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1. General Considerations

General Information: All reactions were carried out under nitrogen atmosphere unless
otherwise noted. *"H NMR and **C NMR spectra were measured on a Bruker Avance NMR
spectrometer (400 MHz or 100 MHz, respectively) in CDCl; as solvent and recorded in ppm
relative to internal tetramethylsilane standard. ‘H NMR data are reported as follows: §,
chemical shift; coupling constants (J are given in Hertz, Hz) and integration. Abbreviations to
denote the multiplicity of a particular signal were s (singlet), d (doublet), t (triplet), q (quartet),
m (multiplet), and br (broad singlet). Enantiomeric excess was determined by HPLC analysis
(ESSENTIA LC-16), using chiral column described below in detail. The configuration was
determined by comparison of with the literature data.

Materials: Commercially available reagents were used directly without further
purification other than those detailed below. Acetone was dried with anhydrous CaSO, and
distilled over KMnO,. Anhydrous dichloromethane was obtained by distillation over calcium

hydroxide.



2. *'P-NMR Experimental Details on the Coordination of (R)-BINAP
with Bin-PdNPs

(R)-BINAP (mg) Bin- (R)-BINAP *IP.NMR Percentage of coordinated
entry (a) PdNPs /Bin-PdNPs integration  (R)-BINAP/PANPs* (X)
(mg) (b) (molar ratios) ratio (c/d)
1 1.6 53 0.5:1 1:1 26%
2 2.3 53 0.75:1 0.6:1 28%
3 3.7 5.3 1.2:1 0.4:1 34%
4 4.7 5.3 15:1 0.2:1 25%
Exp. 1
28.64 (c) -15.64 (d)
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* Due to the existence of binaphthyl group, the phosphine ligand cannot entirely coordinate with

the surface palladium atoms on PdNPs. The percentage of coordinated (R)-BINAP/PANPs (X) is

calculated based on the following formula, which reflects the average value of coordinated

surface over non-coordinated position on PdNPs surface:

c a ~bx10.6 wt%
G MWarar? T MW

a: the amount of (R)-BINAP used before coordination;

b: the amount of BIN-PdNPs;

10.6 wt%: the palladium content of BIN-PdNPs based on ICP characterization;

1%100%

c/d: *'P-NMR integration ratios (c: coordinated ligand; d: free ligand);
MW(BINAP) =622.67 g/mol;
MW(pd) =106.42 g/mol.



3. TEM image of Bin-PdNPs/(R)-BINAP (1:1.2)




4. Condition Optimizations for Asymmetric Hydrogenation of

Quinoline Derivatives

BIN-PdNPs/(R)-BINAP

m
~
N” >CH,

1a

H,, solvent, temp.

Cfl\lj\CH

3

2aH

Catalyst/ Solvent/ H, pressure i
ENUY  igand (mol%)  Additive femp (°C) Y ield/ee(%)
1 2/0.5 (L1) H,O/- balloon/25 >95/0
2 1/0.5 (L1) H,O/- balloon/25 >95/0
3 1/1 (L1) H,O/- balloon/25 >95/6
4 1/1 (L1) toluene/- balloon/25 >95/5
5 1/1 (L1) ether/- balloon/25 >05/8
6 1/1 (L1) CH,Cl,/- balloon/25 >05/12
7 1/2 (L1) CHCl,/- balloon/25 56/0
8 5/6 (L1) CHCl,/- 30 atm/60 >05/8
9 5/6 (L1) CH,CI,/TFA(0.3) 30 atm/60 >05/32
10 5/6 (L1) CH,CI,/TFA(0.6) 30 atm/60 >95/70
11 5/6 (L1) CH,CIL/TFA(L) 30 atm/60 <10/40
12 5/6 (L1) CH,CI,/TFA(0.6) 10 atm/60 25/16
13 5/6 (L1) CH,CI,/TFA(0.6) 40 atm/60 50/36
14 5/6 (L2) CH,CI,/TFA(0.6) 30 atm/60 55/-21
15 5/6 (L3) CH,CI,/TFA(0.6) 30 atm/60 52/6
16 5/6 (L4) CH,CI,/TFA(0.6) 30 atm/60 56/21
17 5/6 (L5) CH,CI,/TFA(0.6) 30 atm/60 90/0
18 5/6 (L6) CH,CI,/TFA(0.6) 30 atm/60 88/0
19 5/6 (L7) CH,CI,/TFA(0.6) 30 atm/60 20/0
20 5/6 (L8) CH,CI,/TFA(0.6) 30 atm/60 0/0
21 5/6 (L9) CH,CI,/TFA(0.6) 30 atm/60 35/0
221l 5 CH,CI,/TFA(0.6) 30 atm/60 85/8
23 Bin-PdNPs CH,CI,/TFA(0.6) 30 atm/60 >95/0
24 (R)-Bin-PdNPs/L1  CH,CI,/TFA(0.6) 30 atm/60 >05/70
25 (S)-Bin-PdNPs/L1  CH,CI/TFA(0.6) 30 atm/60 >95/70
19¢ Bis-diazonium CH,CI,/TFA 30 atm/60 frace

salts/Pd(TFA)./L1

% Reaction conditions: 2-meth¥lquinoline (1a, 0.1 mmol), 3 mL solvent,

Bin-PdNPs/(R)-BINAP, 36 h;
'HNMR and HPLC equipped with a chiral OJ-H column, respectively;

Yields and e.e. values were determined by

C

(R)-BINAP-PANPs as catalyst; ¢ Bis-diazonium salts (6.7 mg, 1.8 mol%), 5
mol% Pd(TFA),, 6 mol% (R)-BINAP.
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5. Typical Procedures for Asymmetric Hydrogenation of Quinoline

Derivatives

Bin-PdNPs (5.3 mg, 0.005 mmol), (R)-BINAP (3.7 mg, 0.006 mmol) and 1 mL
anhydrous acetone were charged into an oven-dried tube under nitrogen atmosphere. After
being stirred for 1.5 hours, the volatiles were evaporated under vacuum to give the catalyst.
The solution of quinoline derivative (0.10 mmol) and TFA (6.8 mg, 0.06 mmol) in anhydrous
dichloromethane (3.0 mL) was injected into the above tube and stirred for 5 min at room
temperature. Then, the hydrogenation was performed at 60 °C under 30 atm H, in a stainless
steel autoclave for 36 hours. After carefully releasing the hydrogen gas, saturated aqueous
NaHCO; (5 mL) was added to quench the reaction and followed by extraction with CH,ClI, (3
X 5 mL). The combined organic layers were dried over anhydrous Na,SO,. Further
purification was performed by flash chromatography on silica gel (petroleum ether/EtOAc
10:1) to give the hydrogenated product. The enantiomeric excess of the products were
determined by a HPLC equipped with a chiral column (OD-H, OJ-H or AD-H).

6. Hg Poisoning Experiment

A Hg poisoning experiment (refer to Angew. Chem. Int. Ed. 2010, 49, 1820) was

performed to confirm the heterogeneous catalytic process.

After a standard reaction was initiated after 1 hour, 10 equivalents of Hg (to Pd content)
were injected into the reaction tube and then the steel autoclave was recharged with hydogen
gas, subjecting to react for 36 hours. Treatment with Hg in this way entirely inhibited the
hydrogenation, deriving from full encapsulation of nanoparticle surfaces by a monolayer of

Hg atoms.



7. Condition Optimizations for Asymmetric Hydrogenation of Indole

Derivatives

BIN-PdNPs (2 mol%)

N

ligand, solvent H
additive, 50 atm H,, temp.

Iz /i
(@)
T
w

entry ligands (mol%) solvent additive temp. yield e.e.

(1eq) (C) %) (%)°
1 R-BINAP, 1 DCM/TFE (1:1) L-CSA 25 - -
2 R-BINAP, 1 DCM/TFE (1:1) L-CSA 60 52 23
3 R-BINAP, 1.5 DCM/TFE (1:1) L-CSA 60 56 32
4 R-BINAP, 2 DCM/TFE (1:1) L-CSA 60 63 38
5 R-BINAP, 6 DCM/TFE (1:1) L-CSA 60 90 37
6 R-BINAP, 2.4 DCM/TFE (1:1) L-CSA 60 89 42
7 R-BINAP, 2.4 DCM/TFE (1:1) TfOH 60 87 14
8 R-BINAP, 2.4 DCM/TFE (1:1)  TsOH-H,0O 60 56 41

9 R-BINAP, 2.4 DCM/TFE (1:1) CF;COOH 60 58 44.3
10 R-BINAP, 2.4 DCM/TFE (1:1) L-proline 60 46 27
1 S-SegPhos, 2.4 DCM/TFE (1:1) L-CSA 60 86 36
12 R-SDP, 2.4 DCM/TFE (1:1) L-CSA 60 <10 17
13 R-8H-BINAP, 2.4  DCM/TFE (1:1) L-CSA 60 85 64
14 R-8H-BINAP, 2.4 DCM L-CSA 60 83 18
16 R-8H-BINAP, 2.4  DCM/TFE(1:5) L-CSA 60 85 40
17 R-8H-BINAP, 2.4 CHCl; L-CSA 60 85 19
18° R-BINAP-PdNPs, 2 DCM L-CSA 60 0 -

%.e. values were determined with a OD-H column on HPLC.

®The experiment was used to compare the catalytic effect of asymmetric hydrogenation of
2-methylindole with a well-coordinated R-BINAP-PdNPs. Interestingly, the reaction did not occur.
This further confirms the advantages of covalent bond stabilization of nanoparticles.
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8. Typical Procedures for Asymmetric Hydrogenation of Indole

Derivatives

Bin-PdNPS (5.3 mg, 0.005 mmol), (R)-8H-BINAP (3.8 mg, 0.006 mmol) and 1 mL
anhydrous acetone were charged into an oven-dried tube under nitrogen atmosphere. After

being stirred for 1.5 hours, the solvent was evaporated under vacuum to afford the catalyst.

L-CSA (0.25 mmol) and indole derivative (0.25 mmol) were stirred in 1 mL DCM/TFE
(2:1, v/v) at room temperature for 5 min. Subsequently, the prepared catalyst together with the
substrates and additives were combined and put into a stainless steel autoclave. The
hydrogenation was performed at 60 °C under 50 atm H, for 24 hours. After carefully releasing
the hydrogen gas, saturated aqueous NaHCO; (5 mL) was added to quench the reaction and
followed by extraction with CH,Cl, (3 x 5 mL). The combined organic layers were dried over
anhydrous Na,SO,. Further Purification was performed by flash chromatography on silica gel
(petroleum ether/EtOAC 10:1) to give the hydrogenated product. The enantiomeric excess of
the products were determined by a HPLC equipped with a chiral column (OD-H, OJ-H or
AD-H).

9. Characterization Data of Products

(R)-2-methyl-1, 2, 3, 4-tetrahydroquinoline (2a)"!

LA

H A colorless liquid, 83% yield, 70% e.e., "H NMR (400 MHz, CDCls) § 7.05 (t, J =
6.7 Hz, 2H), 6.71 — 6.67 (m, 1H), 6.60 — 6.47 (m, 1H), 3.70 (s, 1H), 3.51 — 3.43 (m, 1H), 2.97 —
2.78 (m, 2H), 2.04 — 1.98 (m, 1H), 1.72 — 1.62 (m, 1H), 1.29 (d, J = 6.3 Hz, 3H). *C NMR (101
MHz, CDCl3) & 144.9, 129.4, 126.8, 121.2, 117.1, 114.1, 47.2, 30.2, 26.7, 22.7. HPLC (OJ-H,
elute: Hexanes/i-PrOH = 90/ 10, detector: 254 nm, flow rate: 0.5 mL / min), (S) t1 = 17.8 min, (R)
12 =19.4 min.

(R)-2, 6-dimethylquinoline (2b)!!

L

H A colorless liquid, 95% yield, 62% e.e., '"H NMR (400 MHz, CDCl,) & 6.81 (d, J
= 7.6 Hz, 2H), 6.44 (d, J = 7.9 Hz, 1H), 3.60 (s, 1H), 3.43 — 3.35 (m, 1H), 2.89 — 2.81 (m, 1H),
2.76—2.69 (m, 1H), 2.24 (s, 3H), 1.98 — 1.92 (m, 1H), 1.66 — 1.56 (m, 1H), 1.23 (d, J = 6.3 Hz,
3H). BCc NMR (101 MHz, CDCly) & 142.5, 129.9, 127.2, 126.3, 121.5, 114.3, 47.3, 30.4, 26.6,
22.6,20.4. HPLC (0J-H, elute: Hexanes/i-PrOH = 90 / 10, detector: 254 nm, flow rate: 0.5 mL /
min), (S) t1 = 21.3 min, (R) t2 = 25.9 min.




(R)-6-Methoxyl-2-methyl-1, 2, 3, 4-tetrahydroquinoline (2c)

Meo\©\/j\
N

H A colorless liquid, 95% yield, 46% e.e., "H NMR (400 MHz, CDCls) & 6.63 —
6.60 (m, 2H), 6.48 (d, J = 8.3 Hz, 1H), 3.75 (s, 3H), 3.39 — 3.22 (m, 1H), 2.91 — 2.70 (m, 2H),
1.97 — 1.91 (m, 1H), 1.65 — 1.22 (m, 1H), 1.23 (d, J = 6.2 Hz, 3H). *C NMR (101 MHz, CDCl5)
d 151.9, 138.9, 122.6, 115.4, 114.6, 112.9, 55.8, 47.5, 30.3, 26.9, 22.6. HPLC (OJ-H, elute:
Hexanes / i-PrOH =90 / 10, detector: 254 nm, flow rate: 1 mL / min), (S) t1 = 14.9 min, (R) t2 =

18.2 min.

(R)-6-fluorine-2-methyl-1, 2, 3, 4-tetrahydroquinoline (2d)

T

” A colorless liquid, 71% yield, 54% e.e., *H NMR (400 MHz, CDCl3) & 6.70 (dd,
J =125, 5.6 Hz, 2H), 6.45 — 6.41 (m, 1H), 3.42 — 3.34 (m, 1H), 2.90 — 2.81 (m, 1H), 2.76 — 2.70
(m, 1H), 1.98— 1.92 (m, 1H), 1.64 — 1.54 (m, 1H), 1.23 (d, J = 6.3 Hz, 3H). **C NMR (101 MHz,
CDCI3) 5 155.5 (d, J = 234.6 Hz), 141.0, 122.5 (d, J = 6.8 Hz), 115.4 (d, J = 21.6 Hz), 114.7 (d, J
=7.6 Hz), 113.2 (d, J = 22.4 Hz), 47.3, 29.9, 26.7, 22.5. HPLC (OD-H, elute: Hexanes / i-PrOH =

95 /5, detector: 254 nm, flow rate: 0.8 mL / min), (R) t1 = 6.8 min, (S) t2 = 8.3 min.

(R)-methyl 2-methyl-1, 2, 3, 4-tetrahydroquinoline-6-carboxylate (2¢)

N

H A colorless liquid, 63% yield, 59% e.e., 'H NMR (400 MHz, CDCl5) & 7.68 —
7.65 (m, 2H), 6.41 (d, J = 8.8 Hz, 1H), 4.21 (s, 1H), 3.85 (s, 3H), 3.54 — 3.46 (m, 1H), 2.87 — 2.75
(m, 2H), 2.00 — 1.94(m, 1H), 1.63 — 1.53 (m, 1H), 1.25 (d, J = 6.3 Hz, 3H). **C NMR (101 MHz,
CDCl3) & 167.5, 148.8, 131.1, 129.1, 119.7, 117.6, 112.6, 51.5, 47.2, 29.5, 26.3, 22.5. HPLC
(OJ-H, elute: Hexanes / i-PrOH = 15 / 85, detector: 254 nm, flow rate: 0.7 mL / min), (R) t1 =
12.3 min, (S) t2 = 15.2 min.

(R)-2-ethyl-1, 2, 3, 4-tetrahydroquinoline (2f)™

(LA

H A colorless liquid, 86% yield, 66% e.e., 'HNMR (400 MHz, CDCls) & 6.99 (t, J
= 7.3 Hz, 2H), 6.63 (t, J = 7.3 Hz, 1H), 6.51 (d, J = 8.1 Hz, 1H), 3.81 (s, 1H), 3.32 — 3.19 (m, 1H),
2.85 — 2.77 (m, 2H), 2.01 — 1.98 (m, 1H), 1.67 — 1.62 (m, 1H), 1.55 (dd, J = 14.3, 7.2 Hz, 2H),
1.02 (t, J = 7.5 Hz, 3H). ®C NMR (101 MHz, CDCls) & 144.7, 129.2, 126.7, 121.4, 116.9, 114.0,



53.1, 29.4, 27.6, 26.4, 10.1. HPLC (OJ-H, elute: Hexanes/i-PrOH = 90 / 10, detector: 254 nm,
flow rate: 0.5 mL / min), (S) t1 = 15.5 min, (R) t2 = 16.9 min.

(S)-2-phenyl-1, 2, 3, 4-tetrahydroquinoline (2g)

I N

e
A pale yellow liquid, 91% yield, 56% e.e., '"H NMR (400 MHz, CDCl;) & 7.45

—7.32 (m, 5H), 7.07 (t, J = 7.5 Hz, 2H), 6.71 (t, J = 7.1 Hz, 1H), 6.59 (d, J = 7.8 Hz, 1H), 4.49
(dd, J = 9.3, 3.2 Hz, 1H), 4.06 (s, 1H), 3.02 — 2.94(m, 1H), 2.82 — 2.76 (m, 1H), 2.22 — 2.14 (m,
1H), 2.09 — 2.00 (m, 1H). *C NMR (101 MHz, CDCl,) 5 144.8, 144.7,129.3, 128.6, 127.5, 126.9,
126.6, 120.9, 117.2 114.0, 56.3, 31.0, 26.4. HPLC (OD-H, elute: Hexanes/i-PrOH = 90 / 10,
detector: 254 nm, flow rate: 0.6 mL / min), (S) t1 = 14.4 min, (R) t2 = 17.9 min.

(S)-2-(o-tolyl)-1, 2, 3, 4-tetrahydroquinoline (2h)

I N

e
A yellow solid, 84% yield, 46% e.e., *H NMR (400 MHz, CDCls) & 7.56 (d, J

= 7.3 Hz, 1H), 7.28 — 7.22 (m, 3H), 7.07 (t, J = 5.7 Hz, 2H), 6.71 (t, J = 7.3 Hz, 1H), 6.60 (d, J =
8.2 Hz, 1H), 4.73 (dd, J = 9.1, 2.9 Hz, 1H), 3.99 (s, 1H), 3.03 — 2.95 (m, 1H), 2.85 — 2.78 (m, 1H),
2.44 (s, 3H), 2.19 — 2.13 (m, 1H), 2.02 — 1.92 (m, 1H). *C NMR (101 MHz, CDCl;) & 145.1,
142.6, 134.8, 130.5, 129.4, 127.1,127.0, 126.5, 126.0, 120.9, 117.1, 114.0, 52.2, 29.2, 26.6, 19.1.
HPLC (OD-H, elute: Hexanes/i-PrOH = 90/ 10, detector: 254 nm, flow rate: 1 mL / min), (S) t1 =
8.7 min, (R) t2 = 10.3 min.

(S)-2-(2, 4-dimethylphenyl)-1, 2, 3, 4-tetrahydroquinoline (2i) @

l N

e
A colorless liquid, 82% yield, 52% e.e., "H NMR (400 MHz, CDCly) § 7.42

(d, J = 7.8 Hz, 1H), 7.08 — 7.04 (m, 4H), 6.68 (t, J = 7.3 Hz, 1H), 6.57 (d, J = 8.3 Hz, 1H), 4.67
(dd, J = 9.3, 2.4 Hz, 1H), 3.94 (s, 1H), 3.01 — 2.93 (m, 1H), 2.83 — 2.77 (m, 1H), 2.37 (d, J = 12.3
Hz, 6H) 2.14 — 2.10 (m, 1H), 1.99 — 1.89 (m, 1H). *C NMR (101 MHz, CDCls) 5 145.1, 139.6,
136.6, 134.7, 131.3, 129.3, 127.0,126.9, 126.0, 120.8, 117.0, 114.0, 52.0, 29.3, 26.7, 21.0, 19.0.
HPLC (OD-H, elute: Hexanes/i-PrOH =90 / 10, detector: 254 nm, flow rate: 1 mL / min), (S) t1 =
7.7 min, (R) 2 =9.1 min.

(S)-2-(2-Naphthyl)-1, 2, 3, 4-tetrahydroquinoline (2j) @

10



oY

" Awhite solid, 76% yield, 53% e.e., ‘H NMR (400 MHz, CDCl3) & 7.88 (t,
J = 8.1 Hz, 4H), 7.57 — 7.51 (m, 3H), 7.15 — 6.01 (m, 2H), 6.73 (t, J = 7.3 Hz, 1H), 6.64 (d, J =
7.9 Hz, 1H), 4.65 (dd, J = 9.2, 3.1 Hz, 1H), 4.17 (s, 1H), 3.05 — 2.97 (m, 1H), 2.84— 2.78(m, 1H),
2.25 — 2.20 (m, 1H), 2.18 — 2.08(m, 1H). *C NMR (101 MHz, CDCls) & 144.7, 142.2, 133.4,
133.0, 129.4, 128.4, 127.9, 127.8, 127.0, 126.2, 125.8, 125.1, 124.9, 121.0, 117.3, 114.1, 56.4,
31.0, 26.5. HPLC (OD-H, elute: Hexanes/i-PrOH = 90 / 10, detector: 254 nm, flow rate: 1 mL /
min), (S) t1 =12.8 min, (R) t2 = 21.3 min.

(R)-2-methylindoline (4a) ¥

(-

H A colorless liquid, 85% yield, 64% e.e., 'H NMR (400 MHz, CDCls) & 7.24 — 7.04
(m, 2H), 6.81 — 6.77 (m, 1H), 6.69 (d, J = 7.7 Hz, 1H), 4.10 — 4.02 (m, 1H), 3.86 (s, 1H), 3.23 (dd,
J =154, 85 Hz, 1H), 2.72 (dd, J = 15.4, 7.8 Hz, 1H), 1.37 (dd, J = 6.2, 1.3 Hz, 3H). °C NMR
(101 MHz, CDCls) 6 151.1, 129.0, 127.3, 124.8, 118.6, 109.3, 55.3, 37.9, 22.4. HPLC (OJ-H,
elute: Hexanes/i-PrOH = 97 / 3, detector: 254 nm, flow rate: 0.8 mL / min), (R) t1 = 9.2 min, (S)
t2 = 10.0 min.

(R)-5-fluoro-2-methylindoline (4b) &

F

H A colorless liquid, 81% yield, 50% e.e., "H NMR (400 MHz, CDCls) & 6.81 (dd,
J =48, 3.6 Hz, 1H), 6.74 — 6.69 (m, 1H), 6.52 (dd, J = 8.4, 4.3 Hz, 1H), 4.07 — 3.98 (m, 1H),
3.14 (dd, J = 15.7, 8.5 Hz, 1H), 2.64 (dd, J = 15.6, 7.8 Hz, 1H), 1.30 (t, J = 7.4 Hz, 3H). ©°C
NMR (101 MHz, CDCls) & 156.9 (d, J = 234.7 Hz), 146.9, 130.7 (d, J = 8.0 Hz), 113.1 (d, J =
23.1 Hz), 112.1 (d, J = 23.7 Hz), 109.3 (d, J = 8.3 Hz), 55.9, 38.0, 22.2. HPLC (OD-H, elute:
Hexanes/i-PrOH = 99 / 1, detector: 254 nm, flow rate: 1 mL / min), (R) t1 = 8.6 min, (S) t2 = 12.7

min.

(R)-2,5-dimethylindoline (4c) ©!
HsC

H A colorless liquid, 92% yield, 47% e.e., *H NMR (400 MHz, CDCls) & 6.96 (s,
1H), 6.87 (d, J = 7.8 Hz, 1H), 6.57 (d, J = 7.8 Hz, 1H), 4.05 — 3.97 (m, 1H), 3.52 (s, 1H), 3.15 (dd,
J=15.4, 8.4 Hz, 1H), 2.65 (dd, J = 15.4, 7.8 Hz, 1H), 2.30 (s, 3H), 1.33 (d, J = 6.2 Hz, 3H). **C
NMR (101 MHz, CDCl3) & 148.6, 129.3, 127.9, 127.5, 125.6, 109.2, 55.5, 37.9, 22.3, 20.9. HPLC

11



(OD-H, elute: Hexanes/i-PrOH =99 / 1, detector: 254 nm, flow rate: 1 mL / min), (R) t1 = 8.6
min, (S) t2 = 10.5 min.

(2R, 3R)-2, 3-dimethylindoline (4d)

N A colorless liquid, 95% vyield, 51% e.e., '"H NMR (400 MHz, CDCl3) & 7.12 — 7.04
(m, 2H), 6.77 (t, J = 7.4 Hz, 1H), 6.65 (d, J = 7.7 Hz, 1H), 4.01 — 3.94 (m, 1H), 3.68 (s, 1H), 3.34
—3.27(m, 1H), 1.22 (d, J = 7.2 Hz, 3H), 1.17 (d, J = 6.5 Hz, 3H). **C NMR (101 MHz, CDCl3) &
150.1, 134.3, 127.3, 123.8, 118.7, 109.4, 58.4, 39.5, 16.3, 13.7. HPLC (OJ-H, elute:
Hexanes/i-PrOH = 99/ 1, detector: 254 nm, flow rate: 1 mL / min), (S) t1 = 18.1 min, (R) t2 =

23.1 min.

(2R, 3R)-3-(4-fluorobenzyl)-2-methylindoline (4e)
are
L,

A colorless liquid, 83% yield, 48% e.e., "H NMR (400 MHz, CDCls) & 7.14
(dd, J = 8.5, 5.6 Hz, 2H), 7.07 — 7.00 (m, 3H), 6.67 (t, J = 8.3 Hz, 1H), 6.63 — 6.59 (m, 1H), 6.53
(d, 3 =7.3 Hz, 1H), 4.06 — 4.00 (m, 1H), 3.66 (s, 1H), 3.47 (dd, J = 16.3, 7.5 Hz, 1H), 2.97 (dd, J
= 13.9, 6.8 Hz, 1H), 2.83 (dd, J = 13.8, 9.4 Hz, 1H), 1.27 (t, J = 8.9 Hz, 3H). *C NMR (101
MHz, CDCl3)s 161.4 (d, J = 243.6 Hz), 150.4, 135.9 (d, J = 3.2 Hz), 131.8, 130.6 (d, J = 7.7 Hz),
127.6, 125.0, 118.3, 115.0 (d, J = 21.0 Hz), 109.5, 58.5, 46.2, 33.5, 16.4. HPLC (OD-H, elute:
Hexanes/i-PrOH = 90 / 10, detector: 254 nm, flow rate: 1mL / min), (S) t1 = 8.3 min, (R) t2 =

12.2 min.

I

(2R, 3R)-3-(4-methoxybenzyl)-2-methylindoline (4f)

OMe
L,

H A pale yellow liquid, 86% yield, 54% e.e., ‘H NMR (400 MHz, CDCls) §
7.13 (d, J = 8.6 Hz, 2H), 7.08 — 7.04 (m, 1H), 6.89 (d, J = 8.6 Hz, 2H), 6.69 — 6.61 (m, 3H), 4.06
—3.99 (m, 1H), 3.86 (s, 3H), 3.52 (dd, J = 16.1, 7.8 Hz, 1H), 2.96 (dd, J = 13.9, 7.1 Hz, 1H), 2.85
(dd, J = 13.9, 9.1 Hz, 1H), 1.27 (d, J = 6.5 Hz, 3H). *C NMR (101 MHz, CDCl,) § 157.9, 150.4,
132.3,132.1, 130.1, 127.4, 125.0, 118.3, 113.7, 109.4, 58.5, 55.3, 46.2, 33.4, 16.5. HPLC (OD-H,
elute: Hexanes/i-PrOH = 80/ 20, detector: 254 nm, flow rate: 1 mL / min), (S) t1 = 7.0 min, (R) t2

= 9.0 min.

(2R, 3R)-2-methyl-3-(4-methylbenzyl)indoline (4g) ¥
12



O
L,

H A colorless liquid, 92% vyield, 55% e.e., *H NMR (400 MHz, CDCl,) & 7.15
(9, J = 8.1 Hz, 4H), 7.09 — 7.05 (m, 1H), 6.70 — 6.63 (m, 3H), 4.07 — 4.00 (m, 1H), 3.69 (d, J =
6.2 Hz, 1H), 3.57 (dd, J = 15.9, 7.9 Hz, 1H), 2.97 — 2.91 (m, 2H), 2.40 (s, 3H), 1.26 (d, J = 6.5 Hz,
3H). BC NMR (101 MHz, CDCl3) 6 150.4, 137.2, 135.5, 132.1, 129.1, 129.0, 127.5, 124.9, 118.3,
109.5, 58.5, 46.0, 33.8, 21.1, 16.6. HPLC (OD-H, elute: Hexanes/i-PrOH = 95 / 5, detector: 254
nm, flow rate: 1 mL / min), (S) t1 = 8.4 min, (R) t2 = 10.8 min.

(2R, 3R)-3-benzyl-2-methylindoline (4h)
L,

H A colorless liquid, 90% yield, 53% e.e., *H NMR (400 MHz, CDCls) & 7.35 (t, J
= 7.3 Hz, 2H), 7.31 - 7.20 (m, 3H), 7.12 — 6.97 (m, 1H), 6.70 — 6.60 (m, 3H), 4.08 — 4.01 (m, 1H),
3.71 (s, 1H), 3.58 (dd, J = 15.9, 7.9 Hz, 1H), 3.02 (dd, J = 13.9, 7.1 Hz, 1H), 2.93 (dd, J = 13.9,
8.9 Hz, 1H), 1.28 (d, J = 6.5 Hz, 3H). *C NMR (101 MHz, CDCl3) 5 150.4, 140.4, 132.0, 129.2,
128.3, 1275, 126.0, 124.9, 118.3, 109.5, 58.5, 46.0, 34.3, 16.5. HPLC (OD-H, elute:
Hexanes/i-PrOH = 95 / 5, detector: 254 nm, flow rate: 1 mL / min), (S) t1 = 9.9 min, (R) t2 =13.5

min.

(R)-2-(4-methylbenzyl)indoline (4i) !

-
O ” A pale yellow liquid, 81% yield, 55% e.e., ‘H NMR (400 MHz, CDCl,)  7.29
—7.25(m, 1H), 7.14 - 7.05 (m, 5H), 6.74 (t, J = 7.4 Hz, 1H), 6.62 (d, J = 7.7 Hz, 1H), 4.16 -4.08
(m, 1H), 3.19 (dd, J = 15.5, 8.5 Hz, 1H), 2.96 — 2.75 (m, 3H), 2.41 (s, 3H). *C NMR (101 MHz,
CDCl3) 8 150.5, 136.0, 129.4, 129.0, 128.5, 127.4, 124.9,118.6, 109.2, 61.1, 42.2, 35.9, 21.1.
HPLC (OD-H, elute: Hexanes/i-PrOH = 99 / 1, detector: 254 nm, flow rate: 1 mL / min), (R) t; =

11.1 min, (S) t, = 12.4 min.

(R)-2-(3-methylbenzyl)indoline (4j) !

A pale yellow liquid, 86% yield, 53% e.e., "H NMR (400 MHz, CDCl;) &
7.29-7.25 (m, 1H), 7.14 - 7.04 (m, 5H), 6.74 (t, J = 7.4 Hz, 1H), 6.62 (d, J = 7.7 Hz, 1H), 4.16 —

Iz
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4.08 (m, 1H), 3.19 (dd, J = 15.5, 8.5 Hz, 1H), 2.94 — 2.81 (m, 3H), 2.41 (s, 3H). *C NMR (101
MHz, CDCl;) & 150.6, 139.0, 138.3, 130.0, 128.5, 127.3, 126.1, 124.8, 118.5, 109.1, 61.0, 42.6,
36.0, 21.5. HPLC (OD-H, elute: Hexanes/i-PrOH = 99 / 1, detector: 254 nm, flow rate: 1 mL /
min), (R) t1 = 10.9 min, (S) t2 = 12.1 min.

(R)-2-benzylindoline (4k) &

-
O ” A yellow liquid, 93% yield, 54% e.e., *H NMR (400 MHz, CDCl3) & 7.38 (t, J
= 7.3 Hz, 2H), 7.34 — 7.24 (m, 3H), 7.14 (d, J = 7.2 Hz, 1H), 7.06 (t, J = 7.6 Hz, 1H), 6.74 (t, J =
7.4 Hz, 1H), 6.61 (d, J = 7.7 Hz, 1H), 4.17 — 4.09(m, 1H), 3.86 (s, 1H), 3.19 (dd, J = 15.5, 8.5 Hz,
1H), 3.04 — 2.76 (m, 3H). *C NMR (101 MHz, CDCl3) & 150.5, 139.1, 129.2, 128.7, 128.4, 127 4,
126.5, 124.9, 118.6, 109.2, 61.1, 42.7, 36.0. HPLC (OD-H, elute: Hexanes / i-PrOH = 99 / 1,
detector: 254 nm, flow rate: 1 mL / min), (R) t1 = 13.1 min, (S) t2 = 14.8 min.

(S)-2-phenylindoline (41)

H A colorless solid, 76% vield, 31% e.e., *H NMR (400 MHz, CDCl5) & 7.48 (d,
J=7.2Hz, 2H), 7.41 - 7.33 (m, 3H), 7.15 - 7.11 (m, 2H), 6.79 (t, J = 7.3 Hz, 1H), 6.72 (d, J =
7.7 Hz, 1H), 5.00 (t, J = 9.0 Hz, 1H), 4.15 (s, 1H), 3.49 (dd, J = 15.6, 9.2 Hz, 1H), 3.04 (dd, J =
15.6, 8.9 Hz, 1H). *C NMR (101 MHz, CDCl3) 5 151.0, 144.6, 128.6, 128.1, 127.6, 127.4, 126.3,
124.6, 118.8, 108.9, 63.6, 39.6. HPLC (OD-H, elute: Hexanes/i-PrOH = 5 /1, detector: 254 nm,
flow rate: 1 mL / min), (S) t1 = 9.8 min, (R) t2 = 15.1 min.

(S)-2-(p-tolyl)indoline (4m) ™

H A colorless liquid, 93% yield, 32% e.e., 'H NMR (400 MHz, CDCls) &
7.35(d, J = 7.8 Hz, 2H), 7.19 (d, J = 7.7 Hz, 2H), 7.11 (dd, J = 13.0, 7.2 Hz, 2H), 6.77 (t, J = 7.3
Hz, 1H), 6.70 (d, J = 7.7 Hz, 1H), 4.95 (t, J = 9.0 Hz, 1H), 4.13 (s, 1H), 3.46 (dd, J = 15.6, 9.1 Hz,
1H), 3.01 (dd, J = 15.6, 8.8 Hz, 1H), 2.39 (s, 3H). *C NMR (101 MHz, CDCls) & 151.0, 141.6,
137.1, 129.3, 128.2, 127.6, 126.3, 124.6, 118.8, 108.8, 63.4, 39.6, 21.1. HPLC (OD-H, elute:
Hexanes/i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min), (S) t1 = 8.0 min, (R) 12 =
13.6 min.

(S)-2-(4-fluorophenyl)indoline (4n)

14



CI=0)
N
H A pale yellow liquid, 51% yield, 35% e.e., *"H NMR (400 MHz, CDCls) &

7.43 (dd, J = 8.1, 5.7 Hz, 2H), 7.14-7.04(m, 4H), 6.78 (t, J = 7.3 Hz, 1H), 6.71 (d, J = 7.7 Hz,
1H), 4.97 (t, J = 9.1 Hz, 1H), 4.15 (s, 1H), 3.46 (dd, J = 15.6, 9.2 Hz, 1H), 2.97 (dd, J = 15.6, 9.0
Hz, 1H). *C NMR (101 MHz, CDCl3) & 162.1 (d, J = 245.1Hz), 160.9, 150.8, 140.4, 128.2,
124.6, 119.0, 115.5, 115.3, 108.9, 62.9, 39.8. HPLC (OD-H, elute: Hexanes / i-PrOH = 5 / 1,
detector: 254 nm, flow rate: 1 mL / min), (S) t1 = 8.5 min, (R) t2 = 17.9 min.

(S)-2-(4-methoxyphenyl)indoline (40)

” A pale yellow liquid, 86% vield, 22% e.e., *H NMR (400 MHz, CDCls) &
7.37 (d, J = 8.6 Hz, 2H), 7.10 (dd, J = 14.4, 7.3 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 6.76 (t, J = 7.3
Hz, 1H), 6.69 (d, J = 7.7 Hz, 1H), 4.93 (t, J = 9.0 Hz, 1H), 3.83 (s, 3H), 3.43 (dd, J = 15.6, 9.1 Hz,
1H), 2.99 (dd, J = 15.6, 8.9 Hz, 1H). *C NMR (101 MHz, CDCl,) & 159.0, 151.0, 136.7, 128.2,
127.5,127.4, 124.6, 118.8, 113.9, 108.8, 63.1, 55.3, 39.6. HPLC (OD-H, elute: Hexanes/i-PrOH =
80/ 20, detector: 254 nm, flow rate: 1 mL / min), (S) t1 = 9.1 min, (R) t2 = 15.6 min.

[References for Known Compounds]:

[1] W.-B. Wang, S.-M. Lu, P.-Y. Yang, X.-W. Han, Y.-G. Zhou, J. Am. Chem.Soc. 2003, 125,
10536-10537.

[2] T. Wang, L.-G. Zhuo, Z. Li, F. Chen, Z. Ding, Y. He, Q.-H. Fan, J. Xiang, Z.-X. Yu, A. S. Chen,
J. Am. Chem. Soc. 2011, 133, 9878-9891.

[3] D.-S. Wang, Q.-A. Chen, W. Li, C.-B.Yu, Y.-G. Zhou, and X. Zhang, J. Am. Chem. Soc. 2010,
132, 8909-8911.

[4] @) Y. Duan, L. Li, M.-W. Chen, C.-B. Yu, H.-J. Fan, Y.-G. Zhou, J. Am. Chem. Soc. 2014, 136,
7688-7700; b) T. Touge, T. Arai, J. Am. Chem. Soc. 2016, 138, 11299-11305; c¢) K. Saito, Y.
Shibata, M. Yamanaka, T. Akiyama, J. Am. Chem. Soc. 2013, 135, 11740-11743.
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10. *H and **C NMR Spectra of the Products
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11. Chiral HPLC Chromatographic Analysis

LA

H 2a

* Chiralpak OJ-H, 10% i-PrOH/Hexane at 0.5 mL/min, enantiomeric excess determined at 254
nm; 17.8 min (S), 19.4 min (R).

( I) Racemic standard:

m\/

Max Intensity : 2,160,794
A Z54nm| Time 0.000 ften. 0745
2000
1500
1000
500 2
&
g T — = [=]
0.0 25 50 7s 100 125 150 175 200 225 min
5 RErE il =i iFic REE RER t&imns tahE s
1 17. 217 AB54TE64 2169444 M 49. 611 49.611
2 15. 781 47582251 1959630 ] 50,389 50.339
St 54430144 4159073 100, oo 100, 000
(II') Experimental result catalyzed by Pd-NPS: 70% e.e
my Max Intensity : 675,128
I E Time Tnfen.

500+

250+

. JA .
:

g

; . . . . T — ; =
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0 225 min
IS FaniE il =1 #Fi RE REP tE&ins A=tk s

1 17.874 2659571 133751 n 15.111 15,111

2 19 483 15105963 BTE203 n 84889 84889

TS 17798534 B11953 100. 000 100, 000

H 2b

* Chiralpak OJ-H, 10% i-PrOH/Hexane at 0.5 mL/min, enantiomeric excess determined at 254
nm; 21.3 min (S), 25.9 min (R).

( I) Racemic standard:

my Max Intensity : 340,966
A 254nm Time 2598 Inten 6087 .
300+
200
100+ -
« |4
o T T T T T T T T i T T o3 T a
0.0 25 5.0 75 10.0 125 15.0 175 200 225 250 275 min
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g e il =1 fae e EERN #faPns #aPiE m{ls
1 21. 366 8355859 F4ETAT | M 50,043 50043
B 26. 207 8339393 252927 | M 45,951 45,951
St 16605752 BEOET3 100. 000 100, 000

(II') Experimental result catalyzed by Pd-NPS: 62% e.e.

mv Max Intensity - 1,127,054
HEMEEA Z5anm) Time 242 Inten. £.192] .

10004

7504 m

500+

2504 /\
Al
: :

=l
I
10] /s

0.0 25 50 75 100 125 15.0 175 200 225 250 275 min
= =it [y =E id RE REBEG | kahos | kabs Wil
1 21,304 522101 343804 [ 19,114 19,114
2 25,969 34812027 1118867 [ &0, 856 &0, 856
it 13038127 1462671 100. 000 100. 000
MeO

* Chiralpak OJ-H, 10% i-PrOH/Hexane at 1 mL/min, enantiomeric excess determined at 254 nm;
14.9 min (S), 18.2 min (R).

(I ) Racemic standard:

my Max Intensity : 211,749
2007%3 [EZA 254nm| Time 5.149 Inten -5.725]
1504
1004

504
0~ '3
T T T T T T T T T T 4\\ T T T T
5.0 6.0 7.0 8.0 9.0 10.0 11.0 120 13.0 14.0 15.0 16.0 17.0 180 19.0 200 210 220 230 min
IgS HErE il =1 iric RE REHR, &S Ak mEils
1 14.939 3792117 Z1TIBE | M 49,838 45,838
B 18.335 3516700 17424 | M 50. 162 50. 162
it TBOSE1T 391440 100, 000 100. 000

(II') Experimental result catalyzed by Pd-NPS: 46% e.e.
i\ Max Intensity : 474,864

m
300 A 25 4nm| Time Inten. -

200 @

100 B
&2
[ - ale - o
&0 70 20 B 10.0 110 120 130 10 120 180 17.0 8.0 19.0 200 210 220 Tmin
[ 35 fREiE il =E iRig RE FEEN &g ik LIS
1 14.901 2557433 147556 ] 26. 9587 26. 987
2 18, 237 B9192TT 307153 ] T3.013 T3.013
it 3476703 454739 100, 000 100, 000
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N
H 2d

* Chiralpak OD-H, 5% i-PrOH/Hexane at 0.8 mL/min, enantiomeric excess determined at 254

nm; 6.8 min (R), 8.3 min (S).

(I ) Racemic standard:

Max Intensity : 243,001

A
mﬁﬁi gAZHnm Time 1392 Inten. -18838] .
200+
100+
5 & & %
T T T T T T e T T ~ T T T T T T e
oo 10 20 30 40 50 80 7o a0 90 100 1.0 120 13.0 14.0 min
IS R mil =i A REE RESEL &S A5 1E mEis
1 6. 943 Z038423 ZETA3E | M 0. 772 0. 772
B & 413 1976402 722245 | M 49,728 49,728
2it 4014825 433679 100, 000 100, 000
(II') Experimental result catalyzed by Pd-NPS: 54% e.e.
my Max Intensity : 734,810
TS0 paanm] Time Tnfen a
500+
250+ -
A g
3 T T T T T T - T T 4 T T T T T T e
oo 10 20 30 40 50 60 70 80 90 100 110 120 130 140 min
g5 2 EmHiE il = A RE REE Eains A=51E Eils
1 6. 897 SETSZE0 TEL930 | M T6. 929 T6. 929
B 8 374 1701984 198745 | M 23,071 23,071
it T3TTZ44 345676 100, 000 100, 000
\O
H 2e

* Chiralpak OD-H, 15% i-PrOH/Hexane at 0.7 mL/min, enantiomeric excess determined at 254

nm; 12.3 min (R), 15.2 min (S).

(1) Racemic standard:

Max Intensity : 51,694

my
50 A 254nm Time - - 8887 - Inten 2288 .
2
v e i %
T T T T x T T — T T T T =l
2.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 min
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g 5 iE mil =1 A REE REHR, Ehns t&ha mEils
1 12.0T0 944443 ETT54 | M 49659 49659
B 14.955 949391 4TESE | M 50,131 50,131
it 1893834 105411 100. 000 100. 000
(II') Experimental result catalyzed by Pd-NPS: 59% e.e.
my Max Intensity : 33,205
A 254nm| Time Infen o
. L
3 v - ¥ %
B‘IJ 9|[I 1EiI] 1.0 120 13.0 1lIIEI ’IEI»EI 1(:![I 170 180 m;n
g 5 e mil =1 A REE REHR, Ehns t&ha mEils
1 12,393 197288 13144 | M 79.515 79.515
B 15.270 0833 T M 20. 425 20. 425
it 247526 15856 100. 000 100. 000

H 2f

* Chiralpak OJ-H, 10% i-PrOH/Hexane at 0.5 mL/min, enantiomeric excess determined at 254

nm; 15.5 min (S), 16.9 min (R).

(I ) Racemic standard:

Wax Intensity : 432,608

v
mﬁj [EEA 254nm) Time: Inten. -
250+ L4
q
¢ T T T T T T = =2 - T T e
25 5.0 75_ 100 125 12.0 175 200 22.5min
22 | penE wil sE trid RE wERE | taPnS | fkahs wis
1 15.554 546417 436759 ] 49. 8689 49. 569
2 16. 955 8591404 429034 ] 50.131 50.131
it 17137821 BESTHE 100, 000 100,000
(IT') Experimental result catalyzed by Pd-NPS: 66% e.e.
mv Max Intensity 984,603
1000-BETMEEA 254nm Time - - 0.513 - Inten. 5261
750
500 N
250 -
: 3
T T T T F k2 T T T e
oo 25 50 75 100 125 150 175 200 225 min
B | memHE wil = trid RE WERR | kAPNS | fkavs wis
1 15.526 2796360 143239 ] 12,215 12.215
2 16. 929 20095996 959526 ] 87.785 &7.785
it FEEIZISE 113Z7E6 100, 000 100. 000
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e
H
29

* Chiralpak OD-H, 10% i-PrOH/Hexane at 0.6 mL/min, enantiomeric excess determined at 254
nm; 14.4 min (S), 17.9 min (R).

(I ) Racemic standard:

v Max Intensity - 477,942
ol 7 258nm)| Time ~ 1.832, Tnten 3110 .
250
&)
0 i z Ej
0.0 2z 0 7 10.0 12 150 17 200 min
IgS FEniE [ T4 =1 fa HE RN tEhns tahE [TLE]
1 14,422 TEE5566 486341 ] 50. 180 50. 180
2 17.774 TE35288 397758 ] 49,540 49,840
S5t 15726853 554099 100, 000 100, om0

(II') Experimental result catalyzed by Pd-NPS: 56% e.e.

mv

Max Intensity : 17,172
AETEE A 54nm)

Time Inten

f
i
L
e
e
4
10] /=21

150 17 200 min
Igs HFEriE [ T4 =1 iFiC HE el Jimd t&Hns & [TLE]
1 14,487 10235495 B16511 ] TT. 87T TT. 87T
2 17. 956 2903585 147070 ] 22,123 22,123
S5t 13147080 Tea5a1 100, ooa 100, 000

e
H
2h

* Chiralpak OD-H, 10% i-PrOH/Hexane at 1 mL/min, enantiomeric excess determined at 254 nm;
8.7 min (S), 10.3 min (R).

(1) Racemic standard:

mv

Max Intensity : 2,730, 438
JETEEA Z54n0m Time: Inten. o
2000+
1000
: 4
T T T T T T T — T o T T T T =l
0.0 10 20 3.0 4.0 0 6.0 7.0 8.0 8.0 10.0 11.0 12.0 13.0 14.0 min
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IgS RENE il =i A ®E R kains A=51E] mEils
1 (B SEZ62975 ZTIET0S | M 49.E01 49601
B 10. 096 FEBINTEZ 1621644 | M 50. 399 50,399
it TI0G3IBTE 4E5a349 100. 000 100. 000

(II') Experimental result catalyzed by Pd-NPS: 46% e.e.

my Max Intensity : 511,468
500- ﬁj %AZE-Mm Time: Inten -
m
250+
’ AL 4
: : : : ‘ ‘ : — 7 : : : : — &l
oo 10 20 30 40 50 80 To a0 90 100 1.0 120 130 14.0 min
S 2l AL = iFie HREE e keSS kahE s
1 & 133 874205 SZIEOL | M 3. 391 3. 391
B 10. 360 2129827 0EI | M 25 609 26503
it 5004031 862540 100, 000 100, 000

U
H -
2i

* Chiralpak OD-H, 10% i-PrOH/Hexane at 1 mL/min, enantiomeric excess determined at 254 nm;

7.7 min (S), 9.1 min (R).

(I ) Racemic standard:

my

Max Intensity : 798 726

750 -ﬁ; gAZE%m Time Inten -
500 |
250+ .
d
. T T T T T T T T 2 T - T T T T e
0.0 1.0 20 3.0 40 5.0 6.0 7.0 80 9.0 100 11.0 120 min
IS RENE il =i iFic *E REPH ahns A5 E iy
1 T 653 3494317 808319 | M 50. 140 50, 140
B 9,039 5146553 449308 | M 45,860 45,860
=it 16541270 1258127 100,000 100. 000
(II') Experimental result catalyzed by Pd-NPS: 52% e.e.
my Max Intensity : 548,139
RS MEEA 254nm] Time: Inten. -
500+
m
250+
o L = L %
T T T T T T T Ea T = T T T T T
oo 10 20 30 40 50 80 70 a0 90 100 1.0 120 min
L35 hExie ] il =k A HREE HREBh #aPns *at# mils
1 7727 55333538 ESL 5. 848 5. 848
2 9.194 1857605 110353 [ 0 24 152 24 152
2it TEAL44E 688510 100. 000 100. 000
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* Chiralpak OD-H, 10% i-PrOH/Hexane at 1 mL/min, enantiomeric excess determined at 254 nm;
12.8 min (S), 21.3 min (R).

(I ) Racemic standard:

mv Max Intensity : 679,784
ﬁﬁ $A254nm Time 1.136 Inten -12.886] .
1000+
500
A /\ g
v ¥ - a
0.0 75 50 7s 10.0 125 150 175 ) s min
IS FEniE il =i iR E RN tEPns t&ha [ 4k
1 12,877 12923755 BBE413 n 49, 620 49, 620
2 21,247 13121543 415180 n 50. 380 50. 380
Sif PE045299 106533 100, ooo 100, 000
(II') Experimental result catalyzed by Pd-NPS: 53% e.e.
mv Max Intensity : 792,722
750 ﬁj EEA 254nm] Time  1.450 Inten. -12845 .
500 E
250+ -
&)
5 ES - =]
25 50 75 10.0 125 180 175 20.0 25 min
IS R il &= e E HEPN taPns tahe [TLE]
1 12,892 15661319 TOBO45 ] TG, 491 TE. 491
2 21.338 4513465 155503 ] 23.509 23.509
S5t Z04T4Ta FE1552 100, ooo 100, 000

H

4a
* Chiralpak OJ-H, 3% i-PrOH/Hexane at 0.8 mL/min, enantiomeric excess determined at 254 nm;
9.2 min (R), 10.0 min (S).

(1) Racemic standard:

mv Max Intensity : 140,768
HEMEEA 252nm)| Time: Inten. -
100+
50+ M
z i = T %‘
T T T T T T T T T T T T T T T T T T e
7.50 705 2.00 825 8.50 ars 9.00 925 9.50 975 10.00 1025 10.50 10.75 11.00 11275 11.50 1n7s min
5 RErE il =i iFic REE RER t&imns tahE s
1 9,120 1377857 133466 | M 50138 50,138
B 10.225 1370260 125066 | M 45,862 49,862
it 2745118 264532 100, 000 100. 000
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(II') Experimental result catalyzed by Pd-NPS: 64% e.e.

my Max Intensity . 15441
1 A2s4nm Time 9541 Inten. 0270 .
10 [
e
775 8.00 8.25 8.50 87s 9.00 9.25 9.50 9.75 10.00 10.25 10.50 10.75 11.00 11.25 11.50 11.75 min
BF k&t A Fof s |
s REnE mil =k iR HE REHN &S tahE (et
1 9. 230 1E0118 1E1E5 [ B2 078 B2 075
10,048 34963 3108 n 17922 17922
St 195081 158291 100. 000 100, 000

F
i:N
H

4b

* Chiralpak OD-H, 1% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254

nm; 8.6 min (R), 12.7 min (S).

(I ) Racemic standard:

mv Max Intensity : 270,014
FETEEAZS4nm Time Inten. S
200
1004
. g
< - T T ml T T a
80 85 80 95 100 105 1.0 15 12EI_ 125 13.0 135 min
5353 25 El mil =13 tRi HREE RERN #&Pns A=g ] [TELk]
1 8. BB 2755615 270347 | M 49997 49997
B 12,748 ZTE59E5 193452 | M 50. 003 50. 003
it 5571579 463799 100, 000 100, 000
(IT') Experimental result catalyzed by Pd-NPS: 50% e.e.
v Max Intenstty : 157,407
A 254am)| Time 8380 Inten 1039] .
150+
100 K|
50+ -
4
v b T T = T T T T T IM T = T e
85 9.0 95 100 105 1.0 n"s 120 125 13.0 138 min
g5 R il =E #Rid *E REF A LASE YN t&adE s
1 8.613 165T4ES 1SEESE | M 5075 5075
2 12.759 EE028T 4W0EET | M 24925 24925
2 ZZOTT3E 137345 100. 000 100, 000
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* Chiralpak OD-H, 1% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254

nm; 8.6 min (R), 10.5 min (S).

(I ) Racemic standard:

mv Max Intensity : 791,439
750 REMEEA 2540m| Time: Inten -
5004
250+ -
. 4
T T T T T T T T = T T T T T T a
10 20 30 40 50 60 70 80 90 10.0 1.0 120 13.0 min
#s | mEHB win EE 2 wE wESE | tAPDE | kavs wis
1 §. 696 S495226 T91164 ] 49. T46 49. T46
2 10. 564 582005 BTE941 ] 50, 254 50, 254
it 17077230 1470105 100, 000 100. 000
(II') Experimental result catalyzed by Pd-NPS: 47% e.e.
my Max Intensity : 823,406
ﬂﬁi gAZEdnm Time 0.314 Infen. -0.343 .
750+
5004
250 A
4
L] 10 20 30 40 50 60 70 80 90 100 "o 12.0 13.0 min
B | menE i = 2 R wESE | kap0s | kahs wis
1 5.6T4 9441007 G223zt ] T3. 295 T3. 295
2 10,567 34397TT 293556 ] 26. 705 26. 705
it 12860783 1116213 100. 000 100. 000

H 4d

* Chiralpak OJ-H, 1% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254 nm;

18.1 min (S), 23.1 min (R).

(1) Racemic standard:

my

Max Intensity : 1,672,075

ﬁ; EEA 754nm|

1500+
1000+

500+

Time 0.755  Int:

Inten.

BT .

o
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S R E il =k i REE FESL | kehos | HadE mils
1 16. 546 59045711 1B80E52 45, 62 45, 582
B 23,379 61747385 1115548 51,118 S1.118
St 120753100 2736200 100. 000 100. 000

Max I

ntensity : 3,115

Timep 3646 Inten.

-B624 .

o

A
"\I T
225 25.0 min
IS RERE mil =B iric RE R *ahns AL [IEUE]
1 18 142 110705 5ETO 24,773 24773
B 23133 33164 12625 5. 227 5. 227
it 445569 18238 100, 000 100, 000

O

L,
H

de

* Chiralpak OD-H, 10% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254
nm; 8.3 min (S), 12.2 min (R).

(I ) Racemic standard:

mv Max Intensity - 317,483
300 FEIMEEA254nm) Time: Inten. -
200 o
100 =

o i & %
T T T T T T T = T T T T T T T T T e
(] - 10 20 30 40 50 60 70 80 S0 10.0 1.0 12.0 13.0 14.0 150 min
s Famliel il =5 iFic *E KRR &Phns & il
1 T.867 3936397 3355818 50. 005 50. 005
2 11,864 3935554 228057 49,955 49,995
St TaT1E51 56375 100. 000 100. 000
(II') Experimental result catalyzed by Pd-NPS: 48% e.e.
my Max Intensity : 225,206
Ej gAZEMm Time: Inten -
200
150+ @
1004
504 4
&
oo 10 20 30 40 50 80 70 a0 90 100 1.0 120 130 140 150 min
IS R mil =E A REE REEL &S A5 1E Eils
1 8,311 1335245 121904 25. 982 25, 982
B 12,227 3803537 223921 T4.018 T4.018
it 5139182 345825 100, 000 100, 000
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* Chiralpak OD-H, 20% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254
nm; 7.0 min (S), 9.0 min (R).

(1) Racemic standard:

my Max Intenstty : 610,295
S MEEA 2840m Time Inten. S

500+

250+

e

o] L = v
12 20 30 40 0 20 70 20 90 10.0 110 120 13.0 min

gs frEnE il =k [ RE FEHR taPns et il
1 T.045 B24TT31 B20222 n 49,922 49,922
2 9.007 B2ET1ES 473807 n 50,073 50.075
SiF 12514586 1054023 100, oo 100, 000

(II') Experimental result catalyzed by Pd-NPS: 54% e.e.

my Max Intensity : 86613

PN Time| 1802 Mnten. EX: 0T
o
50-
2 -
21
o T L §|
0.0 10 2o 30 40 50 20 70 20 90 10.0 110 120 130 mn
Igs HFEriE mil =1 A REE HEBN #EHnsS tahE [TLE]
1 T.052 343258 35399 ] 23.027 23,027
2 9. 036 1147413 57530 ] TE. 973 TE. 973
it 1490671 122929 100. 000 100. 000

C
L,

H 4g

* Chiralpak OD-H, 5% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254
nm; 8.4 min (S), 10.8 min (R).

(1) Racemic standard:

Max Intensity - 71,647

my
JETEEA 252nm) Time: Inten. -
50+
25+
g
. T T T T T T T T T = T T T T T =l
0.0 10 20 30 40 50 60 70 80 90 100 1.0 12.0 13.0 140 min
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IS e [l =5 trig RE #E¥y | kaPosS | kEhéE [k
1 & 148 80157 TS | M 43785 43,785
z 10,562 EE S L 50.215 50,215
it 1767525 131976 100, 000 100. 000
(II') Experimental result catalyzed by Pd-NPS: 55% e.e.
m Wax Intensity : 229,758
A 254nm Time 0479 Inten -0660] .
200
150 m
100
50 x
4
o =
0o 10 20 30 40 50 60 70 80 90 100 110 12.0 130 140 min
IS e e il =E L RE wEPN | kadnsS | kEbéE mils
1 & 440 a77141 I 7752 52 752
B 10811 37636 28636 | M 7. 248 7. 248
it 4294777 317806 100, 000 100. 000

O
L

4h

* Chiralpak OD-H, 5% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254
nm; 9.9 min (S), 13.5 min (R).

(I ) Racemic standard:

Wax Intensity : 277,739

my
A 254nm Time: Inten. -
200
@
100- |
&l
¢ g 2 [=]
BIEI 9‘[I 1[i[l 11‘[I 12‘!] 13:[I ‘H‘EI 1E:EI Wéﬂ 17'!] 1SI[I Ir’nln
[ Ly
g5 REmiE mil =153 1o ®E RS *&PIS *EdE [TERE]
1 9,914 3625271 ZTOE3Z | M 50,076 50,076
B 13.522 3614257 01075 | MW 49,924 49,924
Hit 7239529 430707 100,000 100, 000
(II') Experimental result catalyzed by Pd-NPS: 53% e.e.
my _ Wax Intensity - 1,668,363
400 A 254nm Time: Inten it
300 a
200
100 =
&
b . = £ - =
&IS Q‘EI 9'5 1[=[I 1[:5 ‘HIEI 11‘5 12‘EI 12‘5 ﬂii[l 15{5 14I[I 14'5 15I[I 15'»5 1éﬂ 1é5 17‘[I 17‘5 min
. e
c e e re—
IS e B mEil = #Fic RE REEH R #eihns iA=5 k=] [T HE]
1 9,912 2421862 192888 | M 23,342 23. 342
B 13,500 T95I502 430475 | M T6. 558 76. B58
2it 10375364 BZ3363 100. 000 100, 000
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* Chiralpak OD-H, 1% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254
nm; 11.1 min (R), 12.4 min (S).

(1) Racemic standard:

Max Intensity : 133,271

my
FEAIEE A 254nm| Time Inten. o

1004

[
&
0] 0]

0 o A
10 2o 30 40 50 50 70 a0 30 10.0 1o 120 130 140 min
Igs fEniE il = far RE KRB #E&PsS & iy
1 11.545 2020771 135261 ] 49. 934 49. 934
2 12,516 2026120 121924 ] S0. 066 50. 066
it 4046590 260185 100. 000 100. 000

(II') Experimental result catalyzed by Pd-NPS: 55% e.e.

my Max Intensity : 48,724
A 254nm| Time: Inten. -

ke
iDi®

0.0 1.0 20 3.0 4.0 5.0 €0 7.0 2.0 9.0 10.0 1.0 12.0 13.0 140  min
7 R
(357 REH Bl il =k iric RE RESEH #Eains lA=gk Eils

1 11.131 TTOB1G EZH L 7. 282 TT. 282

B 12, 407 226535 14765 | M 22718 22118

2it 397154 53011 100, 000 100, 000

H 4j

* Chiralpak OD-H, 1% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254
nm; 10.9 min (R), 12.0 min (S).

(1) Racemic standard:

Max Intensity : 200,560

my
200-FETIEEA 254nm] Time Tnten -

1504

1004

2
N
o

T T
10 20 30 40 50 60 70 80 90 10.0 1.0 12.0 130 140 150 16.0 170 18.0 19.0 200 min



g R mil =1 A REE RE R ains AL mEils
1 11. 081 037563 BE L 50 309 50, 309
B 12181 3000231 192089 | M 43,891 49,681
it 8037794 405167 100,000 100. 000

(II') Experimental result catalyzed by Pd-NPS: 53% e.e.

my Max Intensity : 586,090
fSIEEA 25 4nm| Time: Inten. -

500+

250+

o

1.0 2.0 30 40 5.0 6.0 707 a0 9.0 10.0 11.0 12.0 13!0 14.0 15.0 16.0 17.0 18.0 19‘0 20‘0 min
s frEntial [ =k 1FiG e B tEPns t&hE mils
1 10,949 BT41522 Soozat | M 6. 472 TE. 472
z 12,098 26EI513 180905 | M 73 525 73 525
Sif 11431035 70139 100, 000 100, 000

L,
H 4k

* Chiralpak OD-H, 1% i-PrOH/Hexane at 1.0 mL/min, enantiomeric excess determined at 254
nm; 13.1 min (R), 14.8 min (S).

(I ) Racemic standard:

mv Max Intensity - 417,716
300 A 254nm| Time _10.125 _ Inten. 3813
200 m
100 L

ez
U i | ] r
100 105 110 15 120 125 130 135 140 145 150 155 16.0 min
IS il il =1 tFic RE L #Eahns lA=g ik ik
1 13,121 1957555 115214 ] 50. 778 50. 778
2 15.619 1597544 89509 1] 49, 222 49, 222
2it 3355099 204722 100. 000 100. 000

(II') Experimental result catalyzed by Pd-NPS: 54% e.e.

my Wax Intensity : 85,651

JEAEE A TS 4nm) Time Inten. -

150+

1004 |

)
L
o]z

100 105 1.0 M5 120 125 130 135 14.0 - 145 150 155 min
IgS HErE il =1 iFic REE REEL &S Ak s
1 13. 172 1390095 EEIL TE. 736 TE. T35
B 14.852 471428 L 3. 254 23. 754
it 1811524 102359 100,000 100. 000
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* Chiralpak OD-H, 16.7% i-PrOH/Hexane(1/5) at 1.0 mL/min, enantiomeric excess determined at
254 nm; 9.8 min (R), 15.1 min (S).

(I ) Racemic standard:

my Max Intensity : 2 449 047
FETEEA 252nm] Time 0.734 | Inten. 4585 .
2000~
1000+
g
T T T T T T T T T ne T T T T T La T T T a
10 20 30 40 50 60 70 80 S0 1I]_l] 1.0 120 13.0 140 150 16.0 17.0 180 19.0 min
L] ]
25 | e wi EE i R ®EBERG | kSPDE | ko )
1 9.831 32965595 2440876 ] 49. 295 49. 295
2 14,961 3308626 135TSTE ] 50. 705 50,705
Hit BEET4521 3795447 100. 000 100,000
(II') Experimental result catalyzed by Pd-NPS: 31% e.e.
mv Max Intensity : 1,137,394
Eﬁ EA 254nm| Time 0244 Inten 3489 .
1000+
500
. A g
T T T T T T T T T + T T T T N\I T T T T e
1.0 20 3.0 740 5.0 6.0 70 20 9.0 100 11.0 120 12.0 14.0 15.0 16.0 17.0 18.0 19.0 min
« L3
BS | moana i EE i RE ®EBR | aBDE | kanhs wils
1 9.841 14452486 1132681 0 85.529 BE. 529
15. 193 TB1GE43 ITTTTO 0 34,471 34. 471
it ZZ1007Z8 1510451 100. 000 100. 000

H 4m
* Chiralpak OD-H, 20% i-PrOH/Hexane(20/80) at 1.0 mL/min, enantiomeric excess determined
at 254 nm; 8.0 min (R), 13.6 min (S).

(1) Racemic standard:

i Max Intensity : 1,971,780
Qnuﬂ_mi\zfﬂﬂm Time Inten o
15004
10004

5004 =
&
: : : : : : e . : : — : . : =
1.0 20 - 3.0 4.0 EX] 8.0 7.0 20 9.0 10.0 "o 12.0 13.0 14.0 15.0 16.0 17.0 min
IS REE i i} =E Rt RE FESN | kadns | kahéE s |
1 §. 048 21915999 1961416 ] 50. 355 50. 355
2 13,377 21610002 1083741 ] 49. 6845 49,645
it 43529002 3045156 100. 000 100. 000
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(II') Experimental result catalyzed by Pd-NPS: 32% e.e.

my Max Intensity : 284,773
HEIEEA 254nm) Time 0881 Inten 10602

200+

1004

=
e
._>L>
o

gs e il =k R HE EEBL #aPnsS #Eata [ T4k
1 5. 094 2544551 ZTELTT | M 65 132 65, 132
B 13.610 1483098 88411 [ 34268 34,268
it 4327978 361585 100. 000 100. 000

H 4n
* Chiralpak OD-H, 16.7% i-PrOH/Hexane(1/5) at 1.0 mL/min, enantiomeric excess determined at
254 nm; 8.5 min (R), 15.1 min (S).

(I ) Racemic standard:

my WaX INENSIY : 529 U352
snﬂ_ﬁj EEA Z54nm

Time: Inten -

250+

=
ol

7.
00 75 B 7s 10.0 125 120 175 200 225 min
IgS FEmiE [ =k iFiC HE HEBN tE&Pns #&aheE (et

1 T. 978 5300718 532801 L] 50. 9158 50.918

2 16. 431 5109499 240453 L] 49,082 49,082

Sit 10410217 TT3254 100, aan 100, 000

(IT') Experimental result catalyzed by Pd-NPS: 35% e.e.

my Wax Intensity : 194,944
200-fFETNEE A Z54nm) Time -~ 3:458 - Inten 34978

100+

I S W A
00 25 50 75 10.0 125 15.0 175 200 225 min
g e mil =k A REE REFH Eains A5 L] mEils
1 & 583 2386432 737146 | M 67323 67 323
B 17956 1159314 SIETS | M 32677 32677
it 3547746 283821 100,000 100. 000
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* Chiralpak OD-H, 16.7% i-PrOH/Hexane(1/5) at 1.0 ml/min, enantiomeric excess determined at
254 nm; 9.8 min (R), 15.1 min (S).

(1) Racemic standard:

v
A00—FETEE A PEanm]

maA nnEsLy . 193,08y

Time inten
300

200

T 1 S

a
1.0 20 30 4.0 5.0 - 6.0 70 8.0 9.0 100 11.0 12.0 12.0 140 15.0 16.0 17.0 186.0 18.0 min
g5 RN [T} =k i REE RER &S A5 YL mEils
1 9. 398 2065447 178554 | W E0.551 E0.551
B 15945 2023373 GE5ZT | M 49,449 49449
2it 4091826 277080 100, 000 100. 000
(II') Experimental result catalyzed by Pd-NPS: 22% e.e.
mv Max Intensty © 1,386,359
RS TEE A 254nm) Time 9.611. Inten. 13.016] »
1000+

500+

A 4
T T T T T T T T ml T T T T T T e T T T T a
1.0 - 20 30 40 50 6.0 7.0 80 9.0 10.0 1.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 min
= S il =1 $Fi RE REY R #*EaPhns taPhE mins
1 9,175 18824093 1380910 n B1. 120 B1. 120
2 15. B0& 11974505 571580 M 358. 5830 358. 5830
=it 30798598 1052489 100, 000 100, 000
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