 2H), 2.03 — 1.89 (m, 2H), 1.88
—1.77 (m, 1H).

I3C NMR (100 MHz, CDCl3) 6 167.9, 139.6, 138.9, 133.9, 131.2, 128.8, 128.7, 128.5,
126.4,121.2, 118.8, 107.9, 82.5, 43.7,24.9,24.5, 17.3, 17.1.

HRMS (ESI) m/z caled. for C20H19CIN2NaO [M + Na]* 361.1078, found 361.1073.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(2,3-dihydro-1H-inden-2-yl)-2-

phenylacetamide (E20)
cl
N
H

Me Ph

E20

According to General method A, the synthesized substrate E20 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

TH NMR (400 MHz, CDCIl3) 6 8.47 (s, 1H), 8.21 (d, /= 8.5 Hz, 1H), 7.80 (d, J= 7.4
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Hz, 2H), 7.59 — 7.35 (m, 5H), 7.25 —7.03 (m, 4H), 4.14 —3.94 (m, 1H), 3.40 — 3.14 (m,
2H), 3.03 — 2.87 (m, 1H), 2.84 — 2.69 (m, 1H), 2.23 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 168.1, 142.0, 141.6, 139.6, 138.7, 134.0, 131.2, 128.9,
128.6, 126.6, 126.5, 126.3, 124.5, 124.3, 121.2, 118.8, 108.1, 83.5, 48.4, 36.1, 34.9,
17.3.

HRMS (ESI) m/z calcd. for C2sH21CIN2NaO [M + Na]* 423.1235, found 423.1234.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-(4,4-difluorocyclohexyl)-2-

phenylacetamide (E21)
NC o
N Cl
H

Me Ph

F
E21 F

According to General Method B, the synthesized substrate E21 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

'H NMR (400 MHz, CDCls3) & 8.58 (s, 1H), 8.16 (d, J= 8.5 Hz, 1H), 7.75 — 7.69 (m,
2H), 7.53 — 7.47 (m, 1H), 7.46 — 7.34 (m, 4H), 2.85 (t, /= 11.0 Hz, 1H), 2.22 (s, 3H),
2.19-2.01 (m, 2H), 1.96 — 1.63 (m, 4H), 1.59 — 1.45 (m, 1H), 1.38 — 1.29 (m, 1H).
13C NMR (100 MHz, CDCl3) 6 167.7, 139.3, 137.7, 134.0, 131.2, 128.9, 128.8, 128.7,
126.1,121.2, 118.7, 108.2, 83.16 (d, J = 2.4 Hz), 45.5, 33.3 (t,J = 24.6 Hz), 25.2 (d, J
=10.3 Hz), 23.1 (d, J=10.3 Hz), 17.3.

19F NMR (376 MHz, CDCl3) 6 —92.1 (d, J=235.4 Hz), -102.8 (d, J = 235.7 Hz).
HRMS (ESI) m/z calcd. for C22Ha1C1IF2NoNaO [M + Na]* 425.1203, found 425.1202.

2-Chloro-N-(4-cyano-2-methylphenyl)-2-phenyl-2-(tetrahydro-2 H-thiopyran-4-

yDacetamide (E23)
N Cl
H

Me Ph

E23 S
According to General Method A, the synthesized substrate E23 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.
TH NMR (400 MHz, CDCls) 6 8.64 (s, 1H), 8.12 (d, J= 8.5 Hz, 1H), 7.71 (dd, J = 7.6,
1.9 Hz, 2H), 7.45 (dd, J= 8.5, 2.0 Hz, 1H), 7.43 — 7.33 (m, 4H), 2.87 — 2.76 (m, 2H),
2.67 —2.58 (m, 2H), 2.55 - 2.47 (m, 1H), 2.20 (s, 3H), 2.18 — 2.11 (m, 1H), 1.94 — 1.82
(m, 1H), 1.62 — 1.51 (m, 2H).
I3C NMR (100 MHz, CDCl3) 6 167.7, 139.4, 137.2, 133.9, 131.1, 128.8, 126.5, 121.2,
118.7,108.1, 84.6,47.1, 31.0, 28.8, 28.7, 28.4, 17.3.
HRMS (ESI) m/z calcd. for C21H21CIN2NaOS [M + Na]* 407.0955, found 407.0954.
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2-Chloro-N-(4-cyano-2-methylphenyl)-2-phenylpropanamide (E25)

NC
\Q\ O
Cl
N
H

Me Me

E25
According to General Method B, the synthesized substrate E25 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.
'H NMR (400 MHz, CDCl3) & 8.43 (s, 1H), 8.23 (d, J=8.5 Hz, 1H), 7.67 — 7.57 (m,
2H), 7.51 (dd, J = 8.5, 1.5 Hz, 1H), 7.47 — 7.33 (m, 4H), 2.23 (s, 3H), 2.19 (s, 3H).
I3C NMR (100 MHz, CDCl3) 6 168.8, 140.7, 139.6, 133.9, 131.3, 129.0, 128.9, 128 .4,
125.9,121.0, 118.8, 108.0, 73.6, 30.1, 17.2.
HRMS (ESI) m/z calcd. for C17Hi5sCIN2NaO [M + Na]* 321.0765, found 321.0762.

2-Chloro-3-methyl-V-(2-methyl-4-(trifluoromethyl)phenyl)-2-phenylbutanamide

(E30)
F3C\©\ o
Cl
v

Me Ph Pr
E30

According to General Method B, the synthesized substrate E30 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 25/1) to afford as a
light yellow solid.

'H NMR (400 MHz, CDCl3) & 8.67 (s, 1H), 7.80 — 7.72 (m, 2H), 7.64 (d, J = 8.6 Hz,
2H), 7.56 (d, J=8.7 Hz, 2H), 7.40 —7.33 (m, 2H), 3.27 - 3.09 (m, 1H), 1.18 (d, /= 6.4
Hz, 3H), 0.83 (d, /= 6.7 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 168.5, 140.3, 138.6, 128.5, 128.4, 126.6 (q, J = 32.7
Hz), 126.5, 126.2 (q,J = 3.7 Hz), 124.0 (g, J= 270.0 Hz), 119.6, 85.5,37.7, 19.1, 17.0.
19F NMR (376 MHz, CDCl3) 6 —62.2.

HRMS (ESI) m/z calcd. for C19H20CIF3NO [M + H]* 370.1180, found 370.1178.

Methyl 4-(2-chloro-3-methyl-2-phenylbutanamido)-3-methylbenzoate (E31)

MeO,C
(51053 o
I
Ao
H

Me Ph Pr
E31

According to General Method B, the synthesized substrate E31 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

'H NMR (400 MHz, CDCl3) & 8.71 (s, 1H), 8.09 (d, J= 8.5 Hz, 1H), 7.95 — 7.79 (m,
2H), 7.78 — 7.68 (m, 2H), 7.43 —7.26 (m, 3H), 3.89 (s, 3H), 3.28 — 3.12 (m, 1H), 2.27
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(s, 3H), 1.18 (d, J = 6.4 Hz, 3H), 0.82 (d, J = 6.7 Hz, 3H).

13C NMR (100 MHz, CDCl3) 3 168.1, 166.6, 139.6, 138.8, 131.7, 128.6, 128.5, 128.4,
127.7,126.5, 126.2, 120.5, 86.2, 52.0, 37.5, 19.1, 17.5, 17.0.

HRMS (ESI) m/z caled. for C20HosCINO; [M + HJ* 360.1361, found 360.1361.

2-((18,3S)-adamantan-1-yl)-2-bromo-N-(4-cyano-2-methylphenyl)propanamide

(E32)
Br
N

E32

According to General Method C, the synthesized substrate E32 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 20/1) to afford as a
white solid.

'TH NMR (400 MHz, CDCl3) & 8.84 (s, 1H), 8.28 (d, J=8.5 Hz, 1H), 7.54 — 7.48 (m,
1H), 7.46 (s, 1H), 2.33 (s, 3H), 2.02 (s, 6H), 1.94 — 1.76 (m, 6H), 1.70 — 1.54 (m, 6H).
I3C NMR (100 MHz, CDCl3) 6 168.3, 139.9, 133.9, 131.2, 128.1, 120.4, 118.9, 107.5,
84.7,40.7, 38.2, 36.4, 28.6, 25.3, 17.7.

HRMS (ESI) m/z calcd. for C21H2sBrN>NaO [M + Na]* 423.1042, found 423.1038.

2-Bromo-N-(4-cyano-2-methylphenyl)-2-cyclohexylpropanamide (E34)

NC
\Q\ i
Br
N
H

Me Me

E34

According to General Method C, the synthesized substrate E34 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 15/1) to afford as a
white solid.

TH NMR (400 MHz, CDCI3) 6 8.86 (s, 1H), 8.27 (d, /= 8.5 Hz, 1H), 7.57 — 7.46 (m,
2H), 2.35 (s, 3H), 1.99 (s, 3H), 1.93 — 1.73 (m, 6H), 1.34 — 1.18 (m, 5H).

I3C NMR (100 MHz, CDCl3) 6 169.8, 139.7, 133.9, 131.2, 128.2, 120.7, 118.8, 107.8,
77.7,48.2,29.6, 28.4, 28.0, 26.0, 25.9, 25.8, 17.5.

HRMS (ESI) m/z caled. for C17H22BrN>O [M + H]* 349.0910, found 349.0905.

2-Chloro-2-cyclopentyl-NV-(2-methyl-4-(trifluoromethyl)phenyl)-2-
phenylacetamide (E35)
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FiC
3 o}
|
N c
H

Me Ph

E35

According to General Method B, the synthesized substrate E35 was purified by
column chromatography on silica gel (petroleum ether/EtOAc = 25/1 to 20/1) to afford
as a colorless oil.

TH NMR (400 MHz, CDCI3) 6 8.54 (s, 1H), 8.09 (d, /= 8.4 Hz, 1H), 7.75(d, J= 7.4
Hz, 2H), 7.51 — 7.32 (m, 5H), 3.52 — 3.33 (m, 1H), 2.26 (s, 3H), 2.09 — 1.91 (m, 1H),
1.81 = 1.63 (m, 4H), 1.60 — 1.42 (m, 3H).

I3C NMR (100 MHz, CDCl3) 6 168.5, 139.8, 138.5, 128.8, 128.5, 128.4, 127.3 (q, J =
3.7 Hz), 126.8 (q,J = 32.3 Hz), 126.5, 124.1 (q, /= 270.1 Hz), 124.0 (q, J = 3.7 Hz),
121.5, 84.6, 48.7,29.2, 28.2,26.2,25.9, 17.5.

19F NMR (376 MHz, CDCl3) 6 —62.2.

HRMS (ESI) m/z caled. for C21H22CIF3NO [M + H]" 396.1337, found 396.1339.
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The synthesis of chiral ligands

Ph Ph 1 DMAP (0.2 equiv) R
CO,H .2 equiv
Sh—4s) Ny 00z ), (AL A pn
N Mo | N EDCI (1.1 equiv) | M
2 2 B~ N7 CH,Cly, rit., 4 h B~ N NMe,
(S,S)-L*1 R=H, CF3 (S,S)-L*2
Pd(PPhs), (0.06 equiv) R O Ph
K,CO3 (6.0 equiv) (S) Ph 7 R = -
ArB(OH), (1.1 equiv) NN Ys) Lo RZHAr=Ph
| W H o &\, L8 R=CFsAr=ph
THF/H,0 (3/1) ArT P 2 L*9, R = CFa, Ar = 4-CF3CgH,
80 °C, 24 h L*11, R = F, Ar = 3-CNCgH,

The chiral ligand L*7-L*9 and L*11 were synthesized according to the reported
procedure!,

To a solution of chiral diamine (S,S)-L*1 (5.0 mmol, 1.0 equiv) in anhydrous CH>Cl»
(10 mL) were successively added the substituted 5-bromo-picolinic acid (5.5 mmol, 1.1
equiv), DMAP (0.12 g, 1.0 mmol, 0.2 equiv) and EDCI (5.5 mmol, 1.1 equiv) under
argon at room temperature. The reaction mixture was stirred at room temperature for 4
h. After completion (monitored by TLC), the reaction mixture was concentrated under
reduced pressure. The residue was purified by silica gel column chromatography
(eluent: petroleum ether/EtOAc = 10/1 to 5/1) to give the ligand intermediate (S, S)-
L*2 as a white solid.

To a solution of the ligand (S,S)-L*2 in THF/H,O (10 mL, v/v: 3/1) were successively
added Pd(PPh3)4(0.06 equiv), K»COs (6.0 equiv) and arylboronic acid (1.1 equiv) under
argon. The reaction was reflux at 80 °C for 24 hours. Then the reaction was quenched
by H2O (10 mL). The organic layer was separated and the aqueous layer was extracted
with ethyl acetate (10 mL x 3). The combined organic phase was dried with Na>SOs,
filtered and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: petroleum ether/EtOAc = 5/1 to 2/1) to give the
ligands L*7-L*9 and L*11 as white solids.

The diamine (S,S5)-L*1 was synthesized according to the reported literature3. The chiral
ligand ent-L*9 was synthesized according to the same procedures as L*9. And the
NMR date of ent-L.*9 were identical to those of L*9.

Characterization data for new chiral ligands

N-((1S,25)-2-(dimethylamino)-1,2-diphenylethyl)-5-phenylpicolinamide (L*7)

O Ph
N N _ Ph
| H =
— N NMe2
L*7
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IH NMR (400 MHz, CDCl3) § 9.32 (d, J = 5.4 Hz, 1H), 8.86 (d, J = 2.2 Hz, 1H), 8.21
(dd, J = 8.0, 0.8 Hz, 1H), 7.98 (dd, J = 8.1, 2.3 Hz, 1H), 7.64 — 7.57 (m, 2H), 7.56 —
747 (m, 2H), 7.45 — 7.41 (m, 1H), 7.28 — 7.26 (m, 1H), 7.25 — 7.17 (m, 4H), 7.15 —
7.08 (m, 4H), 7.07 — 7.03 (m, 1H), 5.49 — 5.41 (m, 1H), 3.95 (d, /= 10.6 Hz, 1H), 2.25
(s, 6H).

13C NMR (100 MHz, CDCl3) 6 164.2, 149.0, 146.8, 140.9, 138.8, 137.1, 135.3, 133.1,
129.7, 129.2, 128.5, 127.9, 127.7, 127.6, 127.5, 127.2, 126.9, 122.3, 73.5, 54.6, 41.0.
HRMS (ESI) m/z calcd. for C2sHosN3O [M + H]* 422.2227, found 422.2228.

N-((18,25)-2-(dimethylamino)-1,2-diphenylethyl)-5-phenyl-3-(trifluoromethyl)
picolinamide (L*8)

CF; O Ph

X N - Ph
H Z
~ N NMez

L*8

H NMR (400 MHz, CDCl5) § 9.00 (d, J = 1.3 Hz, 1H), 8.87 (d, /= 4.8 Hz, 1H), 8.28
(s, 1H), 7.62 (d, J = 7.2 Hz, 2H), 7.55 — 7.45 (m, 3H), 7.25 — 7.20 (m, 5H), 7.14 — 7.03
(m, SH), 5.43 (dd, J = 10.6, 5.1 Hz, 1H), 3.85 (d, J = 10.6 Hz, 1H), 2.21 (s, 6H).

13C NMR (100 MHz, CDCl3) § 163.5, 149.0, 148.7, 136.9 (q, J = 255.2 Hz), 134.0 (q,
J=5.6Hz), 129.8, 129.5, 129.4, 128.0, 127.8, 127.7, 127.5, 127.3, 126.9, 125.8 (q, J =
33.8 Hz), 123.01 (q, J = 272.3 Hz), 73.7, 54.8, 41.0.

1F NMR (376 MHz, CDCl3) § —59.2.

HRMS (ESI) m/z calcd. for CooHa7F3N3O [M + HJ* 490.2101, found 490.2099.

N-((18,25)-2-(dimethylamino)-1,2-diphenylethyl)-3-(trifluoromethyl)-5-(4-
(trifluoromethyl)phenyl)picolinamide (L*9)

CF; O Ph

NSy Ph
H Z
_N NMe,

FsC L*9

'H NMR (400 MHz, CDCl3) 6 9.06 (d, /= 1.9 Hz, 1H), 8.88 (d, J = 4.6 Hz, 1H), 8.33
(d,J=1.8Hz, 1H), 7.90 — 7.73 (m, 4H), 7.32 — 7.22 (m, 5H), 7.21 — 7.03 (m, SH), 5.44
(dd, J=10.6, 5.0 Hz, 1H), 3.87 (d, /= 10.7 Hz, 1H), 2.24 (s, 6H).

I3C NMR (100 MHz, CDCl3) 6 163.3, 149.6, 149.1, 140.6, 139.1, 136.8, 134.4 (q, J =
5.8 Hz), 133.0, 131.3 (q, J = 32.5 Hz), 129.8, 128.1, 127.9, 127.8, 127.7, 127.4, 127.0,
126.4 (q, J = 3.6 Hz), 126.0 (q, /= 34.2 Hz), 123.4 (q, /= 105.1 Hz), 73.7, 54.9, 41.0.
19F NMR (376 MHz, CDCl3) 8 —59.3, —62.7.

HRMS (ESI) m/z calcd. for C30H26FsN3O [M + H]* 558.1975, found 558.1974.
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5-(4,4'"'-di-tert-butyl-[1,1':3',1"'-terphenyl]-5'-yl)-N-((15,25)-2-(dimethylamino)
cyclohexyl)picolinamide (L*10)

L*10

The chiral ligand L*10 was synthesized according to the similar procedure as L*9.

'TH NMR (400 MHz, CDCl3) 6 8.91 (d, J = 0.7 Hz, 1H), 8.43 — 8.25 (m, 2H), 8.17 —
8.08 (m, 1H), 7.87 (s, 1H), 7.77 (s, 2H), 7.64 (d, J = 8.2 Hz, 4H), 7.54 (d, J = 8.2 Hz,
4H), 3.96 — 3.80 (m, 1H), 2.60 — 2.50 (m, 2H), 2.31 (s, 6H), 1.98 — 1.82 (m, 2H), 1.80
—1.70 (m, 1H), 1.40 (s, 18H), 1.33 — 1.27 (m, 2H).

13C NMR (100 MHz, CDCl3) 6 164.1, 150.9, 149.5, 146.9, 142.7, 138.9, 138.2, 137.8,
135.6, 127.0, 126.2, 126.0, 124.8, 122.3, 66.5, 51.1, 40.2, 34.7, 33.0, 31.4, 25.4, 24.9,
22.1.

HRMS (ESI) m/z caled. for C40HsoN5O [M + H]* 588.3948, found 588.3947.
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5. General procedure for the synthesis of products

The preparation of the mixed solvents for this reaction

Under argon atmosphere, an oven-dried resealable 100 mL Schlenk tube was charged
with anhydrous 1,4-dioxane (40 mL) and 1,3-dioxolane (10 mL). Then water (7.5 mmol,
135.0 mg) was added to the mixed solvent, and the mixture was shaken thoroughly.
Note: The other solvent or mixed solvents were prepared by analogy, and the
corresponding prepared mixed solvent was used and stored under argon atmosphere.

General procedure for the synthesis of chiral products

R! R o
0
Cu(OTf)(CgHg)1/2 (10 mol %), L*9 (15 mol %) OH
R - N7
H K3POy4 (3.0 equiv), 1,4-dioxane/1,3-dioxolane Ve H %

Me AT R (2.0 mL, 4/1), 0 °C, argon, 5 d
Racemic E1-E31, E35 1-31, 39
CF; O Ph
SN N . Ph

H =
_N NMe,

FgC L*9

General Procedure A:

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with
a magnetic stir bar was charged with a-tertiary haloamides (0.20 mmol, 1.0 equiv),
Cu(OTH1)+(CeHe)12 (5.03 mg, 0.02 mmol, 10 mol%), chiral ligand L*9 (16.72 mg, 0.03
mmol, 15 mol%) and K3PO4 (128.0 mg, 0.60 mmol, 3.0 equiv). Then the mixed solvent
(1,4-dioxane/1,3-dioxolane = 4/1, 2.0 mL) was added into the mixture, and the reaction
mixture was stirred at 0 °C for 5 days. Upon completion (monitored by TLC), the
reaction mixture was diluted with CH,Cl,, filtered off and rinsed three times with
CHxCl,. The filtrate was concentrated, and the residue was purified by column
chromatography on silica gel to afford the desired product.

General procedure for the synthesis of racemates

R : o)
R o] 0] !
Cul (10 mol %), Lyac (15 mol 9 1 X

N)g{ﬂx . o CuI(10mOl %) Ly (15 mol %) N&OH an N
me H R'R? K3PO, (3.0 equiv), Me N RIRZ [N NMe,

. 1,4-dioxane, rt, argon, 12 h . ; Lyac
Racemic E1-E35 Racemic

1-34, 39

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with
amagnetic stir bar was charged with Cul (0.95 mg, 0.005 mmol, 10 mol%), Ly (1.34
mg, 0.0075 mmol, 15 mol%), K3PO4 (32.0 mg, 0.15 mmol, 3.0 equiv), and anhydrous
1,4-dioxane (0.50 mL). Then a-tertiary haloamides (0.05 mmol, 1.0 equiv) and water
(0.075 mmol, 1.5 equiv) were sequentially added into the mixture, and the resulting
mixture was stirred at room temperature for 12 hours. Upon completion (monitored by
TLC), the precipitate was filtered off and rinsed by CH:Cl,. The filtrate was
concentrated, and the residue was purified by column chromatography on silica gel to
afford the desired racemic product.
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Characterization data for products
(5)-NV-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-phenylbutanamide (1)

=

Me

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-
methyl-2-phenylbutanamide E1 (65.4 mg, 0.20 mmol), the reaction was run at 0 °C for
5 days, and the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 1 as a white solid (59.2 mg,
96% yield, 93% ee).

[a]y =-25(c 0.7, CHCl:).

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), fr (minor) = 11.90 min, fr (major) = 17.31 min.

'TH NMR (400 MHz, CDCIl3) 6 8.89 (s, 1H), 8.28 (d, J= 8.5 Hz, 1H), 7.75 — 7.55 (m,
2H), 7.52 — 7.28 (m, 5H), 3.05 — 2.91 (m, 1H), 2.81 (s, 1H), 2.26 (s, 3H), 1.08 (d, J =
6.7 Hz, 3H), 0.76 (d, /= 7.0 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 171.9, 140.9, 139.8, 133.8, 131.2, 128.6, 127.9, 127.7,
125.2, 120.6, 119.0, 107.1, 82.8, 34.9, 17.3, 17.0, 15.8.

HRMS (ESI) m/z calcd. for Ci19H20N>2NaO> [M + Na]* 331.1417, found 331.1416.

(R)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-phenylbutanamide (ent-
1)

ent-1
According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-
methyl-2-phenylbutanamide E1 (65.4 mg, 0.20 mmol) using ent-L*9 as the ligand, the
reaction was run at 0 °C for 5 days, and the reaction mixture was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product
ent-1 as a white solid (58.0 mg, 94% yield, 93% ee).
[a]y =+20 (c 0.4, CHCI).
HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), fr (major) = 12.01 min, R (minor) = 17.24 min.
HRMS (ESI) m/z caled. for C19H20N2NaO> [M + Na]* 331.1417, found 331.1416.
Note: The 'H NMR and '3C NMR data of ent-1 was same as product 1.

(8)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-(m-tolyl)butanamide (2)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-
methyl-2-(m-tolyl)butanamide E2 (68.2 mg, 0.20 mmol), the reaction was run in mixed
solvent (1,4-dioxane:1,3-dioxolane:CHCl3, 3:1:1, 2.0 mL) at —10 °C for 7 days, and the
reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 10/1 to 5/1) to yield the product 2 as a white solid (51.6 mg, 80% yield,
92% ee).

[a]ls =-16 (c 0.7, CHCL).

HPLC analysis: Chiralcel A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =254
nm), fr (minor) = 9.84 min, fr (major) = 16.73 min.

'TH NMR (400 MHz, CDCl3) & 8.90 (s, 1H), 8.28 (d, J= 8.5 Hz, 1H), 7.50 — 7.38 (m,
4H), 7.29 — 7.22 (m, 1H), 7.11 (d, J = 7.5 Hz, 1H), 3.02 — 2.92 (m, 1H), 2.93 (s, 1H),
2.37 (s, 3H), 2.26 (s, 3H), 1.07 (d, /= 6.7 Hz, 3H), 0.76 (d, /= 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 172.0, 140.8, 139.8, 138.1, 133.7, 131.1, 128.6, 128.4,
127.6, 125.9, 122.2, 120.5, 119.0, 106.9, 82.6, 34.8, 21.6, 17.2, 17.0, 15.8.

HRMS (ESI) m/z calcd. for C20H22N>NaO> [M + Na]* 345.1573, found 345.1570.

(8)-N-(4-Cyano-2-methylphenyl)-2-(3,5-dimethylphenyl)-2-hydroxy-3-methyl-
butanamide (3)

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
(3,5-dimethylphenyl)-3-methyl-butanamide E3 (71.0 mg, 0.20 mmol), the reaction was
run at 0 °C for 5 days, and the reaction mixture was purified by column chromatography
on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 3 as a light
yellow oil (63.9 mg, 95% yield, 92% ee).

[a]s =-9 (c 0.7, CHCL).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 7.90 min, #r (major) = 14.45 min.

'H NMR (400 MHz, CDCl3) & 8.90 (s, 1H), 8.28 (d, J= 8.5 Hz, 1H), 7.47 — 7.40 (m,
1H), 7.42 — 7.37 (m, 1H), 7.30 — 7.24 (m, 2H), 6.93 (s, 1H), 3.01 (s, 1H), 3.00 — 2.89
(m, 1H), 2.32 (s, 6H), 2.26 (s, 3H), 1.06 (d, J= 6.7 Hz, 3H), 0.77 (d, J = 6.9 Hz, 3H).
I3C NMR (100 MHz, CDCl3) 6 172.1, 140.8, 139.9, 138.0, 133.6, 131.1, 129.5, 127.5,
122.9, 120.4, 119.0, 106.8, 82.6, 34.7, 21.5, 17.2, 16.9, 15.9.

HRMS (ESI) m/z calcd. for C21H24N>2NaO»> [M + Na]* 359.1730, found 359.1724.
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(5)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-(p-tolyl)butanamide (4)

4 Me

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-
methyl-2-(p-tolyl)butanamide E4 (68.2 mg, 0.20 mmol), the reaction was run in mixed
solvent (1,4-dioxane:1,3-dioxolane:CHCl3, 3:1:1, 2.0 mL) at —10 °C for 7 days, and the
reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 10/1 to 5/1) to yield the product 4 as a white solid (50.3 mg, 78% yield,
88% ee).

[a]y, =-18 (¢ 0.7, CHCls).

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), fr (minor) = 11.80 min, fr (major) = 16.03 min.

'H NMR (400 MHz, CDCl3) 8 8.91 (s, 1H), 8.27 (d, J=8.5 Hz, 1H), 7.61 — 7.51 (m,
2H), 7.49 — 7.37 (m, 2H), 7.18 (d, J = 8.2 Hz, 2H), 3.00 — 2.91 (m, 1H), 2.90 (s, 1H),
2.33 (s, 3H), 2.26 (s, 3H), 1.07 (d, /= 6.7 Hz, 3H), 0.76 (d, J = 6.9 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 172.1, 139.8, 137.9, 137.6, 133.7, 131.1, 129.2, 127.5,
125.1, 120.5, 119.0, 106.9, 82.6, 34.7,20.9, 17.2, 16.9, 15.8.

HRMS (ESI) m/z calcd. for C20H22N2NaO, [M + Na]* 345.1573, found 345.1571.

(8)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-(4-isobutylphenyl)-3-methyl-
butanamide (5)

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-(4-
isobutylphenyl)-3-methylbutanamide ES (76.6 mg, 0.20 mmol), the reaction was run at
0 °C for 5 days, and the reaction mixture was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 5 as a white solid
(54.7 mg, 75% yield, 86% ee).

[a]s =-9 (c 0.7, CHCI;).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 9.98 min, #r (major) = 13.25 min.

'H NMR (400 MHz, CDCl3) & 8.88 (s, 1H), 8.29 (d, J = 8.5 Hz, 1H), 7.55 (d, J= 8.1
Hz, 2H), 7.51 — 7.36 (m, 2H), 7.15 (d, J = 8.1 Hz, 2H), 3.01 — 2.90 (m, 1H), 2.84 (s,
1H), 2.45 (d, J = 7.1 Hz, 2H), 2.25 (s, 3H), 1.92 — 1.76 (m, 1H), 1.07 (d, J = 6.7 Hz,
3H), 0.88 (d, J = 6.5 Hz, 6H), 0.76 (d, J = 6.9 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 172.2, 141.5, 139.9, 138.2, 133.8, 131.2, 129.3, 127.6,
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125.0, 120.6, 119.0, 107.0, 82.7, 45.0, 34.8, 30.2,22.4,22.3, 17.3, 17.0, 15.9.
HRMS (ESI) m/z calcd. for C23H2sN>2NaO> [M + Na]* 387.2043, found 387.2042.

(8)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-(3-methoxyphenyl)-3-methyl-
butanamide (6)

OMe

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-(3-
methoxyphenyl)-3-methyl-butanamide E6 (71.4 mg, 0.20 mmol), the reaction was run
at 0 °C for 5 days, and the reaction mixture was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 6 as a white solid
(59.5 mg, 88% yield, 94% ee).

[a]s, =-30 (c 0.7, CHCI;).

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), fr (minor) = 19.03 min, fr (major) = 20.75 min.

'H NMR (400 MHz, CDCl3) & 8.88 (s, 1H), 8.28 (d, J=8.5 Hz, 1H), 7.50 — 7.36 (m,
2H), 7.34 - 7.28 (m, 1H), 7.27 — 7.23 (m, 2H), 6.88 — 6.80 (m, 1H), 3.82 (s, 3H), 3.01
—2.87 (m, 2H), 2.26 (s, 3H), 1.07 (d, J = 6.7 Hz, 3H), 0.77 (d, /= 7.0 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 171.8, 159.8, 142.7, 139.8, 133.8, 131.2, 129.6, 127.7,
120.6, 119.0, 117.6, 112.8, 111.6, 107.0, 82.7, 55.3,34.9, 17.3, 17.0, 15.9.

HRMS (ESI) m/z calcd. for C20H22N2NaOs [M + Na]* 361.1523, found 361.1520.

(5)-2-(3-(Benzyloxy)phenyl)-N-(4-cyano-2-methylphenyl)-2-hydroxy-3-methyl-
butanamide (7)

OBn

According to General Procedure A with 2-(3-(benzyloxy)phenyl)-2-chloro-N-(4-
cyano-2-methylphenyl)-3-methyl- butanamide E7 (86.6 mg, 0.20 mmol), the reaction
was run in mixed solvent (1,4-dioxane: DCM, 4:1, 2.0 mL) at 0 °C for 7 days, and the
reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 10/1 to 5/1) to yield the product 7 as a white solid (68.0 mg, 82% yield,
91% ee).

[a]y =-30 (c 0.7, CHCl:).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =254
nm), fr (minor) = 19.05 min, fr (major) = 41.02 min.

TH NMR (400 MHz, CDC13) 6 8.93 (s, 1H), 8.29 (d, J= 8.5 Hz, 1H), 7.59 — 7.29 (m,
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10H), 7.04 — 6.87 (m, 1H), 5.09 (s, 2H), 3.09 (s, 1H), 3.02 — 2.90 (m, 1H), 2.26 (s,
3H), 1.10 (d, J= 6.7 Hz, 3H), 0.78 (d, J = 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 171.9, 159.0, 142.8, 139.9, 136.8, 133.8, 131.2, 129.6,
128.6, 128.1, 127.8, 127.6, 120.6, 119.1, 117.9, 113.8, 112.6, 107.0, 82.7, 70.1, 35.0,
17.3,17.1, 15.9.

HRMS (ESI) m/z calcd. for Co6HasN>2NaOs [M + Na]* 437.1836, found 437.1832.

(5)-NV-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-(4-(methylthio)phenyl)-
butanamide (8)

8 SMe

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-
methyl-2-(4-(methylthio)phenyl)-butanamide E8 (74.6 mg, 0.20 mmol), the reaction
was run at 0 °C for 5 days, and the reaction mixture was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product
8 as a white solid (58.1 mg, 82% yield, 84% ee).

[a]ls =-8 (c 0.7, CHCl:).

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =254
nm), fr (minor) = 18.44 min, fr (major) = 28.94 min.

'H NMR (400 MHz, CDCI3) 6 8.96 (s, 1H), 8.25 (d, J = 8.5 Hz, 1H), 7.59 (d, J= 8.5
Hz, 2H), 7.46 — 7.35 (m, 2H), 7.23 (d, J = 8.5 Hz, 2H), 3.14 (s, 1H), 3.00 — 2.87 (m,
1H), 2.46 (s, 3H), 2.26 (s, 3H), 1.06 (d, J = 6.7 Hz, 3H), 0.75 (d, J = 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 172.1, 139.9, 138.3, 137.8, 133.8, 131.2, 127.8, 126.3,
125.9, 120.6, 119.0, 107.0, 82.6, 34.9, 17.3, 17.0, 15.8, 15.6.

HRMS (ESI) m/z calcd. for C20H220N>NaO»S [M + Na]* 377.1294, found 377.1291.

(8)-N-(4-Cyano-2-methylphenyl)-2-(4-fluorophenyl)-2-hydroxy-3-methyl-
butanamide (9)

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-(4-
fluorophenyl)-3-methylbutanamide E9 (68.9 mg, 0.20 mmol), the reaction was run in
mixed solvent (1,4-dioxane/1,3-dioxolane/CHCI3, 3/1/1, 2.0 mL) at —10 °C for 7 days,
and the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 9 as a white solid (52.2 mg,
80% yield, 90% ee).
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[a]s =-25 (¢ 0.7, CHCI;).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 10.15 min, fr (major) = 13.89 min.

TH NMR (400 MHz, CDCIl3) 6 8.93 (s, 1H), 8.26 (d, J= 8.5 Hz, 1H), 7.72 — 7.60 (m,
2H), 7.52 — 7.39 (m, 2H), 7.11 — 6.99 (m, 2H), 3.02 — 2.87 (m, 2H), 2.27 (s, 3H), 1.08
(d, J=6.7 Hz, 3H), 0.75 (d, J = 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 171.8, 162.3 (d,J=246.9 Hz), 139.7, 136.6 (d, J=2.9
Hz), 133.7, 131.2, 127.7, 127.1 (d, J = 8.1 Hz), 120.6, 118.9, 115.2 (d, J = 21.4 Hz),
107.1, 82.4,35.1,17.2, 16.9, 15.6.

19F NMR (376 MHz, CDCl3) 6 —114.8.

HRMS (ESI) m/z calcd. for Ci9H19FN>2NaO, [M + Na]* 349.1323, found 349.1321.

(5)-2-(4-Bromophenyl)-N-(4-cyano-2-methylphenyl)-2-hydroxy-3-methyl-
butanamide (10)

According to General Procedure A with 2-(4-bromophenyl)-2-chloro-N-(4-cyano-2-
methylphenyl)-3-methylbutanamide E10 (81.1 mg, 0.20 mmol), the reaction was run at
0 °C for 7 days, and the reaction mixture was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 10 as a white solid
(46.1 mg, 84% yield, 85% ee).

[a]y =—24 (c 0.7, CHCI;).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), fr (minor) = 11.96 min, fg (major) = 18.03 min.

'H NMR (400 MHz, CDCl3) & 8.97 (s, 1H), 8.26 (d, J= 8.5 Hz, 1H), 7.63 — 7.54 (m,
2H), 7.54 — 7.44 (m, 3H), 7.43 (s, 1H), 3.10 (s, 1H), 3.00 — 2.87 (m, 1H), 2.29 (s, 3H),
1.09 (d, /= 6.7 Hz, 3H), 0.76 (d, J = 7.0 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 171.7, 140.1, 139.7, 133.8, 131.5, 131.2, 127.9, 127.3,
122.1, 120.7, 119.0, 107.1, 82.6, 35.1, 17.3, 17.0, 15.7.

HRMS (ESI) m/z caled. for C19Hi19BrN>NaO; [M + Na]* 409.0522, found 409.0519.

(5)-NV-(4-Cyano-2-methylphenyl)-2-hydroxy-2-(4-iodophenyl)-3-methyl-
butanamide (11)

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-(4-
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iodophenyl)-3-methylbutanamide E11 (90.5 mg, 0.20 mmol), the reaction was run at
0 °C for 5 days, and the reaction mixture was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 11 as a white solid
(62.5 mg, 72% yield, 87% ee).

[a]s =-23 (c 0.7, CHCL).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), fr (minor) = 13.38 min, fr (major) = 21.15 min.

'H NMR (400 MHz, CDCls) 6 8.93 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 8.6
Hz, 2H), 7.55 — 7.38 (m, 4H), 3.00 — 2.88 (m, 2H), 2.29 (s, 3H), 1.09 (d, J = 6.7 Hz,
3H), 0.76 (d, J= 7.0 Hz, 3H).

13C NMR (100 MHz, CDCl3) 6 171.5, 140.8, 139.7, 137.6, 133.8, 131.3, 127.8, 127 4,
120.7, 119.0, 107.2, 93.9, 82.7, 35.1, 17.3, 17.0, 15.7.

HRMS (ESI) m/z calcd. for C19H19IN2NaO; [M + Na]* 457.0383, found 457.0378.

(8)-2-([1,1'-Biphenyl]-4-yl)-N-(4-cyano-2-methylphenyl)-2-hydroxy-3-methyl-
butanamide (12)

According to General Procedure A with 2-([1,1'-biphenyl]-4-yl)-2-chloro-N-(4-
cyano-2-methylphenyl)-3-methyl-butanamide E12 (80.6 mg, 0.20 mmol), the reaction
was run in mixed solvent (1,4-dioxane/1,3-dioxolane/CHCl3, 3/1/1, 2.0 mL) at —10 °C
for 7 days, and the reaction mixture was purified by column chromatography on silica
gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 12 as a white solid (63.8
mg, 83% yield, 87% ee).

[a]s =—15 (¢ 0.7, CHCI;).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), tr (minor) = 15.96 min, fr (major) = 26.41 min.

TH NMR (400 MHz, CDCI3) 6 8.95 (s, 1H), 8.30 (d, J= 8.5 Hz, 1H), 7.74 (d, J= 8.5
Hz, 2H), 7.64 — 7.53 (m, 4H), 7.48 — 7.39 (m, 4H), 7.37 — 7.31 (m, 1H), 3.08 — 2.96 (m,
1H), 2.92 (s, 1H), 2.28 (s, 3H), 1.10 (d, J = 6.7 Hz, 3H), 0.81 (d, /= 7.0 Hz, 3H).

13C NMR (100 MHz, CDCIl3) 6 172.0, 140.7, 140.4, 140.0, 139.9, 133.8, 131.2, 128.9,
127.7,127.5,127.2, 127.1, 125.8, 120.6 119.0, 107.1, 82.8, 35.0, 17.3, 17.1, 15.9.
HRMS (ESI) m/z calcd. for C25H24N>2NaO, [M + Na]* 407.1730, found 407.1725.

(5)-NV-(4-Cyano-2-methylphenyl)-2-hydroxy-3-methyl-2-(naphthalen-2-yl)-
butanamide (13)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-
methyl-2-(naphthalen-2-yl)butanamide E13 (75.4 mg, 0.20 mmol), the reaction was run
at 0 °C for 7 days, and the reaction mixture was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 13 as a white solid
(61.7 mg, 86% yield, 92% ee).

[a]s =-94 (¢ 0.7, CHCI;).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), fr (minor) = 16.21 min, fr (major) = 23.46 min.

'H NMR (400 MHz, CDCl3) 6 9.06 (s, 1H), 8.27 (d, /= 8.5 Hz, 1H), 8.18 (s, 1H), 7.92
—7.79 (m, 4H), 7.55 — 7.47 (m, 2H), 7.46 — 7.35 (m, 2H), 3.33 (s, 1H), 3.23 — 3.05 (m,
1H), 2.27 (s, 3H), 1.16 (d, /= 6.7 Hz, 3H), 0.80 (d, /= 7.0 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 172.1, 139.9, 138.6, 133.8, 133.0, 132.8, 131.2, 128 .4,
128.3, 127.8, 127.6, 126.4, 126.3, 124.3, 123.6, 120.7, 119.1, 107.0, 83.0, 34.9, 17.3,
17.1,15.9.

HRMS (ESI) m/z calcd. for C23H220N>NaO; [M + Na]* 381.1573, found 381.1567.

(8)-N-(4-Cyano-2-methylphenyl)-3-ethyl-2-hydroxy-2-phenylpentanamide (14)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-
ethyl-2-phenylpentanamide E14 (35.5 mg, 0.10 mmol), the reaction was run in 1.0 mL
1,4-dioxane at 12 °C for 5 days, and the reaction mixture was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product
14 as a white solid (28.6 mg, 85% yield, 84% ee).

[a]y =-32(c 0.7, CHCI).

HPLC analysis: Chiralcel IG (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), tr (minor) = 11.75 min, tr (major) = 13.99 min.

'H NMR (400 MHz, CDCl3) & 8.98 (s, 1H), 8.27 (d, J= 8.5 Hz, 1H), 7.76 — 7.59 (m,
2H), 7.43 (dd, J= 8.5, 2.0 Hz, 1H), 7.40 — 7.33 (m, 3H), 7.32 — 7.27 (m, 1H), 3.01 (s,
1H), 2.58 — 2.46 (m, 1H), 2.24 (s, 3H), 1.66 — 1.55 (m, 1H), 1.53 — 1.41 (m, 1H), 1.30
—1.20 (m, 1H), 1.19 — 1.10 (m, 1H), 1.04 (t, /= 7.4 Hz, 3H), 0.81 (t,J = 7.5 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 172.3, 141.2, 140.0, 133.8, 131.2, 128.4, 127.8, 127.7,
125.4,120.6, 119.1, 106.9, 84.2,47.7,23.0,21.4, 17.3, 13.1, 12.8.

HRMS (ESI) m/z caled. for C21H24N>2NaO; [M + Na]*" 359.1730, found 359.1730.
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(8)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenyl-3-propylhexanamide (15)

NC
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H
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
phenyl-3-propylhexanamide E15 (76.6 mg, 0.20 mmol), the reaction was run at 0 °C
for 5 days, and the reaction mixture was purified by column chromatography on silica
gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 15 as a white solid (52.5
mg, 72% yield, 86% ee).

[a]y =-27 (c 0.4, CHCL).

HPLC analysis: Chiralcel 1A (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 11.75 min, #r (major) = 13.99 min.

TH NMR (400 MHz, CDCIl3) 6 8.91 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.68 (d, J= 7.7
Hz, 2H), 7.46 (d, J = 8.6 Hz, 1H), 7.42 (s, 1H), 7.37 (t,J = 7.6 Hz, 2H), 7.30 (t,J = 7.2
Hz, 1H), 2.71 (s, 1H), 2.68 — 2.59 (m, 1H), 2.25 (s, 3H), 1.54 — 1.23 (m, 6H), 1.15 —
1.07 (m, 2H), 0.91 (t, J = 6.3 Hz, 3H), 0.73 (t,J = 6.8 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 172.1, 141.1, 139.9, 133.8, 131.2, 128.4, 127.8, 127.7,
125.3, 120.6, 119.0, 107.0, 84.1, 44.4, 33.3, 31.6, 21.7, 21.4, 17.3, 14.7, 14.5.

HRMS (ESI) m/z calcd. for C23H2sN2NaO, [M + Na]* 387.2043, found 387.2042.

(8)-N-(4-Cyano-2-methylphenyl)-2-cyclobutyl-2-hydroxy-2-phenylacetamide (16)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
cyclobutyl-2-phenylacetamide E16 (67.8 mg, 0.20 mmol), the reaction was run at 0 °C
for 5 days, and the reaction mixture was purified by column chromatography on silica
gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 16 as a white solid (62.1
mg, 97% yield, 90% ee).

[a]ls =-6(c 0.7, CHCL:).

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =254
nm), fr (minor) = 16.65 min, fr (major) = 23.59 min.

TH NMR (400 MHz, CDCl3) 6 8.83 (s, 1H), 8.19 (d, /= 8.4 Hz, 1H), 7.63 — 7.50 (m,
2H), 7.47 — 7.28 (m, 5H), 3.66 (s, 1H), 3.62 — 3.49 (m, 1H), 2.22 (s, 3H), 2.19 — 2.08
(m, 1H), 1.97 — 1.81 (m, 4H), 1.80 — 1.69 (m, 1H).

13C NMR (100 MHz, CDCl3) 6 171.7, 140.5, 139.9, 133.8, 131.2, 128.7, 128.2, 127.9,
125.7, 120.8, 119.0, 107.1, 80.2, 41.9, 22.6, 22.0, 17.3.

HRMS (ESI) m/z calcd. for C20H2N2NaO> [M + Na]* 343.1417, found 343.1412.
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(8)-N-(4-Cyano-2-methylphenyl)-2-cyclopentyl-2-hydroxy-2-phenylacetamide (17)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
cyclopentyl-2-phenylacetamide E17 (70.6 mg, 0.20 mmol), the reaction was run at 0 °C
for 5 days, and the reaction mixture was purified by column chromatography on silica
gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 17 as a white solid (63.5
mg, 95% yield, 91% ee).

[a]y =-15 (c 0.4, CHCL).

HPLC analysis: Chiralcel ID (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =254
nm), fr (minor) = 23.23 min, fr (major) = 29.17 min.

TH NMR (400 MHz, CDCIl3) 6 8.78 (s, 1H), 8.25 (d, J= 8.5 Hz, 1H), 7.72 — 7.64 (m,
2H), 7.48 — 7.44 (m, 1H), 7.43 — 7.34 (m, 3H), 7.34 — 7.27 (m, 1H), 3.34 — 3.14 (m,
1H), 2.95 (s, 1H), 2.25 (s, 3H), 1.89 — 1.74 (m, 1H), 1.68 — 1.53 (m, 6H), 1.23 — 1.07
(m, 1H).

I3C NMR (100 MHz, CDCl3) 6 172.0, 141.6, 139.9, 133.8, 131.2, 128.6, 128.0, 127.7,
125.4,120.7, 119.0, 107.1, 81.0, 46.7, 26.8, 26.6, 26.2, 25.9, 17.3.

HRMS (ESI) m/z calcd. for C21H22N>2NaO, [M + Na]* 357.1573, found 357.1572.

(8)-N-(4-Cyano-2-methylphenyl)-2-cyclohexyl-2-hydroxy-2-phenylacetamide (18)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
cyclohexyl-2-phenylacetamide E18 (73.4 mg, 0.20 mmol), the reaction was run at 0 °C
for 5 days, and the reaction mixture was purified by column chromatography on silica
gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 18 as a white solid (64.8
mg, 93% yield, 90% ee).
[a]s =-14 (c 0.7, CHCL).
HPLC analysis: Chiralcel ID (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =254
nm), fr (minor) = 14.90 min, fr (major) = 17.27 min.
TH NMR (400 MHz, CDCI3) 6 8.96 (s, 1H), 8.28 (d, /= 8.5 Hz, 1H), 7.78 — 7.58 (m,
2H), 7.47 —7.33 (m, 4H), 7.32 — 7.27 (m, 1H), 3.01 (s, 1H), 2.66 — 2.49 (m, 1H), 2.25
(s, 3H), 1.85—-1.63 (m, 4H), 1.44 — 1.20 (m, 4H), 1.17 — 1.02 (m, 1H), 0.95 — 0.80 (m,
1H).
I3C NMR (100 MHz, CDCl3) 6 172.0, 140.6, 139.9, 133.8, 131.2, 128.5, 127.8, 127.7,
125.4, 120.6, 119.1, 107.0, 82.7, 45.0, 27.4, 26.3, 26.2, 26.0, 17.3.
HRMS (ESI) m/z calcd. for C22H24N>2NaO»> [M + Na]* 371.1730, found 371.1730.
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(8)-N-(4-Cyano-2-methylphenyl)-2-cycloheptyl-2-hydroxy-2-phenylacetamide (19)

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
cycloheptyl-2-phenylacetamide E19 (76.2 mg, 0.20 mmol), the reaction was run in
mixed solvent (1,4-dioxane/1,3-dioxolane/CHCI3, 3/1/1, 2.0 mL) at —10 °C for 7 days,
and the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 19 as a white solid (57.3 mg,
79% yield, 89% ee).

[a]y =-21 (c 0.7, CHCls).

HPLC analysis: Chiralcel IF (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A = 254
nm), fr (minor) = 12.36 min, fr (major) = 13.93 min.

'H NMR (400 MHz, CDCIl3) 8 8.93 (s, 1H), 8.28 (d, /= 8.5 Hz, 1H), 7.67 (d, J= 7.8
Hz,2H), 7.48 — 7.43 (m, 1H), 7.43 —7.35 (m, 3H), 7.33 —7.27 (m, 1H), 2.87 — 2.75 (m,
2H), 2.26 (s, 3H), 1.84 — 1.71 (m, 2H), 1.64 — 1.35 (m, 9H), 1.19 — 1.06 (m, 1H).

13C NMR (100 MHz, CDCl3) 6 172.1, 141.2, 139.9, 133.8, 131.2, 128.6, 127.8, 127.6,
125.3, 120.6, 119.0, 107.0, 84.3, 45.6, 29.3, 28.0, 27.7, 27.6, 27.3, 27.2, 17.3.

HRMS (ESI) m/z calcd. for C23H26N2NaO, [M + Na]* 385.1886, found 385.1887.

(8)-N-(4-Cyano-2-methylphenyl)-2-(2,3-dihydro-1H-inden-2-yl)-2-hydroxy-2-

phenylacetamide (20)
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According to General Procedure A with 2-([1,1'-biphenyl]-3-yl)-2-chloro-N-(4-
cyano-2-methylphenyl)butanamide E20 (77.8 mg, 0.20 mmol), the reaction was run at
0 °C for 5 days, and the reaction mixture was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 20 as a white solid
(71.1 mg, 93% yield, 88% ee).

[a]s =-3 (c 0.4, CHCI;).

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 80/20, flow rate 1 mL/min, A = 254
nm), fr (minor) = 11.11 min, fr (major) = 23.48 min.

'H NMR (400 MHz, CDCl3) 6 8.91 (s, 1H), 8.28 (d, /= 8.5 Hz, 1H), 7.73 (d, J= 7.4
Hz,2H), 7.51 = 7.31 (m, 5H), 7.24 — 7.08 (m, 4H), 3.97 — 3.81 (m, 1H), 3.22 —3.11 (m,
1H), 3.11 — 2.99 (m, 2H), 2.88 (dd, J = 16.6, 8.9 Hz, 1H), 2.65 (dd, J = 16.6, 7.8 Hz,
1H), 2.24 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 171.7, 142.1, 141.8, 140.8, 139.8, 133.8, 131.3, 128.8,
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128.2,127.8, 126.9, 126.7, 125.4, 124.7, 124.6, 120.7, 119.0, 107.2, 81.8, 45.7, 33.8,
33.4,17.3.
HRMS (ESI) m/z calcd. for C2sH22NoNaO2 [M + Na]* 405.1573, found 405.1572.

(8)-N-(4-Cyano-2-methylphenyl)-2-(4,4-difluorocyclohexyl)-2-hydroxy-2-

phenylacetamide (21)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
(4,4-difluorocyclohexyl)-2-phenylacetamide E21 (80.6 mg, 0.20 mmol), the reaction
was run at 0 °C for 5 days, and the reaction mixture was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product
21 as a white solid (70.7 mg, 92% yield, 90% ee).
[a]ls =-21(c 0.7, CHCI;).
HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 95/5, flow rate 1 mL/min, A = 254
nm), fr (minor) = 35.04 min, fr (major) = 39.38 min.
'H NMR (400 MHz, CDCl3) & 8.96 (s, 1H), 8.24 (d, J = 8.5 Hz, 1H), 7.66 (d, J= 7.5
Hz, 2H), 7.48 — 7.28 (m, 5H), 3.22 (s, 1H), 2.68 (t, /= 12.1 Hz, 1H), 2.25 (s, 3H), 2.20
—2.01 (m, 2H), 1.84 — 1.65 (m, 4H), 1.44 — 1.22 (m, 2H).
I3C NMR (100 MHz, CDCl3) 6 171.4, 140.1, 139.7, 133.9, 131.2, 128.8, 128.2, 127.9,
125.0, 120.7, 118.9, 107.2, 81.8 (d, J = 1.8 Hz), 43.1, 33.83 — 32.92 (m), 23.4 (d, J =
10.2 Hz), 22.2 (d, J=10.2 Hz), 17.3.
19F NMR (376 MHz, CDCl3) 6 -92.0 (d, J = 235.8 Hz), -102.9 (d, J = 235.8 Hz).
HRMS (ESI) m/z calcd. for C22H22F2N2NaO; [M + Na]*™ 407.1542, found 407.1539.

(8)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenyl-2-(tetrahydro-2 H-pyran-4-
yDacetamide (22)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
phenyl-2-(tetrahydro-2 H-pyran-4-yl)acetamide E22 (73.8 mg, 0.20 mmol), the reaction
was run in 1,4-dioxane (2.0 mL) at room temperature for 3 days, and the reaction
mixture was purified by column chromatography on silica gel (petroleum ether/EtOAc
=10/1 to 5/1) to yield the product 22 as a white solid (62.4 mg, 89% yield, 90% ee).
[a]s, =-20 (c 0.7, CHCL3).
HPLC analysis: Chiralcel A (n-hexane/i-PrOH = 92/8, flow rate 0.8 mL/min, A = 254
nm), fr (minor) = 20.67 min, fr (major) = 22.60 min.
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H NMR (400 MHz, CDCl3) & 8.92 (s, 1H), 8.28 (d, J = 8.5 Hz, 1H), 7.72 — 7.60 (m,
2H), 7.47 (d, J= 8.5 Hz, 1H), 7.44 — 7.36 (m, 3H), 7.35 — 7.29 (m, 1H), 4.10 —3.92 (m,
2H), 3.55 — 3.35 (m, 2H), 3.04 (s, 1H), 2.94 — 2.80 (m, 1H), 2.27 (s, 3H), 1.80 — 1.67
(m, 2H), 1.36 — 1.25 (m, 2H).

13C NMR (100 MHz, CDCl3) § 171.2, 139.7, 139.6, 133.8, 131.2, 128.7, 128.1, 127.7,
125.2, 120.6, 118.9, 107.2, 81.9, 67.9, 67.7, 42.4, 27.0, 25.8, 17.3.

HRMS (ESI) m/z calcd. for C21H:NoNaOs [M + Na]* 373.1523, found 373.1522.

(S)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenyl-2-(tetrahydro-2 H-
thiopyran-4-yl)acetamide (23)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
phenyl-2-(tetrahydro-2 H-thiopyran-4-yl)acetamide E23 (77.0 mg, 0.20 mmol), the
reaction was run in 1,4-dioxane (2.0 mL) at room temperature for 3 days, and the
reaction mixture was purified by column chromatography on silica gel (petroleum
ether/EtOAc = 5/1 to 3/1) to yield the product 23 as a white solid (55.0 mg, 75% yield,
86% ee).

[a]s =—24 (¢ 0.5, CHCI;).

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 95/5, flow rate 1 mL/min, A = 254
nm), tr (minor) = 37.47 min, fr (major) = 43.50 min.

'H NMR (400 MHz, CDCl3) & 8.94 (s, 1H), 8.27 (d, J= 8.5 Hz, 1H), 7.71 — 7.60 (m,
2H), 7.46 (dd, J = 8.5, 2.0 Hz, 1H), 7.44 — 7.36 (m, 3H), 7.35 — 7.29 (m, 1H), 2.99 (s,
1H), 2.84 (t,J=12.8 Hz, 1H), 2.74 — 2.51 (m, 4H), 2.26 (s, 3H), 2.12 — 2.05 (m, 1H),
1.82 - 1.71 (m, 1H), 1.67 — 1.61 (m, 1H), 1.37 — 1.29 (m, 1H).

13C NMR (100 MHz, CDCl3) 6 171.3, 139.7, 139.6, 133.8, 131.2, 128.8, 128.1, 127.7,
125.2, 120.6, 118.9, 107.3, 83.1, 44.6, 29.0, 28.9, 28.8, 27.4, 17.3.

HRMS (ESI) m/z calcd. for C21H22N>NaOsS [M + Na]* 389.1294, found 389.1293.

(S)-N-(4-Cyan0-2-methylphenyl)-2-hydr0xy-2-phenylbutanamide 24)
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According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
phenylbutanamide E24 (62.4 mg, 0.20 mmol), the reaction was run at 0 °C for 5 days,
and the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 24 as a white solid (55.9 mg,
95% yield, 86% ee).
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[a]s =-23 (¢ 0.7, CHCI;).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 14.56 min, fr (major) = 22.27 min.

TH NMR (400 MHz, CDCI3) 6 8.87 (s, 1H), 8.27 (d, J = 8.5 Hz, 1H), 7.64 (d, J= 7.6
Hz, 2H), 7.45 (d, J= 8.6 Hz, 1H), 7.42 — 7.35 (m, 3H), 7.32 (t,J= 7.3 Hz, 1H), 3.07 (s,
1H), 2.52 — 2.38 (m, 1H), 2.25 (s, 3H), 2.22 — 2.10 (m, 1H), 0.98 (t, /= 7.4 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 172.0, 141.5, 139.8, 133.8, 131.3, 128.7, 128.2, 127.7,
125.3, 120.6, 119.0, 107.1, 80.3, 32.4, 17.3, 7.8.

HRMS (ESI) m/z calcd. for CisHisN>NaO> [M + Na]* 317.1260, found 317.1259.

(S)-N-(4-Cyan0-2-methylphenyl)-2-hydr0xy-2-phenylpropanamide (25)

ke

Ph" Me

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
phenylpropanamide E25 (59.7 mg, 0.20 mmol), the reaction was run at 0 °C for 5 days,
and the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 25 as a white solid (51.6 mg,
92% yield, 57% ee).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 11.14 min, fr (major) = 13.15 min.

'H NMR (400 MHz, CDCl3) 6 9.00 (s, 1H), 8.27 — 8.11 (m, 1H), 7.70 — 7.56 (m, 2H),
7.45 —7.28 (m, 5H), 3.98 (s, 1H), 2.23 (s, 3H), 1.88 (s, 3H).

I3C NMR (100 MHz, CDCl3) 6 173.1, 142.7, 139.9, 133.8, 131.2, 128.6, 128.1, 127.9,
125.2,120.6, 119.0, 106.9, 77.3,27.1, 17.2.

HRMS (ESI) m/z calcd. for C17HisN2NaO> [M + Na]* 303.1104, found 303.1098.

(S)-N—(4-Cyano-2-methylphenyl)-2-hydr0xy-2-phenylpentanamide (26)

s

PR "Pr

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
phenylpentanamide E26 (65.4 mg, 0.20 mmol), the reaction was run at 0 °C for 5 days,
and the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 26 as a white solid (57.4 mg,
93% yield, 80% ee).

[a]y =-30 (c 0.5, CHCl:).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 12.47 min, tr (major) = 22.70 min.
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H NMR (400 MHz, CDCls) & 8.93 (s, 1H), 8.25 (d, J = 8.5 Hz, 1H), 7.75 — 7.54 (m,
2H), 7.48 — 7.27 (m, 5H), 3.33 (s, 1H), 2.44 — 2.32 (m, 1H), 2.24 (s, 3H), 2.16 — 2.01
(m, 1H), 1.55 — 1.29 (m, 2H), 0.96 (t, J = 7.3 Hz, 3H).

13C NMR (100 MHz, CDCl3) § 172.2, 141.8, 139.9, 133.8, 131.2, 128.6, 128.1, 127.8,
125.3, 120.6, 119.0, 107.0, 80.0, 41.7, 17.3, 16.9, 14.2.

HRMS (ESI) m/z caled. for C1oH20N2NaO, [M + Na]* 331.1417, found 331.1412.

(S)-N-(4-Cyan0-2-methylphenyl)-2-hydr0xy-2-phenylhexanamide (27)

e

Ph" "Bu

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
phenylhexanamide E27 (68.2 mg, 0.20 mmol), the reaction was run at 0 °C for 5 days,
and the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 27 as a white solid (57.4 mg,
89% yield, 77% ee).

[a]y =-20 (c 0.4, CHCl:).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 12.03 min, fr (major) = 20.88 min.

'H NMR (400 MHz, CDCI3) 6 8.87 (s, 1H), 8.29 (d, /= 8.5 Hz, 1H), 7.71 — 7.57 (m,
2H), 7.48 — 7.29 (m, 5H), 3.03 (s, 1H), 2.47 — 2.36 (m, 1H), 2.25 (s, 3H), 2.18 — 2.07
(m, 1H), 1.44 — 1.29 (m, 4H), 0.90 (t, J = 6.8 Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 172.1, 141.7, 139.9, 133.8, 131.3, 128.7, 128.1, 127.6,
125.2, 120.5, 119.0, 107.1, 80.0, 39.4, 25.6, 22.8, 17.3, 14.0.

HRMS (ESI) m/z calcd. for C20H220N>2NaO»> [M + NaJ* 345.1573, found 345.1567.

(8)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-4-methoxy-2-phenylbutanamide (28)

NC
0]
OH
5
Me  Ph "——
OMe

28

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-4-
methoxy-2-phenylbutanamide E28 (68.5 mg, 0.20 mmol), the reaction was run at 0 °C
for 5 days, and the reaction mixture was purified by column chromatography on silica
gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 28 as a light yellow oil
(57.1 mg, 88% yield, 72% ee).

[a]i =-62 (c 0.4, CHCL).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), tr (major) = 13.36 min, f&r (minor) = 15.49 min.

'H NMR (400 MHz, CDCl3) 6 9.22 (s, 1H), 8.33 (d, /= 8.5 Hz, 1H), 7.72 (d, J= 7.4
Hz, 2H), 7.50 — 7.28 (m, 5H), 5.69 (s, 1H), 3.76 — 3.66 (m, 1H), 3.55 — 3.43 (m, 1H),
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3.32 (s, 3H), 2.65 — 2.54 (m, 1H), 2.50 — 2.40 (m, 1H), 2.28 (s, 3H).

13C NMR (100 MHz, CDCIl3) 6 172.5, 141.3, 140.0, 133.8, 131.2, 128.4, 127.8, 127.6,
125.3, 120.3, 119.0, 107.0, 80.6, 70.7, 59.2, 38.0, 17.3.

HRMS (ESI) m/z calcd. for C19H20N>NaOs3 [M + Na]* 347.1366, found 347.1359.

(8)-N-(4-Cyano-2-methylphenyl)-2-hydroxy-2-phenylpent-4-enamide (29)

NC o
o
Me 1 PH ﬁ—T\
29

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-2-
phenylpent-4-enamide E29 (64.9 mg, 0.20 mmol), the reaction was run at 0 °C for 5
days, and the reaction mixture was purified by column chromatography on silica gel
(petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 29 as a light yellow oil (52.1
mg, 85% yield, 72% ee).

[a]y, =-45 (c 0.7, CHCI).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 15.57 min, tr (major) = 25.64 min.

'H NMR (400 MHz, CDCIl3) & 8.90 (s, 1H), 8.28 (d, J=8.5 Hz, 1H), 7.77 — 7.59 (m,
2H), 7.54 = 7.27 (m, 5H), 5.81 — 5.63 (m, 1H), 5.41 — 5.21 (m, 2H), 3.31 (s, 1H), 3.18
(dd, J=14.0, 7.2 Hz, 1H), 2.90 (dd, J = 14.0, 7.5 Hz, 1H), 2.25 (s, 3H).

I3C NMR (100 MHz, CDCl3) 6 171.6, 140.9, 139.8, 133.8, 132.1, 131.2, 128.6, 128.1,
127.8, 125.2, 122.0, 120.5, 119.0, 107.1, 78.3, 44.5, 17.3.

HRMS (ESI) m/z calcd. for CioH1sN2NaO> [M + Na]* 329.1260, found 329.1259.

(8)-2-Hydroxy-3-methyl-V-(2-methyl-4-(trifluoromethyl)phenyl)-2-

phenylbutanamide (30)
F3C\©\ o
)JYoH
N 72
Me PR Pr
30

According to General Procedure A with 2-chloro-3-methyl-N-(2-methyl-4-
(trifluoromethyl)phenyl)-2-phenylbutanamide E30 (73.9 mg, 0.20 mmol), the reaction
was run at 0 °C for 5 days, and the reaction mixture was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 15/1 to 10/1) to yield the
product 30 as a white solid (62.5 mg, 89% yield, 93% ee).

[a]ly, =-5(c 0.7, CHCl3).

HPLC analysis: Chiralcel IA (rn-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 6.53 min, fr (major) = 10.19 min.

'H NMR (400 MHz, CDCl3) & 8.81 (s, 1H), 8.16 (d, J= 8.3 Hz, 1H), 7.80 — 7.64 (m,
2H), 7.50 — 7.28 (m, 5H), 3.07 —2.91 (m, 2H), 2.25 (s, 3H), 1.10 (d, J= 6.7 Hz, 3H),
0.77 (d, J=17.0 Hz, 3H).
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13C NMR (100 MHz, CDCl3) § 172.0, 141.2, 138.6, 128.5, 127.8, 127.7, 127.1 (q, J =
3.7 Hz), 126.2 (q, J = 32.2 Hz), 125.3, 124.1 (q, J = 270.2 Hz), 123.9 (q, J = 3.8 Hz),
120.9, 82.6, 34.8, 17.5, 17.0, 15.8.

1F NMR (376 MHz, CDCl3) § —62.1.

HRMS (ESI) m/z caled. for CioH FsNO, [M + HJ* 352.1519, found 352.1517.

Methyl (5)-4-(2-Hydroxy-3-methyl-2-phenylbutanamido)-3-methylbenzoate (31)
MeOZC o
N)SfOH
Me PR TPr
31

According to General Procedure A with methyl 4-(2-chloro-3-methyl-2-
phenylbutanamido)-3-methylbenzoate E31 (72.0 mg, 0.20 mmol), the reaction was run
at 0 °C for 5 days, and the reaction mixture was purified by column chromatography on
silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield the product 31 as a white solid
(58.0 mg, 85% yield, 93% ee).

[a]ls =—17 (c 0.7, CHCI;).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 92/8, flow rate 0.80 mL/min, A = 254
nm), fr (minor) = 16.94 min, fr (major) = 18.15 min.

'H NMR (400 MHz, CDCl3) & 8.87 (s, 1H), 8.18 (d, J=9.0 Hz, 1H), 7.91 — 7.78 (m,
2H), 7.69 (d, J = 7.5 Hz, 2H), 7.44 — 7.33 (m, 2H), 7.32 — 7.27 (m, 1H), 3.86 (s, 3H),
3.19 (s, IH), 3.06 — 2.86 (m, 1H), 2.24 (s, 3H), 1.09 (d, /= 6.7 Hz, 3H), 0.76 (d, /= 7.0
Hz, 3H).

I3C NMR (100 MHz, CDCl3) 6 172.0, 166.9, 141.2, 139.9, 131.7, 128.6, 128.5, 127.8,
126.8, 125.5, 125.4, 120.1, 82.6, 52.0, 34.9, 17.3, 17.1, 15.9.

HRMS (ESI) m/z caled. for C20H24NO4 [M + H]* 342.1700, found 342.1701.

2-(Adamantan-1-yl)-V-(4-cyano-2-methylphenyl)-2-hydroxypropanamide (32)

NC
O
« OH
N

Me H Me

32
According to General Procedure A with 2-((15,35)-Adamantan-1-yl)-2-bromo-N-(4-
cyano-2-methylphenyl)-propenamide E32 (80.3 mg, 0.20 mmol), the reaction was run
using L*10 (17.6 mg, 15 mol%) as the ligand, KoCOs3 (83.0 mg, 3.0 equiv.) as the base,
in benzene (2.0 mL) at room temperature for 5 days, and the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1)
to yield the product 32 as a white solid (48.7 mg, 72% yield, 65% ee).
[a]y =—14 (c 0.4, CHCL3).
HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 8.28 min, fr (major) = 11.99 min.
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'TH NMR (400 MHz, CDCl3) 6 9.06 (s, 1H), 8.41 (d, J= 8.5 Hz, 1H), 7.48 (dd, J = 8.5,
1.5 Hz, 1H), 7.64 (s, 1H), 2.64 (s, 1H), 2.28 (s, 3H), 1.99 (s, 3H), 1.92 — 1.83 (s, 3H),
1.73 — 1.54 (m, 9H), 1.45 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 173.2, 140.1, 133.8, 131.3, 127.5, 120.2, 119.1, 106.5,
80.8,39.2,36.7, 36.3, 28.4, 20.3, 17.4.

HRMS (ESI) m/z calcd. for C21H26N2NaO> [M + Na]* 361.1886, found 361.1880.

N-(4-Cyano-2-methylphenyl)-2-hydroxy-2,3,3-trimethylbutanamide (33)
NC 0
R
Me TMe Bu
33

According to General Procedure A with 2-bromo-N-(4-cyano-2-methylphenyl)-2,3,3-
trimethylbutanamide E33 (64.6 mg, 0.20 mmol), the reaction was run using K>CO3
(83.0 mg, 3.0 equiv.) as the base at 0 °C for 5 days, and the reaction mixture was purified
by column chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield
the product 33 as a white solid (29.1 mg, 56% yield, 38% ee).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 8.07 min, fr (major) = 11.06 min.

'H NMR (400 MHz, CDCl3) & 9.03 (s, 1H), 8.38 (d, J=8.5 Hz, 1H), 7.55 — 7.47 (m,
1H), 7.45 (d, /= 0.9 Hz, 1H), 2.29 (s, 3H), 2.25 (s, 1H), 1.52 (s, 3H), 1.08 (s, 9H).

I3C NMR (100 MHz, CDCl3) 6 173.2, 140.0, 133.8, 131.3, 127.5, 120.3, 119.1, 106.8,
80.8,37.8,25.4,22.0, 17.4.

HRMS (ESI) m/z calcd. for C1sH21N202 [M + H]* 261.1598, found 261.1592.

N-(4-Cyano-2-methylphenyl)-2-cyclohexyl-2-hydroxypropanamide (34)

NC
O
x OH
N O

34

According to General Procedure A with 2-bromo-N-(4-cyano-2-methylphenyl)-2-
cyclohexylpropanamide E34 (69.8 mg, 0.20 mmol), the reaction was run using K.COs
(83.0 mg, 3.0 equiv.) as the base at 0 °C for 5 days, and the reaction mixture was purified
by column chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to yield
the product 34 as a white solid (30.0 mg, 52% yield, 43% ee).

HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (minor) = 9.79 min, fr (major) = 12.22 min.

'H NMR (400 MHz, CDCIl3) 6 8.99 (s, 1H), 8.37 (d, J = 8.5 Hz, 1H), 7.50 (d, J= 8.5
Hz, 1H), 7.44 (s, 1H), 2.57 (s, 1H), 2.29 (s, 3H), 1.92 — 1.72 (m, 4H), 1.70 — 1.62 (m,
1H), 1.48 (s, 3H), 1.34 - 1.19 (m, 4H), 1.18 — 1.02 (m, 2H).
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13C NMR (100 MHz, CDCl3) 6 174.4, 139.9, 133.8, 131.3, 127.6, 120.4, 119.0, 106.9,
79.1,45.4,27.3,26.3,26.2,26.1,25.8,24.4, 17.3.
HRMS (ESI) m/z calcd. for C17H23N20; [M + H]* 287.1754, found 287.1749.

2-Hydroxy-/N,2-diphenylacetamide (S1)

S$1

According to General Procedure A, under argon atmosphere, an oven-dried 10 mL
resealable Schlenk tube equipped with a magnetic stir bar was charged with L*11 (13.9
mg, 0.03 mmol, 15 mol%), CuBr (2.87 mg, 0.02 mmol, 10 mol%), Rb,CO3 (89.0 mg,
0.60 mmol, 3.0 equiv), and 1,4-dioxane (2.0 mL) was added into the mixture, the
reaction was stired at room temperature for 1 h. Then 2-chloro-N,2-diphenylacetamide
ES1 (49.1 mg, 0.20 mmol) and water (1.5 equiv) were added into the reaction mixture.
The reaction was stired at room temperature for 3 days, and the reaction mixture was
purified by column chromatography on silica gel (petroleum ether/EtOAc = 8/1 to 5/1)
to yield the product S1 as a white solid (7.3 mg, 16% yield, 64% ee).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), tr (minor) = 15.53 min, fr (major) = 26.59 min.

'H NMR (400 MHz, CDCl3) 6 8.22 (s, 1H), 7.55 — 7.44 (m, 4H), 7.41 — 7.34 (m, 3H),
7.33 —7.28 (m, 2H), 7.12 (t, J = 7.4 Hz, 1H), 5.15 (s, 1H), 3.64 (s, 1H).

13C NMR (100 MHz, CDCl3) 6 170.0, 139.0, 137.1, 129.1, 129.0, 128.9, 126.9, 124.7,
119.8, 74.7.

HRMS (ESI) m/z calcd. for C14H13NNaO> [M + NaJ* 250.0838, found 250.0835.

N-(4-Cyano-2-methylphenyl)-3-methyl-2-phenylbut-2-enamide (1')
Ne O Me
N)%Me
Me H Ph
1!

The S-H elimination side product 1' was purified by column chromatography on silica
gel (petroleum ether/EtOAc = 10/1 to 8/1) to afford as a white solid.

'H NMR (400 MHz, CDCl3) 6 8.40 (d, J = 8.5 Hz, 1H), 7.56 — 7.36 (m, 4H), 7.33 —
7.25 (m, 3H), 7.03 (s, 1H), 2.34 (s, 3H), 1.73 (s, 6H).

13C NMR (100 MHz, CDCl3) 6 166.2, 148.3, 140.6, 138.3, 133.6, 131.4, 131.3, 129.9,
129.4, 128.3, 126.8, 120.1, 119.1, 106.5, 24.7, 22.5, 16.6.

HRMS (ESI) m/z calcd. for Ci9HisN>NaO [M + Na]* 313.1311, found 313.1306.
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6. Synthetic utility

The scale-up experiment

1l

Cl Standard conditions \Q\ )S/OH %
155

Ph l|:>r Ph 'Pr
Racemic E1
(2.50 mmol) 93%, 92% ee (0.72 g)

Under argon atmosphere, an oven-dried 50 mL resealable Schlenk tube equipped with
a magnetic stir bar was charged with a-tertiary haloamide E1 (817.0 mg, 2.50 mmol,
1.0 equiv), Cu(OT1)+(CeHe)12(62.4 mg, 0.25 mmol, 10 mol%), chiral ligand L*9 (209.0
mg, 0.375 mmol, 15 mol%) and K3PO4 (1.60 g, 0.60 mmol, 3.0 equiv). Then the mixed
solvent (1,4-dioxane/1,3-dioxolane = 4/1, 25.0 mL) was added into the reaction, and
the resulting mixture was stirred at 0 °C for 7 days. Upon completion (monitored by
TLC), the reaction mixture was diluted with CH>Cl,, filtered off and rinsed three times
with CH>ClL. The filtrate was concentrated, and the residue was purified by column
chromatography on silica gel to afford the desired product 1 as a white solid (0.72 g,
93% yield, 92% ee).

The synthesis of enantioenriched a-tertiary haloamide ((S)-E1)

NC
o Et;N (5.0 equiv)
NJ?/OH SOCl, (5.0 equiv) )S/
Me PR TPr

DCM, -78°C, 6 h
1,92% ee E1 82%, 92% ee

To a solution of 1 (61.7 mg, 0.20 mmol) in anhydrous DCM (1.0 mL) was slowly added
EtsN (101.0 mg, 1.0 mmol, 5.0 equiv) under argon atmosphere at —78 °C. After stirred
at —78 °C for 10 mins, a solution of SOCIl; (119.0 mg, 1.0 mmol, 5.0 equiv) in anhydrous
DCM (0.50 mL) was slowly added into the reaction mixture, which was then allowed
to warm slowly to room temperature over 6 h. Upon completion (monitored by TLC),
the reaction mixture was concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (eluent: petroleum ether/EtOAc = 20/1 to 15/1)
to give (S)-E1 as a light yellow oil (53.6 mg, 82% yield, 92% ee).

One-Pot protocol for synthesis of enantioenriched a-tertiary haloamide ((S)-E1)
NC o 1) Standard conditions
2) Et3N (5.0 equiv)
N . SOCI, (5.0 equiv)
Me 1 PH Pr

DCM, 0 °C, 10 min
Racemic E1 (One-Pot protocol) (S)-E1, 64%, 92% ee

According to General Procedure A with 2-chloro-N-(4-cyano-2-methylphenyl)-3-
methyl-2-phenylbutanamide E1 (65.4 mg, 0.20 mmol), the reaction was run at 0 °C for
5 days under standard conditions. Upon completion (monitored by TLC), a solution of
Et:N (101.0 mg, 1.0 mmol, 5.0 equiv) in anhydrous DCM (0.50 mL) was slowly added
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into the reaction mixture under argon atmosphere at 0 °C, and the resulting mixture was
stirred for 5 min. Then, a solution of SOCl, (119.0 mg, 1.0 mmol, 5.0 equiv) in
anhydrous DCM (0.50 mL) was slowly added, and the reaction mixture was stirred for
an additional 10 min. Upon completion (monitored by TLC), the reaction mixture was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (eluent: petroleum ether/EtOAc = 20/1 to 15/1) to give (S)-El as a
light yellow oil (41.8 mg, 64% yield, 92% ee).

2-Chloro-N-(4-cyano-2-methylphenyl)-3-methyl-2-phenylbutanamide ((S)-E1)

NC
O
N)S(CI
H .

Me Ph  'Pr
(S)-E1

[a]ls =-102 (c 0.8, CHCl5).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 95/5, flow rate 1 mL/min, A = 254
nm), fr (minor) = 9.19 min, fr (major) = 9.76 min.

TH NMR (400 MHz, CDCIl3) 6 8.69 (s, 1H), 8.18 (d, /= 8.5 Hz, 1H), 7.77 — 7.67 (m,
2H), 7.53 — 7.29 (m, 5H), 3.26 — 3.08 (m, 1H), 2.24 (s, 3H), 1.17 (d, J= 6.4 Hz, 3H),
0.82 (d, J= 6.7 Hz, 3H).

13C NMR (100 MHz, CDCIl3) 6 168.3, 139.6, 138.6, 133.9, 131.2, 128.6, 128.5, 126.4,
121.1, 118.8, 107.9, 86.2, 37.6, 19.0, 17.3, 17.0.

HRMS (ESI) m/z calcd. for C19Hi9CIN2NaO [M + Na]* 349.1078, found 349.1078.

Assignment of the absolute configuration of enantioenriched E1

To assign the absolute configuration of enantioenriched E1, we performed the AgOTf-
catalyzed stereospecific hydroxylation of the above enantioenriched tertiary alkyl
halide E1 in a retentive manner, following the same procedures as reported in the
literature*. By comparing the HPLC spectra of the obtained chiral compound 1 with
those of an authentic sample 1 with known configuration prepared according to the
General Procedure A of this work, the absolute configuration of enantioenriched E1
was assigned as S.

NC o AgOTf (10 mol %)  NC o
\Q\N%*(Cl DBU (1.0 equiv) N)S/OH
‘ H,0 (10.0 equiv %,
me HpH ier 29 (1.9 equi) Me " PH Tipr

DMSO, rt, 12 h
enantioenriched E1 Retention obtained 1, 94%, 80% ee

DAD1 A, Sig=254,4 Ref=360,100 {D:\CHEM32\DATA\ZJY\EJY-ZUZEUH9-2 2026-03-19 11-58-40Z)Y-compound 1.D)

1400 NC
1200 o
1000 | OH
Me H py “ipr
1

- 17.787

600
400 -
200

512,912

~ L T L — e =
e T S T T 1 T T T T T i e T e
0 2.5 k] 15 10 12.5 15 17.5 20 22.5 miry
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU#*s] [mAU] %

1 12.912 MM R ©.3941 1693.82764 71.634084 3.6016
2 17.787 BB 0.5260 4.53365e4 1271.58459 96.3984

Totals : 4.70303e4 1343.21864

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\DA%A\ZJY\ZJY-202603'I9-2 2026-03-19 11-58-44\ZJY-trans-1.D)

mAU | o
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o |
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50— obtained 1 o A
™\ / \
AN [ e
O —— 77 T e T T T n
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Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
I R P R R | =mmmmee |

1 12.962 BB ©.3947 7©3.47168 27.11606 10.6967
2 18.169 BB ©.5113 6263.96527 185.80251 89.96033

Totals : 6967.37695 212.91856

The synthesis of chiral f~amino alcohol 35

FSC CF3
o) :
BH3 (5.0 equiv)
oH : - O
N 7. 1,4-dioxane, 100 °C, 24 h i Vipy H
Me ' PH TPr

30, 93% ee 35, 86%, 93% ee

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with
a magnetic stir bar was charged with 30 (35.1 mg, 0.10 mmol, 1.0 equiv). Anhydrous
1,4-dioxane (1.0 mL) was added into the Schlenk tube under argon atmosphere at room
temperature and stirred for 2 min. The BH3 (0.50 mL, 5.0 equiv, 1.0 M in THF) was

then added into the reaction mixture under argon atmosphere at room temperature. The
tube was then heated in an oil bath at 100 °C and stirred for 24 h. Upon completion

(monitored by TLC), the reaction mixture was concentrated under reduced pressure.

The residue was purified by silica gel column chromatography (eluent: petroleum

ether/EtOAc = 15/1 to 10/1) to give the chiral famino alcohol 35 as a colorless oil

(29.0 mg, 86% yield, 93% ee).

(8)-3-Methyl-1-((2-methyl-4-(trifluoromethyl)phenyl)amino)-2-phenylbutan-2-ol

(35)
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/©/0F3
HO

Ph 'Pr Me
35

[a]s, =-10 (c 0.4, CHCI;).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 98/2, flow rate 1 mL/min, A = 254
nm), fr (major) = 12.91 min, R (minor) = 15.24 min.

'H NMR (400 MHz, CDCl3) 8 7.48 — 7.27 (m, 6H), 7.20 (s, 1H), 6.67 (d, J = 8.4 Hz,
1H), 3.68 (d, J = 11.5 Hz, 1H), 3.55 (s, 1H), 3.50 (d, J = 11.8 Hz, 1H), 2.28 (s, 1H),
2.24 -2.13 (m, 1H), 1.83 (s, 3H), 1.07 (d, J = 6.8 Hz, 3H), 0.81 (d, J = 6.9 Hz, 3H).
I3C NMR (100 MHz, CDCl3) 6 148.9, 143.2,128.4,127.2, 126.8 (q,J = 3.6 Hz), 125.8,
124.9 (q, J = 268.8 Hz), 124.5 (q, J = 3.8 Hz), 122.5, 118.9 (q, J = 32.3 Hz), 109.3,
78.8,51.8,36.5,17.4,17.0, 16.8.

19F NMR (376 MHz, CDCl3) & —60.9.

HRMS (ESI) m/z calcd. for C19H23F3NO [M + H]* 338.1726, found 338.1726.

The synthesis of a-hydroxycarboxylic acid 36
FsC o
0 KOH (24.0 equiv)
OH > OH
NJSf ethylene glycol HO)S{/
Me PR Pr Ph™ 'Pr

150 °C, 48 h
30, 93% ee 36, 95%

An oven-dried 25 mL resealable Schlenk tube equipped with a magnetic stir bar was
charged with 30 (440.0 mg, 1.0 mmol, 1.0 equiv), potassium hydroxide (1.35 g, 24.0
mmol) and ethylene glycol (5.0 mL). The reaction mixture was heated to 150 °C and
stirred for 48 h. After cooling to room temperature, water (10.0 mL) was added. The
resulting mixture was then washed three times with CH>Cl, (10.0 mL), the aqueous
layer was acidified with a 3 M aqueous HCI solution until pH = 1 and extracted with
CH:CIL (10.0 mL x 3). The combined organic layers were dried over Na;SO4 and
concentrated to afford the corresponding a-hydroxycarboxylic acid 36 as a white solid
(184.5 mg, 95% yield), which was used in the next step without further purification.

(S)-2-Hydroxy-3-methyl-2-phenylbutanoic acid (36)

O

Ho)SgOH
Ph “iPr
36

[a]y =427 (c 1.0, CHCl5).
TH NMR (400 MHz, CDCIl3) 6 7.68 (d, J= 7.4 Hz, 2H), 7.46 — 7.29 (m, 3H), 3.58 (s,
1H), 2.74 — 2.58 (m, 1H), 1.07 (d, /= 6.6 Hz, 3H), 0.73 (d, /= 6.8 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 180.4, 140.4, 128.2,127.8, 125.9, 81.0,35.8,17.2, 15.7.
HRMS (ESI) m/z calcd. for C11H1303 [M — H]~ 193.0870, found 193.0862.
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Synthesis of chiral a-hydroxyester 37

o) (0]
OH p-TsOH'H,0 (1.0 equiv)‘ OH
HO 4 3 MeO -
or! “ipy MeOH, 100 °C, 24 h Pr ipr
36 37, 73%, 93% ee

An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar was
charged with the a-hydroxycarboxylic acid 36 (97.0 mg, 0.50 mmol, 1.0 equiv) and p-
toluenesulfonic acid monohydrate (115.0 mg, 0.50 mmol) in methanol (2 mL). The
solution was heated at 100 °C for 24 h. Upon completion (monitored by TLC), the
solvent was then removed under reduced pressure, and the residue was purified by silica
gel column chromatography (eluent: petroleum ether/EtOAc = 30/1 to 20/1) to give the
chiral a-hydroxyester 37 as a colorless oil (76.0 mg, 73% yield, 93% ee).

Methyl (S)-2-Hydroxy-3-methyl-2-phenylbutanoate (37)
O

MeO)SgOH
Ph Pr
37

[a]s =+35 (c 0.6, CHCl5).
HPLC analysis: Chiralcel ODH (n-hexane/i-PrOH = 100/0, flow rate 1 mL/min, A =
214 nm), tr (major) = 14.15 min, fr (minor) = 16.88 min.
TH NMR (400 MHz, CDCls) 6 7.72 — 7.54 (m, 2H), 7.41 — 7.31 (m, 2H), 7.30 — 7.28
(m, 1H), 3.78 (s, 3H), 3.66 (s, 1H), 2.69 — 2.55 (m, 1H), 0.98 (d, J = 6.6 Hz, 3H), 0.70
(d, J= 6.8 Hz, 3H).
I3C NMR (100 MHz, CDCl3) 6 176.2, 141.1, 128.1,127.5, 126.0, 81.0,53.3, 35.8, 17.2,
15.8.
HRMS (ESI) m/z calcd. for Ci2HisNaO3z [M + Na]*" 231.0992, found 231.0987.

The synthesis of chiral diol 38

0
LiAlH,4 (3.0 equiv) OH
OH 4
MeO)S( - Hoﬁf,
prl “ipr THF, 0°C -60°C, 6 h Ph 'Pr
37,93% ee 38, 91%, 93% ee

An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar was
charged with 37 (20.8 mg, 0.10 mmol, 1.0 equiv). Anhydrous THF (1.0 mL) was added
into the tube under argon atmosphere at room temperature and stirred at 0 °C for 5 min.
Then LiAlH4 (11.4 mg, 0.30 mmol, 3.0 equiv) was slowly added into the reaction
mixture under argon atmosphere at 0 °C. The resulting mixture was slowly warmed up
to room temperature and stirred at 60 °C for 6 h. Upon completion (monitored by TLC),
water (1.0 mL) was slowly added, and the reaction mixture was extracted with EtOAc
(5.0 mL x 3). The combined organic layers were dried over Na>SQOs, and the solvent

was removed under reduced pressure. The residue was purified by silica gel column
chromatography (eluent: petroleum ether/EtOAc = 5/1 to 3/1) to give the chiral diol 38
as a colorless oil (16.5 mg, 91% yield, 93% ee).

(8)-3-Methyl-2-phenylbutane-1,2-diol (38)
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HO%OH

Ph Pr
38

[a]y =-10 (c 0.3, CHCL).
HPLC analysis: Chiralcel IA (n-hexane/i-PrOH = 90/10, flow rate 1 mL/min, A = 254
nm), fr (major) = 8.08 min, fr (minor) = 8.75 min.
TH NMR (400 MHz, CDCl3) 6 7.54 — 7.31 (m, 4H), 7.27 (d, J = 8.0 Hz, 1H), 3.98 (d,
J=11.2 Hz, 1H), 3.80 (d, /= 11.2 Hz, 1H), 2.55 — 1.55 (m, 3H), 0.92 (d, J = 6.8 Hz,
3H), 0.75 (d, J = 6.9 Hz, 3H).
13C NMR (100 MHz, CDCl3) 6 142.9, 128.2, 127.0, 126.2, 79.3, 68.4, 35.2, 17.4, 16.7.
HRMS (ESI) m/z calcd. for C11H1702 [M + H]" 181.1223, found 181.1222.

Enantioselective synthesis of drug molecules

(1) The synthesis of sofpironium bromide
Synthetic route for the key precursor 41 of sofpironium bromide.

F5;C
3 10) F3C o . o
N Cl Standard conditions N (Rjor _KOH (4.0 equiv) HO™ ™ OH
with ent-L*9 Ve H Ph\s ethylene glycol PR

H
Me P 150 °C, 48 h
Racemic E35 39 40, 94%
(0.20 mmol) 92%, 90% ee

a) CDI (1.1 equiv)

toluene, 0 °C ref5 Br
\CNMe \C “COEL
b) (R)-1-methylpyrrolidin-3-ol

12e
tBuO(Na (1q;“\;quw) 41, 63%, >20:1 dr sofpironium bromide

Step 1: According to the General Procedure A with 2-chloro-2-cyclopentyl-N-(2-
methyl-4-(trifluoromethyl)phenyl)-2-phenylacetamide E35 (79.2 mg, 0.20 mmol)
using ent-L*9, the reaction was run at 0 °C for 6 d. The reaction mixture was purified
by column chromatography on silica gel (petroleum ether/EtOAc = 15/1 to 10/1) to
afford the desired product 39 as a white solid (69.5 mg, 92% yield, 90% ee).

Step 2: An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar
was charged with 39 (56.5 mg, 0.15 mmol, 1.0 equiv), potassium hydroxide (0.20 g,
3.6 mmol, 24.0 equiv) and ethylene glycol (3.0 mL). The reaction mixture was heated
to 150 °C and stirred for 48 h. After cooling to room temperature, water (3.0 mL) was
added. The resulting mixture was then washed three times with CH>Cl (10.0 mL), the
aqueous layer was acidified with a 3 M aqueous HCI solution until the pH = 1 and
extracted with CH>Cl, (10.0 mL x 3). The combined organic layers were dried over
Na>SO4 and concentrated to give the corresponding a-hydroxycarboxylic acid 40 as a
white solid (31.0 mg, 94% yield), which was used in the next step without further
purification.

Step 3: An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar
was charged with 40 (22.0 mg, 0.10 mmol, 1.0 equiv). Anhydrous toluene (1.0 mL) was
added into the tube under argon atmosphere at room temperature and stirred at 0 °C for
5 min. Then CDI (18.0 mg, 0.11 mmol, 1.1 equiv) was slowly added under argon
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atmosphere. The reaction mixture was stirred at 0 °C for 0.5 h to prepare solution A.
Another oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar
was charged with (R)-1-methylpyrrolidin-3-o0l (12.0 mg, 0.12 mmol, 1.2 equiv) and
‘BuONa (11.5 mg, 0.12 mmol, 1.2 equiv). Anhydrous toluene (1.0 mL) was added into
the tube under argon atmosphere at room temperature and stirred at 50 °C for 2 hour to
prepare solution B. Then solution A was slowly added into solution B under argon
atmosphere, and the resulting mixture was stirred at 50 °C for 6 h. Upon completion
(monitored by TLC), the mixture was cooled to room temperature and water (2.0 mL)
was added. The reaction mixture was then washed with a 2M aqueous HCI solution
until pH = 1. The organic layer was separated, and the aqueous layer was washed with
saturated aqueous K>COs solution until pH = 10. The aqueous solution was extracted
with EtOAc (5.0 mL x 3). The combined organic layers were dried over Na>SO4 and

the solvent was removed under reduced pressure. The residue was purified by silica gel
column chromatography (eluent: petroleum ether/EtOAc = 2/1 to 1/1) to give the 41 as
a colorless oil (20.0 mg, 63% yield, >20:1 dr).

(R)-2-Cyclopentyl-2-hydroxy-N-(2-methyl-4-(trifluoromethyl)phenyl)-2-
phenylacetamide (39)

[a]ly; =-3(c 0.5, CHCl).

HPLC analysis: Chiralcel IB (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =254
nm), fr (major) = 5.51 min, &z (minor) = 6.17 min.

'H NMR (400 MHz, CDCI3) 6 8.66 (s, 1H), 8.11 (d, J= 8.3 Hz, 1H), 7.68 (d, J= 7.3
Hz, 2H), 7.47 — 7.25 (m, 5H), 3.28 — 3.16 (m, 1H), 3.12 (s, 1H), 2.23 (s, 3H), 1.88 —
1.72 (m, 1H), 1.67 — 1.47 (m, 6H), 1.26 — 1.08 (m, 1H).

I3C NMR (100 MHz, CDCI3) 6 172.1, 141.9, 138.6, 128.6, 127.9, 127.2 (q, J = 3.8 Hz),
126.2 (q, J = 32.4 Hz), 125.5, 124.1 (q, J = 270.1 Hz), 124.0 (q, J = 3.8 Hz), 121.0,
80.9, 46.6, 26.8, 26.7,26.2,25.9, 17.5.

19F NMR (376 MHz, CDCl3) & —62.1.

HRMS (ESI) m/z calcd. for C21H23F3NO> [M + H]" 378.1675, found 378.1677.

(R)-2-Cyclopentyl-2-hydroxy-2-phenylacetic acid (40)

[a]y =—12 (c 0.6, CHCls).

'H NMR (400 MHz, CDCl3) & 9.87 (br, 1H), 7.73 — 7.57 (m, 2H), 7.37 — 7.29 (m, 2H),
7.28 —7.24 (m, 1H), 3.00 — 2.84 (m, 1H), 1.75 — 1.25 (m, 8H).

13C NMR (100 MHz, CDCl3) § 180.9, 141.0, 128.2,127.8, 125.9, 79.2,47.2, 26.9, 26 4,
26.3,25.9.
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HRMS (ESI) m/z calcd. for C13H1503 [M — H]~ 219.1027, found 219.1020.
The NMR data match with those reported in literature®.

(R)-1-Methylpyrrolidin-3-yl (R)-2-cyclopentyl-2-hydroxy-2-phenylacetate (41)

) on
©/2<[(O
\CNMe

o)

41
[a]y =—14 (c 0.4, CHCl:).
TH NMR (400 MHz, CDCl53) & 7.74 — 7.56 (m, 2H), 7.40 — 7.30 (m, 2H), 7.30 — 7.25
(m, 1H), 5.31 —5.16 (m, 1H), 3.89 (br, 1H), 2.98 —2.89 (m, 1H), 2.87 —2.75 (m, 2H),
2.64 —2.57 (m, 1H), 2.56 —2.47 (m, 1H), 2.37 (s, 3H), 2.34 —2.23 (m, 1H), 1.95—1.85
(m, 1H), 1.74 — 1.22 (m, 9H).
13C NMR (100 MHz, CDCl3) § 175.3, 141.7, 128.1,127.4, 125.9, 79.3, 76.3, 61.5, 54.9,
47.0,42.1,32.6,26.8, 26.5, 26.4, 26.1.

HRMS (ESI) m/z caled. for Ci1sH26NO3 [M + H] " 304.1907, found 304.1903.
The NMR data match with those reported in literature>.

(2) The synthesis of ($)-oxybutynin
Synthetic route for (S)-oxybutynin.

\Q\ Standard conditions \Q\ )%)OH KOH (24.0 equiv)
with L*9 ” ethylene glycol

150 °C, 48 h

Racemic E18 18
(0.20 mmol) 93%, 90% ee

o HOBT (1.0 equiv)

OH
OH 4-Methylmorpholine (3.0 equiv) s /NEtz
HO)S( EDCI (2.0 equiv) N
Ph
O DCM, 0 °C - rt., 12 h 0
(S)-oxybutynin

42, 93% 85%, 90% ee

Step 1: According to the General Procedure A with 2-chloro-N-(4-cyano-2-
methylphenyl)-2-cyclohexyl-2-phenylacetamide E18 (73.4 mg, 0.20 mmol) using L*9,
the reaction was run at 0 °C for 5 d. The reaction mixture was purified by column
chromatography on silica gel (petroleum ether/EtOAc = 10/1 to 5/1) to afford the
desired product 18 as a white solid (64.8 mg, 93% yield, 90% ee).

Step 2: An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar
was charged with 18 (52.3 mg, 0.15 mmol, 1.0 equiv), potassium hydroxide (0.20 g,
3.6 mmol, 24.0 equiv) and ethylene glycol (2.0 mL). The reaction mixture was heated
to 150 °C and stirred for 48 h. After cooling to room temperature, water (3.0 mL) was
added. The resulting mixture was then washed three times with CH>Cl> (10.0 mL), the
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aqueous layer was acidified with a 3 M aqueous HCI solution until pH = 1 and extracted
with CH2Cl> (10.0 mL x 3). The combined organic layers were dried over Na>xSO4 and
concentrated to give the corresponding a-hydroxycarboxylic acid 42 as a white solid
(32.7 mg, 93% yield), which was used in the next step without further purification.

Step 3: An oven-dried 10 mL resealable Schlenk tube equipped with a magnetic stir bar
was charged with the a-hydroxycarboxylic acid 42 (23.4 mg, 0.10 mmol, 1.0 equiv), 4-
(diethylamino)but-2-yn-1-ol (14.1 mg, 0.10 mmol, 1.0 equiv) and anhydrous DCM (1.0
mL). Then 1-hydroxybenzotriazole hydrate (HOBT) (13.6 mg, 1.0 mmol, 1.0 equiv)
and 4-methylmorpholine (34.0 uL, 0.30 mmol, 3.0 equiv) were added sequentially to
the reaction mixture at 0 °C for 1 h. Then EDCI (38.3 mg, 0.20 mmol, 2.0 equiv.) was
added and the reaction mixture was stirred at room temperature for 12 h. The solvent
was removed under reduced pressure, and the residue was quenched with H,O (4.0 mL)
and washed with EtOAc (5.0 mL). The organic layer was separated, and the aqueous
phase was extracted with EtOAc (10.0 mL x 3). The combined organic layers were
dried over Na>SOgs, and the solvent was then removed under reduced pressure. The
residue was purified by silica gel column chromatography (eluent: petroleum
ether/EtOAc = 5/1 to 3/1) to give the corresponding drug (S)-oxybutynin as a yellow
oil (30.4 mg, 85% yield, 90% ee).

(8)-2-Cyclohexyl-2-hydroxy-2-phenylacetic acid (42)
O

oy o
Ph <:>
42
[a]; =+10 (c 0.5, CHCI).
'H NMR (400 MHz, CDCl3) & 7.68 — 7.59 (m, 2H), 7.39 — 7.31 (m, 2H), 7.30 — 7.27
(m, 1H), 2.30—-2.18 (m, 1H), 1.84 — 1.75 (m, 1H), 1.66 — 1.59 (m, 2H), 1.48 —0.97 (m,
7H).
I3C NMR (100 MHz, CDCl3) 6 180.7, 139.9, 128.2,127.7, 125.9, 80.9,45.6, 27.3, 26.3,
26.2,26.1,25.4.
HRMS (ESI) m/z calcd. for Ci14HisNaOs [M + Na]* 257.1148, found 257.1146.
The analytical data are consistent with those reported in literature’.

4-(Diethylamino)but-2-yn-1-yl (S)-2-Cyclohexyl-2-hydroxy-2-phenylacetate ((5)-
oxybutynin)

(S)-oxybutynin

[a]y =-32 (c 0.4, CHCl:).
HPLC analysis: Chiralcel A (n-hexane/i-PrOH = 90/10, flow rate 1.0 mL/min, A =214
nm), fr (minor) = 5.73 min, fr (major) = 6.53 min.
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'TH NMR (400 MHz, CDCl3) 8 7.69 — 7.58 (m, 2H), 7.38 — 7.29 (m, 2H), 7.28 — 7.23
(m, 1H), 4.83 (dt, J=15.2, 1.9 Hz, 1H), 4.71 (dt, J=15.2, 1.9 Hz, 1H), 3.64 (s, lH),
3.42 (t,J=1.8 Hz, 2H), 2.46 (q, J = 7.2 Hz, 4H), 2.31 — 2.20 (m, 1H), 1.83 — 1.72 (m,
1H), 1.69 — 1.59 (m, 2H), 1.58 — 1.50 (m, 1H), 1.48 — 1.36 (m, 1H), 1.36 — 1.26 (m,
1H), 1.23 — 1.06 (m, 4H), 1.03 (t, J= 7.2 Hz, 6H).

I3C NMR (100 MHz, CDCl3) 6 175.0, 140.4, 128.1, 127.5, 126.1, 82.6,81.0, 77.8, 54.1,
47.2,45.7,40.7,27.2,26.3,26.2,25.4, 12.6.

HRMS (ESI) m/z caled. for C22H32NO3 [M + H]* 358.2377, found 358.2373.

The analytical data are consistent with those reported in literature®.
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7. Experimental mechanistic studies

The preparation of Cu(II)-ligand complex (Cu-L*9)2

& .
Ph e \(;&J/\;/\ Bon T/\f’\
Ph. | Me | Me| A AT darte”
CF; O Ph N o= =0N Ph Vi '-?*“*ik/"‘_‘z(g
Ph N*(‘J/—O O*\C‘u § fr’?\]/ : ARy
X N7 Y Cu(OAc), il — Saga s /\ o
‘ H o J e N. Me —N — I o
=N NMe, MeOH/DCM, r.t. s [ o) \Qw:;/"\“”] f
AN = \\,‘,J(‘\/\l ¥ N
FsC FsC Ar CFs !
L*9 (Cu-L*9), (CCDC 2526651)

To a solution of ligand L*9 (55.7 mg, 0.1 mmol) in MeOH/DCM (v/v = 1/1, 2.0 mL)
was added Cu(OAc), (36.5 mg, 0.2 mmol). The reaction mixture was stirred at room
temperature for 6 h. Then the mixture was filtered off and washed three times by CH>Cl,.
The filtrate was concentrated, and the residue was slowly diffused with a mixed solution
of n-hexane and dichloromethane (v/v, 4/1) and recrystallized at room temperature to
give the Cu(Il)-ligand complex (Cu-L*9)2 as a slightly blue solid. The structure of (Cu-
L*9)2 was confirmed by X-ray diffraction analysis.

The catalytic activity of (Cu-L*9)2 complex

) 0
Standard conditions )S/OH
ArHN + H,O ArHN -
P ipr Ph Pr
Ar = 4-CN-2-MeCgHj 1
Racemic E1 With (Cu-L*9),: 1, 95%, 90% ee

With Cu(OAc),/L*9: 1, 83%, 87% ee

With (Cu-L*9)2: According to the General Procedure A with 2-chloro-N-(4-cyano-2-
methylphenyl)-3-methyl-2-phenylbutanamide E1 (16.4 mg, 0.05 mmol) using (Cu-
L*9)2 complex (5.2 mg, 15 mol%) under standard conditions. The reaction afforded the
desired product 1 as a white solid (95% yield, 90% ee).

With Cu(OAc)2/L*9: According to the General Procedure A with 2-chloro-N-(4-
cyano-2-methylphenyl)-3-methyl-2-phenylbutanamide E1 (16.4 mg, 0.05 mmol) using
Cu(OAc)2 (0.91 mg, 10 mol%) and L*9 (4.18 mg, 15 mol%) under standard conditions.
The reaction afforded the desired product 1 as a white solid (83% yield, 87% ee).

Enantiopurity of recovered a-tertiary alkyl chloride and tertiary alcohol

NC NC
Q Cu(OTf)(CgHg)1/2 (10 mol %), L*9 or ent-L*9 (15 mol %) o
N)S‘f\ + Hzo N)s»/OH
H K3POy (3.0 equiv), 1,4-dioxane/1,3-dioxolane (4/1, viv), H e

EMzi' or EPZZ" ) (15 eaut) oc.azh " 24Ph )
Entry Substrate Ee 0f 24 (%) Ee of recovered substrate
1 E24' (>99% ee) 84 (with L*9) >99 (E24')
2 E24' (>99% ee) —85 (with ent-L*9) >99 (E24')
3 E24" (> -99% ee) 85 (with L*9) >-99 (E24")
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9Reaction conditions: Enantioenriched tertiary alkyl chloride E24’ or E24" (0.05 mmol, 1.0 equiv),
H>0 (1.5 equiv), Cu(OT£)(CsHe)1/2 (10 mol%), L*9 or ent-L*9 (15 mol%), and K3PO4 (3.0 equiv)
in 14-dioxane/1,3-dioxolane (0.50 mL, v/v =4/1) at 0 °C for 12 h. Ee values were based on chiral
HPLC analysis. Note: E24”and E24” correspond to the two enantiomers of E24, respectively.

The nonlinear effect experiments

Cu(OTH)(CgHg)12 (10 mol %), o

NC
O
H

Me Ph Pr

catalyst (15 mol %)

-

(vlv, 4/1), 0 °C, argon, 5d

K3POy4 (3.0 equiv), 1,4-dioxane/1,3-dioxo|ane'

NC
; N
H

Me

)S/OH

Ph

Racemic E1 1
CF; O Ph CF3 O Ph
N N Ph N N Ph
I Ho 2 | H
_N NM82 _N NM62
F3C FsC
L*9 ent-L*9

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with
a magnetic stir bar was charged with a-tertiary haloamide E1 (0.05 mmol, 1.0 equiv),
Cu(OT1)+(CsHs)12 (1.26 mg, 0.005 mmol, 10 mol%), ligand (4.18 mg, 0.0075 mmol,
15 mol%), KsPO4 (32.0 mg, 0.15 mmol, 3.0 equiv) and solvent (1,4-dioxane/l,3-
dioxolane, v/v =4/1, 0.50 mL). The resulting mixture was stirred at 0 °C for 5 d. Upon
completion (monitored by TLC), the product was purified by preparative thin-layer
chromatography (PTLC) on silica gel. The ee values of product 1 were determined by
chiral HPLC, which revealed a linear relationship between the ee values of product 1
and those of the corresponding ligands. The ligands with different ee values were
prepared by mixing L*9 (99% ee) and ent-L.*9 (99% ee) in appropriate ratios.

Entry Ee of ligand (%) Ee of 1 (%)
1 100 93

2 80 64

3 60 45

4 20 16

5 0 0

6 -20 —24

7 —60 —48

8 -80 —68

9 -100 -92
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Product ee (%)

1001
80 -
60 -
40

20 1

fal

100 -80 -60 -40 -20¢
720

-100 1

40 4

-60 4
-80 4

2|0 4IO 6|0 8I0 1('30
Catalyst ee (%)

The time-course experiments

NC Cu(OTfy(CeHe)1/2 (10 mol %),

e L*9 (15 mol %)

N

Cl 4+ H,0

Me T PH ViPr
Racemic E1

K3POy4 (3.0 equiv),

1,4-dioxane/1,3-dioxolane (v/v, 4/1),

0 °C, argon, time

- 2

F3C

CF; O
X
N

N

Ph
Ph

lilMez

L*9

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with
a magnetic stir bar was charged with a-tertiary haloamide E1 (0.05 mmol, 1.0 equiv),
Cu(OTH1)+(CeHe)12 (1.26 mg, 0.005 mmol, 10 mol%), ligand (4.18 mg, 0.0075 mmol,
15 mol%), KsPO4 (32.0 mg, 0.15 mmol, 3.0 equiv) and solvent (1,4-dioxane/l,3-
dioxolane, v/v = 4:1, 0.50 mL). The reaction mixture was stirred at 0 °C for a specified
period of time. The reaction mixture was filtered off and washed with CH,Cl, for three
times. The combined organic layers were dried over Na>SO4 and concentrated to afford
the crude product.

The yields of 1 were analyzed by "H NMR analysis using 1,3,5-trimethoxybenzene as
an internal standard. The crude product was then purified by preparative thin-layer
chromatography (PTLC) on silica gel, resulting in the isolation of product 1 and the
recovery of E1. The ee values of 1 and the recovered E1 were determined by chiral
HPLC analysis.

Entry Time (h) Yield of 1 (%) Recovered E1 (%) Ee of 1 (%) Ee of E1(%)
1 6 15 84 89 0
2 12 36 62 89 4
3 24 44 52 90 4
4 36 58 38 90 2
5 48 66 31 92 2
6 60 75 21 92 3
7 72 85 13 92 0
8 84 89 9 92 0
9 96 93 5 91 4
10 108 93 4 93 2
11 120 94 2 92 2
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. = Ee of 1 Yield of 1 e Ee of E1
§ 100 -
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o}
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>
60 -
40
20 4
04 . ¢ ® ° ° b ° ° ® ° °
" I I " 1 " 1 1 " 1 "
0 20 40 60 80 100 120
Time (h)
The radical clock experiment
Me
Me Cl Cu(OTf):(CgHg)1j2 (10 mol %), N via Me
Nﬁph L*9 (15 mol %) o N0
Et
@ (0] H,0, K3POy4 (3.0 equiv), gt Ph v.\}fPh
1,4-dioxane, 80 °C, 3d Et
E36 43, 52%

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with
a magnetic stir bar was charged with a-tertiary haloamide E36 (57.6 mg, 0.20 mmol,
1.0 equiv), Cu(OT1)+(CeHe)12(5.03 mg, 0.02 mmol, 10 mol%), chiral ligand L*9 (16.72
mg, 0.03 mmol, 15 mol%) and K3PO4 (128.0 mg, 0.60 mmol, 3.0 equiv). Then the
anhydrous solvent 1,4-dioxane (2.0 mL) and H>O (1.5 equiv) was added into the
mixture, and the reaction mixture was stirred at 80 °C for 3 days. Upon completion
(monitored by TLC), the reaction mixture was diluted with CHCl,, filtered off and
rinsed three times with CH,Cl,. The filtrate was concentrated, and the residue was
purified by column chromatography on silica gel to afford the intramolecular
cyclization product 43 (26.1 mg, 52% yield).

3-Ethyl-1-methyl-3-phenylindolin-2-one (43)
Ph

Et
(T 5o
N

\

Me
43

H NMR (400 MHz, CDCL3) & 7.39 — 7.15 (m, 7H), 7.13 — 7.05 (m, 1H), 6.91 — 6.85
(m, 1H), 3.20 (s, 3H), 2.48 — 2.34 (m, 1H), 2.29 —2.13 (m, 1H), 0.66 (t, /= 7.3 Hz, 3H).
13C NMR (100 MHz, CDCls) § 178.6, 144.2, 140.3, 132.1, 128.5, 128.1, 127.2, 127.0,
124.8, 122.6, 108.2, 57.3, 30.9, 26.3, 9.0.

HRMS (ESI) m/z caled. for C17H;sNO [M + H]* 252.1383, found 252.1383.
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The 80 labeling experiment

i Standard conditi 7 0
cl 18 andard conditions 1801 1601
ArHN& * H°O ArHN™ 7 T OAHNT Y.
Ph ipr (AI' = 4-CN-2-MGCGH3) Ph /I'Pr Ph /iPr
E1, 0.1 mmol 1.5 equiv 1 1

80- and '0-labeling tertiary alcohols, 89%

Under argon atmosphere, an oven-dried 10 mL resealable Schlenk tube equipped with
a magnetic stir bar was charged with a-tertiary haloamide E1 (32.7 mg, 0.10 mmol, 1.0
equiv), Cu(OTf)+(C¢He)12(2.52 mg, 0.01 mmol, 10 mol%), L*9 (8.36 mg, 0.015 mmol,
15 mol%), K3PO4 (64.0 mg, 0.30 mmol, 3.0 equiv) and anhydrous mixed solvents (1,4-
dioxane/1,3-dioxolane, v/v = 4/1, 1.0 mL). Then the H»'%0 (3.0 mg, 0.15 mmol, 1.5
equiv, 98% !80 purity) was added into the reaction mixture. The reaction mixture was
stirred at 0 °C for 5 days. Upon completion (monitored by TLC), the reaction mixture
was diluted with CH,Cl,, filtered off and rinsed three times with CH2Cl,. The filtrate
was concentrated, and the residue was purified by column chromatography on silica gel
to afford the '30- and '°O-labeled products (27.6 mg, 89% yield).

HRMS (ESI) m/z calcd. for C19H20N>NaO'80 [M + Na]* 333.1459, found 333.1454.

5.0x10° C:\Users\Lenov...6-06'zjy-22.raw Injection 1 FTMS + p ESI F...0000-1500.0000] MS + spectrum 0.09..0.11
333.1454
. 100.00%
4.5%10°-
NC NC
(o] 0}
16 - 18
4.0-10°4 OH OH
N N7
me 1 PH Tipr Me N PH “ipr
3.5210°4
Calc. [M + Na]*: 331.1417 Calc. [M + NaJ*: 333.1459
20410 ESI-HRMS [M + Na]*: 331.1412 ESI-HRMS [M + Na]*: 333.1454
2.5%10%- l
3311412
46.13%
2.0+10°
1.5-10°-
334.1488
1.0~10°- 20.08%
3362503
3321447 13.32%

5.0-10% 10.07% 334.2346

129.0696 331.0853 332.2191 55

3.14% 330.0731 2 81% 332.0887 ‘;.87.,_0 3332223 5.50% 335_1:21

‘ 0.53% | 061% || 0.52% 1.86%
0.0- . . : Le.

3290 3295 330.0 3305 3310 3315 3320 3325 3330 3335 3340 3345 3350 3355 3360 336
m/'z (Da)
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8. X-ray crystallographic data

Sample preparation of product 2

The single crystals of product 2 suitable for X-ray diffraction were obtained by slow
evaporation of a mixed solution of 2 in n-hexane and dichloromethane (v/v, 3/1) at room
temperature. The crystal data of compound 2 have been deposited at the Cambridge
Crystallographic Data Centre (CCDC 2526649).
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Crystal data and structure refinement for 2.

Identification code 2

Empirical formula C20H22N20;

Formula weight 322.39

Temperature/K 100.0(2)

Crystal system monoclinic

Space group C2

a/lA 22.2760(15)

b/A 6.9882(5)

c/A 23.4446(16)

a/° 90

p/e 102.237(3)

v/° 90

Volume/A3 3566.7(4)

Z 8

Pealcg/cm? 1.201

w/mm-! 0.411

F(000) 1376.0

Crystal size/mm? 031 x 0.28 x 0.12
Radiation GaKoa (A = 1.34138)

20 range for data collection/ 6.712 to 113.988

Index ranges -27< h =27,-8< k =8,-29= 1 =29
Reflections collected 61906

Independent reflections 7278 [Rint = 0.0531, Rsigma = 0.0320]
Data/restraints/parameters 7278/1/443
Goodness-of-fit on F2 1.037

Final R indexes [[>=20 (I)] R1=0.0456, wR, =0.1165
Final R indexes [all data] R1=0.0489, wR> = 0.1191
Largest diff. peak/hole / ¢ A3 0.58/-0.27

Flack parameter —0.01(7)
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Sample preparation of complex (Cu-L*9)2

The single crystals of complex (Cu-L*9)2 suitable for X-ray diffraction were obtained
by slow evaporation of a mixed solution of (Cu-L*9)2 in n-hexane and dichloromethane
(v/v, 4/1) at room temperature. The crystal data of complex (Cu-L*9)2 have been
deposited at the Cambridge Crystallographic Data Centre (CCDC 2526651).

N
O | N\ Me N o
Ar'
= =
F3C Ar' CF
(Cu-L*9),
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Crystal data and structure refinement for complex (Cu-L*9)>.

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

a/A

b/A

c/A

[e]

o/
B/°

y/°

Volume/A3

V4

Pealeg/cm?
W/mm!

F(000)

Crystal size/mm?3
Radiation

20 range for data collection/°

Index ranges

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

Final R indexes [[>=20 (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A3

Flack parameter

(Cu-L*9):
CssHs3C12Cu2F12N6Os
1486.22

100.0(2)

orthorhombic

P2:2:2

22.0556(15)

31.513(2)

9.5391(7)

90

90

90

6630.0(8)

4

1.489

4.433

3044.0

0.32 x 0.28 x 0.03
GaKa (A =1.34138)

4.88 to 114.282

27< h <27,-39< k <38,-11< 1
<11

88592

13590 [Rint = 0.0996, Rsigma = 0.0626]
13590/456/975

1.121

R1=0.0576, wR2 = 0.1527
Ri1=0.0697, wR2 = 0.1589
1.04/-0.82

—0.034(4)
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9. NMR spectra

'H NMR (400 MHz, CDCl5)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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19F NMR (376 MHz, CDCl5)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)

000 —

S0\
1007
90 ~
80t

92~
£

€6C
#m.m/

96°C
wm.NN

00'e

0L
AW
sz'L
9Z'L 1
12721
62'L Y
ov'L
L2y
ev'L ,W
v L

St L%
ov'2
\.v.@
8v'L

128~
6287

06'8 —

ot

F66'C

270°€
00°€

onoH_

01

€01
01
Moy

1 (ppm)

13C NMR (100 MHz, CDCls)

085l
9691 7
6121’
£9'12

6Lv€—

29'¢8 —

06'90} —

G6'8LL

mv.ON_\/
Leeel

88'GCl /
wm.nmr%
9€'8¢L N.
65821 \

m:mr\

89'¢cel

vr.wmv\
€8'6EL

66°LLL—

[}
=

NC

1 (ppm)

S102



'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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19F NMR (376 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)

EV'L
hv.hw
6vL

188~
6c8”

906 —

I

32

Fwo,m
1'6
220€

0'¢
Fsoe
SO

6821 —
ye'0z —
or'sz—
8z'98
G297
61687

808 —

f1 (ppm)

€5°90L —

EL6LE~
ezozL
8v'LzL —
8Z'LEL ~
8L€EL —

L0071 —

ceell —

13C NMR (100 MHz, CDCls)

OH

Me

NC

T
100

110

120

T
130

T
140

T
150

T
160

170

f1 (ppm)

S135



'H NMR (400 MHz, CDCls)

80°L —
5L —

SzTZ~
6zz”

SvL
mv.h/
0SL

052
cSL

csL

9e'8
6c8”

€06 — O

NC

OH
Bu

ZT

Me

I

L

‘ 1

f1 (ppm)

13C NMR (100 MHz, CDCls)

8eLL
86'1LZ ~
9€'6Z ~

6L,€ —

€808 —

1,901 —

ZLeLl ~
reozk

svszL "
zeleL
1ggel
200~

SLeLlL —

O

NC

>
[

7 (]
&M

ZT

OH

()
=

(2]
[3¢]

T T T
180 170 160 150 140 130 120 110

190

T
200

f1 (ppm)

S136



'H NMR (400 MHz, CDCls)
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'"H NMR (400 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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9F NMR (376 MHz, CDCl3)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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'H NMR (400 MHz, CDCls)
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10. HPLC spectra

DAD1 A, Sig=254 4 Ref=360,100 (DACHEM32\DATAIZIY\Z)Y-20250402-4 2025-04-02 18-02-03\2J¥-695-8-RAC.D)
mAU 3 &
175 2
150 4 NC o T rﬁ‘
125 OH | =
N 7
S e e
504
25 3 rac-1
(E — E— _ N N
o _ 2I:5. - é_ S - B |* I - R 15_17‘_5_ 2 22"5 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
ORIEEE R |<-eemeee R | <-- e |
1 11.836 BB ©.4803 5406.39893 158.34593 50.0455
2 17.227 BB 0.6756 5396.56396 114.97403 49.9545
Totals : 1.08030e4  273.31996
- DAD1 A, Sig=254 .4 Ref=360,100 (DACHEM32\DATAZIV\ZIY-20250402-4 2025-04-02 18-02-03\ZJY-695-8.D)
250 + “
200 4
1304
100 «
50 %
o] - = ) o
0 2l5 é 7.5 10 12.5 15 1?|.5 20 22“.5 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
RN CEEEEES R R s | <-eme e |--- - |
1 11.898 MM R ©.4200 338.42050  13.42942 3.5641
2 17.305 MF R ©.5884 9156.80469 259.35315 96.4359
Totals 9495.22519 272.78257
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DAD1 A, Sig=254 4 Ref=360,100 (D\CHEM32\\DATAZIY\ZJY-20250412-2 2025-04-12 10-22-53\2JY-707-2-RAC.D)
mAU
1 N ]
300 C o 8
250 4 T 3
200 N OH f g
150+ Me H ipp ' f\
100 4
09 rac-1 [\ 5
O 3 ; —— ; - - L hS—- 1 | - ‘
o 25 05 75w 0 125 1 0 175 0020 225 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.658 BB 0.3441 5548.80957 241.46722 49.9133
2 16.684 BB 0.5015 5568.07520 167.62025 50.0867

Totals : 1.1116%e4  409.08748

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\1\DATA\ZJY\ZJY-20250412-2 2025-04-12 10-22-53\ZJY-707-2.D)
mAU

8
4 o
500 NC o) o
400_; N)S/OH I
300 H i{~ (!
] Me Pr |
200 ‘
] | ~
100 \ &
] ent-1 | g
e e
0 _ 25 5 75 10 125 15 175 20 225 mi

Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 12.006 BB 0.3228 9995.69043 461.26974 96.4797
2 17.237 BB 0.4717 364.71765 11.63673 3.5203

Totals : 1.03604e4 472 .90647
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DADT A, Sig=254 4 Ref=360,100 (D:\CHEMB32\...032-2 2025-05-13 22-22-02\HPJ-1A-3-001010-30MIN-2032-2-RAC D)
AU
™ 2NC
0 0 2
] OH &
407 N 1\ 2
E H I ©
305 Me 'Pr M ‘”_
20 Me || A
. |\
|1 [
10 rac-2 [ [
E [\
LE —
e —
5 10 15 20 25 min

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 9.809 BB 0.4073 1020.085676 38.47350 50.0265
2 16.734 BB 0.5898 1018.97809 26.54789 49.9735

Totals : 2039.03485 65.02139

DADT A, Sig=254,4 Ref=360,100 (D:\CHEM32\...IN-2032-2 2025-05-13 22-22-02\HPJ-IA-3-901010-30MIN-2032-2.D)
mAU 7
100

80

60

16734

40

20

5 10 15 20 25 min|

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.836 BB 0.4054 106.77150 4.05188 4.0493
2 16.734 BB 0.6010 2530.03564 64.87897 95.9507

Totals : 2636.80714  68.93085
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DADT B, Sig=254 4 Ref=360, 100 (HPJ\0505-1_2-1 2025-05-05 10-49-59HPJ-1A-3-901010-30MIN-2032-1-RAC-1.0)
| ~ NC
mAU E 3 o
1 K
200 "“ N OH
] H o
150 I o Me ipr
1 l 3 Me
100 i A
] f \
50 I ’f | Me
1 [ / A\
o] S AN N rac-3
b 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
5 10 15 20 25 i

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
1t [min] [min] [mAU*s ] [mAU] %
e REREE R | <-mm e R |<-me e |

1 7.957 BB 0.2022 2906.55225 214.31767 49.7046
2 14.462 BB 0.5182 2941.10449 87.48328 50.2954

Totals : 5847.65674 301.80095

DAD1 B, Sig=254 4 Ref=360,100 (HPJ\0505-1...IN-2032-1 2025-05-05 10-48-59\HPJ-1A-3-901010-30MIN-2032-1.D)

mAU J
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1203
100 \
80 [
60 [
404 {
20

04 I I , I .

14,449
z
‘Q()

S7.902

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 7.902 BB 0.3712 226.66423 8.95746  4.1286
2 14.449 MM R ©.7456 5263.47217 117.66261 95.8714

Totals : 5490.13640 126.62007
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DADT B, Sig=254.4 Ref=360,100 (HPJ\0516-1...2-3-4 2025-05-16 12-24-05\HPJ-1A-7-901010-30MIN-2032-3-RAC.D)
mAU ]

1 NC -
] (0] b
200 OH - ©
1 N A o
150 H i I =
] Me Pr [ N
1003 [ [\
| | \ / \
] | \ / \
50 / \ /
] rac-4 Me / / A\
0 - S \‘\—0——/ = ‘
—
5 10 15 20 25 min)

Signal 2: DAD1 B, Sig=254,4 Reft=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e e ==l mm e == mmmees == mmmee- |-=mnee- |
1 11.671 BB 0.7317 9677.04492 190.81821 50.8889
2 15.815 BB 0.9654 9338.99414 140.87032 49.1111

Totals : 1.90160e4  331.68852
i DAD1 B, Sig=254,4 Ref=360,100 (HPJ\0516-1...-2032-3-4 2025-05-16 12-24-05\HPJ-1A-7-901010-30MIN-2032-3.D)

"5 - 3

150 ©

1253 N

1004 [

754 [

507 3 [

A )N

Y R N T T

Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 11.799 BB 0.7368 594.96118 11.74809 5.9962
2 16.934 BB 0.9802 9327.32813 137.35864 94.0038

Totals : 9922.28931 149.10673
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEMI2\DATA\ZIVZ)Y-20260616-1 2025-06-16 14-00-29\ZJY-729-4-RAC.D)
mAU NC
600 o} 3
= o

500 N | OH . ;

oo Me M Pr ' fi

300 |

200 ‘ |

100 rac-5 ‘Bu |

04 T T A =T L T " = T T
0 2 4 6 8 10 12 14 16 18 min|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 9.951 MM R ©0.3547 1.06213e4  499.13025 50.0277
2 13.251 BB 0.4175 1.06095e4  387.44147 49.9723

Totals : 2.12308e4  886.57172

DAD1 A, 5ig=254,4 Ref=360,100 (DACHEM32\T\DATAVZIV\ZIY-20250616-1 2025-06-16 14-00-202JY¥-729-4.0D)

mALl

] NC %
o =
MR
200
100 - %
0:: — —— m ..... e —
0 2 4 6 8 10 12 14 16 18 mir|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 9.982 MM R ©0.3569 782.29926 36.53171 7.0708
2 13.249 MM R ©0.4642 1.02815e4  369.11557 92.9292

Totals : 1.10638e4  405.64728
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DAD1 A, Sig=254 4 Ref=360,100 (DACHEM32\DATAIZIY\ZJY-20250625-2 2025-06-25 19-03-36\2JY-709-3-RAC.D)
mAU
s0{ NC 0 3 5
500 OH i 3_
o N N
300 Me 'Pr
200 OMe
1004 \
E . rac-6 - SN N
0 e e ————— : e L . ~ — —
0 .5 % s 2 25 minj
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 18.814 MF R ©.6545 1.90316ed4  484.60330 49.9810
2 20.741 FM R 0©.6861 1.90460ed4  462.69299 50.0190

Totals : 3.80776e4  947.29630
- DAD1 A, Sig=254 4 Ref=360,100 (DACHEM32\DATAZIY\ZIY-20250625-1 2025-06-25 14-58-53\2JY-708-3.0)
700 2
600 | &
500 | fl
400 I
300
200 @
6 LRV
0 ey —
o - é - - 71|07 - 1|5 _ . 72|07 _ 2|5 miny
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU ] %

1 19.028 BB 0.5416 790.98834 22.31295 3.1827
2 20.749 BB 0.6222 2.40616e4  575.06152 956.8173

Totals : 2.48526e4 597.37447
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DAD1 A, Sig=254 4 Ref=360,100 (D:A\CHEM32\I\DATA\ZJY\ZJY-20250507-2 2025-05-07 22-19-32\ZJY-716-1-RAC.D)
mAU =
1204 NC o >
100 1
80 N OH I _
60 Me D Pr I 3
40 OBn | j‘t
20 I |\
0 1 — ,;ac-? e R —7 — -~ \ — T .
0 10 20 30 40 50 mir|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [ mAU ] %

1 19.124 BB ©.5901 3963.95386 101.39977 50.0090
2 41.841 MM R 1.4943 3962.53442  44.19672 49.9910

Totals : 7926.48828 145.59649

DAD1 A, Sig=254 4 Ref=360,100 (DA\CHEM32\M\DATAZIY\ZJY-20250507-2 2025-05-07 22-19-32\ZJY-T16-1.0)
mAU ]
140_ %
1204 v
100 I
804 |
60 OBn o |
40 g |
S S T T —] 0w
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU ] %

1 19.045 BB 0.6005 613.99475 15.42156  4.3797
2 41.022 BB 1.5437 1.34051e4  121.64255 95.6203

Totals : 1.40191e4  137.06404
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEM32\1\DATA\ZJY\ZJY-20250616-1 2025-06-16 14-00-29\2)Y-729-2-RAC.D)

mAU S NC

300 (0]

2504 N OH
200 )

Me H Pr

17.979
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100 |
50 :

- rac-8 SMe

| N
o

0 5 10 15 20 25

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mAU*s ] [mAU]

1 17.979 BB ©.5403 9341.46289 258.,08118
2 28.772 BB ©0.8455 9359.13477 165.067408

Totals : 1.87006e4  423.15526

DADT A, Sig=254,4 Ref=360,100 (DACHEMI2ZMDATAZ JY\ZIY-202506716-1 2025-06-16 14-00-2900Z)Y-T35-2.D)

mal 4 NC
500
400 |
300 Me
200 | &

| =
100 @

0- VA
; = :
0 5 10 15 20 25

Signal 1: DAD1 A, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
#  [min] [min] [mAU*s ] [mAU]

1 18.439 MM R 0.5468 2069.44678 63.08145
2 28.943 MM R 0.9695 2.41328e4  414.85495

Totals : 2.62022e4  477.93640
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DAD1 B, Sig=254 4 Ref=360,100 (HPJ\0516-1...2-3-4 2025-05-16 12-24-05\HPJ-1A-7-901010-30MIN-2032-4-RAC D)
mAU 3 NC
E o}
1403 ©
120 OH el
E N =3 ©
100 H i = 3
80 Me Pr N -
E| [
607 [ AN
40 F /A
20 E E J’ \ / \
0 % I'aC-9 ‘Jf/’ 7\*\\ } // _—
B T T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 miny

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.135 BB ©.6343 4038.01758 93.04272 49.8470
2 13.935 BB ©.8639 4062.81079 68.30585 50.1530

Totals : 8100.82837 161.34778

DAD1 B, Sig=254,4 Ref=360,100 (HPJ\0516-I...-2032-3-4 2025-05-16 12-24-05\HPJ-IA-7-801010-30MIN-2032-4.D)

mAU 73
1754 NC

150 3
1253
100 Me
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503
25

13888

15 20 25 min|

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 10.153 FM R ©.7058 375.26877 8.86189 5.2472
2 13.888 MF R ©.9911 6776.46680 113.95090 94.7528

Totals : 7151.73557 122.8128@
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DAD1 A, Sig=254.4 Ref=360,100 (DACHEM32\1\DATAZIY\ZJY-20250419-1 2025-04-19 09-38-41\ZJY-709-2-RAC.D)
mAU |

120:3 NC O ;
100 OH 1 :
80 ” . f =
60 Me Pr A ‘
40 (! \
20 [\ \
od— _rac10  Br S S N )
o 25 5 75 4o 425 45 475 g0 225  m
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.911 MM R ©0.4439 3097.80933 116.30872 50.0520
2 18.116 MM R ©0.6635 3091.36694 77.64870 49.9480

Totals : 6189.17627 193.95743

DAD1 A, Sig=254.4 Ref=360,100 (D:\CHEM32\I\DATA\ZJIY\ZJY-20250419-1 2025-04-19 09-38-41\2JY-709-2.D)

maU ] NC @
300
] Me
2007:
100—: § \
Br b AN
0—=— —————————— e e
0 25 5 75 10 125 15 175 2 25 i
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 11.956 MM R ©0.4096 1069.84460 43.53201 7.6484
2 18.029 MM R ©0.6220 1.29179%e4 346.14148 92.3516

Totals : 1.39878e4 389.67349
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DAD1 A, Sig=254,4 Ref=360,100 (D\CHEM32\1\DATA\ZJY\ZJY-20250531-1 2025-05-31 08-44-55\2JY-729-1-RAC.D)
maui NC 8
1 (0] b
1000 >
] OH | @
800 N i " g
600 Me Pr
400—;
200 rac-11 I
0+ . - — - L — _— L : - - e
o 000000000 |5 I 17‘07 - ,,,,,,,1I5,,,,,,, _ 7727‘0 - 2‘5 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.053 BB 0.4427 2.87992e4 980.56372 49.9344
2 22.009 BB 0.6498 2.88750e4 658.21484 50.0656

Totals : 5.76742e4 1638.77856

DAD1 A, Sig=254.4 Ref=360.100 (D\CHEM32\1\DATAZJY\Z)Y-20250531-1 2025-05-31 08-44-55\2JY-729-1.0)
mAU ]

NC 2
250 -
200 \Q\ N
150 Me “
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50 3
D - - . . = - - - - ‘. : . \,I.'.‘-I 'Ii — .-I-.. - : IJ,. . g ,7 g '7‘ I_ - . .
o 5 _ _ w1 20 _ 25 miny
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 13.384 BB 0.4230 627.94135 22.40265 6.5322
2 21.149 BB 0.6336 8985.06445 212.37263 93.4678

Totals : 9613.00580 234.77529
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DAD1 A, Sig=254 4 Ref=360,100 (DACHEM32\'\DATAZIY\ZJY-20250512-2 2025-05-12 14-41-49\7)Y-716-2-RAC.D)
mAl 3 NC
200 4 0 2
175 w
150 N OH i g
ng Me H ipt i ﬁ
754 [ \
504 |
. rac12  Ph )N |
0 7 : 7 I -7 é I - 10 I - 1|57 -7 - ‘ Vglﬂr - I -7 3‘0 m
Signal 1: DAD1 A, Sig=254,4 Ref=360,1600
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 15.832 BB ©.5235 5553.48340 159.00227 50.1229
2 26.541 BB 0.8175 5526.25977 101.14093 49.8771

Totals : 1.10797e4  260.14320
DAD1 A, Sig=254,4 Ref=360,100 (DACHEM32\\DATA\ZIV\ZIY-20250512-2 2025-05-12 14-41-492JY-716-2.0)
mAU 1
250 4 §
200
150 !
100 2
504 5
e _/I“. L — —
0 o 1|5 __________gIO _ __2_|5__ 3‘0 min|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 15.963 BB ©.5350 832.96417 22.97599 6.6170
2 26.465 BB ©.8198 1.17552e4  213.68042 93.3830

Totals : 1.25882e4  236.65641
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DAD1 A, Sig=254 4 Ref=360,100 (DACHEM32\\DATAZJY'\Z)Y-20250418-1 2025-04-19 09-38-41\2JY-708-1-RAC.D}
mALU 3
175 NC 0 E
1903 OH = o
1254 N f s
100 Me H ip} ' o
75
: ag
[ 7 _ é 7 I || B 1|5 - éU _ - 25
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 16.093 BB 0.5202 4733.05176 137.28860 50.0710
2 23.478 MM R ©.7860 4719.63525 10©0.08295 49.9290

Totals : 9452.68701 237.37156
DADT A, Sig=254 4 Ref=360,100 (DACHEM3Z2\\DATAZIN\Z)Y-20250419-1 2025-04-19 09-38-41'\ZJY-709-1.0)
mAU ] 2
250i 5
200
150
100 -
50 5
0] . '-"'_'"—. ) N
o s w0 % w 2
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU ] %

1 16.213 MM R ©.5652 475.67462 14.14455 4.2094
2 23.463 MM R ©.7679 1.09156e4  236.91074 95.7906

Totals : 1.13952e4  251.05528
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DAD1 A, Sig=254 4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJY-20250705-1 2025-07-05 08-45-56\2JY-742-3-RAC.D)
mAU ©
N 8
wi . : g
120 \Q\ )SSiH i =
100 H A
80
Me ' Ph )—Et
0 Et
20 rac-14 /
0 — S e — —
R T T S T R T 18
Signal 1: DAD1 A, Sig=254,4 Ret=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e BEREE R < mmme e [<mme e [<mmm |
1 11.736 BB 0.4579 3948.72583 132.40881 50.0933
2 14.046 MM R ©.6083 3934.01978 107.78139 49.9067
Totals

7882.74561 240.19021

DAD1 A, Sig=254 4 Ref=360,100 (D\CHEM32\DATAZJY\ZJY-20250705-1 2025-07-05 08-45-56\2JY-742-3.0)
mAU NC %
0 ©
500
o QHKKOH
300+ Ph 7—Et
200 e a/_- 3
100 ;
U 14 ~ L .’) ™ ——— —
o I2 . ”f!lﬁ & 8 w12 17‘477 16 1|8 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
Rl EOPREES R s R R P |
1 11.752 MM R ©0.4909 1616.62927 54.88396 8.0944

2 13.992 MM R ©0.6149 1.83556e4  497.48807 91.9056

Totals :

1.99723e4  552.37203
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- DAD1 A, Sig=254 4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJY-202507 19-1 2025-07-19 15-16-02\2JY-748-1-RAC.D)
?ﬁé NC (0] g
] H py p
150 Me [
50 |
0] rac-15 S Y BN / N
I S T S S 14 min
Signal 1: DAD1 A, Sig=254,4 Ret=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
Rl BERRE R [<-mme e [<nmme e |<-me e |
1 9.104 BB 0.3506 5499.06787 244.31459 49.9878
2 11.459 BB 0.4376 5501.74902 193.54573 50.0122
Totals : 1.10008e4  437.86032
DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJY-20250719-1 2025-07-19 15-16-02\ZJY-748-1.D)
mAU NC g
300 (o) c
150 Me Hpn' 7
b Mé 8
0 15 ... ’m\-‘ ‘ S
R Y T T T 12 14 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
S R e R [<mme e |--mm |
1 9.109 MM R 0.3810 600.19281 26.25214 7.2082
2 11.452 MM R ©0.4732 7726.30762 272.11951 92.7918

Totals : 8326.50043 298.37164
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DAD1 A, Sig=254.4 Ref=360,100 (DACHEM32\1\DATAZJY\Z)Y-20250412-2 2025-04-12 10-22-53\2JY-707-1-RAC.D)
mAl
1004 NC o g .
80 \
H i i
60 H ° «
40 Me Ph [
20 \
rac-16 AN
0 : . - - — -\I T : - L 7. : .
o s w0 s 0
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 16.556 MM R ©.5281 2609.39917 82.35350 49.9816
2 23.586 BB 0.6644 2611.31982 58.99294 50.0184

Totals : 5220.71899 141.34644
DAD1 A, Sig=254,4 Ref=360,100 (DACHEM32\T\DATAZIY\Z)Y-20250412-2 2025-04-12 10-22-33\ZJY-707-1.D)
mAl ] “
| NC o) 2
40 OH p
300 N/l7f
20 Me Ph
100 — 16 % \
0_: i T T T T T T — T T T T — T - I'_":\'._ T T T T T : -'. T .\..Ir. =
0 5 10 15 20 25
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 16.650 BB ©.4772 877.79175 27.58794  4.8138
2 23.592 BB 0.6880 1.73571e4  377.80411 95.1862

Totals : 1.8234%9e4  405.39204
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DAD1 A, Sig=254 4 Ref=360,100 [D‘\CHEM32\1'bATA\ZJY\ZJY-?DZSDM1-3 2025-04-11 19-26-30\2JY-705-2-RAC.D)
mALl
175 NC (@] g ©
150 ‘. o
125 N OH | B
100 H ‘
75 Me Ph
50 \
s _ rac7 )N
o 5 4 45 2 5 30
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 23.428 BB 0.6884 6947.84131 152.25319 50.0685
2 29.798 BBA  ©.8520 6928.82471 122.84574 49.9315

Totals : 1.38767e4 275.09893
DAD1 A, Sig=254,4 Ref=360,100 (D\CHEM32\1\DATAZJY\ZJY-20250411-3 2025-04-11 19-26-30\2JY-705-2.D)
250 g
200 )S/OH I\
150
100 °
50 o [\
0 - 1.7 _ LA N
0 8 R 5 P -
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s ] [mAU] %

1 23.230 MM R ©.7942 632.19440 13.26735 4.6278
2 29.173 BBA ©.8934 1.30286e4  218.59309 95.3722

Totals : 1.36608e4 231.86045
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DAD1 B, Sig=254 4 Ref=360,100 (D:\CHEMSTA..\DATA\ZJY\ZJY-20250519-4 2025-05-19 18-08-11\ZJY-716-3-RAC.D)
mAU 5
600 NC o g ?i
500 [\ =
400 N OH ([ [\
300 Me H Ph
200
103 ~ rac-18 L"‘-\__f JoN
o 25 5 7s M ws 5 s N 25 om
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU]
Rl R |<=me ] -me e [« mmeemeee- R R |
1 15.237 BB 0.4638 1.62805e4 525.00568 49.9536
2 17.766 BB 0.5266 1.63108e4 465.76324 50.0464
Totals : 3.25913e4  990.76892
DAD1 B, Sig=254.4 Ref=360,100 (DACHEMSTATIONT\DATAZJY\ZIY-20250519-4 2025-05-19 18-08-11\ZJY-716-3.0)
mAU ] NC o
400 O ~
2 "L S o
300 N 7
200 me H PH <i::>
150 “
100 =]
03 18 4
D_ —_— - — — —_ — - e b ——
o 25 5 75 0 @5 15 w5 25
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU]
e RESEEE R |<-mme e |<-mme e |- -mme e |
1 14.902 BB ©.5703 717.52106  19.01376 4.7118
2 17.274 BB ©.5899 1.45107e4  371.34204 95.2882
Totals : 1.52283e4  390.35580
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DAD1 A, Sig=254 4 Ref=360,100 (DACHEM32\1\DATA\ZJY\ZJY-20250616-6 2025-06-16 22-04-33\2JY-737-1-RAC.D)
mAU NC
200 Q g @
150 N oH ﬁ ;
100 Me H Ph :
50
o] __rac-19 o )N N
o .2 _ & __ 6 5 0w M 1 15
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.297 BB ©.4294 4317.13281 154.80367 49.9617
2 13.919 BB 0.4869 4323.75928 136.74925 50.0383

Totals : 8640.89209 291.55292
DAD1 A, Sig=254.4 Ref=360.100 (DACHEM32\T\DATAZI\ZY-20250616-6 2025-06-16 22-04-33\2JY-737-1.0)
mAl NC o §
250 s
[;:]\ JLy/OH
200 - N o
150 -] Me H Ph 7
1004 Q ©
o 19 o AN
T T T T
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %

1 12.356 MM R 0.4324 444.91733 17.14773 5.5381
2 13.927 MM R 0.5407 7588.76904 233.91710 94.4619

Totals : 8033.68637 251.06483
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DAD1 B, Sig=254.4 Ref=360,100 (DACHEM32\NDATAZIY\ZIY-20250627-3 2025-06-27 20-04-00\2JY-742-1-RAC.D)
mal 1 NC
O o
OH -
500 4 N f
400 Me H pH I @
300 , 3
200 4
100 rac-20
04 : ; - ; e ; — : - - ; — - —
0 % 10 1|5 2|D 25 3‘0 mi
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 11.078 BB 0.3146 1.08693e4  518.45599 49.9059
2 23.453 FM R ©.7333 1.09103e4  247.97775 50.0941

Totals : 2.17796e4  766.43375
DAD1 B, Sig=254.4 Ref=360,100 (DACHEM32\T\DATAZIZ) Y-20250627-3 2025-06-27 20-04-000ZJY-T42-1.0)
mAlU 3 NC o %)
600 ]
500 - NJS(OH
400 Me PR 7
300
200 <
100 20 = [
O L':I‘ﬂ' L ) S — '\"|_' T T
0 ] _ 10 I < E. | N 25 30 riny
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 11.114 MM R ©0.3416 1629.82910 79.52686 6.1366
2 23.483 MM R ©.7473 2.49292e4  556.00873 93.8634

Totals : 2.65590e4  635.53558
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEM32\DATAZIY\ZIY-20250702-2 2025-07-02 11-46-16\ZJY-742-2-RAC.D)
mAl ] el
50 NC o gi g
40—2 \Q\N OH %
7 Me ' PH |
20
" _ rac-21 F F J
ol ] S P N ~ —
0 1ID 2‘0 SID 4|0 5‘0 minj
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU ] %

1 34.913 BB 1.1447 3319.34790  43.18784 50.0411
2 39.896 BB 1.2949 3313.89233 37.79785 49.9589

Totals : 6633.24023 80.98569
DAD1 A, Sig=254 4 Ref=360,100 {D‘\CHEM32\DATA\ZJY\ZJY-ZDZSDTGZ-2 2025-07-02 11-46-16\2JY-742-2.D)
mALl
200 NC 0 %
s L
io me M PH a
75 |
: &
23 - 21 F ) N ‘ |
o 0w & 4 50 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 35.039 BB 1.0694 776.56738 10.44453  4.8339
2 39.384 BB 1.3223 1.52884e4  171.46307 95.1661

Totals : 1.60650e4  181.90761
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DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\DAT A\ZJY\ZJY-20250625-1 2025-06-25 14-58-53\2JY-737-3-RAC.D)
mAU
1 N ~
500 c 1) 3 <
400 ¥ b
z N OH D
300 H | \
] Me Ph [
200 \
100
o ~ rac-22 N
Y S A T 0 2
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 20.487 MM R
2 22.574 MM R

Totals

0.6577 1.55808e4
0.7566 1.55498e4

3.11306e4

394.83990 50.0497
342.53177 49.9503

737.37167

mAU ]

1NC

DAD1 A, Sig=254 4 Ref=360,100 (D:\CHEM32\DATAV JY\ZJY-20250625-1 2025-06-25 14-58-53\2JY-737-3.D)

3003 \Q\ (0] g
250 OH
200 H)Si
150 - Me Ph : \/
100 =
50 22 O 2
0 s e
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 20.674 BB
2 22.604 BB

Totals

0.6287 704.96405
0.7402 1.32434e4

1.35483e4

S175

17.25260 5.0541
268.16928 94.9459

285.42188




DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\DATAZJY\ZJY-20250721-1 2025-07-21 09-33-47\ZJY-748-3-1-RAC.D)
melNe o )
12 8 4
. \ OH :
° Me ' PH
6
4
2 / ‘ \
0 N — A r\2§_— —— s NS
A T __a
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 38.001 MM R 1.6726 1057.88391 10.54133 50.0634
2 44.513 MM R 1.9851 1055.20618 8.85943 49.9366

Totals : 2113.09009 19.40076

DAD1 A, Sig=254 4 Ref=360,100 (D\CHEM32\DATAZIY\ZJY-20250721-1 2025-07-21 09-33-47\ZJY-748-3.0)

"e. NC o :

50 OH

304 Me Ph : j

20 g §

. = - A ) 3

o e 4 3% a0

Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [ mAU*s ] [mAU ] %

1 37.465 MM R 1.7283 547.78894 5.28268 7.2430
2 43.502 MM R 2.1778 7015.24121 53.68713 92.7570

Totals : 7563.03015 58.96981
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DAD1 A, Sig=254 4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJY-20251106-1 2025-11-06 09-25-39\ZJY-785-1-RAC.D)
mAU
120 §
1003 NC o] = o
20+ OH i 2
40 Me Ph Et | \I‘ [ \
207 rac-24 “" \ [\
04 =~ :
o _ s b B mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU ] %
R RS R e |<-meemnee- |-nmeeee |
1 14.565 BB 0.3994 2414.55347 93.45667 50.0411
2 22.646 BB ©.5999 2410.58301 61.68615 49.9589
Totals 4825.13647 155.14282
DADT A, Sig=254.4 Rﬁf:SBO,‘IOD [D:\CiiEM32\DE\TA\ZJY\ZJ\"—2025‘I 106-1 2025-11-06 09-25-39\72J¥-785-1.0)
mAU ' I
o] " 0 q
ot o
e we el
100 24 =
0- — - ESS : -
0 5 10 15 20 25 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R PR == mmee |=mmmmme e |- mmeee |- emee- |
1 14.563 MM R ©.4107 2199.42920 89.25930 7.1915

2 22.267 MM R 0.7242 2.83842e4

Totals : 3.05836e4  742.52254

S177

653.26324 92.8085



DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJY-20260527-3 2026-05-27 18-02-35\ZJY-869-1-RAC.D)

mAU

400—2 NC o) E §

300—; N &OH I N

200 Me T PH Me

1°°i rac-25

0 —— — 1 [ T 1 N S i T T
2 4 6 8 10 12 14 16 18 miry

Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 11.108 BB 0.3671 8055.74561 339.17111 50.0754
2 13.210 MM R ©.3998 8031.49365 334.84692 49.9246

Totals : 1.60872e4 674.01804

mAU ]

DAD1 A, Sig=254 4 Ref=360,100 (DACHEM32\DATAZJIY\Z) Y-20260527-3 2026-05-27 18-02-35\2JY-869-1.D)

7004 NC §
500 OH
400 N)S{ I
300 Me ' PH Me 5
200 5 25 =
100 f
0 — o 1 | 7 T . T — 1 T T
0 2 4 6 8 10 12 14 16 18 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.141 MM R ©.3912 4072.69067 173.52132 21.4151
2 13.145 BB ©0.3715 1.49452e4  606.52509 78.5849

Totals : 1.9017% 4  780.04640
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEM32\DATAZJY\ZJY-20251110-2 2025-11-10 20-07-18\2JY-785-2-RAC.D)

mAU{

800 OH -

400:' Me Ph "Pr N

200 rac-26

Dd T 5 T 1'0 - ',-7.715—. C 2‘0 C . 2.5

Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 12.425 BB 0.3397 1.91337e4 866.39160 49.9886
2 22.883 MM R 0.7102 1.91424e4  449.23212 50.0114

Totals : 3.82761e4 1315.62372
DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJY-20251110-2 2025-11-10 20-07-18\2JY-785-2.D)
mAU ©
0= NC 5
;oo—g 0] :,?‘
Ny
300 Me PR "Pr 3 B
200 - o J' \
100*2 26 /‘,’\\\ ‘\ \
0 = - - = - - - - L —— - - - — "‘ . -
o }")“h“VE‘_“_i_mj_‘()_n_n__»_““”“]‘5““” ““"m_?IO_? . 2‘5 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 12.469 MM R 0.3530 2950.69141 139.30421 10.0756
2 22.703 MM R 0.7286 2.6334%e4 602.39838 89.9244

Totals : 2.92856e4  741.70259
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DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM32\1\DATA\ZJY\ZJY-20251209-1 2025-12-09 10-27-41\ZJY-816-3-RAC.D)
mAU <
© NC 5
400 1 O ?
300~ I o
NJL)TOH M g
3 Me 1 PH "Bu | \\ ;R'
100 rac-27 A /A
0l Jo\ JoN
0,,,,-_ 77777"5 _ - 7“_1‘07 S ”‘!I57 R _ ‘2107 I 2‘5
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.974 BB 0.2939 6785.37109 356.75858 49.9571
2 21.163 MM R ©0.6257 6797.03809 181.05424 50.0429

Totals : 1.35824e4  537.81282

DAD1 B, Sig=254,4 Ref=360,100 (DACHEM32\T\DATAVZIY\ZIY-20251209-1 2025-12-09 10-27-41\21Y-816-3.D)

mAU 1 o
1000 NC\Q\ 0 g
800
:. A or
600 | N d -
amo—i Me H pr By g
200 27
0 — I N NU—
0 5 10 15 20 25
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 12.027 BB 0.2862 5057.42041 272.85208 11.5446
2 20.883 BB 0.6269 3.87503e4  948.05365 88.4554

Totals : 4.38077e4 1220.90573
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DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM32\1\DATA\ZJY\ZJY-20251209-1 2025-12-09 10-27-41\ZJY-816-1-RAC.D)

mAU ]

)

1000 NC o % .5
300_: OH |H'w 2
600 H | \I f“‘.‘
100 | Me Ph ‘|‘ “‘. I
200—: rac-28 OMe “‘ “ "“-\
0- = WERN - * == o
0 2 a 6 8 10 12 14 16 18 wi
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
=== [ e— [E— [Enmem——— Ee—— |
1 13.143 BB 0.3208 1.79103e4 860.57751 560.0184
2 15.106 MF R ©.4128 1.78971e4 722.57605 49,9816
Totals 3.58075e4 1583.15356
“DAD1 B, Sig=254,4 Ref=360,100 (D\CHEM32\1\DATA\ZIY\ZJY-20251209-1 2025-12-09 10-27-41\2JY-816-1.0)
mAU P
10 | NC o i
1200 f
1000 \Q\N)S'/OH |
800 H “ [l
600 4 Me Ph _\ | 2
N 2 OMe
o : 4 6 tll 10 12 14 16 18 i
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 13.365 BB 8.3326 3.10335e4 1444.87885 85.9457
2 15.486 BB 8.3953 5074.78760 196.51381 14.0543

Totals 3.61083e4 1641.39186
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DAD1 B, Sig=254,4 Ref=360,100 (DACHEM32\T\DATAVZIZIY-20251209-1 2025-12-09 10-27-41\ZJY-816-2-RAC.D)

mAL 2

700 &

600 | NC I} 0

500 s

300—:; Me H pH

s ao29 |

[4] 5 10 15 20 25 30 miry

Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 15.468 BB 0.4151 1.62379e4  601.11505 49.9664
2 25.782 MM R ©0.7829 1.62588e4  346.14609 50.0336

Totals : 3.24958e4 947.26114
DADT B, Sig=254,4 Rel=360,100 (D\CHEM32\1\DAT AZIY\ZIY-20251209-1 2025-12-09 10-21-41\ZJY-816-2.0)
mAU 2
800 e
bm; NC o \
400—: OH
300 N)S( o
H <. 5
200 Me Ph _\\ 5
100 29
0 - SE—. = . ——————— R, SN
0 5 10 15 20 25 30 min

Signal 2: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.573 VB 0.4114 4382.96826 163.15613 14.1574
2 25.636 MM R 0©.8259 2.65758e4 536.27850 85.8426

Totals : 3.09588e4 699.43463
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEMI2MDATAZIYVIZIY-20260117-2 2026-01-17 10-38-22\2)Y-822-4-RAC.D)

mAL Fs;C o :
o OH - N
0 ; i
40~ Me Pr
30
20
o (el J | . _
4] 2 I 4 . FL . é I 10 I I I‘IZ 14
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.382 MF R ©0.2731 1037.85718 63.32822 50.0478
2 10.122 BB 0.3907 1035.87488 41.85410 49.9522

Totals : 2073.73206 105.18232

DAD1 A, Sig=254,4 Ref=360,100 (DACHEM32\\DATAZIZIY-20260117-2 2026-01-17 10-39-22\2JY-822-4.0)

maLl F3C %
1000 | T
800
400
0
0 . - - = - - . - _t : S - - — | S ~ = - - S =
0 2 4 6 8 10 12 14
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.536 MF R 0.1882 740.30859 65.54549 3.4838
2 10.189 MF R ©0.3373 2.05095e4 1013.43146 96.5162

Totals : 2.12498e4 1078.97695

S183
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DAD1 A, Sig=254,4 Ref=360,100 (DACHEM32\I\DATA\ZIY\ZIY-20260119-1 2026-01-19 14-34-41\2JY-823-3-RAC.D)

™ Me0o,C 2
100 ) o) ; i
80 OH | =
a0 ”i i
Me Pr
40—
20 ]
0 - — - _racj3_1__ - D S N7 S N —
Q 2.5 5 '.1'15 10 12.5 15 1'}.5 20 22.5 E
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 16.587 MM R ©0.3041 1754.30884 96.13198 49,9911
2 17.865 MM R ©0.4051 1754.93262 72.20422 50,0089

Totals : 3509.24146 168.33620

DADT A, Sig=254,4 Ref=360,100 (DACHEM32\DATAVZIVNZIY-20260119-1 2026-01-19 14-34-41\21Y-823-3.0)
mAl

600  MeO,C §
500 n
400
300 Me
200 wn
100 §
— AN |
0 2.5 ] 1.5 10 12.5 15 17.5 20 22.5 mir|
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 16.935 BB 0.2739 447.55847 25.36481 3.4088
2 18.148 BB ©.3879 1.26818e4  506.80045 96.5912

Totals : 1.31294e4  532.16525

S184



DAD1 A, Sig=254,4 Ref=360,100 (D: \CHEMSZ\DATA\ZJY\ZJY 20251110-2 2025-11-10 20-07-18\ZJY-785-3-RAC.D)

mAU

NC o
350 3 2
300 m ;
250 M It
200 i
150 |
100 |
50 rac-32 Ji /
0 . ‘ M I _ I/' ‘ R
0 2 Lli 6 8 10 12 14 mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
el R <= |- s R R |
1 8.386 BB 0.3032 5987.46289 296.93918 49.9448
2 12.939 BB ©.3537 6000.69727 263.47778 50.0552
Totals 1.19882e4 560.41696
DAD?1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJ¥-20251110-1 2025-11-10 09-51-50\2JY-789-4.D)
™Y NC 2
70 10 =
07 . _OH f
50 N ‘.‘ I‘|
40 Me H me |
30 - [
20 § ."l ‘I
104 32 ) /N ]\
o R A— A N
0_ R 2 S {‘1_ _ _._.__._!.l"‘."_ § S _é____ I _]Iq_‘_______ _— 1‘2 1|4 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R R B R R |--m e |
1 8.284 BB ©.3786 280.64568 11.83529 17.3276
2 11.994 BB ©.3485 1338.99560 60.89240 82.6724
Totals 1619.64008 72.72769
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DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM32\T\DATA\ZJY\ZJY-20260530-3 2026-06-01 09-54-28\ZJY-879-RAC.D)

mAUé §

1000—; NC o o

800 | il

600 N&OH |

400 ] Me Hme By

200—; rac-33 .

I T WA T T WA ) H" =
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 7.959 MM R ©.2659 1.65136e4 1035.18701 49.9007
2 10.981 BB 0.3009 1.65793e4 852.65613 50.0993

Totals : 3.30930e4 1887.84314

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM32\T\DATA\ZJY\ZJY-20260530-3 2026-06-01 09-54-28\2JY-879.D)

200 ] %
1 NC a
150% 0 /
100 NJ>*<OH 3
50_5 Me Hme "By
| 33 /\ _.
0 —— = R
a 2 4 6 8 10 12 14 mir|
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.069 MM R 0.3622 1790.97363 82.41676 31.0879
2 11.058 MM R ©.3718 3970.02344 177.95221 68.9121

Totals : 5760.99707 260.36897
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DAD1 A, Sig=254.4 Ref=360,100 (D:\CHEM32\DATA\ZIY\ZJY-20260528-4 2026-05-28 11-07-13\2JY-871-3-RAC.D)

500 NC (o) § 2
400 OH N\ "
300 N . [\
Me H Mé .
200
100 \
. ~ rac-34 \_ B
0 D T S T 0 12 14 16 18 “mi
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S R P s <o nmmneee |<ommmeeee |- meee |
1 9.828 BB 0.5649 1.55261e4 456.38425 49.9568
2 12.218 BB ©.6131 1.55530e4  386.83139 50.0432
Totals 3.10791e4 843.21564
DAD1 A, Sig=254.4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJY-20260528-4 2026-05-28 11-07-13\ZJY-871-3.D)
mAUE NC -
Moi 0 g
20 + _OH
100—2 N o [
80 Me H mé &
60
40 [y
20 34
04— B / _
a ‘2 t‘l l":‘v 8 1ID 1|2 1I4 1|6 1|8 mii
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B R P [<mmmmenee [<rmmeenes [<mmmeee |
1 9.792 MM R ©.5689 2013.10535 58.97418 28.5468

2 12.217 MM R 0.6837 5038.84961 122.83995 71.4532

Totals

7051.95496 181.81413

S187




DAD1 B, Sig=254.4 Ref=360,100 (D:\CHEM32\1\DATA\ZJY\ZJY-20260601-3 2026-06-01 14-20-55\ZJY-875-5-RAC.D)

Fek
30—; N OH T R
60 H I 5
40—? F; A
20—? I\ \
o- rac$1 N JoN
o "5 w45 T T ™
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.455 MM R 0.4432 2029.97241 76.33259 49,9224
2 26.588 BB 0.6840 2036.28345 45.85831 50.0776

Totals : 4966.25586 122.19090

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM32\T\DATA\ZJY\ZJY-20260601-3 2026-06-01 14-20-55\2JY-875-5.D)

mAU 7 2
Q1
120—: N
100 N * OH f\
807 H . @ [
60 [ 3 ;
4] é IID 1|5 2|D 25 3‘0 miry
Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 15.529 MM R 0.4453 1100.84021 41.19957 17.9514
2 26.586 MM R 0.7486 5031.50342 112.02131 82.0486

Totals : 6132.34363 153.22087
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DAD1 B, 5ig=254,4 Ref=360,100 (DACHEMSTA. T\DATAZ JY\Z1Y-20260105-1 2026-01-05 14-52-46\ZJY-5M-RAC-1.D)

mAU
mo—'; NC O § §
BOD—% C| e
ot N%ﬂ
30 | Me D PH ‘ipr
200
100 rac-E1 |
| 0 0 = = = 2 .. - .. 4| = = = é | = = = é = . } 1.0. ————— .I.? = = = 1|4
Signal 2: DAD1 B, Sig=254,4 Ref=3660,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 9.093 BV ©.1953 8083.25000 640.34473 49.7627
2 9.725 VB 0.2184 8166.35693 572.04858 50.2373

Totals : 1.62436e4 1212.39331

DAD1 B, Sig=254,4 Ref=360,100 (D:\\CHEMSTA..\DATA\ZJY\ZJY-20260105-1 2026-01-05 14-52-46\ZJY-SM-CHIRAL.D)
mAU ]

700:: NC (@] %

600 - \\

3 vy

300 7 Me H Ph “Pr \‘ “\

200 = \

100 - (S)-E1 E J“

0- AN
o 2 T T 0 a2 1 min

Signal 2: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %

1 9.191 MM R 0.2129 487.55161 38.16169 4.1962
2 9.756 MM R 0.2574 1.11314e4  720.74292 95.8038

Totals : 1.16190e4  758.90461
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The HPLC spectra for one-pot protocol

DAD1 A, Sig=254,4 Ref=360,100 (D:\CHEM32\DATA\ZJY\ZJY-20260115-2 2026-01-15 14-31-05\ZJY-822-3-RAC.D)

mAU
NC g .

1750 9 > g

1500 /ﬂjxfC| 3

1250 N IH' ““.\

o Me D PH ‘ipr )

500 rac-E1 RUA

250 W

05 g g g T d d L T d L g T g g g T O [ g g T g g g T
N o 27 S 477””777”7"_76 - 8 N ”710”7 - _ 12 14 mil

Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 8.932 BV 0.1974 2.23380e4 1744.17993 50.0364
2 9.510 MM R ©.2455 2.23055e4 1514.05164 49.9636

Totals : 4.46435e4 3258.23157

DAD1 A, Sig=254,4 Ref=360,100 (D:ACHEM32\DATAVZIY\Z)Y-20260115-2 2026-01-15 14-31-05\2)Y-822-3.D)
mAU 1

@ NC

500 0o '

400 | Cl

300 H)Sf

200 Me Ph 'Pr

100 (S)-E1 é

0 I I I eyl h = I

| 0 2 4 6 8 10 ] 12 14
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

R R P |=mmmemme |==mmmnmees |=-mmeee- |
1 9.655 MM R ©.1950 313.29178 26.78301 4.0956

2 9.639 MM R 0.2308 7336.14648 529.69159 95.9044

Totals : 7649.43826 556.47460
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DAD1 A, Sig=254,4 Ref=360,100 {D.'\CHEMBE‘.‘I\E)ATA\ZJ‘F\LI‘I‘-ZOZEO‘I19-1 2026-01-19 14-34-41\21Y-T-17-4-RAC.O)

mil |

120 CF; 2 >
100-| 2 3
80 ] HO .
E N
20| rac-35
’ 0 . 5 . ‘II T 6 I 8 I 10 I 1-2 - 1‘4. - 16 18 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e B R |- mmm e |<omeemeee |- mmme |
1 13.919 BB ©.3962 2388.61670 94.71024 50.0254
2 14.979 BB 0.4208 2386.19189 88.43827 49.9746
Totals : 4774.80859 183.14851
DAD1 A, Sig=254,4 Ref=360,100 (DACHEM32\T\DATA\ZJY\ZIY-20260119-1 2026-01-19 14-34-41\2JY-T-17-4.D)
mAU 2
500 CF, o
400
300 HOY\N N
20! pRoPrH e [ .
100 35 | \ ;
0 v T T T T T v v |'_'i ——— T
0 2 4 6 8 10 12 14 16 18 min
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
I EECER P R | <mmeemeeee | -oeemeenes |--eeeee |
1 12.908 BB 0.3960 1.13424e4 450.02972 96.5202
2 15.236 BB ©.4350 408.91980 14.67722 3.4798

Totals : 1.17514e4  464.70695
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DAD1 C, Sig=214,4 Rel=360,100 (DACHEM32\DATAZ IM\ZIY-20260131-1 2026-01-31 14-09-56\ZJY-ESTER-RAC-1.D)

mAU {

200; O E -

150 | MeO&OH T8

1004 PR Pr '

| rac-37

505 .

o S S S
. o 2 a4 e 8 1l 18
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s ] [mAU] %

1 14.441 MM R ©.5106 4672.34229 152.50262 49.9018
2 15.945 MM R ©.5924 4690.73633 131.97124 50.0982

DAD1 C, Sig=214.4 Ref=360,100 (DACHEM32\. \ZJY\ZJ¥-20260202-1 2026-02-02 09-37-11\ZJY-ESTER-CHIRAL-3.D)

mALl g
600 K
- Meo)SgOH
- Ph “iPr
300 )
200- 37 -
100 AN @
01— - e
0 2 4 [] 2] 10 12 14 16 18
Signal 3: DAD1 C, Sig=214,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 14.148 MM R 0.6069 2.13012e4 584.94171 96.44%94
2 16.877 MM R 0©.5271 784.15247 24.79357 3.5506

Totals : 2.20853e4  609.73528
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DAD1 A, S5ig=254,4 Ref=360,100 (DACHEM32\DATA\ZIYV\ZY-20260202-2 2026-02-02 19-02-56\Z1Y-DIOL-RAC.D)
mAU 9 -
ot OH P
w HOT X
e Ph 'Pr
30 rac-38
20 Z
10
RE:! . - . = - . . . ; - . = = = - = = = - -
0 2 4 ;] 8 10
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

S R |==mn = mm e |=mmmme e | =mmmmmeee- | ==mmnnes |
1 8.088 BV ©.1921 940.65082 74.11336 49.9652
2 8.724 VB 0.1997 941.96222 71.49957 50.0348

Totals : 1882.61304 145.61287

DAD1 A, Sig=254,4 Ref=360,100 (DACHEM3Z\DAT A\ZIY\ZJY-20260202-2 2026-02-02 19-02-56\2)Y-DIOL-CHIRAL.D)

mAU 1
&0 g
50 OH o
o HOT Y
30- Ph  'Pr
20 38
10 | E
0 , : : .
| 0 2 o 4 ) 6 8 10
Signal 1: DAD1 A, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.083 BB 0.1938 628.32593 49.59962 96.3762
2 8.747 BB 0.1853 23.62535 1.97832 3.6238

Totals : 651.95128 51.57794
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DAD?1 B, Sig=254,4 Ref=off (D:\CHEMSTATION\T\DATA\ZJY\ZJY-20260130-3 2026-01-30 15-29-41\2JY-828-4-RAC.D)

S FaC g
o o s g
250 N OH f |
1503 me P
100 -
50 rac-39
| D(.} ‘ ': 2 I ‘ 3 4 ‘ - 5 ' 6 ‘ } 8 ‘ B 9
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 5.428 MF R 0.2059 3586.30054 290.27826 50.0521
2 6.035 FM R ©.2199 3578.84033 271.29404 49.9479

Totals : 7165.14087 561.57230

DAD1 B, Sig=254,4 Ref=off (D:\CHEMSTATION\T\DATA\ZJY\ZJY-20260130-3 2026-01-30 15-29-41\ZJY-828-4.D)
mAU

1000
800
600 -
400+
200 —

0

0 1 2 3 4 5 6 7 8 9

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 5.516 MM R ©.1810 1.10034e4 1013.09473 95.0123
2 6.176 MM R ©.2274 577.62708  42,32753  4.9877

Totals : 1.15810e4 1055.42226
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DAD1 A, Sig=214,4 Ref=360,100 (DACHEM32\1\DATA\ZIY\ZJY-20260312-3 2026-03-12 22-09-52\2) Y-drug-2-rac.D)

mAU
800 |
700 |
600 |
500
400 |
300
200 1
100

0 b

0

OH
O\/\NEtz

O
rac-oxybutynin

1 2 3 4 5

- 5,697

-

Signal 1: DAD1 A, Sig=214,4 Ref=360,100

6 7 8 9
Height Area
[mAU] %

Peak RetTime Type Width Area
# [min] [min] [mAU*s ]
el EEEREES s s R == omme e |
1 5.697 MF R ©.1871 8360.56348 744.89545 50.0042
2 6.547 MM R ©.2008 8359.17383 693.96899 49.9958
Totals

1.67197e4 1438.86444

DAD1 A, Sig=214,4 Ref=360,100 (DACHEM32\. . AV JY\Z1Y.20260312-3 2026-03-12 22.09-52\2)-drug-2-chiral. D)

mAl
800 |
600 |
400 |

200 |

[ . N—

0

Signal 1:

o NEt
: O\/\ 2

@]
(S)-oxybutynin

I..._r._..,._,".'.,....,.
1 2 3 4 5

Peak RetTime Type Width Area
# [min] [min] [mAU*s ]
e e R e
1 5.732 MM R 90.1620 531.81665
2 6.534 MM R 0.2151 1.00196e4
Totals 1.05514e4
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|| 15.732

DAD1 A, Sig=214,4 Ref=360,100

TR
Height Area
[mAU] %

54.69880 5.0402
776.22900 94.9598

830.92781

min
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