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1. General information

All reactions requiring anhydrous conditions were carried out under argon atmosphere using
oven-dried glassware (120 <C), which was cooled under argon. All solvents were purified and
dried by standard techniques, and distilled prior to use. All reactions under standard conditions
were monitored by thin-layer chromatography (TLC) on gel Fzs4 plates. Silica gel (200 - 300
mesh) and petroleum ether (b.p. 60 - 90 <C), ethyl acetate are used for product purification by
flash column chromatography. *H NMR and **C NMR spectra in CDCIz were acquired on a
Bruker AM-400 MHz spectrometer. Chemical shifts (8) are reported in ppm relative to residual
solvent signals (CDCls: 7.26 ppm for *H NMR, 77.0 ppm for 3C NMR. The following
abbreviations are used to indicate the multiplicity in NMR spectra: s, singlet; d, doublet; t,
triplet; m, multiplet. High-resolution mass spectral analysis (HRMS) data were determined on
an APEXII 47e FT-ICR spectrometer (mass analyzer type: TOF) by means of the ESI technique.
Enantioselectivities were recorded on Agilent HPLC or Waters HPLC using CHIRALPAK
columns. Optical rotations were detected on RUDOLPH A21202-J APTV/GW. Melting points
were recorded on a melting point apparatus and uncorrected. When the liquid volume is greater
than 100 pl, we use a syringe to measure the volume; when the liquid volume is 10-100 pl, we
use pipette (range from 10-100 pl) to measure the volume; when the liquid volume is 0-10 pl,
we use pipette (range from 0.0-10.0 ul) to measure the volume.

2. Tables for the optimization of reaction conditions

Table S-1 Optimization of the reaction conditions.?

HO
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Entry Ligand Solvent Lewis acid Yield® (%) Ee¢ (%)

1 L7 DCM CuBr, 92 11
2 L7 DCM Cu(Cl0O4),-6H,0 92 7
3¢ L1  MTBE/THF Cu(OTf), 86 49
49 L2  MTBE/THF Cu(OTf), 78 40
5 L3  MTBE/THF Cu(OT1), 79 17
6 L4  MTBE/THF Cu(OT1), 90 86
7¢ L6 MTBE/THF Cu(OTf), 85 35
8¢ L8 MTBE/THF Cu(OTf), 86 88
9° L7  MTBE/THF Cu(OT1), 87 88
10f L7 MTBE/THF Cu(OTf), 85 87
118 none MTBE/THF Cu(OT1), 49 0

aUnless otherwise noted, the reactions were conducted with 1a (0.1 mmol), 2a (0.1 mmol), Lewis acid (10 mol%)
and Ligand (12 mol%) in 1 mL solvent at -80 <C under Ar for 6 h; PIsolated yield; The ee was determined by chiral
HPLC; 9THF (20 uL), H20 (0.2 mmol) and MeSO2NH2 (5 mol%) were added; °THF (20 pL), H20 (0.2 mmol) and
MeSO2NH: (10 mol%) were added; TTHF (20 uL), H20 (0.2 mmol) and MeSO2NH2 (20 mol%) were added. STHF
(20 uL), H20 (0.2 mmol), MeSO2NH: (5 mol%) were added and without the addition of L7.

During screening the optimal reaction conditions, two other copper salts were also examined.
As shown in Table S-1, either CuBr; or Cu(ClO4), 6H,0 gave the lower ee than Cu(OTf), using
L7 as ligand (entries 1-2). In addition, after we found the enantioselectivity was obviously
increased using MTBE/THF/H20O as the co-solvent, the aforementioned ligands except the
optimal ligand L7 were also performed in the co-solvent system. It was found that the
enantioselectivity was all higher than the use of DCM as the solvent (entries 3-8). These results
again indicated that the strongly competing background reaction mediated by Cu(OTf), was
suppressed using MTBE/THF/H,O as the co-solvent. The loading of MeSO;NH; was also
tested in detail. However, no better result was obtained (entries 9-10). In addition, repeating the
reaction using only Cu(OTf), (10 mol%) without L7 gave lower yield 49% and recovered
indole 1a (6.8 mg, 41% indole 1a was recovered) which indicated that racemic background

process was partly suppressed.
3. The preparation of substrates and catalysts

3.1 The substrates of indoles.

N N i N N

H Me N 'Pr H MeO th

1a 1b 1c 1d

N N N N

cl H H H Me H
Me

1e i 1g 1h

N
H

1i 1j

N—Aad mm
N N
H Me H

1k

Figure S1. Full list of indoles
S3



The substrates 1al, 1b*, 1d? 1e® 1f* 1g}, 1h?, 1i® and 1j° were prepared according to the

reported literature procedure. Analytical data (*H NMR) matches with the literature.

General procedure A for the preparation of indole 1c:

o)
/@\/ . )J\’< 1) EtzN, THF, 0 °C, 1 h [ :[ \> <
. cl
j N
Pr NH, N

2) n-BuLi, THF,0°C,6h 'Pr

S1-1c S1-2¢ 1c
Preparation of 1c: Under argon atmosphere, 5-isopropyl-2-methylaniline® S1-1c (1.49 g, 10.0

mmol) was dissolved in dry THF (100 mL) at 0 <C, EtzN (2.1 mL, 15 mmol, 1.5 equiv) was
added, then trimethylacetyl chloride S1-2c (1.2 mL, 12 mmol, 1.2 equiv) was slowly added.
The mixture was stirred at room temperature for 1 h and diluted with ethyl acetate. The organic
layer was washed with brine and dried with anhydrous Na,SO. and evaporated under reduced
pressure. The crude product was dissolved in anhydrous THF (100 mL) at 0 <C, n-BuLi (12.0
mL, 2.5 M in hexane, 30.0 mmol, 3 equiv) was added dropwise under nitrogen atmosphere.
The mixture was stirred at 0 <C for 1 h and another 5 h at room temperature. The mixture was
diluted with ethyl acetate (20 mL) and quenched with saturated ag. NH4ClI (20 mL). The organic
layer was separated, washed with brine, dried with anhydrous Na,SO, and evaporated under
reduced pressure. The crude product was purified by flash column chromatography using ethyl

acetate/hexane to give the title compound 1c (1.12g, 52% yield).

O
iPr N

1c

2-(tert-butyl)-6-isopropyl-1H-indole (1c)

1c was obtained in 52% yield (1.12 g) as a white solid (silica gel flash chromatography:
petroleum ether:EtOAc = 20:1), m.p. 57-58 <C; R¢ = 0.58 (petroleum ether:EtOAc = 4:1); 'H
NMR (400 MHz, CDCls) & 7.85 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.17 (s, 1H), 6.96 (d, J = 8.0
Hz, 1H), 6.19 — 6.20 (m, 1H), 2.95 — 3.02 (m, 1H), 1.37 (s, 9H), 1.30 (d, J = 1.3 Hz, 3H), 1.28
(d, J = 1.3 Hz, 3H); *C NMR (100 MHz, CDCls) & 148.3, 142.4, 136.1, 126.7, 119.7, 119.0,
107.6, 96.7, 34.4, 31.8, 30.3, 24.6; HRMS (ESI) Calcd for C15H2,N* [M+H]": 216.1747; Found:
216.1751.

JONSE
Me ”

1k

5S4



2-(adamantan-1-yl)-6-methyl-1H-indole (1k)

1k was synthesized similar to the procedure A using 2,5-dimethylaniline (1.21g, 10.0 mmol)
and adamantane-1-carbonyl chloride (2.38g, 12.0 mmol), 1k was obtained in 47% vyield (1.24
g) as a white solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1), m.p. 143-
145 <C; Ry = 0.53 (petroleum ether:EtOAc = 4:1); 'H NMR (400 MHz, CDCls) § 7.85 (s, 1H),
7.42 (d, J = 8.0 Hz, 1H), 7.10 (s, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.16 (d, J = 2.1 Hz, 1H), 2.44
(s, 3H), 2.10 (s, 3H), 1.97 (d, J = 2.8 Hz, 6H), 1.75 — 1.83 (m, 6H); ¥3C NMR (100 MHz,
CDCls) 6 148.6, 135.9, 130.7, 126.2, 121.2, 119.6, 110.5, 96.0, 42.6, 36.8, 33.7, 28.5, 21.7;
HRMS (ESI) Calcd for CigH2sN*™ [M+H]": 266.1903; Found: 266.1906.

3.2 General procedure for quinone derivatives.

R ) ) R )
¢/002Me ¢/002Et ¢/C02’Bu ¢/002R ¢/COZ’Pr

o) o) o) 0 o)

2a 2b 2c 2d 2e

R=Cyclopropylmethyl
(0] o [e]
i .CO,Bn l #l .CO,Me l *l _CO,Ph
(e} o o
2f 2g 2h

Figure S2. Full list of quinone derivatives

The substrates 2a’, 2b’, 2¢8, 2d®, 2e’, 2f 7, 2g° and 2h*® were prepared according to the

reported literature procedure. Analytical data (*H NMR) matches with the literature.

3.3 General procedure for ligands.

N\‘. N\\ N\‘ NC
H H H H
N}/j ”}/j N)/j N)/go
ipr By Bn

L1

L2 L3
N N N’ N N
H H H H Boc

N;J) N)//ﬁ N)Qo N)/J’ N)/j
Ph Ph Ar Ar Ph

Ar = Mesitylene  Ar = 4-'Bu-2,6-dimethyl-Ph
L5 L6 L7 L8 L9

Ph
L4

Figure S3. Full list of ligands

The ligands L1, L2, L4 and L9 are known compounds and the analytical data (*H NMR)
matches with the literature’’. The Ligands L3, L5, L6, L7 and L8 were prepared according to

the literature® (Scheme S-1).
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Pd,(dba)z (5 mol%)
LiIHMDS (1.3 equiv) PPh; (10 mol%)
N PhNTf; (1.1 equiv) N LiCl (3 equiv) N
N~ R eoe N N = el
,-80° Boc 2 .
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oTf 5 OH (1.5 equiv), CO (5 atm), THF, 60 °C N"
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T s Boc —— > H
DCM, 0 °C Ne) DCM, r.t. N7 O
B Bn}J
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Scheme S-1

Preparation of L3:

S2-L.3: Under argon atmosphere, S1-L.3 (0.48 g, 2.0 mmol, 1 equiv) was dissolved in dry THF
(20 mL) at room temperature (rt) and then cooled to -78 <C, LIHMDS (3.0 mL, 1 M in THF,
3.0 mmol, 1.5 equiv) was subsequently added dropwise. The resulted solution was stirred at rt
for 30 min, after which the system was cooled to -78 <C, PhNTf, (0.86 g, 2.4 mmol, 1.2 equiv)
was added portionwise and the reaction mixture was stirred at rt for additional 3 h. The reaction
mixture was quenched with saturated NH4CI (aqueous), filtered through celite and concentrated
under vacuum to give crude product S2-L3 for next step without purification.

S4-L.3: S2-L.3 (2.0 mmol, 1 equiv), Pdz(dba); (91.7 mg, 0.100 mmol, 0.05 equiv), PPh; (52.4
mg, 0.200 mmol, 0.1 equiv), LiCl (0.25 g, 6.0 mmol, 3 equiv) and (R)-2-amino-3-
phenylpropan-1-ol (0.45 g, 3.0 mmol, 1.5 equiv) were mixed together in dry THF (20 mL), and
stirred under CO (5 atm) atmosphere at 60 <C for 10 h, filtered through celite and concentrated
under vacuum to give crude product. Then the crude product was dissolved in dry DCM (20
mL), EtsN (1.4 mL, 10 mmol, 5 equiv), MsCl (0.5 mL, 6 mmol, 3 equiv) were added
successively. After 5 h, the reaction mixture was quenched with saturated NH.1Cl (aqueous),
filtered through celite, concentrated under vacuum to give the crude product S4-L3.

L3: TFA (0.7 mL, 1*10* mmol, 5 equiv) was added to the crude product S4-L3 in dry DCM
(25 mL) and stirred for 5 h. The reaction mixture was concentrated under vacuum and then
diluted with DCM, neutralized with NaHCO3, washed with saturated NaCl aqueous solution,
dried with anhydrous MgSO., and chromatographied (DCM:MeOH= 30:1 as eluent) to give L3
(0.36 g, 64% yield).
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(R)-4-benzyl-2-((S)-1-azaspiro[4.4]non-6-en-6-yl)-4,5-dihydrooxazole (L3)

The total yield of ligand L3 is 64% (0.36 g), yellow oil (silica gel flash chromatography:
DCM:MeOH = 30:1). Rf = 0.64 (DCM:MeOH = 4:1); *H NMR (400 MHz, CDCls) § 7.27 —
7.31 (m, 2H), 7.17 — 7.24 (m, 3H), 6.59 (t, J = 2.7 Hz, 1H), 6.08 (s, 1H), 4.40 — 4.48 (m, 1H),
4.16 —4.21 (m, 1H), 3.94 - 3.98 (m, 1H), 3.13 - 3.18 (m, 1H), 3.02 — 3.08 (m, 1H), 2.94 — 2.99
(m, 1H), 2.69 — 2.74 (m, 1H), 2.53 — 2.58 (m, 1H), 2.36 — 2.45 (m, 1H), 2.24 — 2.29 (m, 1H),
1.88 —2.09 (m, 4H), 1.73 — 1.78 (m, 1H); *C NMR (100 MHz, CDCl3) 5 160.2, 142.0, 137.8,
133.1, 129.3, 128.4, 126.5, 75.4, 70.6, 67.4, 46.0, 41.8, 38.4, 35.6, 30.2, 25.2; HRMS (ESI)
Calcd for C1gH23N20" [M+H]": 283.1805; Found: 283.1805; [a]*®o = +20 (¢ = 1.0,

CHCls).

s

Ph

LS

(R)-4-phenyl-2-((R)-1-azaspiro[4.4]non-6-en-6-yl)-4,5-dihydrooxazole (L5)

L5 was synthesized under the similar procedure from L3 using (R)-tert-butyl 6-oxo-1-
azaspiro[4.4]nonane-1-carboxylate (0.48 g, 2.0 mmol) and (R)-2-amino-2-phenylethanol (0.41
g, 3.0 mmol). The total yield of ligand L5 is 65% (0.35 g), brown oil (silica gel flash
chromatography: DCM:MeOH = 30:1). R; = 0.65 (DCM:MeOH = 4:1); 'H NMR (400 MHz,
CDCl3) 6 7.34 — 7.37 (m, 2H), 7.29 — 7.31 (m, 1H), 7.21 — 7.23 (m, 2H), 6.77 (t, J = 2.6 Hz,
1H), 6.58 (s, 1H), 5.22 — 5.27 (m, 1H), 4.61 — 4.66 (m, 1H), 4.03 — 4.07 (m, 1H), 3.18 — 3.26
(m, 2H), 2.62 — 2.71 (m, 1H), 2.44 — 2.52 (m, 2H), 1.95 — 2.09 (m, 4H), 1.81 — 1.86 (m, 1H);
13C NMR (100 MHz, CDCls) & 161.3, 143.5, 141.5, 131.8, 128.9, 127.8, 126.7, 76.0, 73.9,
69.9, 45.7, 37.3, 35.4, 30.4, 24.6; HRMS (ESI) Calcd for Ci7H21N.O" [M+H]": 269.1648;
Found: 269.1655; [a]® = +32 (c = 1.0, CHCl5).

(R)-5,5-dimethyl-4-phenyl-2-((S)-1-azaspiro[4.4]non-6-en-6-yl)-4,5 dihydrooxazole (L6)
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L6 was synthesized under the similar procedure from L3 using S1-L.3 (0.48 g, 2.0 mmol) and
(R)-1-amino-2-methyl-1-phenylpropan-2-ol (0.50 g, 3.0 mmol). The total yield of ligand L6 is
35% (0.21 g), brown oail (silica gel flash chromatography: DCM:MeOH = 30:1). Rt = 0.60
(DCM:MeOH = 4:1); *H NMR (400 MHz, CDCls) & 8.64 (s, 1H), 7.25 — 7.34 (m, 5H), 6.92
(s, 1H), 3.42 — 3.46 (m, 1H), 3.23 — 3.28 (m, 1H), 2.64 — 2.75 (m, 2H), 2.43 — 2.50 (m, 1H),
2.01 — 2.12 (m, 5H), 1.88 — 1.92 (m, 1H), 1.82 (s, 3H), 1.81 (s, 3H); *C NMR (100 MHz,
CDCl3) 6 163.7, 143.1, 138.1, 130.4, 129.0, 128.1, 127.4, 45.9, 35.9, 35.6, 30.3, 23.8, 21.7,
21.0, 20.9; HRMS (ESI) Calcd for Ci9H2sN,0* [M+H]": 297.1961; Found: 297.1967; []®p =
-86 (c = 0.5, CHCl5).

Iz,

(R)-4-mesityl-2-((S)-1-azaspiro[4.4]non-6-en-6-y1)-4,5-dihydrooxazole (L7)

L7 was synthesized under the similar procedure from L3 using S1-L.3 (0.48 g, 2.0 mmol) and
(R)-2-amino-2-mesitylethanol (0.54 g, 3.0 mmol). The total yield of ligand L7 is 42% (0.26 g),
brown oil (silica gel flash chromatography: DCM:MeOH = 25:1). R = 0.62 (DCM:MeOH =
4:1); 'H NMR (400 MHz, CDCls) § 6.86 (s, 2H), 6.75 (s, 1H), 5.69 (t, J = 10.8 Hz, 1H), 4.56
—4.60 (m, 1H), 4.06 — 4.11 (m, 1H), 3.20 — 3.24 (m, 2H), 2.63 — 2.70 (m, 1H), 2.48 — 2.52 (m,
2H), 2.27 (s, 6H), 2.26 (s, 3H), 1.93 — 2.01 (m, 4H), 1.83 — 1.87 (m, 1H); *C NMR (100 MHz,
CDCls) 8 160.6, 143.2, 137.4, 137.0, 132.9, 131.5, 130.4, 76.0, 70.8, 65.9, 45.2, 36.9, 35.3,
30.3, 24.2, 20.8, 20.4; HRMS (ESI) Calcd for CyH27N.O" [M+H]": 311.2118; Found:
311.2118; [a]*°p = +45 (¢ = 1.0, CHCI5).

Iz,

L8

S8



(R)-4-(4-(tert-butyl)-2,6-dimethylphenyl)-2-((S)-1-azaspiro[4.4]non-6-en-6-yl)-4,5-
dihydrooxazole (L8)

L8 was synthesized under the similar procedure from L3 using S1-L.3 (0.48 g, 2.0 mmol) and
(R)-2-amino-2-(4-(tert-butyl)-2,6-dimethylphenyl)ethanol (0.66 g, 3.0 mmol). The total yield
of ligand L8 is 38% (0.27 g), brown oil (silica gel flash chromatography: DCM:MeOH = 25:1).
Ri=0.61 (DCM:MeOH = 4:1);'H NMR (400 MHz, CDCl3) 8 7.04 (s, 2H), 6.83 (t, J = 2.7 Hz,
1H), 5.72 (t, J = 10.8 Hz, 1H), 4.60 — 4.65 (m, 1H), 4.14 — 4.20 (m, 1H), 3.50 — 3.53 (m, 1H),
3.32 - 3.37 (m, 1H), 2.86 — 2.92 (m, 1H), 2.74 — 2.83 (m, 1H), 2.53 — 2.60 (m, 1H), 2.30 (s,
6H), 2.06 — 2.15 (m, 4H), 1.95 — 1.99 (m, 1H), 1.30 (s, 9H); **C NMR (100 MHz, CDCls) &
160.7, 150.7, 144.7, 136.6, 132.5, 129.0, 126.7, 71.3, 65.5, 53.4, 44.3, 35.0, 34.8, 34.2, 31.2,
30.5, 23.1, 20.7; HRMS (ESI) Calcd for C23HssN20" [M+H]": 353.2587; Found:
353.2594; [a]?°> = +15 (¢ = 1.0, CHCI5).

3.4 General procedure for Amino alcohol.

NH, NH, NH,

. N _oH on N _oH on /'><OH

Si3 S5 Si6
NH; NH,
/@i\/OH >(©§/OH
Sy Sis

Figure S4. Full list of amino alcohol

2 and S.7® are known

The amino alcohol S 3 and Sis are commercially available, Sis
compounds and the analytical data (*H NMR) matches with the literature. The amino alcohol

Sis was prepared according to the literature'* (Scheme S-2).

oH ii 0]
i. (DHQ),PHAL ~OoH L
o K,0s0,4+2H,0 MeO~ “OMe

K2C03 , K3Fe(CN)6 NaOH

S1-L8 S2-L8 S3-L8
NH,
iii. NaN3, H,O OH
iv.  LiAlH4
Sis
Scheme S-2
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SLgis a new compound, we prepare it by known procedure'* without modification. Scheme S-
2 is a repeated procedure, characterizations of SLgare shown below.

HoN  OH

(R)-2-amino-2-(4-(tert-butyl)-2,6-dimethylphenyl)ethanol (Sis)

Siswas prepared using S1-L.8% (1.84 g, 10.0 mmol), we get S as a white solid (1.65 g, 75%
yield). (silica gel flash chromatography: DCM:MeOH = 40:1). Rf = 0.34 (DCM:MeOH = 8:1),
m.p. 167-168 <T; *H NMR (400 MHz, CDCls) § 7.01 (s, 2H), 4.44 — 4.47 (m, 1H), 3.79 — 3.84
(m, 1H), 3.60 — 3.64 (m, 1H), 2.43 (s, 6H), 2.18 (s, 3H), 1.28 (s, 9H); **C NMR (100 MHz,
CDCls) 6 149.7, 135.9, 135.2, 126.6, 64.7, 54.0, 34.1, 31.3, 21.6; HRMS (ESI) Calcd for
C14H24NO™ [M+H]": 222.1852; Found: 222.1853; Enantiomeric excess > 99% determined by
HPLC (Daicel CHIRALPAK OD-H, Hexane/Isopropanol 98/2, flow rate = 1.0 mL/min, A =
230 nm): major isomer: tg = 16.70 min; minor isomer: tr = 14.99 min; [a] ®p = -25 (c = 1.0,
CHCIy).

DAD1 D, Sig=230,4 Ref=0off (xcc\xcc-dierketi-2\39 rac xcc-128-0D-H-9802.D)

mAU S
160 o
140
120
100
80

.865

60
40
20

5 10 15 20 25 mi

Signal 3: DADl1 D, Sig=230,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
=== | ====]====== | === [ === | === |
1 14.992 BB 0.4875 5761.59229 174.37947 49.7379
2 17.865 BB 0.5689 5822.30469 150.65262 50.2621

Totals : 1.15839%e4 325.03208
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DAD1 D, Sig=230,4 Ref=off (xcc\xcc-dierketi-2\39 xcc-132-1-OD-H-9802.D)
mAU
1600
1400
1200
1000
800
600
400 | \

200 [\
' LN

T 16780

Signal 4: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
=== [ === === | === |======——— | === |
1 16.700 BB 0.5729 6.634%4ed4 1747.70813 100.0000

Totals : 6.6349%4ed4 1747.70813

4. General procedure for the asymmetric cross-coupling of indoles
with quinones and naphthoquinones

4.1 General procedure B for the asymmetric cross-coupling of indoles with quinones.

HO
o)
N R20,C Cu(OTf),, L7 R20,C OH
R R & H,0, MeSO,NH, N
/ -
N MTBE/THF,-80°C  R-f- ] M)—Re
o) N
1 2 3

General procedure B for the Product 3aa: In a Schlenk tube, L7 (3.7 mg, 0.012 mmol, 12
mol%) and THF (20 uL) were added under argon atmosphere at room temperature, dry MTBE
(1.0 mL) was subsequently added, with vigorously stirring, Cu(OTf) (3.6 mg, 0.010 mmol, 10
mol%), H.O (3.6 uL, 2 equiv), MeSO;NH; (0.5 mg, 0.005 mmol, 5 mol%) were added, then
the result solution was stirred at r.t. for 30 min. After which, the system was cooled to -80 T,
quinone 2a (16.6 mg, 0.100 mmol, 1 equiv) and indole 1a (17.3 mg, 0.100 mmol, 1 equiv) were
added and stirred at -80 <C for 6 h. After the reaction was complete (monitored by TLC), the
mixture was purified by flash column chromatography immediately on silica gel (petroleum
ether/EtOAC) to give the corresponding product 3aa (29.8 mg, 88% yield).

4.2 General procedure C for the asymmetric cross-coupling of indoles with
naphthoquinones.
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N R30,C Cu(OTf),, L7 3
R1®R 0, MeSONH, ROz
2 ” H> 2NF2

MTBE/THF -80 °C R1

-
N
w
»

General procedures C for the Product 3ag: In a Schlenk tube, L7 (3.7 mg, 0.012 mmol, 12
mol%) and THF (20 uL) were added under argon atmosphere at room temperature, dry MTBE
(2.0 mL) was subsequently added, with vigorously stirring, Cu(OTf), (3.6 mg, 0.010 mmol, 10
mol%), H20 (3.6 pL, 2 equiv), MeSO2NH; (0.5 mg, 0.005 mmol, 5 mol%) were added, the
result solution was stirred at room temperature for 30 min. After which, the system was cooled
to -80 <C, naphthoquinone 2g (21.6 mg, 0.100 mmol, 1 equiv) and indole 1a (17.3 mg, 0.100
mmol, 1 equiv) were added and stirred at -80 <C for 24 h, Then EtzN (0.5 mL) was added and
the mixture was stirred for another 2 h, the mixture was purified by flash column
chromatography immediately on silica gel (petroleum ether/EtOAC) to give the corresponding
product 3ag (27.0 mg, 69% vyield).

General procedures C for the Product 4jg: In a Schlenk tube, L7 (3.7 mg, 0.012 mmol, 12
mol%) and THF (20 uL) were added under argon atmosphere at room temperature, dry MTBE
(1.0 mL) was subsequently added, with vigorously stirring, Cu(OTf), (3.6 mg, 0.010 mmol, 10
mol%), H.O (3.6 uL, 2 equiv), MeSO,NH, (0.5 mg, 0.005 mmol, 5 mol%) were added, the
result solution was stirred at room temperature for 30 min. After which, the system was cooled
to -80 <C, naphthoquinone 2g (21.6 mg, 0.100 mmol, 1 equiv) and indole 1j (25.1 mg, 0.100
mmol, 1 equiv) were added and stirred at -80 <C for 24 h, Then Et;N (0.5 mL) was added and
the mixture was stirred for another 2 h, the solution was warm to room temperature under air
for 6 h and purified by flash column chromatography on silica gel (petroleum ether/EtOAC),
the reoxidation product 4jg (34.1 mg, 73% yield) was got.

5. 1 mmol-scale reaction of 3ba.

HO
MeOzC Cu(OTf),, L7 O
/m HyO, MeSONH, . MeO,C OH
N MTBE/THF, -80 °C
Ly
1b N
1 mmol 1 mmoI

Ina 25 mL flask, L7 (37.2 mg, 0.120 mmol, 12 mol%) and THF (0.2 mL) were added under

argon atmosphere at room temperature, dry MTBE (10.0 mL) was subsequently added, with
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vigorously stirring, Cu(OTf), (36.2 mg, 0.100 mmol, 10 mol%), H,O (36 uL, 2 equiv),
MeSO;NH> (4.8 mg, 0.050 mmol, 5 mol%) were added, the result solution was stirred at room
temperature for 30 min. After which, the system was cooled to -80 <C, quinone 2a (166.0 mg,
1.000 mmol, 1 equiv) and indole 1b (187.0 mg, 1.000 mmol, 1 equiv) were added and stirred
at -80 <C for 6 h, the mixture was purified by flash column chromatography immediately on
silica gel (petroleum ether:EtOAc = 20:1) to give the corresponding product 3ba (319.0 mg,
90% vyield), Rs = 0.53 (petroleum ether:EtOAc = 4:1); the enantiomeric excess was 90%
determined by HPLC (Daicel CHIRALPAK IA-3, Hexane/lsopropanol 80/20, flow rate = 1.0

mL/min, A =254 nm): major isomer: tr = 7.79 min; minor isomer: tr = 4.24 min.

Sample Name: xcc-3ba-rac Wave Length: 254 nm
Column:
4 N Peak Information:
o ﬁ % RetTime Area Area | Height
2 I } (min) (uV*s) %) | (1)
0. |
“‘ i 114.211 787768.584 |49.415|131136
000 "ﬁ ‘2 7.882 806429.115|50.585| 69788
0,60 1.‘00‘ 2&10I ' 3.{)0 ‘4“00 ‘ S.Dd B ‘6.00‘ ' IT.:)O o B“OO a Q.Dd ‘ ‘10,00
Sample Name: 3ba-1 mmol Wave Length: 254 nm
Column: 1A-3
i Peak Information:
o4 ;"3_. RetTime Area Area | Height
3 | (min) | (uV*s) %) | @)
<
020 8 1/4.236 289185.565 | 4.995 | 46314
b 2/7.788 | 5500825.527 | 95.005 | 492281
o —— e r— -
I]IDG 160 260 31‘30 IA:)OI ‘5‘00 EI‘I) 7‘00 8.00 9{)0 10.00

min

6. Characterization of reaction products

HO[

MeO,C OH

O \ tBU
N
H

3aa

(R)-methyl 2-(2-(tert-butyl)-1H-indol-3-yl)-3,6-dihydroxybenzoate (3aa)

According to the procedure B, 3aa was obtained in 88% yield (29.8 mg) and 90% ee as an

amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rt = 0.54

(petroleum ether:EtOACc = 4:1);*H NMR (400 MHz, CDCls) § 10.69 (s, 1H), 8.18 (s, 1H), 7.35

(d, J=8.1Hz, 1H), 7.15 - 7.19 (m, 2H), 7.01 — 7.04 (m, 3H), 4.92 (s, 1H), 3.31 (s, 3H), 1.26
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(s, 9H); °C NMR (100 MHz, CDCl3) 6 171.2, 156.1, 147.6, 143.7, 134.7,129.3, 122.1, 122.0,
121.4, 120.1, 118.6, 118.5, 113.1, 110.1, 104.2, 51.7, 33.3, 30.0; HRMS (ESI) Calcd for
C20H22NO4" [M+H]": 340.1543; Found: 340.1546; Enantiomeric excess was 90% determined
by HPLC (Daicel CHIRALPAK |A-3, Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, A =

254 nm): major isomer: tg = 6.53 min; minor isomer: tr = 4.18 min; [a]o®® = -58 (¢ = 1.0, CHCl5).

Sample Name: 3aa-rac Wave Length: 254nm
Column: 1A-3
0204 1 " Peak Information:
0151 § E RetTime Area Area | Height
hi | (min) (nV™s) (%) (uV)
2 010j I
| 1]4.294 1072397.971|49.107 | 195598
0.05]
2/6.633 1111383.123 | 50.893 | 124797
0.004 — B N B N
0 EIU‘ 1 i‘]) Q‘UB ‘ I3 i‘]EI ‘4 IUO ‘S‘DO‘ Ei‘)ﬂ 700 B‘DD 9.00 :\D 00
min
Sample Name: 3aa Wave Length: 254nm
Column: 1A-3
e ] Peak Information:
ﬁ RetTime Area Area | Height
010] il (min) (uV™s) (%) (V)

—_

4.180 77370.510| 5.072 | 13137
6.531 1448067.992 | 94,928 | 168733

(%]

S 4180

HO O
OH
Crp»
Me H
3ba

(R)-methyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ba)
According to the procedure B, 3ba was obtained using indole 1b (18.7 mg, 0.100 mmol) and
quinone 2a (16.6 mg, 0.100 mmol) in 92% yield (32.4 mg) and 91% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rt = 0.53 (petroleum
ether:EtOAc = 4:1); 'H NMR (400 MHz, CDCls) § 10.67 (s, 1H), 8.06 (s, 1H), 7.12 - 7.19 (m,
2H), 7.01 (d, J = 9.0 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.84 (d, J = 8.1 Hz, 1H), 4.94 (s, 1H),
3.33 (s, 3H), 2.45 (s, 3H), 1.24 (s, 9H); *C NMR (100 MHz, CDCl3) § 171.3, 156.0, 147.6,
142.9, 135.2, 131.9, 127.1, 121.9, 121.7, 121.7, 118.3, 118.2, 113.1, 110.2, 103.9, 51.8, 33.3,
30.0, 21.7; HRMS (ESI) Calcd for CxH2NO4* [M+H]": 354.1700; Found: 354.1695;
Enantiomeric excess was 91% determined by HPLC (Daicel CHIRALPAK IA-3,
Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, A = 254 nm): major isomer: tg = 8.05 min;
minor isomer: tg = 4.21 min; [a]®p = -68 (c = 1.0, CHCl5).
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Sample Name: 3ba-rac Wave Length: 254nm
Column: 1A-3

Peak Information:

RetTime Area Area | Height
(min) (V"s) (%) | (wV)

4.211 787768.584 [49.415 (131136

o
o
g
—-——7.882
-

2|7.882 806429.115|50.585| 69788
0.00 E— —
0.00 1 1‘]] 2. ‘EIO 3 :]U 4, ‘EIO ‘5,‘00 6. 1‘30 T ‘EIO 8. IUU 9. 1‘30 ‘1U 00
Sample Name: 3ba Wave Length: 254nm
Column: 1A-3
o] T Peak Information:
s RetTime Area Area | Height
S i (min) (uV7s) (%) (uV)
<
" 2 ‘ 114213 | 120422.046| 4.736 | 20160
7 | “1\ 2|8.047 2422227.061|95.264 | 225032
0.00-| —————— — — -
0 EIU‘ v ‘1 1‘]3‘ Y ‘Z‘UB‘ ' 31‘30 o AIUO‘ ' 5‘00‘ E“JD‘ Y 7‘00 Y B‘DDI o ‘9:]0 " IWEI 00

HO O
MeO,C OH

\ tBU
i N
Pr H

3ca

(R)-methyl 2-(2-(tert-butyl)-6-isopropyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ca)

According to the procedure B, 3ca was obtained using indole 1c (21.5 mg, 0.100 mmol) and
quinone 2a (16.6 mg, 0.100 mmol) in 87% yield (33.0 mg) and 86% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Ry = 0.54 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCls) § 10.65 (s, 1H), 8.10 (s, 1H), 7.20 (s, 1H),
7.16 (d, J = 9.0 Hz, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.89 — 6.94 (m, 2H), 4.96 (s, 1H), 3.33 (s,
3H), 2.97 — 3.04 (m, 1H), 1.31 (d, J = 2.4 Hz, 3H), 1.29 (d, J = 2.4 Hz, 3H), 1.24 (s, 9H); 3C
NMR (100 MHz, CDCls) 6 171.3, 156.0, 147.6, 143.4,143.1, 135.1, 127.4,121.9, 121.8, 119.5,
118.3, 118.3, 113.2, 107.3, 103.9, 51.8, 34.3, 33.4, 30.1, 24.6, 24.4; HRMS (ESI) Calcd for
Ca3H2sNO4" [M+H]": 382.2013; Found: 382.2014; Enantiomeric excess was 86% determined
by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 95/5, flow rate = 1.0 mL/min, A =220

nm): major isomer: tg = 8.13 min; minor isomer: tz = 7.50 min; [a]®p = -69 (¢ = 1.0, CHCIs).
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DAD1T A, Sig=220,4 Ref=off (xccxcc dierketid rac xcc-72-3-1B-9505-15min.D)

mAU @ ps

= S %
600 3 g
500 3 |
400 3 ‘ |
300 3 |

E | |
200 | \ | |
100 [

8ignal 1: DRD1 &, 3ig=220,4 Ref=off

Peak RetTime Type Width Rrea Height Brea
: 3 [min] [min] [mRU*s] [mau] %
““““““ |====l=======| === | | m s
1 T.405 BV 0.1%22 9552.06€836 732.23743 4%9.8555
2 8.131 VB 0.15%80 %607.445%22 727.65601 50.1445
Totals 1.91595=4 1459.89343

DADT A, Sig=220 4 Ref=0ff (xccxec dierkethd  xcc-956-3-1B-9505-15min D)
mAU 5
] i
800 (l
] |
600 ‘ I‘
4004 | \
4 1}
200 2 ||
] SO
0] AS —
. — T
0 2 4 6 8 10 12 14 mi
Signal 1: DAD1 A, Sig=220,4 Ref=o0off
Peak RetTime Type Width Arsa Height Area
4 [min] [min] [MAT*s] [mAU] %

———] - e [ —————— - | —————————— | ——————— |
1 7.501 BV E 0.2017 1027.84021 76.0157¢ ©.8723

2 8.125 vB R 0.155Z 1.39284e4 1074.95764 93.1277

Totals : 1.49562=4 1150.97340

HO l
MeO,C OH
Cry-e
MeO H
3da

(R)-methyl 2-(2-(tert-butyl)-6-methoxy-1H-indol-3-yl)-3,6-dihydroxybenzoate (3da)

According to the procedure B, 3da was obtained using indole 1d (20.3 mg, 0.100 mmol) and

quinone 2a (16.6 mg, 0.100 mmol) in 84% yield (31.1 mg) and 90% ee as an amorphous solid

(silica gel flash chromatography: petroleum ether:EtOAc = 10:1). Rf = 0.31 (petroleum

ether:EtOAC = 4:1);'"H NMR (400 MHz, CDCls) 3 10.66 (s, 1H), 8.08 (s, 1H), 7.15 (d, J=9.0

Hz, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.85 — 6.91 (m, 2H), 6.66 — 6.69 (m, 1H), 4.97 (s, 1H), 3.84
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(s, 3H), 3.34 (s, 3H), 1.23 (s, 9H); 3C NMR (100 MHz, CDCls) § 171.2, 156.5, 156.0, 147.6,
142.3,135.5,123.6,121.9,121.6,119.2,118.4,113.1, 109.5, 103.9, 94.1, 55.7, 51.8, 33.3, 30.0;
HRMS (ESI) Calcd for Cz;H24NOs" [M+H]": 370.1649; Found: 370.1653; Enantiomeric
excess was 90% determined by HPLC (Daicel CHIRALPAK IB, Hexane/lsopropanol 95/5,
flow rate = 1.0 mL/min, A = 220 nm): major isomer: tr = 23.25 min; minor isomer: tr = 17.77
min; [a]®p = -71 (c = 1.0, CHCly).

DAD' B, Sig=254,4 Ref=off (xccxcc dierketild  rac xcc-72-2-1B-9505-35min.D)

mAU 3 o
E o
303 ? g
| o™

25 || f\

15 | \ 4

e

hE A e

h

Signal 2: DADL B, Sig=254,4 Ref=o0ff

Peak RetTime Type Width Area Height Area
t [min] [min] [mAU*s] [mAU] %
—— - [y - [ [T [ — I
1 18.090 BB 0.5713 13594.09045 35.56831 50.4594
2 24.665 BB 0.7689 1368.70752 25.47347 49.540¢
Totals : 2762.79797 ©l.04178
DAD1 B, Sig=254,4 Ref=off (xccxce dierkelld  xcc-38-6-9505-1B-35min.D)
mAU =
40
|
30 [
\
20 \
0 | I".
10 = \
0 L ‘f_\ o | \\_=_'7 -
— : . . — . ——
0 5 10 15 20 25 30 mi

Signal 2: DADl1 B, Sig=254,4 Ref=off

FPeak RetTime Type Width Area Height Area
* [min] [min] [MAT*s] [mAU] %
- | ———— | ——————— [T —— [ TS [ —— |
1 17.7€8 BB 0.35063 11e.67747 3.20816 4,.9253
2 23.254 BB 0.7083 2252.26831 46.07492 585.0747
Totals : 2368.94579 49.28308

HO

MeO,C ! OH
()=
N
Cl H

3ea
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(R)-methyl 2-(2-(tert-butyl)-6-chloro-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ea)

According to the procedure B, 3ea was obtained using indole 1e (20.8 mg, 0.100 mmol) and
quinone 2a (16.6 mg, 0.100 mmol) in 86% yield (31.9 mg) and 83% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rt = 0.56 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCls) 6 10.68 (s, 1H), 8.20 (s, 1H), 7.31 (d,J=1.8
Hz, 1H), 7.16 (d, J = 9.0 Hz, 1H), 6.92 — 7.04 (m, 3H), 4.84 (s, 1H), 3.32 (s, 3H), 1.24 (s, 9H);
13C NMR (100 MHz, CDCls) 8 171.0, 156.2, 147.5, 144.5, 135.0, 127.9, 127.8, 122.2, 120.8,
120.6, 119.5, 118.8, 113.0, 110.2, 104.4, 51.8, 33.4, 29.9; HRMS (ESI) Calcd for
C20H21CINO4" [M+H]": 374.1154; Found: 374.1153; Enantiomeric excess was 83% determined
by HPLC (Daicel CHIRALPAK IA-3, Hexane/lIsopropanol 80/20, flow rate = 1.0 mL/min, A =
254 nm): major isomer: tr = 7.35 min; minor isomer: tg = 4.06 min; [0]*°%> = -74 (c = 1.0, CHCly).

Sample Name: xcc-956-1-rac Wave Length: 254 nm
Column: 1A-3
o] ; © Peak Information:
0.15 % N RetTime Area Area | Height
2 o10] il A (min) (uV*s) (%) (V)
0051 | .IL 1]4.099 1386686.991 | 50.273 | 220751
oo — I 4\ | o . 2|7.676 1371607.314 |49.727 | 131179
000 100 200 300 400 sf_)d " e 700 800 900 1000
Sample Name: xcc-956-1 Wave Length: 254 nm
Column: 1A-3
i Peak Information:
od % RetTime Area Area | Height
- I (min) (kV*s) (%) | (V)
< |
0 g’_ | 1]4.055 113824.770 | 8.548 18593
< I\
l‘ I\ 2|7.353 1217773.151|91.452 | 121162
000 — — — ——

MeO,C OH

3fa

(R)-methyl 2-(2-(tert-butyl)-7-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3fa)

According to the procedure B, 3fa was obtained using indole 1f (18.7 mg, 0.100 mmol) and
quinone 2a (16.6 mg, 0.100 mmol) in 93% yield (32.7 mg) and 88% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.53 (petroleum
ether:EtOAC = 4:1);'"H NMR (400 MHz, CDCls) 3 10.67 (s, 1H), 8.00 (s, 1H), 7.16 (d, J =9.0

Hz, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.86 — 7.03 (m, 3H), 4.90 (s, 1H), 3.33 (s, 3H), 2.54 (s, 3H),
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1.28 (s, 9H); *C NMR (100 MHz, CDCl3) § 171.2, 156.0, 147.6, 143.3, 134.2, 128.8, 122.8,

121.9, 121.7, 120.3, 119.2, 118.4, 116.3, 113.1, 104.7, 51.8, 33.4, 30.1, 16.6; HRMS (ESI)

Calcd for C21H24NO4* [M+H]": 354.1700; Found: 354.1698; Enantiomeric excess was 88%

determined by HPLC (Daicel CHIRALPAK IA-3, Hexane/lsopropanol 80/20, flow rate = 1.0
20 —

mL/min, A = 254 nm): major isomer: tr = 4.32 min; minor isomer: tg = 3.89 min; [a]"p = -49
(c = 1.0, CHCIy).

Sample Name: xce-909-7-rac Wave Length: 254 nm
Column: 1A-3
0157 [ Peak Information:
% 2 RetTime Area Area | Height
010 m i . *
iR (min) | (aV*s) %) | (V)
|

3.888 823736.954 [49.110 | 145407
214.313 853577.146 | 50.890 | 139775

o
=4

AL I
-

B e e e I o e B L e e
0.00 1.00 200 300 400 5.00 6.00 7.00 8.00 9.00 10.00

Sample Name: xcc-809-7 Wave Length: 254 nm
Column: 1A-3

Peak Information:

RetTime Area Area | Height
(min) | (uV's) (%) | (W)
3.887 110914.093 | 6.169 | 20331
4.324 1687013.268 | 93.831 | 280875

020+

AU

-

010+

P —C 2 R

4y

N

1]
£71|-—3.887

N
Me H
3bb

(R)-ethyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3bb)

According to the procedure B, 3bb was obtained using indole 1b (18.7 mg, 0.100 mmol) and
quinone 2b (18.0 mg, 0.100 mmol) in 90% yield (33.0 mg) and 89% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rt = 0.54 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCls) § 10.84 (s, 1H), 8.05 (s, 1H), 7.16 (d, J = 9.0
Hz, 1H), 7.13 (s, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz,
1H), 4.99 (s, 1H), 3.81 (g, J = 7.2 Hz, 2H), 2.44 (s, 3H), 1.24 (s, 9H), 0.40 (t, J = 7.2 Hz, 3H);
13C NMR (100 MHz, CDCls) § 170.9, 156.3, 147.6, 142.7, 135.2, 131.9, 127.5, 121.8, 121.7,
118.4, 118.4, 113.3, 110.1, 104.4, 60.7, 33.3, 30.1, 21.7, 12.6; HRMS (ESI) Calcd for
C2:H26NO4" [M+H]": 368.1856; Found: 368.1855; Enantiomeric excess was 89% determined
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by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, A =

254 nm): major isomer: tr = 8.33 min; minor isomer: tz = 4.05 min; [a]*p = -80 (¢ = 1.0, CHCl5).

Sample Name: 3bb-rac Wave Length: 254nm
Column: 1A-3
00507 JL Peak Information:
o] 2 g RetTime Area Area |Height
. 1 = (min) | (uV7s) (%) | (V)
< i
o010 i i 1/4.057 [173204.897 |50.751 | 29075
N I\ 2|8.287 168081.351|49.249 | 15147
S S S
0.00 1.‘00 2.‘UU 3. IUU 4 :]U 5. 1‘30 6. 1‘30 7.‘00 S.‘OU 9.‘00 10.00
Sample Name: 3bb Wave Length: 254nm
Column: 1A-3
o1 I Peak Information:
% RetTime Area Area | Height
oo f (min) | (uV's) %) | (uV)
2 |
00s] 2 [ 1/4.049 97506.384 | 5.429 | 17176
T ‘ 2(8.332 1698528.038 | 94.571| 157913
0.00 — — —— A —
0.00 o ‘M‘]J‘ ' ‘Q‘UB‘ i ICN‘JDI o ‘4‘00‘ o ‘S‘UO‘ o ‘Ei‘)ﬂ‘ o ‘Y‘UB‘ o IB‘DDI o IB:JU‘ i :\U 00
iBuOZC OH

Crp=
Me ”
3bc

(R)-isobutyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3bc)

According to the procedure B, 3bc was obtained using indole 1b (18.7 mg, 0.100 mmol) and
quinone 2c (20.8 mg, 0.100 mmol) in 94% yield (37.2 mg) and 93% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.52 (petroleum
ether:EtOAC = 4:1); 'H NMR (400 MHz, CDCl3) § 10.92 (s, 1H), 8.08 (s, 1H), 7.15 (d, J=9.0
Hz, 1H), 7.12 (s, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz,
1H), 4.89 (s, 1H), 3.70 — 3.74 (m, 1H), 3.51 — 3.55 (m, 1H), 2.44 (s, 3H), 1.22 (s, 9H), 0.99 —
1.06 (m, 1H), 0.38 (d, J = 6.8 Hz, 3H), 0.19 (d, J = 6.8 Hz, 3H); *C NMR (100 MHz, CDCls)
d171.4, 156.3, 147.6, 142.6, 135.3, 132.1, 127.2, 121.9, 121.8, 121.46, 118.5, 118.5, 113.5,
110.3, 104.3, 71.9, 33.2, 30.1, 27.0, 21.7, 18.5, 18.4; HRMS (ESI) Calcd for CsH3oNO4*
[M+H]": 396.2169; Found: 396.2173; Enantiomeric excess was 93% determined by HPLC
(Daicel CHIRALPAK IB, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, A = 220 nm):

major isomer: tr = 8.26 min; minor isomer: tg = 7.21 min; [a]*> = -49 (c = 1.0, CHCI5).
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DADT A, Sig=220 4 Ref=off (xcc\xee dierketii 14 rac xec-72-5-18-9505-20min D)
mAU b o
: % g
5003 \ \
500 i \
4003 |‘| |||
)
2003 | \ [
| \ 1
1003 || \ I\
0F—— — e
e
0 2 4 6 8 10 12 14 mi
Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAU*s] [mAU] %
—— [T [ | ———m—————— e —
1 7.329 BB 0.1489 7337.37207 745.19250 50.8828
2 2.4€0 BB 0.1779 7082.77783 5589.30145 49.1172
Totals : 1.44201=4 1344.4539¢
DAD1 A, 5ig=220 4 Ref=off (xcc\xce dierketii14 xcc-956-6-1B-9505-15min.D)
mAU 7 2
1600 %
14007 |
12007 ‘I
1000 ‘ |
800 [
600 |
400 @ | |
200 G [
0 ] L ‘\‘ o
T T T T T T T T T T
0 2 4 6 8 10 12 14 mi
Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Aresa Height Area
4 [min] [min] [MAT*s] [mAU] %
——— [y | ——— R [ E—— \
1 7.209 BB 0.15e7 B18.37415 79.08895 3.6624
2 8.256 BB 0.1865 2.1526%9=4 1737.94128 96.337¢
Totals 2.23453=4 1817.040232

3bd

R = cyclopropylmethyl

>y

N\

(R)-cyclopropylmethyl

(3bd)

2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate

According to the procedure B, 3bd was obtained using indole 1b (18.7 mg, 0.100 mmol) and

quinone

2d (20.6 mg, 0.100 mmol) in 92% yield (36.3 mg) and 91% ee as an amorphous solid
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(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.50 (petroleum
ether:EtOAC = 4:1); 'H NMR (400 MHz, CDCls) & 10.84 (s, 1H), 8.05 (s, 1H), 7.16 (d, J = 9.0
Hz, 1H), 7.10 (s, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz,
1H), 4.98 (s, 1H), 3.60 (d, J = 7.4 Hz, 2H), 2.44 (s, 3H), 1.25 (s, 9H), 0.19 — 0.24 (m, 1H), 0.09
—0.12 (m, 1H), -0.03 — 0.03 (m, 1H), -0.29 — -0.24 (m, 1H), -0.40 — -0.35 (m, 1H); 3C NMR
(100 MHz, CDClI3) 8 171.0,156.2, 147.6, 142.7,135.4,131.9,127.6, 121.8, 121.8, 121.7, 118.5,
118.3, 113.3, 110.0, 104.3, 70.1, 33.3, 30.1, 21.7, 8.7, 3.0, 2.6; HRMS (ESI) Calcd for
C24H2sNO4" [M+H]": 394.2013; Found: 394.2009; Enantiomeric excess was 91% determined
by HPLC (Daicel CHIRALPAK IB, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, A =
220 nm): major isomer: tr = 10.04 min; minor isomer: tz = 8.54 min; [a]*> = -78 (c = 1.0,
CHCly).

DAD1 A, Sig=220,4 Ref=off (xcc\xcc dierketi17 rac xcc-72-7-1B-9505-15min.D)

mAU § © b
5004 ﬁ g
1 | =
400 \
300 | | I
200 [

3 \
100 [ A

Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak EetTime Type Width Area Height RArea
* [min] [min] [mAU*s] [mAU] %
S - | ———— | ——————— [ [ [
1 B8.476 BB 0.1911 €958.4B682 544.38354 50.9266
2 10.0¢64 BB 0.2365 6705.256684 424.049%6 495.0734
Totals : 1.36637=4 568.43350

DADT A, Sig=220 4 Ref=off (xccixce dierketi17 xcc-956-8-1B-9505-15min D)
mAU 4 §
600 f
3 |
500 | |
B |
4005 [
1 |
300 [
2003 a (|
E b4 | |
100 -
E [N
] N A J
04 — L L
——— 7T
0 2 4 [ 8 10 12 14 mii
Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Types Width Area Height Area
* [min] [min] [mAT*s] [mAU] %
—— - | ———— | ——————— [ | ————— [ ——— I
1 8.538 BB 0.1993 553.666899 42 .12844 4.5688
2 10.038 BB 0.2387 1.15621=4 722.51715 95.4302

Totals : 1.21158<4 T64.64559
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HO. O
"PrOZC OH
Crpw
Me H
3be

(R)-isopropyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3be)

According to the procedure B, 3be was obtained using indole 1b (18.7 mg, 0.100 mmol) and
quinone 2e (19.4 mg, 0.100 mmol) in 89% yield (34.0 mg) and 84% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rs = 0.53 (petroleum
ether:EtOAC = 4:1); 'H NMR (400 MHz, CDCl3) 6 10.95 (s, 1H), 8.07 (s, 1H), 7.12 — 7.16 (m,
2H), 7.00 (d, J = 8.8 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0, 1H), 4.99 (s, 1H), 4.78
—4.84 (m, 1H), 2.44 (s, 3H), 1.25 (s, 9H), 0.71 (d, J = 6.2 Hz, 3H), 0.36 (d, J = 6.2 Hz, 3H);
13C NMR (100 MHz, CDCls) § 170.4, 156.3, 147.6, 142.6, 135.2, 131.9, 127.8, 121.7, 121.6,
118.6, 118.3, 113.6, 110.1, 104.5, 68.5, 33.2, 30.1, 21.7, 21.2, 20.4; HRMS (ESI) Calcd for
Ca3H2sNO4" [M+H]": 382.2013; Found: 382.2016; Enantiomeric excess was 84% determined
by HPLC (Daicel CHIRALPAK IA-3, Hexane/Isopropanol 80/20, flow rate = 1.0 mL/min, A =

254 nm): major isomer: tz = 6.96 min; minor isomer: tr = 3.97 min, [a]*% = -127 (c = 1.0,
CHCly).
Sample Name: xcc-912-2-rac Wave Length: 254 nm
Column: IA-3
006 ] ﬂL g Peak Information:
E 2 RetTime Area Area |Height
. 0.041 ‘ | (min) (HV*S) (%) (Pv)
=< | |
00z] | 113.973 369098.909 | 49.603 | 64819
' 2|6.926 375006.241 | 50.397 | 40497
0.00 — -, —
OJDI a I|EX)I ' E,bd o ‘S;Jﬂ‘ o 4m‘ o IS‘FK] o ISBG 700 ‘8,‘00‘ S‘DD 10.00
Sample Name: xce-912-2 Wave Length: 254 nm
Column: IA-3
020 ‘ Peak Information:
0.15] % RetTime Area Area | Height
200 w (min) | (uV*s) %) | (V)
" ©o |
o] S [l 1|3.966 167249.868 | 8.211 | 29084
. o« |
oo J IR 2|6.963 1869705.077 [91.789 [ 204615
u:n' ' I{I}I o ‘Z,DD‘ o ‘:sm' B ‘4‘[]) o ‘5:)0‘ o ‘E-bﬂ ‘7‘Im‘ B:)D Qbﬂ 10.00
BnO,C OH
\ tBu
N
Me H
3bf
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(R)-benzyl 2-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3bf)

According to the procedure B, 3bf was obtained using indole 1b (18.7 mg, 0.100 mmol) and
quinone 2f (24.2 mg, 0.100 mmol) in 89% vyield (38.2 mg) and 88% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rt = 0.51 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCl3) 6 10.87 (s, 1H), 7.76 (s, 1H), 7.14 - 7.21 (m,
2H), 7.00 — 7.08 (m, 4H), 6.90 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.48 — 6.41 (m,
2H), 4.90 (s, 1H), 4.83 (d, J = 12.0 Hz, 1H), 4.78 (d, J = 12.0 Hz, 1H), 2.49 (s, 3H), 1.07 (s,
9H); **C NMR (100 MHz, CDCls) § 171.0, 156.5, 147.6, 142.8, 135.2, 134.2, 131.8, 128.5,
128.0, 127.9, 127.2, 122.0, 121.8, 118.4, 118.3, 113.0, 110.5, 103.9, 67.3, 33.1, 29.9, 21.8;
HRMS (ESI) Calcd for CzsHzsNO4" [M+H]": 430.2013; Found: 430.2014; Enantiomeric
excess was 88% determined by HPLC (Daicel CHIRALPAK IA-3, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, A = 254 nm): major isomer: tg = 6.62 min; minor isomer: tg = 4.36 min;

[0]?% = -33 (¢ = 1.0, CHCls).

Sample Name: %cc-912-4-rac Wave Length: 254 nm

Column: 1A-3
008 I Peak Information:
006 % RetTime Area Area |Height
- | 2 (min) | (uV*s) %) | (V)
002 | “q‘ 114.358 495086.125 |49.893 | 80510
w00 . A AN ] 2|6.574 |497208.863 |50.107 | 57570
0 G 200 b0 abo | sbo | e0o 700 sbo 900 1000
Sample Name: xcc-912-4 Wave Length: 254 nm
Column: IA-3
0 i Peak Information:
2 RetTime Area Area | Height
0z0] it (min) (uV*s) (%) | (V)
2 I
o10] 2 114.360 162483.345| 6.155 | 26899
ooo] ‘f‘_ ) 2/6.618 2477315.243 |93.845 | 289289
000 100 200 300 4bo ek 7k s o 1om

(R)-benzyl 2-(2-(tert-butyl)-6-methoxy-1H-indol-3-yl)-3,6-dihydroxybenzoate (3df)

According to the procedure B, 3df was obtained using indole 1d (20.3 mg, 0.100 mmol) and
quinone 2f (24.2 mg, 0.100 mmol) in 79% vyield (35.1 mg) and 91% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Ry = 0.35 (petroleum
ether:EtOACc = 4:1); 'H NMR (400 MHz, CDCls) § 10.86 (s, 1H), 7.75 (s, 1H), 7.14 — 7.21 (m,

2H), 7.07 — 7.10 (m, 2H), 7.01 (d, J = 8.8 Hz, 1H), 6.89 (d, J = 8.8 Hz, 1H), 6.76 (d, J = 2.0 Hz,
S24



1H), 6.68 (dd, J = 8.6, 2.0 Hz, 1H), 6.50 (d, J = 7.2 Hz, 2H), 4.91 (s, 1H), 4.78 — 4.87 (m, 2H),
3.88 (s, 3H), 1.06 (s, 9H); 3C NMR (100 MHz, CDCls) § 170.9, 156.5, 147.5, 142.2, 135.4,
134.2, 128.5, 128.0, 123.6, 122.0, 121.5, 119.2, 118.4, 112.9, 109.5, 103.9, 94.5, 67.3, 55.8,
33.1, 29.9; HRMS (ESI) Calcd for Cz7HzsNOs* [M+H]": 446.1962; Found: 446.1962;
Enantiomeric excess was 91% determined by HPLC (Daicel CHIRALPAK IF,
Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, A =220 nm): major isomer: tg = 21.32 min;
minor isomer: tg = 19.01 min; [a]* = -35 (¢ = 1.0, CHCI).

DAD1 A, Sig=220,4 Ref=off (xcc\xcc dierketi\19 rac xcc-72-10-1F-9505-30min.D)
mAU 0 2
200 &
1753
150 5
1255
100 5
754
50 3
25
0
e
0 5 10 15 20 25 mi
Signal 1: DADl1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
———m | | === - | —=——mm- | —=—mmm- | -—————- |
1 19.015 BB 0.4985 7348.84619 220.07867 50.9288
2 21.393 BB 0.5376 7080.80225 197.83487 49.0712
Totals : 1.4429¢6e4 418.51353
DAD1 A, Sig=220,4 Ref=off (xcc\xce dierketi\19 xcc-73-1-1F-9505-30min.D)
mAU ] 0
350
3003
2503
200
1503
100 2
3 S
50 3 S
0
0 5 10 15 2 25 m
Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
=== == | ====|======= | =======—- | ===m===== | ======== I
1 19.008 BB 0.4898 620.18329 18.94881 4.3089
2 21.315 BB 0.5424 1.37731e4 380.41199 95.6911

Totals : 1.43932e4 399.36080
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HO
MeO,C ‘ OH
Cry-4e
N
H

3ga

(R)-methyl 3,6-dihydroxy-2-(2-(tert-pentyl)-1H-indol-3-yl)benzoate (3ga)

According to the procedure B, 3ga was obtained using indole 1g (18.7 mg, 0.100 mmol) and
quinone 2a (16.6 mg, 0.100 mmol) in 85% yield (29.9 mg) and 95% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rs = 0.49 (petroleum
ether:EtOAC = 4:1);'"H NMR (400 MHz, CDCls) 6 10.69 (s, 1H), 8.17 (s, 1H), 7.34 (d, J=8.1
Hz, 1H), 7.15 — 7.19 (m, 2H), 6.99 — 7.02 (m, 3H), 4.89 (s, 1H), 3.29 (s, 3H), 1.62 (t, J = 7.4
Hz, 2H), 1.19 (s, 3H), 1.16 (s, 3H), 0.77 (t, J = 7.4 Hz, 3H); ¥C NMR (100 MHz, CDCls) &
171.3,156.1,147.7,142.7,134.8, 129.3,122.1, 121.9, 121.5, 120.0, 118.6, 118.5, 113.2, 110.1,
105.3,51.8, 37.0, 36.3, 27.3, 27.2, 9.4; HRMS (ESI) Calcd for C,1H24sNO4* [M+H]": 354.1700;
Found: 354.1698; Enantiomeric excess was 95% determined by HPLC (Daicel CHIRALPAK
IB, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, A = 220 nm): major isomer: tr = 11.88

min; minor isomer: tz = 10.80 min; [a]®p = -71 (c = 1.0, CHCl5).

DADT A, Sig=220,4 Ref=0ff (xcowce dierkeli2d rac xcc—72-6-18-9505-20min.D)
mAU o 2
E I "
] i A
200 I [
E I M
150 \ |
z AU
100 ‘ "-. Iﬂ
50—2 | "".\_ "z..
o e — __u‘——{ \ = - —
. — . . —— ——
0 2 4 [ 10 12 14 min
Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s] [mAU] %
—————————— | ——== | ——————— | —————————— | —————————— | === \
1 10.581 BV 0.2946€ 4885.25781 242.96349 49.9037
2 11.779 vB 0.2777 4904.10352 262.85077 50.0963
Totals : 9789.36133 505.81425
DADT A, Sig=220,4 Ref=off (xccixcc dierketi24 xcc-51-1-1B-9505-15min.0)
mAU ] [
] ®
800 F
] ‘ "
600 | \
: ‘.
400 I
b - [
2007 2 I
] =1 | \
od D
—— — . . . . T
0 2 4 6 10 12 14 mir
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Signal 1: DAD1 A,

Peak RetTime Type
t [min]

Sig=220,

Width

4 Ref=off

Area
[MAU*s]

0.2930
0.2610

433.61563
1.66212=4

1.70548=4

21.16919
955.46832

976.63751

(R)-ethyl 3,6-dihydroxy-2-(2-(tert-pentyl)-1H-indol-3-yl)benzoate (3gb)

According to the procedure B, 3gb was obtained using indole 1g (18.7 mg, 0.100 mmol) and
quinone 2b (18.0 mg, 0.100 mmol) in 84% vyield (31.0 mg) and 95% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.50 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCl3) § 10.84 (s, 1H), 8.17 (s, 1H), 7.34 (d, J=8.1
Hz, 1H), 7.14 — 7.18 (m, 2H), 7.00 — 7.08 (m, 3H), 4.95 (s, 1H), 3.85 — 3.93 (m, 1H), 3.66 —
3.74 (m, 1H), 1.59 — 1.65 (m, 2H), 1.17 (s, 6H), 0.78 (t, J = 7.4 Hz, 3H), 0.31 (t, J = 7.2 Hz,
3H); BC NMR (100 MHz, CDCls) § 170.9, 156.2, 147.7, 142.6, 134.8, 129.8, 122.1, 121.8,
121.4,120.0, 118.8, 118.5, 113.4, 110.1, 105.5, 60.8, 37.0, 36.1, 27.4, 27.0, 12.4, 9.3; HRMS
(ESI) Calcd for CzH26NO4* [M+H]": 368.1856; Found: 368.1860; Enantiomeric excess was
95% determined by HPLC (Daicel CHIRALPAK IE, Hexane/lsopropanol 95/05, flow rate =
1.0 mL/min, A = 220 nm): major isomer: tgr = 11.13 min; minor isomer: tr = 9.42 min; [0]*% =
-86 (c = 1.0, CHCls).

DAD1 A, Sig=020 4 Ref=0ff (xccuce dierkeli25 rac xce-74-5-IE-9505-15min D)
mAU 3 s 2

E ﬁ &
300 z
250 [ ‘
200 H [
1503 | [
100 I [\
50 [ |

04 - - -

0 2 4 6 8 10 12 14 min

Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAT* =] [mAU] %
— | ———— | ——————— [ [ [ —
1 9.427 BB 0.2301 5411.88%965 354.43597 50.7085
2 11.254 BB 0.2742 5260.65283 289.23770 49.29%15
Totals : 1.0e725=4 €43.67368
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DAD1 A, Sig=220 4 Ref=off (xce\xce dierketi2b xcc-73-2-IE-39505-15min D)
mAU ] o

o Ead
800 -] F

600 -] I
400 [
\

200

] l,.‘9.421

Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Lrea Height Area
t [min] [min] [MAU*s] [mAU] %
———— | m—————— | ——== ] ——=————— | —————————— R e I
1 9.421 BB 0.2263 412.92785 27.85530 2.4085
2 11.127 BB 0.2786 1.67245=4 909.04767 97.5905
Totals : 1.71378=4 937.00297

(R)-isobutyl 3,6-dihydroxy-2-(2-(tert-pentyl)-1H-indol-3-yl)benzoate (3gc)

According to the procedure B, 3gc was obtained using indole 1g (18.7 mg, 0.100 mmol) and
quinone 2c (20.8 mg, 0.100 mmol) in 73% yield (28.7 mg) and 95% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.60 (petroleum
ether:EtOAC = 4:1); 'H NMR (400 MHz, CDCls3) § 10.85 (s, 1H), 8.18 (s, 1H), 7.33 (d, J=8.1
Hz, 1H), 7.15 — 7.18 (m, 2H), 7.09 (d, J = 7.8 Hz, 1H), 7.00 — 7.04 (m, 2H), 4.84 (s, 1H), 3.76
—3.81(m, 1H), 3.42 — 3.46 (m, 1H), 1.57 — 1.61 (m, 2H), 1.18 (s, 3H), 1.15 (s, 3H), 0.93 — 1.00
(m, 1H), 0.78 (t, J = 7.4 Hz, 3H), 0.35 (d, J = 6.8 Hz, 3H), 0.16 (d, J = 6.8 Hz, 3H); 3C NMR
(100 MHz, CDCl3) 8 171.3,156.1, 147.6,142.5,134.9,129.4,122.2,121.8,121.1, 120.2, 118.9,
118.5, 113.7, 110.3, 105.4, 71.9, 36.9, 35.9, 27.5, 27.0, 26.9, 18.4, 18.5, 9.3; HRMS (ESI)
Calcd for CasH3oNO," [M+H]": 396.2169; Found: 396.2166; Enantiomeric excess was 95%
determined by HPLC (Daicel CHIRALPAK IE, Hexane/lsopropanol 95/05, flow rate = 1.0
mL/min, A = 220 nm): major isomer: tg = 9.05 min; minor isomer: tz = 7.71 min; [0]*% = -29
(c =1.0, CHCIy).
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DAD1 C, Sig=210.4 Ref=0ff (xccxcc dierket26 rac xcc-74-6-1E-9505-15min.D)
mAU w ~
it 2
300 h W
250 [ “
200 [ M
| |
150 [ I
|
100 [ 1 #x
50 J M | \
0 A - o N\
[ T T T T T T T T T
0 2 4 [ 8 10 12 14 mir
Signal 3: DAD1 C, Sig=210,4 Ref=off
Peak RetTime Type Width Aresa Height Area
4 [min] [min] [mAU*s] [mAU] %
———— | | ——== | ——————— e R e |
1 7.705 BB 0.1923 4636.81592 364.77951 50.4836
2 $.087 BB 0.2152 4547.97%00 321.27670 45.5164
Totals : 9184.79492 ©86.05621
DAD1 C, Sig=210,4 Ref=0ff (xccxcc dierkell26 xcc-73-3-1E-9505-15min.D)
mAU g
500 ﬁ
i
400 [
i
300 | \I
200 ‘| |‘
1
100 = [
~ [\
O L. — |/“'+ — \":._ — —
[ T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 m

Signal 3: DAD1 C, Sig=210,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s] [mAU] %
— [y — S [ [ — I
1 7.711 BB 0.1888 217.60368 17.53€28 2.3510
2 9.046 BB 0.215%3 9038.08008 €30.421ed4 97.6450
Totals : 9255_.68376 ©47.96792

HO |ll:
MeO,C OH
Cry~e
Me H
3ha

(R)-methyl 3,6-dihydroxy-2-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)benzoate (3ha)

According to the procedure B, 3ha was obtained using indole 1h (20.1 mg, 0.100 mmol) and
quinone 2a (16.6 mg, 0.100 mmol) in 87% yield (32.0 mg) and 97% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.58 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCl3) § 10.68 (s, 1H), 8.05 (s, 1H), 7.13 - 7.16 (m,
2H), 7.01 (d, J = 9.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 4.91 (s, 1H),

3.31 (s, 3H), 2.45 (s, 3H), 1.60 (t, J = 7.4 Hz, 2H), 1.17 (s, 3H), 1.14 (s, 3H), 0.76 (t, J = 7.4
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Hz, 3H); **C NMR (100 MHz, CDCl3) § 171.3, 156.0, 147.7,141.8,135.3,131.9, 127.1, 121.9,
121.8,121.7,118.3, 118.2, 113.2, 110.1, 105.1, 51.9, 37.0, 36.3, 27.3, 27.2, 21.7, 9.4; HRMS
(ESI) Calcd for CzH26NO4" [M+H]": 368.1856; Found: 368.1852; Enantiomeric excess was
97% determined by HPLC (Daicel CHIRALPAK 1B, Hexane/lsopropanol 95/05, flow rate =
1.0 mL/min, A = 220 nm): major isomer: tr = 21.85 min; minor isomer: tz = 20.38 min; [a]*’p

=-63 (C =1.0, CHCI?,)

DADT A, Sig=220,4 Ref=0ff (xcc\xcc dierkeli28 rac xcc-72-9-18-9901-15min.D)
mAU ﬁ §
120 lﬁ’\ |
100 I | |
80 ".‘ | i
60 ‘ \ |
40 | \ | \

] \ \
20 \ | \
] | J \

o

T T T T T T T T T T T T T T T T T
1] S 10 15 20 25 mi

Signal 1: DAD1 A, Sig=220,4 Ref=0ff

Peak RetTime Type Width Aresa Height Area
# [min] [min] [mAT*s] [mAU] %
e [~ | [ [~ [
1 19.345 BV 0.7550 7402.77783 139.98203 49.0642
2 21.835 VB 0.7742 7685.17529 144 _10556 50.9358
Totals : 1.50880=4 284 .08759
DAD1 A, Sig=220 4 Ref=0ff (xccwce dierketl\28 xcc-53-2-1B-9901-30min D)
mAU 3 2
175—§ ﬁ
1503 \
1253 |
1003 |\
753 [
503 = \
3 = \
254 g | e
03— - e —
0 5 10 is 20 % mi

Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Aresa Height Area
# [min] [min] [mAT*s] [mAU] %
—— | ———— | ——————— [ |—m— [ ——
1 20.381 BB 0.5710 165.05653 3.92211 1.4810
2 21.851 BB 0.732% 1.0%802e4 216.04866 98.51%0
Totals : 1.11452=4 219.97077
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(R)-ethyl 3,6-dihydroxy-2-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)benzoate (3hb)
According to the procedure B, 3hb was obtained using indole 1h (20.1 mg, 0.100 mmol) and
quinone 2b (18.0 mg, 0.100 mmol) in 76% yield (29.1 mg) and 95% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rt = 0.56 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCls) 6 10.83 (s, 1H), 8.05 (s, 1H), 7.15 (d, J=9.0
Hz, 1H), 7.12 (s, 1H), 7.00 (d, J = 9.0 Hz, 1H), 6.94 (d, J = 8.0 Hz, 1H), 6.84 (d, J = 8.0 Hz,
1H), 4.97 (s, 1H), 3.85 — 3.93 (m, 1H), 3.69 — 3.77 (m, 1H), 2.44 (s, 3H), 1.60 (d, J = 7.4 Hz,
2H), 1.16 (s, 3H), 1.15 (s, 3H), 0.77 (t, J = 7.4 Hz, 3H), 0.36 (t, J = 7.1 Hz, 3H); 3C NMR (100
MHz, CDCls) 6 170.9, 156.1, 147.7, 141.7, 135.3, 131.9, 127.6, 121.8, 121.7, 121.6, 118.5,
118.3,113.4,110.1, 105.3, 60.8, 36.9, 36.1, 27.4, 26.9, 21.7, 12.5, 9.3; HRMS (ESI) Calcd for
C23H2sNO4" [M+H]": 382.2013; Found: 382.2013; Enantiomeric excess was 95% determined
by HPLC (Daicel CHIRALPAK IF, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, A =
220 nm): major isomer: tg = 10.24 min; minor isomer: tz = 8.23 min; [0]® = -85 (c = 1.0,
CHCIy).

DAD1 A, Sig=220.4 Ref=off (xccxcc dierketi29 rac xce-74-7-IF-9505-15min.D)
s ;
400 —;
300% | I
200 *

] \
100 i [

Signal 1: DADl A, Sig=220,4 Ref=off

Peak RetTime Type Width Aresa Height Area
# [min] [min] [MAU*s] [mAU] %
e | ———— | ——————— S | [ ——— I
1 8.141 BB 0.1988 7182.83643 541.31708 50.9162
2 10.129 BB 0.2424 ©£924_33984 428_.70358 49.0838
Totals : 1.41072=4 $70.020606

DADT A, Sig=220,4 Ref=off (xccixce dierketi29 xcc-73-4-IF-9505-30min.D)
mAU

10-242

600
500
400 (1
300 (1
200 [

| wn
100 &
| @
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Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Aresa Height Area
t [min] [min] [mAU*s] [mAU] %
————m—————— e | —————————— | —————————— | ———————— I
1 8.225 BB 0.2022 288.13058 21.24515 2.4181
2 10.24Z BB 0.2485 1.16275=4 704.87799 97.581%9
Totals 1.19%156=4 726.12714
HO l
Buo,C OH
N Et
M N
€ H
3hc

(R)-isobutyl 3,6-dihydroxy-2-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)benzoate (3hc)

According to the procedure B, 3hc was obtained using indole 1h (20.1 mg, 0.100 mmol) and
quinone 2c¢ (20.8 mg, 0.100 mmol) in 78% yield (32.1 mg) and 96% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether.EtOAc = 20:1). Rs
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCls) § 10.82 (s, 1H), 8.04 (s, 1H), 7.13 - 7.16 (m,
2H), 7.01 (d, J = 9.0 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0, 1H), 4.86 (s, 1H), 3.75
—3.80 (m, 1H), 3.45 — 3.49 (m, 1H), 2.44 (s, 3H), 1.57 — 1.59 (m, 2H), 1.16 (s, 3H), 1.12 (s,
3H), 0.98 —1.05 (m, 1H), 0.77 (t, J = 7.4 Hz, 3H), 0.38 (d, J = 6.8 Hz, 3H), 0.19 (d, J = 6.8 Hz,
3H); $*C NMR (100 MHz, CDCls) § 171.3, 156.0, 147.6, 141.7, 135.3, 132.1, 127.2, 121.8,
121.7,121.4,121.4, 118.5, 118.4, 113.7, 110.2, 105.1, 71.8, 36.9, 35.9, 27.5, 27.0, 21.7, 18.5,
18.4, 9.3; HRMS (ESI) Calcd for CxsH3:NOs® [M+H]": 410.2326; Found: 410.2326;
determined by HPLC (Daicel

Enantiomeric excess was 96%

Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, A = 220 nm): major isomer: tr = 9.35 min;

minor isomer: tg = 7.42 min; [a]®p = -40 (c = 1.0, CHCl5)

CHIRALPAK

0.58 (petroleum

DAD1 A, 51g=220 4 ReT=0Tf (XCOXCC GITKela0 rac XCe-T4-5-1F-3505-15min D)
mAU J ¥

3 % g
5003 [l o
5003 (1
4003 \
i i
2003 [ ‘ ".
1003 \ | ‘
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Signal 1: DAD]1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
* [min] [min] [MAT*s] [mAU] %
] e R R | ———————— [
1 7.341 BB 0.1779% 8723.89551 738.17621 50.7774
2 9.231 BB 0.2214 8456.77538 575.55011 49.222¢
Totals : 1.71807=4 1313.72632
DAD1 A, 5ig=220 4 Ref=off (xcc\xcc dierketi30 xcc-73-5-1F-9505-30min.D)
mAU —
5003 i?
] |‘
400 [
300 l\ \I
200 (1
1 [
100 q [
o] . L AN
T T T T — T T T
0 2 4 6 8 10 12 14 mir
Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak EetTime Type Width Area Height RArea
t [min] [min] [mAU*s] [mAU] %
— [T P — | ——m | ———m [T —— I
1 7.42Z1 BB 0.1764 1e4.46498 14.06361 1.7%914
2 9.351 BB 0.2248 9016.31348 €01.69275 98.208¢
Totals : 9180.7784e €l15.75636

(R)-benzyl 3,6-dihydroxy-2-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)benzoate (3hf)

According to the procedure B, 3hf was obtained using indole 1h (20.1 mg, 0.100 mmol) and
quinone 2f (24.2 mg, 0.100 mmol) in 84% yield (37.4 mg) and 93% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rt = 0.56 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCl3) § 10.85 (s, 1H), 7.78 (s, 1H), 7.13 - 7.19 (m,
2H), 7.00 — 7.05 (m, 4H), 6.91 (d, J = 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 6.42 — 6.44 (m,
2H), 4.91 (d, J = 12.1 Hz, 1H), 4.88 (s, 1H), 4.73 (d, J = 12.1 Hz, 1H), 2.49 (s, 3H), 1.48 (q, J
= 7.5 Hz, 2H), 1.04 (s, 3H), 0.98 (s, 3H), 0.67 (t, J = 7.5 Hz, 3H); *C NMR (100 MHz, CDCl5)
3 171.0, 156.4, 147.6, 141.9, 135.3, 134.1, 131.8, 128.4, 128.0, 127.8, 127.2, 122.0, 121.8,
121.7,118.4,118.4, 113.2, 110.5, 104.8, 67.3, 36.8, 35.9, 27.2, 26.8, 21.8, 9.3; HRMS (ESI)
Calcd for CasH3oNO4" [M+H]": 444.2169; Found: 444.2173; Enantiomeric excess was 93%
determined by HPLC (Daicel CHIRALPAK IF, Hexane/lsopropanol 95/05, flow rate = 1.0
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mL/min, A = 220 nm): major isomer: tg = 10.85 min; minor isomer: tg = 9.14 min; [a]* = -28

(c = 1.0, CHCly).

DADT A, Sig=220 4 Ref=0ff (xcowce dierketi31 rac xcc-74-10-2-IF D)
mAU ] 2 8
2509 “ =
F | |
200 [ fl
q | | i
150 |
] [ |
100 [l |
] | |
50 | [
E D S S/ —
T S S e T e A S S A I -
Signal 1: DADl1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area
¥ [min] [min] [MAU*s] [mAU] %
———] - e [—————————— R | ———————m |
1 9.549 BB 0.2310 4415.45508 287.85205 51.1405
2 11.366 BB 0.2714 4218.52187 235.01857 48.8585
Totals : 8633.97705 522.870e&2
DAD1 A, Sig=220,4 Ref=0off (xcc'xce dierketid1 xcc-73-7-IF-8505-30min.D)
mAU 3 "y
7003
6003 (|
5003 [
4004 ‘l |
300 | \
| i
200 - [
E = [\
100 5 AN
0 — — . it =
. — . . : ; : —
1] 2 4 L] 5] 10 12 14 mi
Signal 1: DADl1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area
t [min] [min] [MAU*s] [mAU] %
—— - | ———— | ——————— [ —— [ —— [ — |
1 9.140 BB 0.2285 479.39731 31.15549 3.40586
2 10.854 BB 0.2628 1.35975=4 T74.59784 056.5044
Totals : 1.4076%=4 805.75733

(R)-methyl 3,6-dihydroxy-2-(2-(1-methylcyclohexyl)-1H-indol-3-yl)benzoate (3ia)

According to the procedure B, 3ia was obtained using indole 1i (21.3 mg, 0.100 mmol) and
quinone 2a (16.6 mg, 0.100 mmol) in 92% yield (35.3 mg) and 93% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.52 (petroleum
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ether:EtOAC = 4:1); *H NMR (400 MHz, CDCls) 5 10.68 (s, 1H), 8.25 (s, 1H), 7.33 (d, J = 8.1
Hz, 1H), 7.15 — 7.18 (m, 2H), 7.00 — 7.05 (m, 3H), 4.92 (s, 1H), 3.29 (s, 3H), 1.69 — 1.80 (m,
2H), 1.26 — 1.54 (m, 8H), 1.22 (s, 3H); *C NMR (100 MHz, CDCl3) & 171.3, 156.0, 147.5,
143.9, 134.7, 129.4, 122.0, 121.9, 121.6, 120.0, 118.6, 118.4, 113.2, 110.2, 104.4, 51.8, 37.1,
37.2, 36.9, 25.9, 22.3, 22.2; HRMS (ESI) Calcd for Cz3H2sNO4* [M+H]": 380.1856; Found:
380.1860; Enantiomeric excess was 93% determined by HPLC (Daicel CHIRALPAK IE,
Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, A =254 nm): major isomer: tr = 13.05 min;
minor isomer: tg = 10.98 min; [a]* = -43 (¢ = 1.0, CHCI5).

DAD1 B, Sig=254 4 Ref=0ff (xcc\xcc dierketi2? rac xcc-74-9-1E-9505-15min.D)
mAU 5
703
60
5OE |1 M
404 |
E | [
30 |
20 [ |

104 _ | f .\- | :." -\\ B

10823

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

Peak RetTime Type Width Aresa Height Area
# [min] [min] [mAT*s] [mAU] %
———— | e R R | ————————
1 10.9%2Z3 BB 0.2801 1476.85260 79.74108 50.7239
2 13.155 BB 0.3208 1434.65714 65.69139 49.27¢l

Totals : 2911.54980 145.43248

DAD1 B, Sig=254,4 Ref=off (xccxce dierkeli27 xcc-73-6-1E-9505-15min.D)
mAU
1409
1203 ‘
1 |
100 3 |
80 |
] \
603
403
203

13083

{ V10982

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

Peak RetTime Type Width Area Height Area
# [min] [min] [MAT*s] [mAU] %
————m—————— | ——== ] ——————— | —————————— e | ——=————- I
1 10.982 BB 0.2826 115.18778 6.30251 3.3393
2 13.053 BB 0.3333 3450.03809 154.05833 S%6.6607
Totals : 3569.22587 160.36085
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(R)-methyl 2-(2-(adamantan-1-yl)-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ja)

According to the procedure B, 3ja was obtained using indole 1j (25.1 mg, 0.100 mmol) and
quinone 2a (16.6 mg, 0.100 mmol) in 86% yield (35.9 mg) and 89% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rs = 0.52 (petroleum
ether:EtOAC = 4:1); 'H NMR (400 MHz, CDCl3) § 10.71 (s, 1H), 8.24 (s, 1H), 7.34 (d, J=8.1
Hz, 1H), 7.14 — 7.18 (m, 2H), 7.00 — 7.03 (m, 3H), 4.94 (s, 1H), 3.30 (s, 3H), 1.99 (s, 3H), 1.89
(s, 6H), 1.64 — 1.74 (m, 6H); *C NMR (100 MHz, CDCls) 5 171.3, 156.1, 147.6, 144.0, 134.6,
129.4,122.0,121.9,121.7,120.0,118.5,118.4,113.2,110.1, 103.9,51.8, 41.8, 36.5, 35.6, 28.3;
HRMS (ESI) Calcd for CzH2sNOs" [M+H]": 418.2013; Found: 418.2017; Enantiomeric
excess was 89% determined by HPLC (Daicel CHIRALPAK IF, Hexane/lsopropanol 95/05,
flow rate = 1.0 mL/min, A = 220 nm): major isomer: tr = 17.49 min; minor isomer: tr = 13.04
min; [a]®p = -24 (c = 1.0, CHCI).

DADT A, Sig=220,4 Ref=off (xcc\xce dierketl20 rac xcc-72-4-IF-25min D)
. o
mAU ] 3 -
] r~
400 ﬁ ~
] | <
300 I \
] | I I
] | I
200 | (I
] I I
100 1 i
F Y [
D*:* L N i J \\-_ ,
7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 25 5 75 10 12.5 15 17.5 20 225 min
Signal 1: DADl1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e |~ |~ [ [ [ |
1 13.143 BB 0.3477 1.13930e4 489 _.20380 50.5993
2 17.773 BB 0.4801 1.11231=4 346.84955 49.4007
Totals : 2.2516led 836.05334
DAD1 A, Sig=2204 Ref=off (xccixce dierkell20 xcc-956-4-1F-25min D)
mAU §
200 {
1 |HI
150 |
; i
100 ‘l ".
f - I
1 2 |
50 2 [\
] 2 [\
0 e AN J N .
T T T T T T T T T T
0 25 5 75 10 12.5 15 17.5 20 225 m
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Signal 1: DAD1 A, S5ig=220,4 Ref=off

Peak EetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
—— [T [ [———m————— [ Em—
1 13.037 BB 0.3488 415.05841 17.87873 5.5221
2 17.492 BB 0.4648 7101.25537 228.34755 54.4779
Totals : 7516.31378 246.22628
MeO,C OH
Me N
H
3ka

(R)-methyl 2-(2-(adamantan-1-yl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ka)
According to the procedure B, 3ka was obtained using indole 1k (26.5 mg, 0.100 mmol) and
guinone 2a (16.6 mg, 0.100 mmol) in 84% yield (36.2 mg) and 90% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.53 (petroleum
ether:EtOAc = 4:1); *H NMR (400 MHz, CDCls3) § 10.69 (s, 1H), 8.11 (s, 1H), 7.15 (d, J=9.0
Hz, 1H), 7.12 (s, 1H), 7.01 (d, J = 9.0 Hz, 1H), 6.82 — 6.84 (m, 2H), 4.95 (s, 1H), 3.33 (s, 3H),
2.44 (s, 3H), 1.97 (s, 3H), 1.87 (s, 6H), 1.63 — 1.73 (m, 6H); *C NMR (100 MHz, CDCl3) §
171.3,156.0, 147.6, 143.2, 135.1, 131.8, 127.2,121.9,121.8, 121.6, 118.3, 118.2, 113.2, 110.2,
103.6,51.8,41.8, 36.5, 35.6, 28.3, 21.7; HRMS (ESI) Calcd for C,7H30NO," [M+H]*: 432.2169;
Found: 432.2170; Enantiomeric excess was 90% determined by HPLC (Daicel CHIRALPAK
ID, Hexane/Isopropanol 95/05, flow rate = 1.0 mL/min, A = 220 nm): major isomer: tr = 24.44
min; minor isomer: tr = 12.11 min; [a]®p = -32 (c = 1.0, CHCly).

DAD1 A, 5ig=220 4 Ref=off (xcc\xce dierketi22 rac xcc-33-3-9505-35min.D)

mAU

1753 %
150
1253 |
100
75 | ".
50 [
253 i

T 412

Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height RArea
# [min] [min] [MAU*s] [mAU] %
S [ P [ — [ [—
1 11.977 BB 0.4263 5619.73291 200.93631 50.0014
2 24.112 BB 0.8174 5615.41064 104.82333 49.9598¢6

Totals : 1.12391=4 305.759604
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DADT A, Sig=220 4 Ref=0ff (xcowce dierketi22 xcc-25-3-9505-35min-1D.D)
mAU_: 5
200—5 I‘Pél'w
1 [
150 ‘.‘
] [
100 I‘ \
] ™~ \
] = [
50 oi [\
J » o / N
T T T T T
0 5 10 15 20 25 m
Signal 1: DAD1 A, Sig=220,4 Ref=off
Peak RetTime Type Width Area Height RArea
# [min] [min] [MAT*s] [mAU] %
e |~ | [ [~ |~ |
1 12.112 BB 0.4310 753.500861 26.24427 5.0458
2 24.437 BB 0.8624 1.41798=4 253.57927 94,5542
Totals : 1.49333=4 279.82354

HO O
EtO,C OH
Cr
N
Me H
3k

b

(R)-ethyl 2-(2-(adamantan-1-yl)-6-methyl-1H-indol-3-yl)-3,6-dihydroxybenzoate (3kb)

According to the procedure B, 3kb was obtained using indole 1k (26.5 mg, 0.100 mmol) and
quinone 2b (18.0 mg, 0.100 mmol) in 88% yield (39.0 mg) and 90% ee as an amorphous solid
(silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rs = 0.53 (petroleum
ether:EtOAC = 4:1); *H NMR (400 MHz, CDCls3) § 10.74 (s, 1H), 8.06 (s, 1H), 7.14 (d, J = 9.0
Hz, 1H), 7.10 (s, 1H), 6.99 (d, J = 9.0 Hz, 1H), 6.89 (d, J = 8.0 Hz, 1H), 6.82 (d, J = 8.0 Hz,
1H), 4.95 (s, 1H), 3.76 — 3.86 (m, 2H), 2.43 (s, 3H), 1.97 (s, 3H), 1.88 (s, 6H), 1.64 —1.73 (m,
6H), 0.41 (t, J = 7.1 Hz, 3H); ¥C NMR (100 MHz, CDCl5) 5 170.8, 156.2, 147.6, 142.9, 135.2,
131.8,127.6,121.9, 121.6, 118.3, 118.2, 113.4, 110.0, 104.2, 60.5, 41.8, 36.5, 35.6, 28.4, 21.6,
12.6; HRMS (ESI) Calcd for CsH3NO," [M+H]": 446.2326; Found: 446.2330; Enantiomeric
excess was 90% determined by HPLC (Daicel CHIRALPAK IB, Hexane/lsopropanol 95/05,

flow rate = 1.0 mL/min, A = 254 nm): major isomer: tr = 10.29 min; minor isomer: tg = 8.81

min; [a]®> = -38 (c = 1.0, CHCls).

DAD1 B, Sig=254 4 Ref=off (xccxce dierketi21 rac xcc-75-2-1B-9505-15min.D)
mAU ] E g
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Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Aresa Height Area
t [min] [min] [MAU*s] [mAU] %
B e — | ———— ] ——————— [T —— [ T— [T ——
1 B.747 BB 0.2292 BE4.47601 56.29645 51.1023
2 10.400 BB 0.2788 B827.1806¢6 44 50528 48.8977

Totals : 1691.656€8 100.80172

DADT B, Sig=254 4 Ref=off (xcc\xce dierketi21 xcc-41-5-2-2-1B-9505-15min.D)
mAU ©
160 ﬁ
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %
——— [ | ——mmm [ [ Em—
1 8.807 BB 0.2232 182.45453 12.43594 5.1087
2 10.286 BB 0.283€ 3350.40039 176.92953 94,8933
Totals : 3572.85492 189.36547

(R)-methyl 3-(2-(tert-butyl)-1H-indol-3-yl)-1,4-dihydroxy-2-naphthoate (3ag)

According to the procedure C of 3ag, 3ag was obtained using indole 1a (17.3 mg, 0.100 mmol)
and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 69% yield (27.0 mg) and 94% ee as an
amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 25:1). Rf = 0.63
(petroleum ether:EtOACc = 4:1); 'H NMR (400 MHz, CDCls) § 12.17 (s, 1H), 8.48 — 8.50 (m,
1H), 8.18 — 8.21 (m, 2H), 7.65 — 7.67 (m, 1H), 7.60 — 7.62 (m, 1H), 7.36 — 7.39 (m, 1H), 7.15
—7.19 (m, 1H), 6.99 — 7.05 (m, 2H), 5.39 (s, 1H), 3.33 (s, 3H), 1.27 (s, 9H); 3C NMR (100
MHz, CDCls) & 172.3, 156.0, 144.0, 143.0, 134.8, 129.9, 129.2, 127.3, 126.4, 125.3, 124.0,
122.5, 122.0, 120.0, 118.8, 111.4, 110.1, 106.2, 104.8, 51.7, 33.4, 30.1; HRMS (ESI) Calcd
for CasH2sNNaO," [M+Na]™: 412.1519; Found: 412.1519; Enantiomeric excess was 94%
determined by HPLC (Daicel CHIRALPAK IF, Hexane/lsopropanol 90/10, flow rate = 1.0
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mL/min, > = 254 nm): major isomer: tg = 12.78 min; minor isomer: tz = 6.28 min; [a]* = +64
(c=0.2, CHCly).

DAD1 B, 5ig=254 4 Ref=0ff (xcCocc-dierkeli- 242 rac-xcc-100-3-1F-9010-30min D)
mAU - B
705 %
603
= (=23
|
403 2
30 ” ﬂ
203 \ /'
| ]
10 I [
E I\ AN
04 - e — ‘ o —
—————————
5 10 15 20 25 mi

Signal 1: DADl1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [MAT*s] [mAU] %
S | ———— | ——————— | —mm [ [
1 6.237 BB 0.1558 B32.38989 79.72769 49.7841
2 13.189 BB 0.3437 B39.61060 36.58470 50.2159
Totals : 1672.00049 116.31239

DAD1 B, Sig=254 4 Ref=off {(xcc\xcc-dierketi-242 xcc-116-1-IF-9010.D)
mAU ]

120 §
100 ﬁ
|
1
E I
20

| 6282

o
I

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

Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAT* =] [mAU] %
SR | ———— | ——————— | —————————— | mmmm— [
1 0.1488 8€.33976 8.5537¢6 3.0301
2 0.3237 2763.02759 128.08281 9&.96€99
Totals : 2846.36735 136.63637

(R)-methyl 3-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-1,4-dihydroxy-2-naphthoate (3bg)

According to the procedure C of 3ag, 3bg was obtained using indole 1b (18.7 mg, 0.100 mmol)

and naphthoquinone 2g (21.6 mg (0.100 mmol) in 74% vyield (29.7 mg) and 93% ee as an
5S40



amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1). R = 0.60
(petroleum ether:EtOAc = 4:1); *H NMR (400 MHz, CDCls) § 12.15 (s, 1H), 8.48 (d, J = 8.4,
1H), 8.19 (d, J = 8.4, 1H), 8.05 (s, 1H), 7.57 — 7.68 (m, 2H), 7.16 — 7.17 (m, 1H), 6.81 — 6.93
(m, 2H), 5.40 (s, 1H), 3.35 (s, 3H), 2.45 (s, 3H), 1.25 (s, 9H); 1*C NMR (100 MHz, CDCls) §
172.4,155.9, 143.3, 143.0, 135.2, 131.8,129.1, 127.7,127.3, 126.3, 125.3, 124.0, 122.5, 121.7,
118.5,111.7,110.1, 106.3,104.6,51.7, 33.3, 30.1, 21.7; HRMS (ESI) Calcd for C2sHsNNaO4*
[M+Na]": 426.1676; Found: 426.1675; Enantiomeric excess was 93% determined by HPLC
(Daicel CHIRALPAK IF, Hexane/Isopropanol 90/10, flow rate = 1.0 mL/min, A = 254 nm):
major isomer: tr = 16.78 min; minor isomer: tr = 5.68 min; [a]*°%> = +65 (¢ = 0.2, CHCl5).

DAD1 B, Sig=254 4 Ref=off (xcc\xce-dierketi-2\43 rac-xcc-107-3-IF-8010.D)
mAU ] =
1753 %
150 4 ‘
125 °
100 3
753 “ =
505 | A
254 “. I\
03— - - d — — T — —
—— . ; ;
5 10 15 20 25 mi
Signal 2: DADl B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s] [mAU] %
—— - | ———— | ——————— [P [T [ Em——
1 6.001 BB 0.1403 1965.41418 211.64777 49.512¢
2 17.840 BB 0.444Z2 2004.1074Z2 ©7.53835 50.4874
Totals : 39€9.52161 279.18712
DAD1 B, Sig=254 4 Ref=0ff (xccxce-dierketi-2\43 xce-107-4-1F-9010.0)
mAU 3 =
3004 %
250 " \
200 | II
150 [
100 2 [
E a [
50? [ I I".
01— L T
———————— ;
5 10 15 20 25 mir
Signal 2: DADl1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
t [min] [min] [MAT*s] [mAU] %

e | ————]——————— e [—————————— | ———————
1 5.675 VB R 0.1326 401.02988  44.55903  3.4118
2 16.777 BB 0.4659 1.13531e4  366.01849 56.5882

Totals : 1.17541=4 410.57752
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(R)-methyl 3-(2-(tert-butyl)-7-methyl-1H-indol-3-yl)-1,4-dihydroxy-2-naphthoate (3fg)
According to the procedure C of 3ag, 3fg was obtained using indole 1f (18.7 mg, 0.100 mmol)
and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 70% yield (28.3 mg) and 93% ee as an
amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rs = 0.62
(petroleum ether:EtOAc = 4:1); *H NMR (400 MHz, CDCl3) § 12.19 (s, 1H), 8.51 (d, J = 8.3
Hz, 1H), 8.22 (d, J = 8.3 Hz, 1H), 8.03 (s, 1H), 7.67 — 7.71 (m, 1H), 7.60 — 7.64 (m, 1H), 6.90
—7.02 (m, 3H), 5.39 (s, 1H), 3.38 (s, 3H), 2.60 (s, 3H), 1.31 (s, 9H); **C NMR (100 MHz,
CDCls) 6 172.4, 155.9, 143.6, 143.0, 134.3, 129.4, 129.1, 127.3, 126.4, 125.3, 124.0, 122.7,
122.5,120.2,119.2, 116.6, 111.7, 106.2, 105.4, 51.8, 33.4, 30.1, 16.6; HRMS (ESI) Calcd for
CasH2sNNaO," [M+Na]*™: 426.1676; Found: 426.1679; Enantiomeric excess was 93%
determined by HPLC (Daicel CHIRALPAK IB, Hexane/lsopropanol 90/10, flow rate = 1.0
mL/min, A = 254 nm): major isomer: tr = 5.87 min; minor isomer: tz = 5.41 min; [0]* = +14
(c =0.5, CHCIy).

DAD1 B, Sig=254 4 Ref=off (xcc\xce-dierketi-2\d4  rac-xcc-139-8-1B-9010.D)

mAU 3 e

3003 ﬁ
i
|
1wl
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200—5 ||
150 ‘
1003
50

LE LA — —
0 > i 6 8 10 12 14 mi

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

t [min] [min] [MAU*s] [mAU] %
—— - | ———— | ——————— [T ——— [T —— — |

1 5.405 BV 0.1040 2251 .46045 333.97501 49.1439

2 5.8¢4 VB 0.11e4 2371.29856 312.87723 50.8561
Totals : 4662.76001 €4€.85223
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DAD1 B, Sig=254 .4 Ref=off (xcc\xcc-dierketi-2\d4 xcc-144-1B-9010-2.D)
mAU J o
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height RArea
# [min] [min] [MAT*s] [mAU] %
— | ———— | ——————— | ———mm | ———m [ —— I
1 5.411 BB 0.1056 25.29478 4.25245 3.3909
2 5.865 BB 0.1162 B834.63171 110.37482 9%6.6091
Totals : 863.92€49 114.6€727

(R)-methyl 1,4-dihydroxy-3-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)-2-naphthoate (3hg)

According to the procedure C of 3ag, 3hg was obtained using indole 1h (20.1 mg, 0.100 mmol)
and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 65% yield (27.2 mg) and 94% ee as an
amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rs = 0.62
(petroleum ether:EtOAC = 4:1); 'H NMR (400 MHz, CDCls) § 12.16 (s, 1H), 8.47 — 8.49 (m,
1H), 8.17 —8.20 (m, 1H), 8.03 (s, 1H), 7.57 — 7.68 (m, 2H), 7.16 (s, 1H), 6.82 — 6.94 (M, 2H),
5.38 (s, 1H), 3.34 (s, 3H), 2.46 (s, 3H), 1.62 (q, J = 7.4 Hz, 2H), 1.18 (s, 3H), 1.15 (s, 3H), 0.78
(t, J = 7.4 Hz, 3H); °C NMR (100 MHz, CDCls) 5 172.4, 155.8, 143.0, 142.2, 135.3, 131.7,
129.1, 127.7,127.2, 126.3, 125.2, 123.9, 122.6, 121.6, 118.6, 111.7, 110.1, 106.3, 105.7, 51.8,
37.0, 36.3, 27.3, 27.2, 21.8, 9.4; HRMS (ESI) Calcd for C2H2sNNaO4* [M+Na]*: 440.1832;
Found: 440.1831; Enantiomeric excess was 94% determined by HPLC (Daicel CHIRALPAK
IF, Hexane/Isopropanol 90/10, flow rate = 1.0 mL/min, A = 254 nm): major isomer: tr = 13.39

min; minor isomer: tg = 5.52 min; [a]*p = +39 (c = 0.2, CHCl5).
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DAD1 B, Sig=254 4 Ref=0ff (xcowcc-aierketi-2d0 _rac-xce-100-1-1F-9070-30min D
mAU T
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Signal 1: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
t [min] [min] [MAU*s] [mAU] %
—— - | ———— | ——————— [T ——— [T —— —
1 5.517 BB 0.1348 e©le.e7212 €8.62106 49.9064
2 13.889 BB 0.372¢ ©18.98560 25.02607 50.0936
Totals : 1235.65771 93.647132
DADI1 B, Sig=254 4 Ref=off (xcocc-dierketi-2140 xcc-126-2-IF-9010.D)
mAU ] o
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Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Aresa Height Area
# [min] [min] [mAT*s] [mAU] %
B e — | ———— ] ——————— [T —— [ T— [T ——
1 5.518 BB 0.1304 216.340853 25.13381 3.2370
2 13.392 BB 0.353% ©467.04832 275.425%05 %e.7630
Totals : 6683.39024 300.56286

(R)-methyl 1,4-dihydroxy-3-(2-(1-methylcyclohexyl)-1H-indol-3-yl)-2-naphthoate (3ig)

According to the procedure C of 3ag, 3ig was obtained using indole 1i (21.3 mg, 0.100 mmol)
and naphthoquinone 2g (21.6 mg, 0.100 mmol) in 70% vyield (30.0 mg) and 89% ee as an
amorphous solid (silica gel flash chromatography: petroleum ether:EtOAc = 20:1). Rs = 0.64
(petroleum ether:EtOAc = 4:1); 'H NMR (400 MHz, CDCls) § 12.15 (s, 1H), 8.48 — 8.50 (m,
1H), 8.24 (s, 1H), 8.18 — 8.21 (m, 1H), 7.65 — 7.69 (m, 1H), 7.58 — 7.62 (m, 1H), 7.37 — 7.39
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(m, 1H), 7.15 - 7.19 (m, 1H), 7.05 — 7.07 (m, 1H), 6.98 — 7.02 (m, 1H), 5.38 (s, 1H), 3.31 (s,
3H), 1.77 — 1.85 (m, 2H), 1.53 — 1.57 (m, 2H), 1.42 — 1.44 (m, 4H), 1.24 — 1.28 (m, 2H), 1.23
(s, 3H); *C NMR (100 MHz, CDCl3) § 172.3, 155.9, 144.2, 142.9, 134.7, 130.0, 129.1, 127.3,
126.4, 125.3, 124.0, 122.6, 121.9, 119.9, 118.8, 111.5, 110.1, 106.3, 105.0, 51.7, 37.2, 37.1,
36.9, 25.9, 22.3, 22.3; HRMS (ESI) Calcd for CyyH2sNO4* [M+H]*: 430.2013; Found:
430.2009; Enantiomeric excess was 89% determined by HPLC (Daicel CHIRALPAK IF,
Hexane/Isopropanol 90/10, flow rate = 1.0 mL/min, A =254 nm): major isomer: tr = 16.64 min;

minor isomer: tg = 6.39 min; [a]®p = +41 (¢ = 0.2, CHCls).

DADT B, 5Ig=254 4 ReT=0ff (xCOWCC-dIerket-2141 rac-xcc-100-2-2-1F 90 10-30min o)
mAU { ]
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Signal 1: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Lrea Height Lrea
# [min] [min] [mAT*s] [mAU] %
|- [ PR [ T e —
1 6.402 BB 0.1866 417.19827 33.20068 50.0772

2 16.93¢ BB 0.4470 415.91z248 14.08374 49.8228

Totals : 833.11075 47.2e442

DAD1 B, Sig=254 4 Ref=0ff (xccwxcc-dierketi-2141 xce-101-2-1F-9010-30min.D)
mAU 4 %
3 Q
40 i
30 ‘ |
20 [

104

| =6.388

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

Peak RetTime Type Width Area Height Area
# [min] [min] [MAU*s5] [mAU] %
————m—————— | ——== ] ——————— | —————————— e | ——=————- I
1 ©.388 BB 0.1853 83.39987 6.69737 5.3747
2 16.642 BB 0.4418 1468.30945 50.12366 94.6253
Totals : 1551 .70932 56.82102
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(R)-methyl  3-(2-(adamantan-1-yl)-1H-indol-3-yl)-1,4-dioxo-1,4-dihydronaphthalene-2-
carboxylate (4jg)

According to the procedure C of 4jg, 4jg was obtained using indole 1j (25.1 mg, 0.100 mmol)
and naphthogquinone 2g (21.6 mg, 0.100 mmol) in 73% yield (34.1 mg) and 96% ee as a dark
blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Rf = 0.44
(petroleum ether:EtOAC = 4:1); *H NMR (400 MHz, CDCls) & 8.25 (s, 1H), 8.20 — 8.23 (m,
1H), 8.16 — 8.19 (m, 1H), 7.79 — 7.85 (m, 2H), 7.24 — 7.30 (m, 2H), 7.10 — 7.14 (m, 1H), 7.00
—7.03 (m, 1H), 3.50 (s, 3H), 2.10 — 2.13 (m, 3H), 2.02 — 2.05 (m, 3H), 1.93 — 1.96 (m, 3H),
1.71—1.73 (m, 6H); 13C NMR (100 MHz, CDCls) 5 184.7, 182.1, 164.5, 145.2, 144.1, 141.5,
134.4,134.3,134.2,132.1, 131.8, 128.2, 127.3, 126.6, 121.9, 119.9, 118.6, 110.3, 101.1, 52.3,
42.1, 36.5, 35.8, 28.4; HRMS (ESI) Calcd for C3HzsNO," [M+H]": 466.2013; Found:
466.2020; Enantiomeric excess was 96% determined by HPLC (Daicel CHIRALPAK IF,
Hexane/Isopropanol 60/40, flow rate = 1.0 mL/min, A = 254 nm): major isomer: tr = 8.81 min;
minor isomer: tr = 4.87 min; [a]*p = -30 (c = 0.02, CHCI).

DAD1 B, 5ig=254 4 Ref=off (xcc\xcc-dierketi-245 rac-xcc-146-3-1F-6040.D)
mAU =
20 %
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Arsa Height Area
t [min] [min] [MAU*s] [mAU] %
———— ] m—————— | —=== | === | —————————— [ e |
1 4.871 BB 0.1270 181.20064 21.79%102 50.5154
2 8.804 BB 0.2558 177.47488 10.57245 49.480¢
Totals : 358.67552 32.36347
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DAD1 B, Sig=254 4 Ref=off (xcc\xce-dierketi-2\45 xcc-139-5-1F-6040.0)
mAU ©
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak EetTime Type Width Area Height Area
¥ [min] [min] [mAT*s] [mAU] %
e [ [ [ —— |~ |
1 4.873 BB 0.1282 20.05439 2.38331 1.7511
2 8.806 BB 0.255% 1125.17822 67.01038 98.2489
Totals : 1145.232¢1 69.306369

(R)-methyl 3-(2-(adamantan-1-yl)-6-methyl-1H-indol-3-yl)-1,4-dioxo-1,4-
dihydronaphthalene-2-carboxylate (4kg)

According to the procedure C of 4jg, 4kg was obtained using indole 1k (26.5 mg, 0.100 mmol)
and naphthogquinone 2g (21.6 mg, 0.100 mmol) in 79% yield (38.0 mg) and 89% ee as a dark
blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Ry = 0.45
(petroleum ether:EtOAc = 4:1); 'H NMR (400 MHz, CDCl3) & 8.14 — 8.24 (m, 3H), 7.82 —
7.87 (m, 2H), 7.10 — 7.16 (m, 2H), 6.86 — 6.88 (m, 1H), 3.55 (s, 3H), 2.43 (s, 3H), 2.10 - 2.14
(m, 3H), 2.03 — 2.04 (m, 3H), 1.93 — 1.96 (m, 3H), 1.74 (s, 6H); *C NMR (100 MHz, CDCls)
0 184.7, 182.2, 164.6, 144.4, 144.3, 141.4, 134.7, 134.2, 134.1, 132.1, 131.8, 131.7, 127.3,
126.5,126.1, 121.6, 118.2, 110.3, 100.9, 52.3, 42.1, 36.5, 35.7, 28.4, 21.7; HRMS (ESI) Calcd
for CsiHoNO," [M+H]": 480.2169; Found: 480.2170; Enantiomeric excess was 89%
determined by HPLC (Daicel CHIRALPAK IF, Hexane/lsopropanol 60/40, flow rate = 1.0
mL/min, A = 254 nm): major isomer: tg = 13.22 min; minor isomer: tr = 5.70 min; [a]® = -
105 (c = 0.04, CHCIs).
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DADT B, Sig=254 4 Ref=0ff (XCCXCC-dIeTKet- 246 rac-xcc-146-2-IF-6040-30min D)
mAU ] w
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Arsa Height Area
t [min] [min] [MAU*s] [mAU] %
—— - | ———— | ——————— | ———mm | ———m e —
1 5.705 BB 0.15e7 1124.75476 108.74540 50.1107
2 13.264 BB 0.4165 1115_.788650 40.76264 49.88653
Totals : 2244 .54126  149.51205
DAD1 B, Sig=254 4 Ref=off (xco\Xce-dierketi- 2146 xcc-139-6-1F-6040 D)
mAU 3 ©
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Signal 2: DAD]1 B, Sig=254,4 Ref=off

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

—— - | ———— | ——————— [ ——— [ —— [ —
1 5.704 BV R 0.1e08 1275.21838 117.02428 5.3888
2 13.218 BB 0.4185 2.23591=4 809.95740 94.6112

Totals : 2.36643=4 926.98168

(R)-phenyl
dihydronaphthalene-2-carboxylate (4kh)

According to the procedure C of 4jg, 4kh was obtained using indole 1k (26.5 mg, 0.100 mmol)
and naphthoguinone 2h (27.8 mg, 0.100 mmol) in 61% yield (33.2 mg) and 82% ee as a dark
blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Ry = 0.42
(petroleum ether:EtOAc = 4:1); 'H NMR (400 MHz, CDCls) § 8.25 — 8.27 (m, 1H), 8.19 —
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8.23 (m, 2H), 7.82 — 7.88 (m, 2H), 7.23 (s, 1H), 7.16 — 7.20 (m, 2H), 7.09 — 7.13 (m, 2H), 6.86
— 6.89 (m, 1H), 6.48 — 6.50 (M, 2H), 2.42 (s, 3H), 2.08 — 2.12 (m, 3H), 1.91 — 1.99 (m, 6H),
1.68 (s, 6H); *C NMR (100 MHz, CDCls) § 184.6, 181.9, 162.8, 150.0, 144.8, 144.7, 140.8,
134.8,134.4,134.3,132.2,131.9, 131.8,129.3, 127.4, 126.6, 126.2, 126.1, 121.9, 121.3, 118.5,
110.4, 100.9, 42.2, 36.5, 35.8, 28.4, 21.7; HRMS (ESI) Calcd for CsH3:NO4" [M+H]":
542.2326; Found: 542.2323; Enantiomeric excess was 82% determined by HPLC (Daicel
CHIRALPAK IF, Hexane/Isopropanol 60/40, flow rate = 1.0 mL/min, A = 230 nm): major
isomer: tg = 13.87 min; minor isomer: tg = 5.67 min; [a]*% = -145 (c = 0.04, CHCIs).

DAD1 D, Sig=230,4 Ref=0ff (xccwcc-dierketi-2\49 rac-xcc-138-5-rac-IF-6040-5.D)
mAU 2
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Signal 4: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
¥ [min] [min] [mAUT*s] [mAU] %
————m—————— | —===] === | —————————— | —————————— | ———————— \
1 5.809 BB 0.1622 231.60333 21.75379 52.0143
2 14.595 BB 0.4536 213.66559 6.97121 47.9857
Totals : 445.26882 28.72501
DAD1 D, Sig=230,4 Ref=off (xcc\xcc-dierketi- 249 xcc-138-5-IF-6040.D)
mAU =
30 5
25 i
E [
20 [
15—; = .‘I |
w0d 2 [
594 [}
\ y N\
0t S D
6 8 10 12 1 15 18 mi
Signal 4: DAD1 D, Sig=230,4 Ref=off
Peak RetTime Type Width Area Height Area
t [min] [min] [MAT*s] [mAU] %
————m—————— | —==— ] =—————— | —————————— R | ———————— I
1 5.674 BB 0.1707 9€.08547 5.44889 8.9033
2 13.871 BB 0.4418 983.12842 33.75636 91.0967
Totals : 1079.21389 2.20525
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(R)-phenyl 3-(2-(tert-butyl)-6-methyl-1H-indol-3-yl)-1,4-dioxo-1,4-dihydronaphthalene-
2-carboxylate (4bh)

According to the procedure C of 4jg, 4bh was obtained using indole 1b (18.7 mg, 0.100 mmol)
and naphthoquinone 2h (27.8 mg, 0.100 mmol) in 97% vyield (44.8 mg) and 92% ee as a dark
blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). R = 0.45
(petroleum ether:EtOAc = 4:1); 'H NMR (400 MHz, CDCl3) & 8.23 — 8.26 (m, 1H), 8.18 —
8.21 (m, 2H), 7.81 — 7.85 (m, 2H), 7.25 — 7.27 (m, 1H), 7.16 — 7.20 (m, 2H), 7.08 — 7.13 (m,
2H), 6.87 — 6.90 (m, 1H), 6.49 — 6.51 (m, 2H), 2.42 (s, 3H), 1.36 (s, 9H); *°C NMR (100 MHz,
CDCls) 6 184.6, 181.9, 162.7, 150.0, 144.6, 144.5, 140.8, 135.1, 134.4, 134.3, 132.1, 132.0,
131.8, 129.3, 127.3, 126.6, 126.1, 126.1, 122.0, 121.3, 118.6, 110.4, 101.2, 33.5, 30.5, 21.7;
HRMS (ESI) Calcd for CsoH2sNO4" [M+H]": 464.1856; Found: 464.1861; Enantiomeric
excess was 92% determined by HPLC (Daicel CHIRALPAK IF, Hexane/lsopropanol 90/10,
flow rate = 1.0 mL/min, A = 254 nm): major isomer: tr = 22.03 min; minor isomer: tr = 12.26
min; [a]®> = -115 (c = 0.04, CHCI5).

DADT B, Sig=254 4 Ref=0ff (xcc\xce-dierketi-247 rac-xcc-137-7-IF-9010 D)
mAU )
] b
20 ﬁ
] w
] | ]
16 || 5
104 \ N
] ‘ | ‘ll \
] |
q ]
5 |' | |
03— —— . \ / AN
0 -l n 15 2 % miir
Signal 2: DADl B, Sig=254,4 Ref=off
Peak RetTime Type Width Aresa Height Area
# [min] [min] [MAT*=] [mAU] %
———— | e R R | === |
1 12.2e0 BB 0.3358 68.06287 2.98734 3.9651
2 22.027 BB 0.5885 1635.060657 41 .43829 9¢.0049
Totals : 1703.66554 44 .42563
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DAD1 B, 5ig=254 4 Ref=off (xcocc-dierketi-2147 xcc-138-3-F-9010 O)
mAU - r~
354 g
30 I
255 [
20 I
154 [
E| ]
105 g [
E N [
59 o [
o—;— -_— N \/ o
-5 T T T T T T T
0 5 10 15 20 25 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height RArea
# [min] [min] [MAT*s] [mAU] %
S [ P —— [ [ [—— |
1 12.1€63 BB 0.3166 487.15081 23.04735 4858.2361
2 21.805 BB 0.5728 502.26627 13.11367 50.7638
Totals : 986.41718 36.16102

(R)-phenyl 3-(6-methyl-2-(tert-pentyl)-1H-indol-3-yl)-1,4-dioxo-1,4-dihydronaphthalene-
2-carboxylate (4hh)

According to the procedure C of 4jg, 4hh was obtained using indole 1h (20.1 mg, 0.100 mmol)
and naphthoguinone 2h (27.8 mg, 0.100 mmol) in 96% yield (45.9 mg) and 93% ee as a dark
blue solid (silica gel flash chromatography: petroleum ether:EtOAc = 15:1). Ry = 0.46
(petroleum ether:EtOAc = 4:1); 'H NMR (400 MHz, CDCls) & 8.23 — 8.26 (m, 1H), 8.19 —
8.21 (m, 1H), 8.13 (s, 1H), 7.79 — 785 (m, 2H), 7.27 (d, J = 8.0 Hz, 1H), 7.09 — 7.19 (m, 4H),
6.87 — 6.90 (m, 1H), 6.49 — 6.51 (m, 2H), 2.42 (s, 3H), 1.68 (g, J = 7.4 Hz, 2H), 1.33 (s, 3H),
1.27 (s, 3H), 0.76 (t, J = 7.4 Hz, 3H); **C NMR (100 MHz, CDCls) & 184.6, 181.9, 162.7,
150.0, 144.6, 143.6, 140.6, 135.1, 134.3, 134.3, 132.2, 131.9, 131.8, 129.3, 127.3, 126.6, 126.1,
126.0, 121.9, 121.3, 118.6, 110.3, 102.5, 37.2, 36.7, 27.7, 27.6, 21.7, 9.2; HRMS (ESI) Calcd
for CaiHsNO," [M+H]": 478.2013; Found: 478.2012; Enantiomeric excess was 93%
determined by HPLC (Daicel CHIRALPAK IF, Hexane/lsopropanol 90/10, flow rate = 1.0
mL/min, A = 254 nm): major isomer: tz = 17.81 min; minor isomer: tr = 11.40 min; [a]®p =
-90 (c = 0.04, CHCls).
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DADT B, Sig=254 4 Ref=off (xco\xcc-dierketi- 2148 rac-xcc-146-1-1F-9010.0)
mAUE i
1755 # §
15 k e
1259 | f
103 ‘% “
\ |
53 [ [
257 | \ ;‘I \
¥~ _ - Y _\H'_
. , —— ; ;
0 5 10 15 20 25 mi
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
t [min] [min] [MAT*s] [mAU] %
] e R R | ————————
1 11.547 BB 0.3102 435.23129 20.96519 49.9922
2 18.184 BB 0.4762 435.36782 13.64586 50.0078
Totals : 870.59921 34.61105
DAD1 B, Sig=254 4 Ref=off (xco\xce-dierkefi-21d8 xcc-137-2-IF-9010 O)
mAU g
120 H
1003 |
80 H
60 [
40 o :ﬂ
4 (=} 1
] = [
204 b= I\
0 - - — . (AN B Nl
R —N ;
0 5 10 15 20 25 mi

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

Peak RetTime Type Width Area Height Area
* [min] [min] [MAT*s] [mAU] %
———— - | ———— | ——————— [ [ [
1 11.40Z2 BB 0.2577 146.42520 7.43867 3.4330

2 17.81Z BB 0.4647 4118.86963 133.97192 96.5670

Totals : 4265.29883 141.41060

7. The absolute configuration of products

Compared to the previous literature,* the *"H NMR and *C NMR of 3ab was the same with the
reference, the ee (ref. 94% ee) and optical rotations (ref. [0]*> = -85.0, ¢ = 1.0, CHCls) of 3ab

were also closed to the reference. Thus, the absolute configuration of the products was

identified as R.
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(R)-ethyl 2-(2-(tert-butyl)-1H-indol-3-yl)-3,6-dihydroxybenzoate (3ab)

According to the procedure B, we get 3ab using indole 1a (17.3 mg, 0.100 mmol) and quinone
2b (18.0 mg, 0.100 mmol) in 79% vyield (28.0 mg) and 90% ee as an amorphous solid (silica
gel flash chromatography: petroleum ether:EtOAc = 20:1). Ry = 0.54 (petroleum ether:EtOACc
= 4:1); *H NMR (400 MHz, CDCls) 6 10.73 (s, 1H), 8.12 (s, 1H), 7.31 (d, J = 8.4 Hz, 1H),
7.14 - 7.16 (m 2H), 6.99 — 7.03 (m, 3H), 4.91 (s, 1H), 3.73 — 3.86 (m, 2H), 1.26 (s, 9H), 0.37
(t, J = 7.0 Hz, 3H); 3C NMR (100 MHz, CDCls) § 170.8 ,156.3 , 147.7 , 143.4,134.8,129.8,
122.1,121.8,121.4,120.1, 118.8, 118.5, 113.4, 110.0, 104.8, 60.6 , 33.3, 30.0, 12.5; HRMS
(ESI) Calcd for Co1H24NO4" [M+H]": 354.1700; Found: 354.1706; Enantiomeric excess was
90% determined by HPLC (Daicel CHIRALPAK IB, Hexane/lsopropanol 95/05, flow rate =
1.0 mL/min, A = 220 nm): major isomer: tr = 13.03 min; minor isomer: tg = 10.45 min; [a]®p

=-78 (c = 1.0, CHCIy).

DAD1 A, 5ig=220 4 Ref=off (xcc\xcc dierketii18 rac xcc-74-1-1B-9505-20min.D)
mAU 3
350
3003
2503
200 [ ‘
1503 [ [
1003 I |

\

503 |\ [
E ot N I \-_,

0789
13.331

Signal 1: DADl1 A, Sig=220,4 Ref=off

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

1 10.709 BB 0.2508 6416.09619 384.35260 51.0687
2 13.331 BB 0.3102 ©147.55176 293.55%283 48.5313

Totals : 1.25636e4 6682.94543

DAD1 A, Sig=220 4 Ref=0ff (xcowce dierketh18 xcc-41-1-IB-9505-20min D)
mAU
800
7003 ‘
6003 [
5003 [
4003 |
300 [
200 \
1003
04 - — . — —

13027

\
1/ 10.489

0 2 4 L] i) 10 12 14 min

Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAT*s] [mAU] %
e | ———— | ——————— | ————m———— |———m [ —— I
1 10.489 BB 0.2582 917.47522 55.12713 5.0202
2 13.027 BB 0.2911 1.73581e4 899.81403 94.9798
Totals : 1.82756=4 654.94115
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8. Attempt of other quinone substrate.

(o)
Cl

Cl
(o)

11

We also have tested the benzoquinone substrate 1

I*® under optimal condition, it didn’t work

even if the temperature was warmed to rt.

9. The control experiment and proposed mechanism of the reaction
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© H PH
2a 3aa L9
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Scheme S-3. Control experiment
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Scheme S-4 Proposed mechanism
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To investigate the stereo-controlling process, N-Boc L9 was subjected to repeating the
coupling of 1a and 2a under the general condition. The product 3aa was obtained in only 45%
ee and 85% yield (Scheme S-3), which indicated that there existed coordination between ligand
NH and Cu(ll) species as well as substrates during complexation and/or coupling. On the basis
of this result and previous related reports,®!’ a possible asymmetric catalytic cycle process was
proposed (Scheme S-4). The chiral catalyst complex 5 was initially formed and then a species
6 was subsequently formed through coordination of 5 with quinone 2. Next, an asymmetric
conjugate addition of indole 1 to chiral species 6 to form the central chirality intermediate 7.
Finally, the desired product 3 was produced after an aromatization/proton transfer of 7, which
simultaneously realized the transformation of central chirality into the axial chirality.
Noteworthily, during the conjugate addition process as illustrated in transition state (TS), indole
1 was liable to attack from Si-face of species 6 to afford intermediate 7 which further formed
the corresponding axially chiral product 3. Due to the bigger steric hindrance, a Re-face attack
was disfavored. The atroposelectivity showed in TS was consist with the absolute

stereochemistry observed from our experiment.
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11. Copies of NMR spectra
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