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1. General:

Unless otherwise noted, all the reactions were performed in a flame-dried 20 mL test tube with a
Teflon-coated magnetic stirring bar fitted with a 3-way glass stopcock. Air- and moisture-sensitive
liquids were transferred via a gas-tight syringe and stainless-steel needle and reactions were run under
argon atmosphere. All reaction work-up and purification procedures were carried out with reagent-
grade solvents in air at ambient temperature. Column chromatographic purifications were performed
with silica gel Merck 60 (230-400 mesh ASTM). The absolute configuration of product 3aa was
determined (see S48). For other products, the absolute configuration was tentatively assigned from the
analogy to 3aa.

Instrumentation:

'H and "*C NMR spectra were recorded on JEOL ECX500 (500 MHz for 'H NMR and 125 MHz for
C NMR) and JEOL ECS400 (400 MHz for 'H NMR and 100 MHz for °C NMR) spectrometers.
Chemical shifts were reported in ppm in the scale relative to the solvent used as an internal reference
for 'H (8 = 7.26 ppm for CDCl;, 2.05 ppm for acetone-ds, and 3.31 for CD;0D) and °C NMR (5 =
77.00 ppm for CDCl;, 206.26 ppm for acetone-ds and 49.0 ppm for CD;0D). Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, dd = doublet of doublet, td = triplet of
doublet, m = multiplet), coupling constants (Hz) and integration. Infrared (IR) spectra were recorded
on a JASCO FT/IR 410 Fourier transform infrared spectrophotometer. Optical rotations were
measured on a JASCO P-1010 polarimeter. ESI-mass spectra were measured on JEOL JMS-T100LC
AccuTOF spectrometer (for High resolution mass spectra). The enantiomeric excesses (ee’s) were
determined by high-performance liquid chromatography analysis conducted by JASCO HPLC
systems (pump: PU-2080; detector: UV-2075, measured at 254 nm; chiral column; mobile phase: 2-
propanol/“hexane, ethanol/"hexane).

Materials:

All non-commercially available compounds were prepared and characterized as described below.
Other reagents were purchased from Aldrich chemical company, Tokyo Chemical Industry Co., Ltd.
(TCI), Kanto Chemical Co., Inc., and Wako Pure Chemical Industries, Ltd. and used without further
purification.

(S, S)-Ph-BPE was purchased from Aldrich chemical company.

Mesitylcopper was prepared by following the reported procedure.'

1, 3- Bis(diphenylphosphino)propane (dppp)was purchased from Wako Pure chemical industries.
All aliphatic and aromatic aldehydes and ketones were purchased from commercial sources and
further purified by distillation/crystallization.

2-Iodo-5-methoxyaniline was prepared from 4-methoxy-2-nitroaniline in 69% yield.*”

2-Todo-3-methylaniline was prepared from 2-iodo-3-nitroaniline in 99% yield.

'T. Tsuda, K. Watanabe, K. Miyata, H. Yamamoto, T. Saegusa. Inorg. Chem. 1981, 20, 2728-2730.
’A. Wetzel, F. Gagosz. Angew. Chem. Intl. Ed. 2011, 50, 7354
C. Ma, X. Liu, X. Li, J. Flippen-Anderson, S.Y, J. Cook, J. Org. Chem. 2001, 66, 4525-4542.

S2



N-(2-iodophenyl)acetamide and fert-butyl 2-iodophenylcarbamate were synthesized by using the

45
reported procedure.™

2. N-Protection of o-lodoanilines to carbamates and characterization:

General procedure for the synthesis of N-methylcarbamate:

To a stirred solution of o-iodoaniline (5g, 22.82 mmol) in pyridine (40 mL) at 0 °C was added methyl

chloroformate (2.65 mL, 34.2 mmol) dropwise via syringe over 10 min. The solution was slowly

warmed to room temperature and stirred for 12 h. The mixture was recooled to 0 °C, and a second

portion of methyl chloroformate (2.65 mL, 34.2 mmol) was added in the same manner. The mixture

was stirred at room temperature for further 12 h. The reaction completion was confirmed by TLC

analysis, and the reaction was quenched with water. The mixture was extracted with EtOAc (100

mLx3), and the combined organic layers were washed sequentially with water, sat. CuSQO, solution,

0.3 N HCI and brine. After dried over Na,SO,, solvents were evaporated under vacuum. The crude

residue was purified by silica gel column chromatography.

Methyl 2-iodophenylcarbamate (17):

©i ! Yield: 94%; White solid; R;= 0.33 (Ethyl acetate: Hexane (1.5:8.5)); IR (thin film): v
NH 3387, 2947, 1715, 1520, 1437 cm™; '"H NMR (CDCls, 500 MHz): & 8.03 (d, J = 8 Hz,
COOMe 111y, 7.73 (dd, J = 8 Hz, 1.7 Hz, 1H), 7.33-7.29 (m, 1H), 6.97 (brs, 1H), 6.79-6.76 (m,

1H), 3.7 (s, 3H); "C NMR (CDCl;, 125 MHz): 5153.6, 138.7, 138.1, 129.1 124.9, 120.2, 88.8, 52.4;

HRMS (ESI): calcd for CsHgINO, m/z 299.9497 [M+Na]", Found 299.9505.

Methyl 2-iodo-5-methoxyphenyl carbamate (18):

/@ ! Yield: 88.6%; White solid; R; = 0.45 (Ethyl acetate: Hexane (2:8)); IR (thin film):
0 NH v 3385, 2948, 1710, 1521, 1217 em™; "H NMR (CDCls, 500 MHz): § 7.75 (s, 1H),

COOMe 7 55 (d, J = 8.5 Hz, 1H), 6.96 (brs, 1H), 6.41 (dd, J = 8.59 Hz, 2.86 Hz, 1H), 3.78

(s, 6H); C NMR (CDCl;, 125 MHz): §160.5, 153.6, 139.0, 138.6, 111.8, 105.3, 55.3, 52.4; HRMS
(ESI): caled for CoH,oINO; m/z 329.96031[M+Na]", Found 329.9591.
Methyl 5-chloro-2-iodophenyl carbamate (19):
/@i I Yield: 94%; White fluffy solid; R = 0.26 (Ethyl acetate: Hexane (0.5:9.5)); IR
Cl NH (thin film): v 3282, 2965, 1698, 1540, 1091 cm™; '"H NMR (CDCls, 500 MHz):
COOMe 5815 (brs, 1H), 7.66-7.63 (m, 1H), 6.97 (brs, 1H), 6.82-6.80 (m, 1H), 3.81 (s,
3H); °C NMR (CDCl;, 125 MHz): §153.4, 139.33, 139.31, 135.5, 125.0, 119.91, 85.2, 52.7; HRMS
(ESI): caled for CgH;CINO, m/z 333.9108 [M+Na]", Found 333.9115.
Methyl 2-iodo-4-(trifluromethyl)phenylcarbamate (20):
FaC\@[' Yield: 93%; White fluffy solid; R;= 0.25 (Ethyl acetate: Hexane (0.5:9.5)); IR
NH (thin film): v 3391, 2961, 2369, 1700, 1540, 1215 cm™; "H NMR (CDCls, 500
COOMe  NHz): 5 8.23 (d, J = 8.59 Hz, 1H), 7.99 (d, 1H, J = 1.14 Hz, 1H), 7.59 (dd, J=

“C. Gimbert, A. Vallribera, Org. Lett. 2009, 11, 269-271
°K. Hiroya, S. Itoh, T, Sakamoto. J. Org. Chem. 2004, 69, 1126-1136.
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8.59 Hz, 1.7 Hz, 1H), 7.15 (brs, 1H), 3.89 (s, 3H); C NMR (CDCls, 125 MHz): § 153.4, 141.0, 135.8

(q, *Jor 3.6 Hz), 126.8 (q, “Jer 33.5 Hz), 126.4 (q, *Jor 3.6 Hz), 121.8 (q, “Jor 272 Hz), 118.9, 87.1,
52.8; HRMS (ESI): calcd for CoH,F5INO, m/z 367.9371 [M+Na]", Found 367.9371.

Methyl 2-iodo-3-methylphenylcarbamate (21):

Me Yield: 93.5%; White solid; Ry = 0.25 (Ethyl acetate: Hexane (0.5:9.5)); IR (thin

film): v 3396, 2930, 2369, 1705, 1213, 756 cm™; 'H NMR (CDCl;, 500 MHz): &

(“.:‘(';OMQ 7.89 (d, J = 8 Hz, 1H), 7.27-7.24 (m, 1H), 7.19 (brs, 1H), 7.02 (d, J = 7.4 Hz, 1H),

3.85 (s, 3H), 2.48 (s, 3H); °C NMR (CDCls, 125 MHz): & 153.8, 142.1, 138.3,

128.43, 124.8, 117.5, 96.63, 52.38, 29.59; HRMS (ESI): calcd for CoH gINO,m/z 313.9654 [M+Na]’,

Found 313.9652.

3. Palladium(0)-catalyzed coupling reaction of iodoanilides with allenylstannane:°
General procedure for the preparation of 2-allenylanilides:
The solution of N-Boc iodoanilide(1.5 g, 4.7 mmol) and allenylstannane (2.32 g,7.05 mmol) in
anhydrous DMF (40 mL) was degassed and purged with argon gas. Tris(2-furyl)phosphine (0.218 g,
0.94 mmol), Pd,(dba);(0.145 g, 0.141mmol) and Cul (0.09 g, 0.47 mmol) were added to the reaction
mixture at rt under argon atmosphere. The reaction mixture was stirred at rt for allotted time,
quenched by addition of 10% aqueous NHj; solution and extracted with diethyl ether. The combined
extracts were washed with water, brine, dried over sodium sulfate and concentrated under vacuum.
tert-butyl 2-(propa-1,2-dienyl)phenylcarbamate (22):
Reaction carried out in 4.7 mmol scale;

©i:l: Time required for completion of reaction: 3 h
Boc Purified by silica gel column chromatography (Et,O:Hexane (0.5:9.5))

Isolated yield: 2.759 g, (81%); colorless liquid; Ry = 0.37 (Ethyl acetate: Hexane
(1:9); IR (thin film): v 3387, 2977, 1943, 1710, 1520, 1156, 754 cm™; '"H NMR (CDCl;, 500 MHz): §
7.83 (brs, 1H), 7.23-7.20 (m, 2H), 7.10 (brs, 1H), 7.04 (td, J = 7.45 Hz, 1.15 Hz, 1H), 6.28 (t, J = 6.87,
1H), 5.19 (d, J = 6.87 Hz, 2H), 1.52 (s, 9H); °C NMR (CDCl;, 125 MHz): § 209.9, 152.9, 135.5,
128.6, 127.7, 123.7, 122.9, 121.8, 90.5, 80.2, 78.4, 28.2; HRMS (ESI): caled for C;H;;NO, m/z
254.1157 [M+Na]", Found 254.1150.
Methyl 2-(propa-1,2-dienyl)phenylcarbamate (1a):

@j:.: Reaction carried out in 5.41 mmol scale;
NH Time required for completion of reaction: 3 h
COOMe Purified by silica gel column chromatography (EtOAc: Hexane (1:9))

Isolated yield: 0.921 g (90%); white solid; R; = 0.34 (Ethyl acetate: Hexane (2:8); IR (thin film): v
3313, 2947, 1941, 1716, 1523, 1225, 1060, 757 cm™'; '"H NMR (CDCls, 500 MHz): & 7.82 (brs, 1H),
7.31 (brs, 1H), 7.24-7.21 (m, 2H), 7.07 (t, J = 7.45 Hz, 1H), 6.28 (t, /= 6.87 Hz, 1H), 5.2 (d, J = 6.87
Hz, 2H), 3.76 (s, 3H); °C NMR (CDCls, 125 MHz): § 209.8, 154.3, 135.1, 128.7, 127.8, 124.1, 90.5,

5C. Mukai, Y. Takahashi. Org. Lett. 2005, 7, 5793-5796
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78.7, 52.3; HRMS (ESI): calcd for C;;H;NO, m/z 212.0687 [M+Na]", Found 212.0686.
Methyl 5-chloro-2-(propa-1,2-dienyl)phenylcarbamate (1b):
Reaction carried out in 6.42 mmol scale;
Cl/@,:.: Time required for completion of reaction: 3.5 h
COOMe  Ppyrified by silica gel column chromatography (EtOAc: Hexane (1:9))

Isolated yield: 1.249g (87%); yellow solid; Ry = 0.17 (Ethyl acetate: Hexane (1:9); IR (thin film): v
3383, 2961, 2321, 1941, 1709, 1521, 1224, 1058, 868 cm™; '"H NMR (CDCls, 500 MHz): & 7.96 (brs,
1H), 7.41-7.4(m, 1H), 7.1-7.07 (m, 1H), 7.01 (dd, J = 8 Hz, 1.72 Hz, 1H), 6.22 (t, J = 6.87 Hz, 1H),
5.23 (d, J = 6.87 Hz, 1H), 3.77 (s, 3H); "“C NMR (CDCls, 125 MHz): & 209.8, 153.8, 136.4, 133.5,
129.8, 123.9, 121.1, 99.8, 90.2, 79.3, 52.55; HRMS (ESI): calcd for C;H;(CINO, m/z246.0298

[M+Na]", Found 246.0286.

Methyl 3-methyl-2-(propa-1,2-dienyl)phenylcarbamate (1c):
Me

Reaction carried out in 4.8 mmol scale;

CEI Duration of reaction: 2 days at rt

NH Purified by silica gel column chromatography (Et,O: Hexane (1:9))

coome Isolated yield: 0.53 g (37%) 63% (brsm); liquid; R; = 0.45 (Ethyl acetate: Hexane
(2:8); IR (thin film): v 3380, 2369, 1915, 1716, 1540, 656 cm™; "H NMR (CDCl;, 500 MHz): § 7.8
(brs, 1H), 7.32-7.34 (m, 1H), 7.15 (t, /= 8.0 Hz, 1H), 6.94 (d, J = 7.45 Hz, 1H), 6.25 (t, J = 7.45 Hz,
1H), 5.09 (d, J = 6.87 Hz, 2H), 3.77 (s, 3H); °C NMR (CDCl;, 125 MHz): § 209.4, 154.1, 136.6,
135.8, 127.6, 125.6, 124.7, 118.6, 87.2, 76.7, 52.2, 20.8; HRMS (ESI): caled for C;,H;3NO, m/z
226.0844 [M+Na]", Found 226.0844.
Methyl 5-methoxy-2-(propa-1,2-dienyl)phenylcarbamate (1e):

Reaction carried out in 8.14 mmol scale;
MeO /©i:‘: Duration of the reaction: 12 h
CooMe Purified by silica gel column chromatography (EtOAc: Hexane (1.5:8.5))
Isolated yield: 0.95 g (53%) (76%, brsm); white solid; Ry = 0.3 (Ethyl acetate: Hexane (2:8); IR (thin
film): v 3382, 3008, 2953, 1941, 1710, 1531, 1228, 1059, 765; "H NMR (CDCl;, 500 MHz): 5 7.6 (brs,
1H), 7.51 (brs, 1H), 7.06 (d, J = 8.59 Hz, 1H), 6.61 (dd, J = 8.59 Hz, 2.29 Hz, 1H), 6.23 (t, J = 6.87
Hz, 1H), 5.2 (d, J = 6.87 Hz, 2H), 3.8 (s, 3H), 3.77 (s, 3H); "C NMR (CDCls, 125 MHz): & 209.2,
159.5, 154.0, 136.8, 129.9, 113.9, 110.3, 105.8, 90.6, 79.0, 55.3, 52.3; HRMS (ESI): calcd for C;,H3
NO; m/z 242.0793 [M+Na]", Found 242.0787.
Methyl 2-(propa-1,2-dienyl)-4-(trifluromethyl)phenylcarbamate (1d):
FsC Reaction carried out in 5.79 mmol scale;
\©i,:.: Time required for completion of reaction: 3.5 h
COOMe  pyrified by silica gel column chromatography (EtOAc: Hexane (1:9))

Isolated yield: 1.2 g (81%); white fluffy solid; R;= 0.36 (Ethyl acetate: Hexane (2:8); IR (thin film): v

3273, 2961, 2365, 1960, 1700, 1540, 1213, 769 cm™; "H NMR (CDCls, 500 MHz): & 8.1 (d, J = 8.59
Hz, 1H), 7.56 (brs, 1H), 7.42-7.47(m, 2H), 6.28 (t, J = 6.87 Hz, 1H), 5.29 (d, J = 7.45 Hz, 2H), 3.79 (s,
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3H); °C NMR (CDCls, 125 MHz): § 209.9, 153.8, 138.5, [ (127.2, 125.0, 122.9, 120.7) (q, "Jcr 272
Hz)], 125.97 (q, *Jcr 3.6 Hz), [(125.9, 125.7, 125.4, 125.2) (q, “Jer 32 Hz)], 124.8 (q, *Jcr 3.6 Hz),
122.0, 120.5, 90.1, 79.7, 52.6; HRMS (ESI): caled for C,,H,(FsNO,m/z 280.0561 [M+Na]’, Found
280.0563.
Preparation of N-(2-(propa-1,2-dienyl)phenyl)acetamide (23):’

Procedure: N-(2-iodophenyl)acetamide (2 g, 7.66 mmol) was added to a suspension
@(':.: of [Pd(PPh3),] (0.354g, 0.3 mmol) and lithium iodide (3 g, 22.9 mmol) in DMF (45

O)‘\ mL) under argon atmosphere. After 10 min, the allenylindium reagent, which was

generated from propargyl bromide (0.86 mL, 11.49 mmol) and indium (1.93 g, 16.8
mmol) in DMF (25 mL) was added, and the reaction mixture was stirred at 90 to 100 °C for 1 h 15
min. The reaction mixture was cooled to room temperature and quenched slowly with sat. NaHCO;
solution. The reaction mixture was extracted with diethyl ether. Combined organic layers were
washed with water, brine, dried over sodium sulfate and concentrated under vacuum. Purification by
silica gel column chromatography (EtOAc: hexane 4:6) afforded white fluffy solid (0.748 g, 56.6%).
Ry = 0.27 (Ethyl acetate: Hexane (1:1); IR (thin film): v 3221, 3025, 2369, 1646, 1541, 858 cm™'; 'H
NMR (CDCl;, 500 MHz): & 7.97 (brs, 1H), 7.85 (d, J = 6.3 Hz, 1H), 7.23-7.19 (m, 2H), 7.09 (t, J =
7.45 Hz, 1H), 6.29 (t, J = 6.87 Hz, 1H), 5.19 (d, J = 6.87 Hz, 2H), 2.12 (s, 3H); "C NMR (CDCl;, 125
MHz): 6 210.1, 168.4, 135.0, 128.7, 127.8, 125.0, 123.7, 123.6, 90.9, 78.4, 24.0; HRMS (ESI): calcd
for C;;H;;NO m/z 196.0738 [M+Na]", Found 196.0732.

4. Catalytic tandem amido-cupration of allene and asymmetric allylation: Optimization of
reaction conditions:

4-1. Ligand screening:

MesCu (10 mol%) HO
Ligand (11 mol%) - Q’M\

NHBoc  HMPATHF (1:19) A N
2 PhCHO (2 eq) o7 >0 Ph Boc

HsC CH
F3C CF3 s s CF,
PAr, ; /@\ Ph,
>[ Fe P

0
<o PAT, ‘/% P CFs HSC\Q@: ' cFy Yy Q
: CF PN
o PAr, Y HC> 3
1 XN T
5 CFs CHs Ph
(R)-DTBM-SEGPHOS  (R)-walphos (SL-W005-1) CFs (S,S)-Ph-BPE

(Ar = 3,5-1Bu,-4-MeO-CgH,) (Ar = 3,5-Me,-4-MeO-CgH,) (S)-Josiphos (SL-J008-2)

K. Lee, D. Seomoon, P. H. Lee. Angew. Chem. Int. Ed. 2002, 41,3901-3903
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Entry Ligand Yield (24/25) (%)* ee (24/25) (%)
1 (R)-DTBM-SEGPHOS 24/40 41/nd
2 (R)-Walphos 60/25 56/n.d
3 (S)-Josiphos 58/28 71/n.d
4 (S, S)-Ph-BPE 52/28 82/>99

*Yield determined by 'H NMR spectrum of the crude products using tert-butyl methyl ether as an

internal standard. "Enantiomeric excess was determined by chiral HPLC analysis.

Experimental procedure:

To a flame-dried 20 mL test tube equipped with magnetic stirring bar and a 3-way glass stopcock was
charged with mesitylcopper (3.64 mg, 0.02 mmol, 10 mol%), and ligand (0.022 mmol, 11 mol%)
under nitrogen atmosphere in a glove box. Anhydrous THF (418 pL) and HMPA (33 pL) were added,
and the mixture was stirred at ambient temperature for 10 minutes. To the stirred solution,
benzaldehyde (40 puL, 0.4 mmol) and 1 M solution of allenylanilide (22) (46.22 mg, 200 pL, 0.2
mmol) were added sequentially. The resulting solution was stirred at the same temperature for 44 h.
Quenched with sat. NH,CI solution, products were extracted with ethyl acetate. The organic extracts
were washed with water and brine, dried over sodium sulfate, and concentrated under vacuum.

The racemic sample was prepared by performing reaction with achiral ligand 1,3-
bis(diphenylphosphino)propane (dppp).

Ligand screening revealed that (S,S)-Ph-BPE was the best ligand for this asymmetric transformation.

3-Phenyl-3,4-dihydro-1H-[1,3]oxazino[3,4-a]indol-1-one (24):

Purified by silica gel column chromatography (EtOAc: Hexane (1:9); white
solid; Ry = 0.35 (Ethyl acetate: Hexane (2:8); IR (thin film): v 3021, 2369,
1739, 1535, 1213, 1104, 769 cm™; '"H NMR (CDCls, 500 MHz): & 8.31 (d, J
= 8.59 Hz, 1H), 7.54 (d, J = 8.02 Hz, 1H), 7.43-7.39 (m, 5H), 7.34 (t, J =
7.45 Hz, 1H), 7.29 (t, /= 7.45 Hz, 1H), 6.42 (s, 1H), 5.59 (dd, J = 10.8 Hz,
3.4 Hz, 1H), 3.43-3.31 (m, 2H); °C NMR (CDCls, 125 MHz): & 147.8, 137.0, 135.1, 132.7, 129.4,
129.0, 128.8, 125.9, 124.4, 123.8, 120.3, 115.3, 104.5, 79.8, 30.3; HRMS (ESI): calcd for C;;H;3NO,
m/z 286.08440 [M+Na]", Found 286.0850. Specific optical rotation [o]p”* = -108.8 (¢ = 1.21, CHCl5)

for an enantiomerically enriched sample of 82% ee. Enantiomeric excess was determined by HPLC

analysis in comparision with authentic racemic material; Chiralcel OD-H; Mobile phase: Hexane/2-

propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm, t, = 12.7 min (major), 19.3 min (minor).
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(8)-tert-butyl-2-(2-hydroxy-2-phenylethyl)-1H-indole-1-carboxylate (25):

Purified by silica gel column chromatography (EtOAc: Hexane (1:9);
colorless liquid; Ry = 0.33 (Ethyl acetate: Hexane (2:8); IR (thin film): v
3403, 2978, 2369, 1734, 1456, 1155, 751 cm”; 'H NMR (CDCls, 400
MHz): 6 8.03 (d, J = 8.98 Hz, 1H), 7.48-7.45 (m, 3H), 7.39-7.19 (m, SH),
6.43 (s, 1H), 5.09-5.05 (m, 1H), 3.62 (dd, J = 14.8 Hz, 4.04 Hz, 1H), 3.33 (dd, J = 14.8 Hz, 8.98 Hz,
1H), 2.67-2.65 (m, 1H), 1.72 (s, 9H); "C NMR (CDCl;, 100 MHz): & 151.0, 143.9, 138.0, 136.4,
129.0, 128.3, 127.4, 125.7, 123.6, 122.7, 120.0, 115.6, 110.0, 84.3, 73.15, 39.8, 28.2; HRMS (ESI):
caled for C,;H,3NO5 m/z 360.15756 [M+Na]", Found 360.1562. Specific optical rotation [oc]D24 =-14.2
(¢ =0.77, CHCl3) (>99% ee); HPLC analysis: (column - ChiralpakIA; Hexane/2-propanol = 9/1, flow

rate 1.0 mL/min, detection at 254 nm), t, = 6.9 min (minor), t, = 10.2 min (major).
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4-2.  Tuning of enantiomeric excess and yield by switching different protecting groups in
allenylanilide:

The reactions were performed using (S, S)-PhBPE (11 mol%) and MesCu (10 mol%) in a

HMPA:THF(1:19) solvent system (0.3 M concentration) (0.2 mmol scale).

MesCu (10 mol%)

©fI (S, S)-PhBPE (11 mol%) Q_}\)\
NH HMPA:THF (1:19)

B PhCHO (2 eq) o +~Ph
3.5h,rt c
-PG Yield (%) ee(%)" Inference
A B C Total A/B/C

Q - - No reaction
}%J\Ph (SM recovered)

Q - - No reaction
%% (SM recovered)




9 60 60 168/~ | -N'to O-acyl
%J\ migration
Q k 52 28 ] 80 82/>99/-
55
o

70 14 1 95 86/85/nd
%ko/

*Yield determined by 'H NMR spectrum of the crude products using ¢-butyl methyl ether as an

internal standard. "Enantiomeric excess was determined by chiral HPLC analysis.

The racemic sample was prepared by performing the reaction with achiral ligand 1,3-
bis(diphenylphosphino)propane (dppp).

N-COOMe (-PG) substrate showed the best result in terms of yield and enantioselectivity {Further,
the ligand screening with this substrate was carried out and found the optimum result in case of (S, S)-
Ph-BPE }.

(5)-2-(1H-indol-2-yl)-1-phenylethyl acetate (26):

o Purified by silica gel column chromatography (EtOAc: Hexane (1:9);

)l\ liquid; Ry = 0.25 (Ethyl acetate: Hexane (2:8); IR (thin film): v 3395,
1717, 2943, 1238, 1024, 750cm™; '"H NMR (CDCls;, 500 MHz): & 7.87
(brs, 1H), 7.52 (d, J = 6.87 Hz, 1H), 7.36-7.30 (m, 5H), 7.27-7.25 (m,
1H), 7.14-7.11 (m, 1H), 7.08-7.05 (m, 1H), 6.24-6.23(m, 1H), 6.03 (t, J =
6.87 Hz, 1H), 3.36 (dd, J = 15.4 Hz, 6.3 Hz, 1H), 3.25 (dd, J= 15.4 Hz, 6.3 Hz, 1H), 2.09 (s, 3H); "°C
NMR (CDCl;, 125 MHz): 8170.1, 139.6, 136.0, 134.1, 128.6, 128.4, 128.3, 126.4, 121.4, 120.0, 119.6,
110.4, 101.9, 75.3, 35.7, 21.2; HRMS (ESI): caled for C,sH;;NO, m/z 302.1157 [M+Na]’, Found
302.1153. Specific optical rotation [o]p>* = -17.0 (¢ = 0.56, CHCl3) (68% ee); HPLC analysis:
(column - Chiralpak [A; Hexane/2-propanol = 9/1, flow rate 1.0 mL/min, detection at 254 nm), t, =

8.9 min (major), 9.3 min (minor)
[PKC-93(4)-rac - CH1

HEL -
#] =D& [ CH |t min) | M (uv-sec] | B [uV] | W% | WEs [ZRE] ne | SRE St -—E | B
1|Unknown I 2917 15aa904] 121245 aBoa7| stame /Al 11180 1259 N/
durknewn | 1 5.458 ioizons] 1azas]  iosy sssta  nsef ol WA N/A
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T

9.5 10.0
Retention Time [min]
T AL A5
#] D% |CH|tR [minl | @M wVeec) [ V]| @8 | #Eas |EBE| NTP SHRE [ DA -RR | BE
urikrrown 1 £.800) 1720866] 133077 s4osd] sesss  N/Al 11174  1.188 N/A
2nknown 1 9.325 agssz0] 73751 15911] 15145  N/A| 9612 N/a] N/A

(S)-Methyl 2-(2-hydroxy-2-phenylethyl)-1H-indole-1-carboxylate (27):
)OL Y Purified by silica gel column chromatography (EtOAc: Hexane (1:9); Ry =
O Q ° 0.25 (Ethyl acetate: Hexane (2:8)); IR (thin film): v 3397, 2961, 2369, 1748,
1268 cm™; "H NMR (CDCls, 400 MHz): 8.0 (brs, 1H), 7.52 (d, J=7.18 Hz,
: 1H), 7.36-7.28 (m, 6H), 7.13 (td, J = 7.18 Hz, 1.35 Hz, 1H), 7.07 (td, J =
8.07 Hz, 1.35 Hz, 1H), 6.27 (s, 1H), 5.82 (dd, J = 7.63 Hz, 5.38 Hz, 1H), 3.74 (s, 3H), 3.39 (dd, J =
15.2 Hz, 7.6 Hz, 1H), 3.25 (dd, J = 14.8 Hz, 5.38 Hz, 1H); C NMR (CDCl;, 100 MHz): § 154.8,
139.1, 136.1, 134.0, 128.6, 128.5, 128.3, 126.3, 121.4, 120.1, 119.6, 110.5, 102.0, 79.6, 54.9, 35.7,
HRMS (ESI): caled for CigH7;NO; m/z 318.11061 [M+Na]+, Found 318.1113. Specific optical rotation
[a]p™* = -5.2 (¢ = 0.15, CHCl3) (85% ee); HPLC analysis: (column —Chiralcel OD-H; Hexane/2-

propanol = 9/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 15.4 min (major), 18.5 min (minor).

Intensity [pV]

#] E=D& || R min] | WK Luvise] | Bk v | W | ®ax [EME] nie | SRE VoA r)-RE] BE
Unknown 15608 1226266 d3670] 50718  54.803 NSl 4338 Z.880) 1116
Anknown 18 625 1220477 27832 48881 45.108 NSAL 42500 NAA 1411
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[PKC-67- chiral -uncyc - CH

200000
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g
£
i

#] E-9% |CH| R [min] | B8 Livsec) | M52 (V]| AN | Ma% | BB NTP | S8 ok | Be
Wurknown | 1 | 15439 15061553 403799 02355 e3zesl  w/a] aose] 2084 1333
HYunknown | 1 | 18579 1246706 200800 7645 6718l WAl 4218 WA 1178

4-3.Ligand screening with the —/N-COOMe allenylaninilide substrate (1a):
1. MesCu (10 mol%)
Ligand (11 mol%)

THE:HMPA (19:1
(r: BRCHO (3 ey A
t, 10 h
NH N Ph
H

(IJOOMe II. 2N NaOH, 6 h, rt

1a . 3aa
one pot reaction

Ph °
Ph < O ipy iPr
b o PAr, :
N eer™ O
. Ph
Ph <o O

ipr ipr
(R)-DTBM-SEGPHOS ,,
(Ar = 3,5-Buy-4-MeO-CgHy)  (5S)Pr-DUPHOS

I
PPh,
PPhy  ph,p” Fe ™ N
@H |

Taniaphos SL-T001-1

(S,S)-Ph-BPE

(S)-BINAP
Entry Ligand Yield (%)* ee (%)°
1 (S, S)-Ph-BPE 85 88
2 (R)-DTBM-SEGPHOS 51 67
3 (S,S),iPr-Duphos 90 45
4 (S)-BINAP 94 42
5 Taniaphos 86 29

*Yield determined by 'H NMR spectrum of the crude products using z-butyl methyl ether as an

internal standard. "Enantiomeric excess was determined by chiral HPLC analysis.
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4-4. Solvent screening:
[. MesCu (10 mol%)
(S, S) - Ph-BPE(11 mol%)

Solvent
@f_': PhCHO (2 eq) A
t, 10 h
NH Ph

|
COOMe II. 2N NaOH, 6 h, rt

Iz

1a one pot reaction 3aa
Entry Solvent Yield ee (%)° | Entry Solvent Yield ee (%)°

(%) (%)"

1 DMF 92 82 7 TBME 74 86

2 DME 82 85 8 THF 89 87

3 CH,Cl, 60 80 9 THF:HMPA (19:1) 90 87

4 Pr,0 50 84 10 Dioxane:HMPA (2:1) 92 89

5 Dioxane 93 88 11° DMPU 50 91

6 Toluene 50 88 12° Dioxane 92 91

*Yield determined by 'H NMR spectrum of the crude products using #-butyl methyl ether as an
internal standard. "Enantiomeric excess was determined by chiral HPLC analysis. “Reaction carried

out at 15 °C.
Inference: Dioxane showed the best result in this asymmetric transformation.

Experimental procedure:

A flame-dried 20 mL test tube equipped with magnetic stirring bar and a 3-way glass stopcock was
charged with mesitylcopper (3.64 mg, 0.02 mmol, 10 mol%) and (S, S)-Ph-BPE (11.14 mg, 0.022
mmol, 11 mol%) under argon atmosphere. The anhydrous solvent (470 pL) was added, and the
mixture was stirred at ambient temperature for 15 minutes. To the stirred solution, benzaldehyde (40
uL, 0.4 mmol) and 1.04 M solution of allenylanilide (1a) (37.8 mg, 192 uL, 0.2 mmol) were added
sequentially. After stirring for 10 h at room temperature, the reaction was diluted with THF/dioxane
(2.5 mL) and quenched with 2 N NaOH (3 mL) solution. The reaction mixture was stirred vigorously
for 6 h, extracted the suspension with ethyl acetate (10 mL X 3). The combined organic extracts were

washed with water and brine, dried over sodium sulfate, and concentrated under vacuum.
4-5. Effect of additives:

The effect of molecular sieves, alcohol and water on yield and enantioselectivity were examined, and

results are illustrated below.
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I. MesCu (10 mol%)

(S, S) - Ph-BPE(11 mol%) OH
Additive \ .
NH Ph

éOOMe PhCrthg5(2heq) ”
O-2mmolscale  oN NaOH, 6 h, rt 3aa
one pot reaction
Entry Additive “Yield (%) bee (%)
1 - 93 88
2 MS 3A (50 mg) 91 88
3 MS 4A (50 mg) 95 88
4 MS 5A (50 mg) 97 88
5 MS 13X (50 mg) 97 88
6 EtOH (100 mol%) 86 87
7 H,0 (40 mol%) 75 89

*Yield determined by 'H NMR spectrum of the crude products using z-butyl methyl ether as an

internal standard. "Enantiomeric excess was determined by chiral HPLC analysis.

4-6. Effect of copper source and base:

Several copper sources and bases were screened, and the results obtained are shown below.

[. Cu (1) (10 mol%)

Base (10 mol%) OH
(S, S) - Ph-BPE(11 mol%) \ .
NH - N Ph

Soome  PICHO (2q) H
0.2 mmol scale || 2N NaOH, 6 h, rt 3aa
1a one pot reaction
Entry Cu(l) Base Yield (%)* ee (%)"
1 MesCu - 93 88
2 Cu(CH;CN),BEF, LiO'Bu 82 82
3 Cu(CH;CN)4PF4 LiO'Bu 77 75
4 CuOAc LiO'Bu 75 88
5 - LiO'Bu 5 -
6 CuOTf.1/2Toluene LiO'Bu 72 84
7 Cu(I)-3-methylsalicylate LiO'Bu 88 87

*Yield determined by '"H NMR spectrum of the crude products using #-butyl methyl ether as an

internal standard. "Enantiomeric excess was determined by chiral HPLC analysis.
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4-7. Effect of concentration on chemical yield and enantioselectivity:
I. MesCu (10 mol%)

(S, S) - Ph-BPE(11 mol%) OH
Dioxane \ §
NH Ph

N
! PhCHO (2 eq) H
02 C|00|v||e 18-20 °C, 3.5 h 3aa
- mTO scale || 2N NaOH, 6 h, rt
a

The reactions were conducted at different concentrations. The chemical yield and enantioselectivity

are shown below.

Entry | Concentration (M) Yield (%)* ee (%)"
1 0.1 92 90
2 0.3 91 91
3 0.6 86 91
4 0.9 85 90

*Yield determined by 'H NMR spectrum of the crude products using z-butyl methyl ether as an

internal standard. "Enantiomeric excess was determined by chiral HPLC analysis.

4-8. Catalyst loading:
The amount of catalyst required to procure optimum result in the desired transformation was

measured and shown below.
I. MesCu (X mol%)

(S, S) - Ph-BPE(Y mol%) OH
Dioxane \ §
NH Ph

N
CI)OOMe P?tcglg Igz °) |-|3aa
0.2 mmol scale (0.3M)
1a [I. 2N NaOH, 6 h, rt
Entry MesCu (mol%) (S, S)-Ph-BPE (mol%) Yield (%)” ee (%)"
1 10 - No reaction
2 3 3 81 90
3 5 5 96 89
4 7 97 90
5 10 10 93 88

*Yield determined by '"H NMR spectrum of the crude products using #-butyl methyl ether as an
internal standard. *Enantiomeric excess was determined by chiral HPLC analysis.

5. General Procedure for constructing 2-(2-hydroxyethyl)indoles: Reaction of allenyl anilides
with aromatic aldehydes:

General procedure for constructing 2-(2-hydroxyethyl)indoles): (Condition A)
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I. MesCu (5 mol%)

O (S, S)- Ph-BPE (5 mol%) \ OH
Dioxane §
X
@fﬁ Fe— | N N
NH l rt,3.5h H |

! Z 0.3M X
COOMe (2 eq) (0.3M) FG
0.2 mmol scale 2 (a-i) II. 2N NaOH, 12 h, rt 3(aa- ai)

1a
A flame-dried 20 mL test tube equipped with magnetic stirring bar and a 3-way glass stopcock was
charged with mesitylcopper (1.82 mg, 0.01 mmol, 5 mol%) and (S, S)-PhBPE (5.06 mg, 0.01 mmol, 5
mol%) under argon atmosphere. Anhydrous dioxane (480 uL) was added, and the mixture was stirred
at ambient temperature for 15 minutes. To the stirred solution, aromatic aldehyde (0.4 mmol) and 1.1
M solution of allenylanilide (1a) (37.8 mg, 181 uL, 0.2 mmol) were added sequentially. After stirring
for 3.5 h at room temperature, the reaction was diluted with dioxane (2.5 mL) and quenched with 2 N
NaOH (3 mL) solution. The reaction mixture was stirred vigorously for 12 h, and products were
extracted with ethyl acetate (10 mL x 3). The combined organic extracts were washed with water and
brine, dried over sodium sulfate, and concentrated under vacuum. Purification by silica gel column
chromatography afforded the desired compounds.
The racemic sample was prepared following the above procedure wusing 1,3-
bis(diphenylphosphino)propane as an achiral ligand instead of (S, S)-Ph-BPE.
The absolute configuration for all the compounds were assigned based on analogy of 3aa (see- page
S48-S51)
(5)-2-(1H-indol-2-yl)-1-phenylethanol (3aa):
Purified by silica gel column chromatography (EtOAc: Hexane (2:8);
white solid;
(Yield, ee) (%): 96%, 89% (reaction conducted at rt)

: 92%, 91% (reaction conducted at 15 °C)

R¢=0.33 (Ethyl acetate: Hexane (3:7)); IR (thin film): v 3410, 3021, 2369, 1215, 756 cm™; '"H NMR
(CDCl;, 500 MHz): & 8.49 (brs, 1H), 7.57 (d, J= 8.0 Hz, 1H), 7.41-7.31 (m, 6H), 7.16 (t, J= 8.0 Hz,
1H), 7.10 (t, J=7.45 Hz, 1H), 6.3 (s, 1H), 5.0-4.98 (m, 1H), 3.17 (d, /= 6.3 Hz, 2H), 2.28 (brs, 1H);
"C NMR (CDCls, 125 MHz): 8 143.5, 136.17, 136.13, 128.6, 128.3, 127.9, 125.6, 121.3, 119.9, 119.5,
110.5, 101.0, 74.3, 37.8; HRMS (ESI): calcd for C;¢H;sNO m/z 260.1051 [M+Na]", Found 260.1040.
Specific optical rotation [a]p™ = - 48.0 (¢ = 0.5, CHCl3) (91% ee); HPLC analysis: (91% ee);
(Column —Chiralpak IA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t, =

10.2 min (major), 14.6 min (minor).
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%] 5% [ on] R [min] | @ livsec] | B2 V| @ | Bax |ERIE] WP |SRE oAb k] e
Tjunknown 1| 10250 937882]  62103] 50411 s8s08f  N/Al 11217 9.193 1.079]
2|Unknown 1 14.55 922578] 43503 40589 41194  N/Al 11162]  N/Al 1.062|

300000

200000

Intensity [uV]

100000

#] 5% | CH[ R [min] | @M LV-sec] | @ V] | My | @es | el NTP | SBE [ovAM—fil| B5
1junknown 1| 10267 6601972]  434676] 05508 o6s59] w7074 0423 1.120]
2lUnknown 1| 14656 304000  15024] 4402l 334t /Al risee]  n/al 1.014]

(S)-1-(4-tert-butylphenyl)-2-(1H-indol-2-yl)ethanol (3ab):
Purified by silica gel column chromatography (EtOAc: Hexane
(2:8); white solid; Yield: 89 %;

Ry = 0.23 (Ethyl acetate: Hexane (2:8); IR (thin film): v 3504,
3278, 2956 cm’'; '"H NMR (CDCls;, 500 MHz): § 8.5 (brs, 1H),
7.56 (d, J = 7.4 Hz, 1H), 7.42-7.40 (m, 2H), 7.34-7.31 (m, 3H), 7.14 (t, /= 6.87 Hz, 1H), 7.08 (t, J =
6.87 Hz, 1H), 6.30 (s, 1H), 4.99 (dd, J = 8.59 Hz, 4.0 Hz, 1H), 3.22-3.13 (m, 2H), 2.2 (brs, 1H), 1.34
(s, 9H); "C NMR (CDCls, 125 MHz): § 151.0, 140.6, 136.5, 136.1, 128.3, 125.5, 125.4, 121.2, 119.9,
119.5, 110.5, 100.9, 74.2, 37.6, 34.5, 31.3; HRMS (ESI): calcd for Co0Hy3sNO m/z 316.1677 [M+Na]’,
Found 316.1678. Specific optical rotation [a]p>* = - 26.9 (¢ = 0.57, CHCl;) (94% ee); HPLC analysis:
(94% ee); (Column —Chiralpak IA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254

nm), t. = 8.6 min (major), 10.5 min (minor).
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PK-29(3) - CH1

=
=
2
g
=

| O—5% | CH| R iminl | G laveecl | 52 V1| WmIA% | Mo | TR NTP | SRE [Duir)- M| &
1{Unknown 1 ﬂ.ﬁﬂﬂl 4624104 327600 49.662 54.741 N/AL 8946 4681 1.155]
2furknown | 1 | 10500 468708 27085 50338 45.269  N/A 885y  N/A BE

1

Intensity [|V]

10.0
Retention Time [min]

#] E—0& [cH]tRiminl [ @8 Wvcecl [ B2 V1] mis | was [m@i] NP [ o8k [2ox -l g2
1fUnknown i 8.600] 740026) 52387 96991 97a3i] n/Al  soz2l 4026 1.196]
unknown 1 10.500] 22961 15471 ao0d  zsed]  n/Al 1os2e]  nsAl 1,057

(8)-2-(1H-indol-2-yl)-1-(4-methoxyphenyl)ethanol (3ac):

Purified by silica gel column chromatography (EtOAc: Hexane
(3:7); white solid; Yield: 80 %;

R¢=0.23 (Ethyl acetate: Hexane 3:7); IR (thin film): v 3252, 2930,
2369, 1034, 749 cm™; '"H NMR (CDCl;, 500 MHz): & 8.52 (brs,
1H), 7.57 (d, J = 7.4 Hz, 1H), 7.33-7.27 (m, 3H), 7.16 (t, J = 8.02 Hz, 1H), 6.92-6.89 (m, 2H), 6.29 (s,
1H), 4.93 (dd, J = 8.0 Hz, 4.58 Hz, 1H), 3.82 (s, 1H), 3.18-3.11 (m, 2H), 2.29 (brs, 1H); "C NMR
(CDCl;, 125 MHz): 6 159.2, 136.3, 136.0, 135.7, 128.3, 121.2, 119.8, 119.5, 113.9, 110.5, 100.9, 73.9,
55.2, 37.7; HRMS (ESI): caled for C;;H;;NO,m/z 290.1157 [M+Na]", Found 290.1153. Specific
optical rotation [a]p>* = - 34.6 (¢ = 1.09, CHCl;) (91% ee); HPLC analysis: (91.4% ee); (Column —
Chiralpak IA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 13.3 min

OMe

(major), 17.0 min (minor).
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Retention Time [min]

#] E=2%& [CH[ R Iminl | Gl [iVsec) | @ V]| EHx | ma% | mRME| NTP | S8E VA -RE]EE
ffunknown | 1 | 13.408) 329666  14234] 50205 55803 /Al s24e] s54q 1.247
2Unknovn 1 17.117] 326971) 11233 49795 44107  woAl s33gl  wA 1.222)

Intensity [uV]

15.0 16.0 17.0 18.0 19.0 20.0
~_ Retention Time [min]

#] ©—o& |cH|Rmin] | @ [vsed | E& LV | @R | & [mEE] nve [HEE Do -Rg]Es
1Unknown 1 13.333 1372605 596! 95.708' 96.15. N/Al  B287] 5.753 1.275
2Unknown 1 17.033) 61548 238 4202 38 n/Al 9372)  N/A 1.123)

(8)-2-(1H-indol-2-yl)-1-(thiophene-2-yl)ethanol (3ad):

Ry = 0.16 (Ethyl acetate: Hexane 2:8); IR (thin film): v 3393, 3100, 2369,
1540, 1032, 705 cm™'; "H NMR (CDCls, 500 MHz): & 8.5 (brs, 1H), 7.56 (d, J = 7.45 Hz, 1H), 7.33 (d,
J=8.0 Hz, 1H), 7.29 (dd, J=5.16 Hz, 1.15 Hz, 1H), 7.15 (td, J= 8.0 Hz, 1.15 Hz, 1H), 3.33-3.25 (m,
2H), 2.43 (d, J = 3.4 Hz, 1H); "C NMR (CDCls, 125 MHz): & 147.1, 136.1, 135.4, 128.2, 126.8,
125.0, 124.0, 121.4, 119.9, 119.6, 110.6, 101.4, 70.1, 37.9; HRMS (ESI): caled for C4H;3NOS m/z
266.0616 [M+Na]", Found 266.0613. Specific optical rotation [a]p>* = - 25.1 (¢ = 0.73, CHCl3) (96%
ee); HPLC analysis: (96% ee); (Column —Chiralpak [A; Hexane/2-propanol = 5/1, flow rate 1.0

mL/min, detection at 254 nm), t, = 10.0 min (major), 12.8 min (minor).
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1

Intensity [uV]

10.0 12.0

; 11.0
Retention Time [min]

#] E=D%& |CH| R [min] | @ik lvsed | me vl | @mits | &y |=@a| we | Sl [Soab)—EE| BE
1{unknown 1 10.083 1666994 108879] 98074 88217 N/A|l 10205 5.399] 1.213)
2Unknown 1 12842 3273)) 1940 1928 1783 WAl 12102 Al 1.088]

(8)-1-(furan-2-yl)-2-(1H-indol-2-yl)ethanol (3ae):
Purified by silica gel column chromatography (EtOAc: Hexane 2:8);
white solid; Yield: 94 %;
/| Ry=0.38 (Ethyl acetate: Hexane 4:6); IR (thin film): v 3408, 2926, 2360,
1507, 1022 cm™; "H NMR (CDCls, 500 MHz): & 8.46 (brs, 1H), 7.56 (d, J
= 8.0 Hz, 1H), 7.43 (d, J = 1.72 Hz, 1H), 7.32 (d, J = 8.0 Hz, 1H, 7.16-7.13 (m, 1H), 6.36 (m, 1H),
6.32 (d, J=1.1 Hz, 1H), 6.27 (d, J=4.0 Hz, 1H), 5.03-5.0 (m, 1H), 3.31 (d, /= 5.7 Hz, 2H), 2.38 (s,
1H); °C NMR (CDCls, 125 MHz): § 155.4, 142.1, 136.1, 135.3, 128.2, 121.3, 119.9, 119.6, 110.6,
106.4, 101.2, 67.6, 34.2; HRMS (ESI): caled for C,4H,3sNO, m/z 250.0844 [M+Na]", Found 250.833.
Specific optical rotation [o]p”* = - 16.96 (¢ = 0.88, CHCI3) (95.77% ee); HPLC analysis: (96% ee);
(Column —Chiralpak IA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t, =

10.9 min (major), 11.9 min (minor).
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3] P& | CH| R fmin] | W iV-sec] | B& V1 | W% | aw |EMiE] NTP | saene oAb —ms| Be
ifunknown | 1 | 10950 3326539] 193266 s97.888] e7e16] N/l o725 2214 1228]
Aunknown N 71762]  4119]  2112] 238 w1267 /Al 1.124]

(8)-2-(1H-indol-2-yl)-1-(napthalen-1-yl)ethanol (3af):

Purified by silica gel column chromatography (EtOAc: Hexane 2:8);
white solid; Yield: 85 %;

R;= 0.3 (Ethyl acetate: Hexane 3:7); IR (thin film): v 3440, 3017, 2361,
1540, 1214, 757 cm™; "H NMR (CD;COCD;, 500 MHz): & 10.04 (brs,
1H), 7.91 (s, 1H), 7.86 (m, 3H), 7.59 (dd, J = 8.59 Hz, 1.72 Hz, 1H), 7.49-7.44 (m, 2H), 7.43 (d, J =
8.0 Hz, 1H), 7.35 (d, J = 7.45 Hz, 1H), 7.03-7.00 (m, 1H), 6.96-6.93 (m, 1H), 6.22 (s, 1H), 5.27-5.23
(m, 1H), 3.3-3.2 (m, 2H); "C NMR (CD;COCDs, 125 MHz): § 143.8, 138.0, 134.3, 133.9, 129.8,
128.8, 128.6, 128.5, 126.8, 126.5, 125.3, 125.2, 121.3, 120.3, 119.7, 111.5, 101.2, 74.3, 39.3; HRMS
(ESI): caled for CooH;,NO m/z 310.1207 [M+Na]", Found 310.1208. Specific optical rotation [a]p>* =
- 5.9 (c = 0.39, CH;CN) (91% ee); HPLC analysis: (91% ee); (Column —Chiralpak IA; Hexane/2-

propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 16.1 min (major), 19.5 min (minor).
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18.0 19.0 20.0
Retention Time [min]

#| E—5& | CH|R [min) | Bk [v-sec [ B& V]| maix | &an |eBiE] NTP |SEE VoAl Gl BE
funknown 1| 16208 567403]  23343| s50.266| 53995 /Al 10672l a7 1.061
2junknown 1 19.458] 56171 19888] 49.744f 45004] nN/A 11177 NA| 1.033)
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Intensity [1V]

.0 18.0 19.0

Retention Time [min]
#| E-=o# | GH| R [min] | i [uvsec] | @& vl | @mikx ESERETINEE IR EDS
1funknown 1 16.175 1175367)  4s008] 95322] 05653 /Al 0441 4977 1.053)
2lUnknown 1 19.533 57677 2186 4678 43470  nAl 11780 N/ 0.909]

(S)-1-(4-Fluorophenyl)-2-(1 H-indol-2-yl)ethanol (3ag):
Purified by silica gel column chromatography (EtOAc: Hexane 2:8);
Solid; Yield: 97 %;
F Ry=0.29 (Ethyl acetate: Hexane 3:7); IR (thin film): v 3399, 3021,
2365, 1540, 1215 cm™; "H NMR (CDCls, 500 MHz): & 8.47 (brs,
1H), 7.56 (d, J = 7.4 Hz, 1H), 7.36-7.32 (m, 3H), 7.18-7.14 (m, 1H), 7.11-7.03 (m, 3H), 6.28 (s, 1H),
4.98 (t, J = 6.3 Hz, 1H), 3.14-3.13 (m, 2H), 2.25 (brs, 1H); "C NMR (CDCl;, 125 MHz): § 163.3,
161.3, ("Jer 243.5 Hz), 139.33, 139.31 (YU, 3.59 Hz), 136.1, 135.8, 128.3, 127.38, 127.32 (Jcy, 8.4),
121.4, 119.9, 119.6, 115.55 (Jer 21.5), 110.5, 101.2, 73.6, 37.9; HRMS (ESI): calcd for C,¢H;NOF
m/z 278.0957 [M+Na]", Found 278.0960. Specific optical rotation [a]p>* = - 43.4 (¢ = 0.8, CHCI;)
(89% ee); HPLC analysis: (89% ee); (Column —Chiralpak 1A; Hexane/2-propanol = 5/1, flow rate 1.0

mL/min, detection at 254 nm), t, = 9.1 min (major), 10.8 min (minor).
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F PKE-109(5) - CHY

Intensity [uV]

1 n e

Pl E-D4& | CH R [min] | G wVsec] | B& V)] THK | Ha% [ i | NTP [ S8R [Ood | B2
1Unknown 1 9.125| 1079265 72255 94313 o4619] m/Al o062 4133 1.231
nkriown 1 10.808] 6507 4109) 5687 538 n/A| 995 N/ 1.07

(S)-(E)-1-(1H-indol-2-yl)-4-phenylbut-3-en-2-ol (3aj):
Purified by silica gel column chromatography (EtOAc: Hexane 2:8);
\ QH/ white solid; Yield: 97 %; Ry = 0.3 (Ethyl acetate: Hexane 3:7); IR (thin
N - PR fim): v 3412, 3021, 2369, 1716, 1455, 970, 750 cm™’; "H NMR (CDCL,
500 MHz): 6 8.59 (brs, 1H), 7.58 (d, J= 8.0 Hz, 1H), 7.39-7.26 (m, 6H),
7.16 (t,J =7.4 Hz, 1H), 7.10 (t, J= 8.0 Hz, 1H), 6.65 (d, J= 16 Hz, 1H), 6.33 (m, 1H), 6.30 (dd, /=
16 Hz, 6.87 Hz, 1H), 4.61- 4.64 (m, 1H), 3.15 (dd, J = 14.9, 3.4 Hz, 1H), 3.04 (dd, J = 14.9 Hz, 8.0
Hz, 1H), 2.05 (brs, 1H); °C NMR (CDCls;, 125 MHz): § 136.2, 136.1, 135.8, 131.2, 130.8, 128.6,
128.3, 127.9, 126.5, 121.3, 119.9, 119.6, 110.6, 101,19, 72.8, 35.9; HRMS (ESI): calcd for C3H;;NO
m/z 286.12078 [M+Na]", Found 286.1209. Specific optical rotation [a]p>* = - 31.3 (¢ = 0.36, CHCl;)
(87% ee); HPLC analysis: (87% ee); (Column —Chiralpak IB; Hexane/2-propanol = 9/1, flow rate 1.0

mL/min, detection at 254 nm), t, = 19.3 min (major), 26.4 min (minor).
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#| E—H%& |CH| R min] | B [Vsec] | B& V]| E#s | s | BEME| NTP | SME [ DUAN—RR| BES
1fUnknown 1| 19:300] 84501 2779] 6366 119s8]  nN/Al 952 6077 1.241
Hunknown | 1 | 26433 1242863 20483 03634 88052 N/Al 4567  N/A 2.520

(8)-1-(4-(2-hydroxyethoxy)phenyl)-2-(1H-indol-2-yl)ethanol (3ai):
The procedure for the synthesis of this molecule is as same as the
general procedure mentioned above (Condition A), but the

solvent used for the reaction is (Dioxane: HMPA (10:1)) and

stirred the reaction for Sh at rt.
OH Purified by silica gel column chromatography (Acetone: Hexane
3:7); white solid; Yield: 85 %; Ry = 0.21 (Acetone: Hexane 1:1);
IR (thin film): v 3410, 3017, 2369, 1540, 1215, 757 cm™; "H NMR (CD;0D, 400 MHz): § 7.36 (d, J =
8.0 Hz, 1H), 7.25-7.22 (m, 3H), 6.97 (td, J = 7.2 Hz, 1.4 Hz, 1H), 6.92-6.83 (m, 3H), 6.07 (s, 1H),
4.93 (t,J = 6.3 Hz, 1H), 3.97 (t, J = 4.5 Hz, 2H), 3.19-3.13 (m, 1H), 3.08-3.03 (m, 1H); "C NMR
(CD;0OD, 100 MHz): 6 159.8, 138.2, 137.9, 137.7, 130.2, 128.4, 121.5, 120.5, 119.9, 115.4, 111.6,
101.3, 74.7, 70.6, 61.8, 39.4; HRMS (ESI): calcd for C;gH;oNO; m/z 320.1263 [M+Na]’, Found
320.1263. Specific optical rotation [a]p>* = - 29.9 (¢ = 0.88, CHCl3) (93% ee); HPLCanalysis: (93%
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ee); (Column —Chiralpak TA; Hexane/2-propanol = 1/2, flow rate 1.0 mL/min, detection at 254 nm), t,

=4.5 min (major), 5.0 min (minor).

~ Intensity [V]

| E-D& | CH [ R [mind | B8 (uV-secl [BELVI| THk% | Mmax |w@iB| NTP | SRR [SUAr)—fl| BE
1fUnknowm 1 4.567 453615  49310) 50425 63461 N/A 5612 1679 1.176
2Unknown 1 5.000) 450881 42915 49575 46533 N/A| 5299  N/A| 1.245]
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Intensity [LV]

#| E-92% [oH|tR[min] | @H Lvsec | && L] | m#s | B [=®lE] NP | o8E [oxr-—mE] B
tfunknown | 1 4.567) 1517632)  159744f 96343 96133  N/Al 5461] 1757 1.198]
2|unknown 1 5.000 57536  6426] 3653 2867 W/l 6531  N/A 1.179]

(8)-2-(1H-indol-2-yl)-1-(4-iodophenyl)ethanol (3ah):

Purified by silica gel column chromatography (Ethyl acetate: Hexane

2:8); White solid; Yield: 79%; Ry= 0.25 (EtOAc: Hexane 3:7); IR (thin

film): v 3440, 3019, 2359, 1621, 1215, 756; 'H NMR (CD;COCD3, 500
I' MHz): § 9.95 (brs, 1H), 7.67 (d, J= 8 Hz, 2H), 7.43 (d, J= 7.5 Hz, 1H),
7.34 (d,J=17.5Hz, 1H), 7.23 (d, J=7.5 Hz, 2H), 7.02 (t, J= 7.5 Hz, 1H), 6.95 (t,J = 7.5 Hz, 1H),
6.18 (s, 1H), 5.07-5.04 (m, 1H), 4.68 (s, 1H), 3.17-3.10 (m, 2H); ’C NMR (CD;COCD;, 125 MHz): &
146.2, 138, 137.59, 137.54, 129.7, 129.1, 121.1, 121.3, 120.3, 119.7, 111.6, 101.4, 92.7, 73.7, 39.3;
HRMS (ESI): calcd for C¢H4IN,0, m/z 386.0018 [M+Na]", Found 386.0040; Specific optical
rotation [o]p™’ = -18 (¢ = 1.08, CHCL) (for 85% ee); HPLC analysis: (85% ee): (Column —Chiralcel
OD-H; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 17.8 min (minor),

19.5 min (major).
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%] E—5%& |CH| IR [minl | @ lovsec] | ma V1| mits | #as |mEfli] nTP | S8 | St b -FRik
1|unknown 1 17883 86024] 2183 7551 9662]  N/A| 4340 1.329) 0.981
2unknown 1 19.508 1053143]  20408] 02449 9033 n/A] 3254 N/A 1.265

6. Reactions of allenyl anilides with aliphatic aldehydes: Screening of additives

Due to the lower electrophilicity (low reactivity) of aliphatic aldehydes, allylation proceeded to
procure desired product only in low to moderate yield. To improve the yield, we envisioned that
adding additional Lewis acids could enhance the electrophilicity of the aliphatic aldehyde and could
accelerate the rate of the reaction. We also speculated that these additives could improve the turnover
of the Cu-catalyst. Considering these aspects, we examined additive effect in the reaction of an
aliphatic aldehyde (hexanal)(2k) and allenylanilide (1a). It was found that magnesium isopropoxide

profoundly accelerated the rate of the reaction, resulting the desired product in good yield.

)
OH
\ § + m
N N
3ak 24

Screening of Additives:

|
1la  COOMe  hoxanal(2Kk)
0.2 mmol scale (1.5eq)

Experimental procedure: A flame-dried 20 mL test tube equipped with magnetic stirring bar and a

I. MesCu (5 mol%)

(S, S) - Ph-BPE (5 mol%

Additive ( X mol%)

Dioxane
rt, 3.5h

II. 2N NaOH, 12 h, rt



3-way glass stopcock was charged with mesitylcopper (1.8 mg, 0.01 mmol, 5 mol%), additive (5-10
mol%) and (S, S)-PhBPE (5.1 mg, 0.01 mmol, 5 mol%) under argon atmosphere. Anhydrous dioxane
(480 uL) was added, and the mixture was stirred at ambient temperature for 20 minutes. To the stirred
solution, hexanal (2k) (0.3mmol) and 1.1 M solution of allenylanilide (1a) (38 mg, 181 pL, 0.2 mmol)
in dioxane were added sequentially. After stirring for 3.5 h at room temperature, the reaction was
diluted with dioxane (2.5 mL) and quenched with 2N NaOH (3 mL) solution. The reaction mixture
was stirred vigorously for 12 h, and products were extracted with ethyl acetate (10 mL x 3). The
combined organic extracts were washed with water and brine, dried over sodium sulfate, and
concentrated under vacuum. Purification by silica gel column chromatography afforded the desired
compound (3ak).

The racemic sample was prepared following the above procedure wusing 1,3-

bis(diphenylphosphino)propane as an achiral ligand instead of (S, S)-Ph-BPE.

Entry Additive (X mol%) | Yield (%)* | ee (%) | Yield (bb)(%)*
0 - 9 94 83
1 Al(O'Bu); (5 mol%) 30 94 60
2 Zr(O'Pr), (5 mol%) 46 94 50
3 Ba(O'Pr), (5 mol%) 14 94 75
4 Y(O'Pr), (5 mol%) 27 95 62
5 La(O'Pr); (5 mol%) 50 95 42
6 Yb(O'Pr); (5 mol%) 53 94 41
7 Sm(O'Pr); (5 mol%) 45 94 51
8 Mg(O'Pr), (5 mol%) 58 94 34
9 Mg(O'Pr), (10 mol%) 75 92 22
10 Mg(O'Pr), (20 mol%) 78 92 20

11 Mg(O'Pr), (10 mol%) ) ) -
12 Mg(OEt), (5 mol%) 60 91 33

*Yield determined by 'H NMR spectrum of the crude products using z-butyl methyl ether as an
internal standard. "Enantiomeric excess was determined by chiral HPLC analysis. ‘The reaction was

performed without MesCu and observed no reaction.
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7. General procedure for the reaction of allenyl anilides with aliphatic aldehydes:
I. MesCu (5 mol%)

(S, S) - Ph-BPE (5 mol%)

(0] .
Mg(O'Pr)5( 10 mol%
NH

I Dioxane N R
1a COOMe 2(k-p) rt, 3.5 h » llj )
aliphatic aldehyde (0.3M) ak-ap
02 mmol scale P (1.5 eq) Y8 1 2N'NaOH, 12 h, rt

General procedure (Condition B):

A flame-dried 20 mL test tube equipped with magnetic stirring bar and a 3-way glass stopcock was
charged with mesitylcopper (1.8 mg, 0.01 mmol, 5 mol%), magnesium isopropoxide (2.8 mg, 0.02
mmol, 10 mol%) and (S, S)-PhBPE (5.1 mg, 0.01 mmol, 5 mol%) under an argon atmosphere.
Anhydrous dioxane (480 plL) was added, and the mixture was stirred at ambient temperature for 20
minutes. To the stirred solution, aliphatic aldehyde (0.3 mmol) and 1.1 M solution of allenylanilide
(1a) (37.8 mg, 181 pL, 0.2 mmol) in dioxane were added sequentially. After stirring for 3.5 h at room
temperature, the reaction was diluted with dioxane (2.5 mL) and quenched with 2 N NaOH (3 mL)
solution. The reaction mixture was stirred vigorously for 12 h, and products were extracted with ethyl
acetate (10 mL x 3). The combined organic extracts were washed with water and brine, dried over
sodium sulfate, and concentrated under vacuum. Purification by silica gel column chromatography
afforded the desired compound.

The racemic sample was prepared following the above procedure wusing 1,3-
bis(diphenylphosphino)propane as an achiral ligand instead of (S, S)-Ph-BPE.

The absolute configuration of all the secondary alcohols (3ak-3ap) were assigned based on analogy of
3aa (see page S48-S51)

(5)-1-(1H-indol-2-yl)heptan-2-ol (3ak):

OH Purified by silica gel column chromatography (EtOAc: Hexane 2:8);

\ : yellow liquid; Yield: 73 %; Ry = 0.2 (Ethyl acetate: Hexane 2:8); IR
N

H (thin film): v 3456, 3408, 3019, 2399, 1214cm™; '"H NMR (CDCl;,

500 MHz): 6 8.55 (brs, 1H), 7.55 (d, J = 8.02 Hz, 1H), 7.32 (d, J = 8.02 hz, 1H), 7.15-7.12 (m, 1H),
7.10-7.06 (m, 1H), 6.28 (s, 1H), 3.97-3.92 (m, 1H), 3.02-2.98 (dd, J = 14.89 Hz, 2.86 Hz, 1H), 2.81
(dd, J = 15.47 Hz, 8.02 Hz, 1H), 1.81 (brs, 1H), 1.55-1.26 (m, 8H), 0.9 (t, J= 6.87 Hz, 3H); °C NMR
(CDCl;, 125 MHz): 8136.6, 136.1, 128.4, 121.1, 119.8, 119.5, 110.5, 100.8, 71.8, 37.0, 35.5, 31.7,
25.3,22.5, 14.0; HRMS (ESI): caled for C;sH, NO m/z 254.1521 [M+Na]", Found 254.15009. Specific
optical rotation [a]p™* = - 15.0 (¢ = 0.48, CHCI3) (92% ee); HPLC analysis: (92% ee); (Column —
Chiralpak IA; Hexane/2-propanol = 20/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 16.0 min

(major), 17.4 min (minor).
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#| E=5% |CH| R [min] | @M [uV-sec] | S V] | W% | Bk | BEl| NTP | S8 | A M—R3 | BE
TUnknown 16 008 16221882] 587461 96.115  95.737 N/A 8173 2062 1.130)
2Urknown 17.450 655615  26762] 3885 4263  N/Al 10114  N/A 1.047)

(8)-1-(1H-indol-2-yl)-3,3-dimethylbutan-2-ol (3al):

OH Purified by silica gel column chromatography (EtOAc: Hexane 1:9); white

solid;
(Yield, ee) : (75%, 99%) [Reaction carried out without additive]

(Yield, ee): (95%, 96%) [Reaction carried out with additive Mg(O'Pr), (10 mol%) ]
R¢=0.35 (Ethyl acetate: Hexane 2:8); IR (thin film): v 3417, 2960, 2369 cm™; "H NMR (CDCls, 500
MHz): 8.61 (brs, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.15-7.12 (m, 1H), 7.10-7.07(m, 1H), 6.29 (s, 1H),
3.56-3.53(m, 1H), 3.01(d, J = 14.9 Hz, 1H), 2.72 (dd, J = 14.9 Hz, 10.3 Hz, 1H), 1.89 (d, J =4 Hz,
1H), 1.0 (s, 9H); °C NMR (CDCl;, 125 MHz): § 137.9, 136.0, 128.4, 121.1, 119.7, 119.5, 110.4,
100.2, 79.8, 34.9, 30.4, 25.5; HRMS (ESI): caled for C;4H;oNO m/z 240.1364 [M+Na]", Found
240.1352. Specific optical rotation [o]p* = - 32.6 (¢ = 0.63, CHCl;) (99% ee); HPLC analysis: (99%
ee); (Column —Chiralpak TA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t,

= 6.7 min (major), 7.1 min (minor).
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(8)-3-ethyl-1-(1H-indol-2-yl)pentan-2-ol (3am):

Purified by silica gel column chromatography (EtOAc: Hexane 1:9);
yellow liquid; Yield: 89 %; R;= 0.28 (Ethyl acetate: Hexane 2:8); IR (thin
film): v 3403, 2962, 2874, 2365, 1685, 1457, 1289, 1014 cm™; 'H NMR
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(CDCl;, 500 MHz): 6 8.61 (brs, 1H), 7.14 (td, J = 8.0 Hz, 1.2 Hz, 1H), 7.08 (td, /= 8.0 Hz, 1.2 Hz,
1H), 6.29 (s, 1H), 3.95-3.92 (m, 1H), 2.95 (dd, J = 15.1 Hz, 2.2 Hz, 1H), 2.86 (dd, J = 15.1Hz, 9 Hz,
1H), 1.7 (brs, 1H), 1.55-1.49(m, 2H), 1.46-1.31(m, 3H), 0.96-0.93(m, 6H); C NMR (CDCls, 125
MHz): & 137.4, 136.0, 128.4, 121.1, 119.7, 119.5, 110.5, 100.5, 73.3, 46.3, 32.6, 21.7, 11.4; HRMS
(ESI): calcd for C4,H;oNO m/z 254.1521 [M+Na]", Found 240.1508. Specific optical rotation [(Z]D24 =
- 40.5 (¢ = 1.76, CHCI;y) (94% ee); HPLC analysis: (94% ee); (Column —Chiralpak IA;

Hexane/Ethanol = 9/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 10.7 min (major), 12.2 min

(minor).
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(S)-1-cyclopropyl-2-(1H-indol-2-yl)ethanol (3an):

?H Purified by silica gel column chromatography (EtOAc: Hexane 2:8);
colorless liquid; Yield: 95 %; Ry= 0.34 (Ethyl acetate: Hexane 4:6); IR
(thin film): v 3408, 3006, 2900, 2369, 1456, 1027, 752 cm™'; '"H NMR
(CDCls, 500 MHz): & 8.69 (brs, 1H), 8.56 (d, J=8.0 Hz, 1H), 7.33 (d, /= 8.0 Hz, 1H), 7.14 (t, /= 8.0
Hz, 1H), 7.08 (t, J = 8.0 Hz, 1H), 6.30 (s, 1H), 3.19-3.12 (m, 2H), 3.02-2.97 (dd, J = 14.8, 7.5 Hz, 1H),
1.98 (brs, 1H), 1.02-0.96 (m, 1H), 0.62-0.52 (m, 2H), 0.37-0.32 (m, 1H), 0.3-0.25 (m, 1H); *C NMR
(CDCls, 125 MHz): 6 136.8, 136.0, 128.3, 121.0, 119.7, 119.4, 110.5, 100.6, 35.0, 17.4, 3.1, 2.7,
HRMS (ESI): calcd for C;3H;sNO m/z 224.1051 [M+Na]+, Found 224.1040. Specific optical rotation
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[a]p”' =+ 3.1 (¢ = 1.45, CHCl;) (90% ee); HPLC analysis: (90% ee); (Column —Chiralpak IA;
Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 8.0 min (major), 8.9 min

(minor).

=
=l
=
=
i)
g
£
g

#| E=b& [GH[R [min] | @il [vsec] | e V]| @Hx | @&y [EEE] P [SEE o) ER[BE
1unknown 8.042 16941860  142241]  50.026( 53004  N/Al 11101 2004 0.963
nknown 8083 1692457 126117 40974  46006]  N/Al  10848]  N/A 0970

-

-

Intensity [|V]

8.5
Retention Time [min]
#] E=D& [cH] R [minl | @H# Lvsed [Fa LvI| @il | & [mEi] np [omE [oorh—gR][2E
Tunknown 1 7,892 818660 70623) 04.888] 04855 N/Al  11314] 3.024] 0973}
2Unknown 1 8917 44103 3831 5112 5145 N/AL  12004]  N/A 1.016}

(S)-1-cyclopentyl-2-(1H-indol-2-yl)ethanol (3ap):

Purified by silica gel column chromatography (EtOAc: Hexane 2:8); white
solid; Yield: 82 %; R;=0.21 (Ethyl acetate: Hexane 2:8); IR (thin film):
v3400, 2369, 1540, 1215, 760cm™; '"H NMR (CDCl;, 500 MHz): & 8.64
(brs, 1H), 7.56 (d, J= 8.0 Hz, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.14 (td, J =
8.0 Hz, 1.2 Hz, 1H), 7.08 (td, /= 8.0 Hz, 1.2 Hz, 1H), 6.28 (s, 1H), 3.73-3.70 (m, 1H), 3.05 (dd, /=
15.1 Hz, 2.9 Hz, 1H), 2.83 (dd, /= 15.3 Hz, 8.0 Hz, 1H), 1.94-1.76 (m, 4H), 1.69-1.53 (m, 4H), 1.41-
1.35 (m, 1H), 1.29-1.23 (m, 1H); °C NMR (CDCls, 125 MHz): § 136.9, 136.0, 128.3, 121.0, 119.7,
119.4,110.5, 100.7, 76.3, 45.6, 34.4, 29.1, 25.5; HRMS (ESI): calcd for C;sHoNO m/z 252.1364
[M+Na]", Found 252.1354; Specific optical rotation [a]p>* = - 13.0 (¢ = 0.52, CHCl;) (92% ee);
HPLC analysis: (92% ee); (Column —Chiralpak IA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min,

detection at 254 nm), t, = 7.7 min (major), 8.6 min (minor).
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PKC-103(2) -

3
=
=y
o
§ et
8
S

9.0
Retention Time [min]

#] E—0%& Jon]RImn [ @ vsecl [BELvI] @Eifs | & [mEl] v [H@Eloxr—ma]gs
Ikrnlmuwn 1 7.700) 875684 73764 50.436] §2.1M N/A 10371, 2.643 0,955]
zpnkmwn 1 8542 860557 66017 49564 47229 N/Al 10326 N/AS 0‘948|

L [PK-14(1) - CH1

|

|

e B
=
Z
[}
[=4
£
S

100000

¥] C—0& |H| R imin] | @A [Vseol | W& (V] | mix | man |elis| NTP | svAERE [ovrbU-RHE| BE
I*Jrkrmwn 1 1733 3829823 324494 96.026) 96.1004 N/ A 10381 2.797, 0.959[
2|unknown 1 2.608) 1585000 131700 3974 3900 N/A] 11313]  N/A 0.951]

(8)-1-cyclohexyl-2-(1H-indol-2-yl)ethanol (3ao0):

Purified by silica gel column chromatography (EtOAc: Hexane 2:8);
white solid; Yield: 89%; Ry = 0.24 (Ethyl acetate: Hexane 2:8); IR (thin
film): v 3300, 2921, 2369, 1540, 1025cm™; '"H NMR (CDCls, 500 MHz):
6 8.62 (brs, 1H), 7.56 (d, J= 7.4 Hz, 1H), 7.32 (d, J= 8.0 Hz, 1H), 7.14 (td, J= 7.4 Hz, 1.2 Hz, 1H),
7.09 (td, J = 7.4 Hz, 1.2 Hz, 1H), 6.28 (s, 1H), 3.66 (m, 1H), 3.0 (dd, J = 15.2 Hz, 2.9 Hz, 1H), 2.85
(dd, J=15.2 Hz, 8.6 Hz, 1H), 1.92-1.86 (m, 2H), 1.82-1.76 (m, 3H), 1.71-1.68 (m, 1H), 1.44-1.37 (m,
1H), 1.30-1.14 (m, 3H), 1.13-1.02 (m, 2H); “C NMR (CDCl;, 125 MHz): § 137.2, 136.0, 128.4,
121.0, 119.7, 119.4, 110.5, 100.6, 76.17, 43.0, 32.6, 29.0, 26.3, 25.9; HRMS (ESI): calcd for
Ci16H2NO m/z 266.1521 [M+Na]", Found 266.1515; Specific optical rotation [o]p> = - 18.6 (¢ = 0.79,
CHCI3)(90% ee); HPLC analysis: (90% ee): (Column —Chiralpak 1A; Hexane/2-propanol = 5/1, flow

rate 1.0 mL/min, detection at 254 nm), t, = 7.9 min (major), 9.2 min (minor)
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PKC-103(4) - CH1|

-

i 10.0
Retention Time [min]

#] E=bf | CH| R [min] | @ [v-sec] | H& V] | Tis | Has |REE| NP | SRE SR BE
1|Unknown 1 8.017) 473036 37744] a9.0s2] 53538  w/Al se2s] 3767 0.929
2Unknown 1 9.325| 491330| 32755 50948 46.462] WAl 9811]  N/A 0847

100000
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[7)]

=

%
=

9.0
Retention Time [min]

#| E—D& | cH|®RIminl | EH uvsec) | 8 V] | min | wzs |2 NTP [ AEE oAb R EE
1funknown 7.967 1316808]  106950] 95044 95030 N/l 10131 3943 0.948)
2Qunknown | 1 9.250] 68666  sars|  sose]  asv0[  nA]  risag[ A 0.930)

-

8. Allenyl anilide substrate scope: Reactions of various allenyl anilides with aromatic aldehydes
The reaction of aromatic aldehyde and alleneylanilides having different electron donating or electron
withdrawing substituents on the aromatic ring were examined under conditions A and B. The results

obtained are shown below.

I. MesCu (5 mol%) R
A o}
R—— ' (S, S)- Ph-BPE (5 mol%) /7\\\
~ H /
'TIH Di —
l0Xane
1(b-e) O°Me  2a it, 3.5 h N
0.2 mmol scale (2 eq) 1. 2N NaOH, 12 h, rt 3(ba-ea)

R = Cl, OMe, CF3, Me
Condition A: Without additive

Condition B: With additive (Mg(O'Pr),(10 mol%)
The absolute configuration of all the secondary alcohols were assigned based on analogy of 3aa (see

page S48-S51)
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(S)-2-(6-chloro-1H-indol-2-yl)-1-phenylethanol (3ba):

(Reaction condition : B) Purified by silica gel column
chromatography (EtOAc: Hexane 1.5:8.5); white solid; Yield: 84%;
Ry = 0.23 (Ethyl acetate: Hexane 2:8); IR (thin film): v 3252, 3021,
2369, 1215 cm™; 'TH NMR (CDCl;, 500 MHz): § 8.59 (brs, 1H), 7.43 (d, J = 8.6 Hz, 1H), 7.40-7.29
(m, 6H), 7.05 (dd, J = 8.6 Hz, 1.7 Hz, 1H), 6.24 (s, 1H), 5.02-4.99 (m, 1H), 3.19-3.12 (m, 2H), 2.28
(brs, 1H); °C NMR (CDCl;, 125 MHz): § 143.4, 137.1, 136.4, 128.7, 128.1, 127.0, 126.8, 125.6,
120.6, 120.2, 110.5, 101.0, 74.4, 37.6; HRMS (ESI): calcd for C,sH;4CINO m/z 294.0662 [M+Na]’,
Found 294.0674; Specific optical rotation [a]p>' = - 40.8 (¢ = 0.54, CHCl;) (90% ee); HPLC analysis:
(90% ee): (Column —Chiralpak IA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254

nm), t, = 10.5 min (major), 14.4 min (minor)

=
=
=
T
(o
o8
=
=

#] 0% | GH | R [win] | G [V-ooc) | & (V]| mhws | mias sl | NP [ o | oooby—fRi| B
1|Unknown 10558 662al6|  40502] 50114 58448l n/A 10027 7688 1.179
2Unknown 1 14.450 659315 28857 49686 41552 N/A o480  N/A] 1.154

%‘
]
o
5

2.0 : 14.0
Retention Time [min]
#] F—D% |CH|tRIminl | @M WVsecl | me V]| mf% | mas [=m@E| NTP | SEE [Sorb)-mu| g
[unknewn 1 [ 1054 1175840]  71849] 04306] o5468] /Al woi3f 787 1.157)
2jUnknown 1 14.425 joo89|  s410] 5694  4532] N4 10431 /A 1021

(5)-2-(4-methyl-1H-indol-2-yl)-1-phenylethanol (3ca):

(Reaction condition: B); Purified by silica gel column chromatography
(EtOAc: Hexane 1.5:8.5); Yellow liquid; Yield: 91%; Ry = 0.26 (Ethyl
acetate: Hexane 2:8); IR (thin film): v 3404, 2917, 2369, 1540, 1039,
766cm™; "H NMR (CDCls, 500 MHz): § 8.47 (brs, 1H), 7.42-7.34 (m,
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5H), 7.18 (d, J = 8.0 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.92 (d, J = 7.5 Hz, 1H), 6.3 (s, 1H), 4.97 (t-
like, J = 6.3 Hz, 1H), 3.17 (brd, J = 5.7 Hz, 2H), 2.55 Hz, (s, 3H), 2.33 (brs, 1H); "C NMR (CDCl,,
125 MHz): & 143.6, 135.7, 135.5, 129.4, 128.6, 128.1, 127.9, 125.6, 121.4, 119.7, 108.2, 99.6, 74.3,
37.9, 18.7;HRMS (ESI): calcd for C;;H;;NO m/z 274.1207 [M+Na]’, Found 274.1204; Specific
optical rotation [a]p>' = - 31.3 (¢ = 1.62, CHCl3) (83% ee); HPLC analysis: (83% ee): (Column —
Chiralpak TA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 7.7 min

(major), 8.5 min (minor)
PKC-151(4) - CHL

=
=
2

c
E
=

#] €& | oH|Riminl | @l lvsec] | & V1| @as | mex |RBI] NTP | ARE [SAN-RE]EE
Wunknown | 1 7.779 875205  71121] 51503 53317 w4 eani| 2274 1.236)
Zfunknown |1 8525 821165 62272 43407 46683 N/l 100z  N/A 1.204)

-
S
=y
=
Z
G
g
£

8.0 90 11.0
: L : Retention Time [min] ;
#] E-b& |cH|tRmin] [ M [wsecl | B ]| Eits | @wex [mRIE] e [ ok [t —EE[SE
1|unknown 1 7.733 5636889  471792] 91305 91253 N/l o465 2449 1.340)
2|Unknown 1 8.525| 555851 45206  seos 8747  NsA 10s63]  N/A 1.120)

(S)-1-phenyl-2-(5-trifluoromethyl)-1H-indol-2-yl)ethanol (3da):

(Reaction condition: B); Purified by silica gel column
chromatography (EtOAc: Hexane 1:9); White solid; Yield: 83%; Ry
= 0.21 (Ethyl acetate: Hexane 2:8); IR (thin film): v 3350, 2365,
1540, 1039, 766cm™; "H NMR (CDCls, 500 MHz): 8 8.85 (brs, 1H),
7.84(s, 1H), 7.14-7.33 (m, 7H), 6.34 (s, 1H), 5.04-5.02 (m, 1H), 3.23-3.15 (m, 2H), 2.31(brs, 1H); °C
NMR (CDCl;, 125 MHz): § 143.3, 138.2, 137.4, 128.7, 128.2, 127.6, 125.6, (126.5, 124.3, 122.2 'Jc¢
271 Hz), (122.0, 121.7, 121.5 *Jer 32 Hz), 118.0(q, *Jer 3.6 Hz), 117.6 (q, *Jer 3.6 Hz), 110.7, 101.7,
74.4, 37.5; HRMS (ESI): calcd for C;H4F;NO m/z 328.0925 [M+Na]", Found -328.0931; Specific
optical rotation [a]p> = - 37.3 (¢ = 0.53, CHCl;) (84%ee); HPLC analysis: (84% ee): (Column —
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Chiralpak TA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 8.0 min

(major), 8.9 min (minor).
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s 9.0
Retention Time [min]
#| E—b%& |CH|tRImin] [ W [V-sec] | W& V] | mif% | ma% | EEill| NTP | S8 | voxb—RE| ¥&
1|Unknewn 1 8.075| 427064 33184 49.423] 53611 NsAl 9285  2.550) 1.155
2lUnknown 1 8.992] 437041 26714 50577] 46389  N/Al 8694  N/A 1.231

1 PK-20(1) -

|

|
e

Intensity [pV]

8.0 9.0
Retention Time [min]
#| E-bE | CH|tR[min] | B [uV-sec] | @& [wV] | MY | Md% | RERME | NTP | SBEE | UUAN RS | BE
1{Unknown 1 8075 1123844 88777] 92003] 92532 N/Al  9721) 2.668 1.167]
2fUnknown 1 8.992) 96493 7165 7.907 7468  N/Al 9007  N/A 1.008|

(5)-2-(6-methoxy-1H-indol-2-yl)-1-phenylethanol (3ea):

(Reaction condition: A); Purified by silica gel column
chromatography (Et,O: Hexane 4:6); Liquid; Yield: 70%; R;= 0.27
(Diethyl ether: Hexane 6:4); IR (thin film): v 3448, 3021, 2369,
1215, 755 cm™; '"H NMR (CDCls, 400 MHz): § 8.39 (brs, 1H), 7.42-7.31(m, 5H), 6.82 (d, J = 2.2 Hz,
1H), 6.76 (dd, J = 8.5 Hz, 2.2 Hz, 1H), 6.21 (s, 1H), 4.97 (t, /= 5.8 Hz, 1H), 3.84 (s, 3H), 3.13 (d, J =
5.8 Hz, 2H), 2.33 (brs, 1H); °C NMR (CDCls, 100 MHz): § 155.9, 143.6, 136.8, 134.9, 128.6, 127.9,
125.6, 122.5, 120.4, 109.2, 100.8, 94.4, 74.3, 55.6, 37.9; HRMS (ESI): caled for C;;H;;NO, m/z
290.1157 [M+Na]", Found 290.1167; Specific optical rotation [a]p>* = - 23.5 (¢ = 1.19, CHCl;) (85%
ee); HPLC analysis: (85% ee): (Column —Chiralpak [A; Hexane/2-propanol = 5/1, flow rate 1.0

mL/min, detection at 254 nm), t, = 15.2 min (major), 17.3 min (minor).
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#| E—HE | cH|tR[min]

% [V-sed) | & V]

mHix
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| NTP | ABEEE | SUAMI-RE| EE

H{unknown 15.292]

1194346}

49,504}

52.907

N/A|  Di126)  3.008

1.234

2{Unknown 17.342|

1198929

50 006

47093

N/A 0118 N/A

1.179

Intensity [|V]

PKC-152-5 - CH1

#| E=D& |CH|tR [min]

Wi [1Vsec] [ S W]

i &

WS

Rl | NTP | DEkE

TUAN- R | WS
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15.267;

1914562

76311

92511

82.767]

N/Al 8064 3086

1.230]

17.333|

=)
g
3

154985|

5950)

7.489|

7.233

N/Al 9772 N/A

1.125)

9. Reaction of allenyl anilide with ketones-Additive effect and general procedure

Additive effect: In the reaction between allenyl anilide and ketones, protonation of the in sifu-

generated allylcopper species was predominant over nucleophilic addition to carbonyl group due to
the lower electrophilicity of ketones. Thus, the additive effect in this key transformation was

examined and the results are summarized in the table below. Here again, the magnesium isopropoxide

was proved to be the best among other additives.

1. MesCu (5 mol%)

(S, S) - Ph-BPE (5 mol%)

@C_.: FsC\@ii Additive (30 mol%)
NH +
1aC00Me o Dioxane
0.2 mmol scale 15eq IIl. 2N NaOH, 48 h, r.t.
Entry Additive (30 mol%) Yield (%)* ee (%)°
1 - 40 73
2 Mg(O'Pr), 83 78
3 Al(O'Pr), 75 76
4 KO'Bu 39 12
5 MgBr, 0 -
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6 Ca(O'Pr), 26 63

7 La(O'Pr), 25 76

*Yield determined by 'H NMR spectrum of the crude products using z-Butyl methyl ether as an

internal standard. "Enantiomeric excess was determined by chiral HPLC analysis.

9-1. General procedure for reaction between allenyl anilide and ketones:

I. MesCu (5 mol%)
o (S, S) - Ph-BPE (5 mol%)
i o,
- )LRZ Mg(O’Pr), (30 mol%) \ - =2

ITIH
1a  coome
0.2 mmol scale (2 eq)

2(g-v) Dioxane, rt, 5 h ” R
II. 2N NaOH, 48 h, rt 3

A flame-dried 20 mL test tube equipped with magnetic stirring bar and a 3-way glass stopcock was
charged with mesitylcopper (1.8 mg, 0.01 mmol, 5 mol%), (S, S)-PhBPE (5.0 mg, 0.01 mmol, 5
mol%) and Mg(O'Pr), (8.5 mg, 0.06 mmol, 30 mol%) under argon atmosphere. Anhydrous dioxane
(480 pL) was added, and the mixture was stirred at ambient temperature for 45 minutes. To the stirred
solution, ketone (0.3 mmol) and 1.1 M solution of allenyl anilide (1a) (37.8 mg, 181 uL, 0.2mmol)
were added sequentially. After stirring for 5 h at room temperature, the reaction was diluted with THF
(3 mL) and quenched with 2 N NaOH (3 mL) solution. The reaction mixture was stirred vigorously
for 48 h, and products were extracted with ethyl acetate (20 mL X 3). The combined organic extracts
were washed with water and brine, dried over sodium sulfate, and concentrated under vacuum.
Purification by silica gel column chromatography afforded the desired compounds.

The racemic sample was prepared following the above procedure wusing 1,3-

bis(diphenylphosphino)propane as an achiral ligand instead of (S, S)-Ph-BPE.

The absolute configuration of the major enantiomer of obtained tertiary alcohols can be assigned by

analogy of 3aa (See page S48-S51)

(5)-1-(1H-indol-2-yl)-2-phenylpropan-2-ol (3aq):
I. MesCu (5 mol%)

o
©\F.:+ (S, S) - Ph-BPE (5 mol%)
NH HsC

\ )
COOMe E:{O’éar?e
1a 2q II. 2N NaOH, 48 h, rt

0.2 mmol scale 1.5e
( D Condition A: Without additive

Condition B: With additive (Mg(O'Pr),(30 mol%)
Reaction condition- A (Without additive): 53% yield, 83% ee
Reaction condition- B: 64% yield, 73% ee
Purified by silica gel column chromatography (Ethyl acetate: Hexane 2:8); Yellow liquid; Ry= 0.23
(EtOAc: Hexane 2:8); IR (thin film): v 3410, 3072. 2342, 1455, 1288 cm”; '"H NMR (CDCl;, 500
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MHz): & 8.18 (brs, 1H), 7.53 (d, J= 8.0 Hz, 1H), 7.39-7.36 (m, 2H), 7.31-7.28 (m, 2H), 7.25-7.23 (m,
2H), 7.12 (td, J = 7.5 Hz, 1.2Hz, 1H), 7.06 (td, J = 8.0 Hz, 1.2 Hz, 1H), 6.26 (s, 1H), 3.32 (d, /= 14.9
Hz, 1H), 3.17 (d, J = 14.9 Hz, 1H), 2.14 (brs, 1H); *C NMR (CDCls, 125 MHz): & 147.5, 136.1,
135.0, 128.1, 127.1, 124.6, 121.2, 119.8, 119.4, 110.5, 102.6, 74.7, 42.9, 29.3; HRMS (ESI): calcd for
C,7H,7;NO m/z 274.1208 [M+Na]", Found 274.1200; Specific optical rotation [o]p™ = - 42.6 (c=0.8,
CHCl3) (83% ee); HPLC analysis: (83% ee): (Column —Chiralcel OD-H; Hexane/2-propanol = 9/1,

flow rate 1.0 mL/min, detection at 254 nm), t. = 15.6 min (minor), 18.0 min (major).

s
e
=
o
5

18.0 19.0 20.0 21.0
Retention Time [min]

#] E—D& | CH| R [min] | Tl [WV-sec] | & (V]| Eilks | @y | ERE| NTP | SBEE [SvA N -RiK| 85
15.850) 361062) 10307 47673 53704  N/AL 4867 2546 1.257]
18.442] 396317 8885 52327 46.206) N/Al 4245)  N/A 1.320)
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Intensity [pV]

18.0 19.0
Retention Time [min]
#] E—D& | CH|tRminl | @H [isec] | B [wV] | mili% | H&x [ERME| NTP | S8EE | At —Rik| BE
1jUnknown i} 15.6C0) 95206} 2834 8.386(  10.150] N/Al  4082] 2548 1.188)
2Unknown 1 18.083) 1040043} 25088 91.614] 89.850] N/A| 4566  N/A 1.279

(8)-1-((1H-indol-2-yl)methyl)-6-(trifluoromethyl)-2,3-dihydro-1H-inden-1-ol (3av):

CF3  Reaction condition : B; Purified by silica gel column chromatography
(Ethyl acetate: Hexane 15:85); Yellow liquid; Yield: 83%; R;= 0.23
(EtOAc: Hexane 2:8); IR (thin film): v 3448, 3019, 2921, 2359, 1621,
1215, 1123, 756 cm™; "H NMR (CDCl;, 500 MHz): & 8.66 (brs, 1H),
7.57 (d,J =8 Hz, 2H), 7.52 (s, 1H), 7.36-7.34(m, 2H), 7.17 (t, J= 7.5 Hz, 1H), 6.26 (s, 1H), 3.31 (d, J
=14.9 Hz, 1H), 3.06-2.99 (m, 2H), 2.89-2.83 (m, 1H), 2.45-2.40 (m, 1H), 2.19 (s, 1H), 2.04-1.98 (m,
1H); “C NMR (CDCl, 125 MHz): & 147.8, 146.7, 136.2, 135.1, ( 129.9, 129.6, 129.4, 129.1) (*Jcr
32 Hz), 128.1, (127.5, 125.3, 123.1, 121.0) ("Jer 272 Hz), 125.7 (q, *Jor 3.6 Hz), 125.4, 121.4, 119.96
(q, *Jer 3.6 Hz), 119.9, 119.6, 110.6, 102.3, 83.4, 39.8, 38.6, 29.2; HRMS (ESI): calcd for
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C1oH,4F3N,0, m/z 354.1082 [M+Na]", Found 354.1082; Specific optical rotation [o]p™ =-13.8 (c=
1.76, CHCI,) (for 77% ee); HPLC analysis: (77% ee): (Column —Chiralcel OD-H; Hexane/2-propanol

=9/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 10 min (minor), 11.7 min (major).
1 PK-41(4) - CH1J

=
z
2
8
E

T P-0% [CH] R (i) | T ivocec] | B2 (V1] M5 | Mok | EdkiE] NTP | AR |ovAb)— ] HE
1jUnknown 1 9.967] 5665133 249023 40787 56798  N/A| 4628 2626 1.1
2JUnknown 1 11.74 s612002] 190099 50213 43200 N/A| 3726) N/A 1.088]

200000

3
Z
Z
g
i

T A N

#| C—D% | CH| R (min] | B [iVsec] | M (V] | W% | W&y |l | NTP | SMERE AN EE
TUnknown 1| 10.033 1433608]  64987] 11247] 14856 N/A| 4660) 253 1.09
Bonknown | 1 | 11778 iiaizsds] aveaia] 8BSy @544 N/ 3568 N/A 1311

(8)-1-(1H-indol-2-yl)-2-o-tolylpropan-2-ol (3ar):

Purified by silica gel column chromatography (Ethyl acetate: Hexane
%C“s 2:8); Yellow liquid; Yield: 57%; R;= 0.26 (EtOAc: Hexane 2:8); IR

I (thin film): v 3446, 3019, 2399, 1652, 1215, 1094, 929, 756 cm™; 'H
HsC NMR (CDCls, 500 MHz): § 8.26 (brs, 1H), 7.54 (d, J = 7.5 Hz, 1H),

7.48 (d,J=17.5 Hz, 1H), 7.48 (d, J= 7.5 Hz, 1H), 7.26-7.16 (m, 4H),
7.12 (t,J =8 Hz, 1H), 7.06 (t, J= 8 Hz, 1H), 6.28 (s, 1H), 3.5 (d, /= 14.9 Hz, 1H), 3.2 (d, J = 14.9 Hz,
1H), 2.65 (s, 3H), 2.10 (s, 1H), 1.66 (s, 3H); “C NMR (CDCls, 125 MHz): § 144.5, 136.2, 135.3,
135.2,132.9, 128.1, 127.4, 126.0, 125.8, 121.2, 119.8, 119.4, 110.5, 102.5, 75.9, 40.7, 28.7, 22.5;
HRMS (ESI): calcd for CsH;oN,0; m/z 288.1364 [M+Na]", Found 288.1362; Specific optical rotation
[a]p>* =-23.8 (¢ = 0.65, CHCl;) (for 83% ee); HPLC analysis: (83% ee): (Column —Chiralpak IA;

Hexane/2-propanol = 9/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 8.1 min (major), 11.2 min

N
H

(minor).
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(8)-2-(2-chlorophenyl)-1-(1 H-indol-2-yl)propan-2-ol (3as):

Purified by silica gel column chromatography (Ethyl acetate: Hexane
Q—\>\“°)(C”3 2:8): Yellow liquid; Yield: 67%: R, = 0.25 (EtOAc: Hexane 2:8); IR (thin

N o film): v 3462, 3019, 2399, 1215, 1034 cm™; "H NMR (CDCl;, 500

Cl MHz): & 8.24 (brs, 1H), 7.66-7.64 (m, 1H), 7.52 (d, /= 8.0 Hz, 1H),

7.42-7.40 (m, 3H), 7.10 (t,J = 7.5 Hz, 1H), 7.05 (t, /= 7.5 Hz, 1H), 6.28 (s, 1H), 3.8 (d, /= 14.9 Hz,
1H), 3.4 (d, J= 14.9 Hz, 1H), 2.76 (s, 1H), 1.77 (s, 3H); >C NMR (CDCl;, 125 MHz): § 143.2, 136.2,
134.9, 131.4, 130.6, 128.6, 128.2, 127.6, 127.2, 121.2, 119.8, 119.4, 110.5, 102.5, 75.2, 39.2, 27.6;
HRMS (ESI): caled for Ci;H;4CIN,0; m/z 308.0818 [M+Na]’, Found 308.0813; Specific optical
rotation [op”* = -62.8 (¢ = 0.85, CHCl3) (85% ee ); HPLC analysis: (85% ee): (Column —Chiralpak
IA; Hexane/2-propanol = 9/1, flow rate 1.0 mL/min, detection at 254 nm), t, = 8.9 min (major), 15.2

min (minor).
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(S)-2-(4-Fluoro-2-methyl phenyl)-1-(1H-indol-2-yl)propan-2-ol (3au):

\ HO Me Me Purified by silica gel column chromatography (Ethyl acetate:
N 0y Hexane 2:8); Yellow liquid; Yield: 62%; Ry= 0.23 (EtOAc: Hexane
H 2:8); IR (thin film): v 3455, 3019, 2399, 1215, 1094, 756 cm™’; 'H

FNMR (CDCls, 500 MHz): 6 8.30 (brs, 1H), 7.53 (d, J = 8 Hz, 1H),
7.45-7.42 (m, 1H), 7.28 (d, J = 8 Hz, 1H), 7.14-7.05 (m, 2H), 6.92-6.82 (m, 2H), 6.26 (s, 1H), 3.46 (d,
J=14.9 Hz, 1H), 3.17 (d, J = 14.9 Hz, 1H), 2.63 (s, 1H), 1.64 (s, 3H); °C NMR (CDCl;, 125 MHz):
3 (162.5, 160.6 'Jor 245.9 Hz), 140.3, 137.9, 137.8 (Jor 7.2 Hz), 136.2, 135.1, 128.1, (127.6, 127.5
*Jor 8.4 Hz), 121.3, 119.8, 119.5, (119.2, 119.1 *Jer 20.4 Hz), (112.3, 112.2 *Jr 20.4 Hz), 110.5,
102.5, 75.6, 40.8, 29.0, 22.5; HRMS (ESI): caled for CisH;sFN,O; m/z 306.127 [M+Na]’, Found
306.1289; Specific optical rotation [a]p>* = -22.2 (¢ = 0.75, CHCl;) (95% ee); HPLC analysis: (95%
ee): (Column —Chiralpak IA; Hexane/2-propanol = 9/1, flow rate 1.0 mL/min, detection at 254 nm), t,

= 8.5 min (major), 10.4 min (minor).
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(8)-1-(1H-indol-2-yl)-2-(2-(trifluoromethyl) phenyl) propan-2-ol (3at):
HO cn Purified by silica gel column chromatography (Ethyl acetate: Hexane
%’; : 2:8); Yellow liquid; Yield: 66%; Ry=0.26 (EtOAc: Hexane 2:8); IR (thin
H film): v 3447, 3019, 2358, 1551, 1215, 1122 cm™; "H NMR (CDCl;, 500
FaC MHz): & 8.52 (brs, 1H), 7.79 (d, /= 7.5 Hz, 1H), 7.62 (d, J = 8 Hz, 1H),
7.53-7.48 (m, 2H), 7.36 (t, J = 7.5 Hz, 1H), 7.29 (d, /= 8 Hz, 1H), 7.12 (t, /= 7.5 Hz, 1H), 7.05 (t, J
=7.5 Hz, 1H), 6.27 (s, 1H), 3.51 (d, /= 14.9 Hz, 1H), 3.22 (d, J = 14.9 Hz, 1H), 2.39 (s, 1H), 1.7 (s,
3H); °C NMR (CDCl;, 125 MHz): § 146.4, 136.2, 134.8, 131.6, 128.3, 128.2, 128.1, 127.2, (127.5,
127.2, 127.0, 126.7) (Jor 31 Hz), (128.1, 126.0, 123.8, 121.6) (‘Jor 272 Hz), 121.3, 119.8, 119.4,
110.5, 102.5, 75.9, 42.4, 30.5; HRMS (ESI): calcd for CsH,sF3N,0, m/z 342.1082 [M+Na]", Found
342.1070; Specific optical rotation [o]p”* = - 25.9 (¢ = 0.67, CHCl;) (91% ee ); HPLC analysis: (91%
ee): (Column —Chiralpak IA; Hexane/2-propanol = 9/1, flow rate 1.0 mL/min, detection at 254 nm), t,

= 7.2 min (major), 9 min (minor).
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10. Applications: Towards the syntheses of tetrahydropyranoindoles and spiroxindole:-

10-1. Synthesis of (S)-1, 1-dimethyl-3-phenyl-1,3,4,5-tetrahydropyrano[4,3-b]indole (9):

MeO OMe
1.25 eq

BF;:0Et, (0.5 eq)
CICH,CH,CI
rt,4h

To a stirred solution of (S)-2-(1H-indol-2-yl)-1-phenylethanol (3aa) (60 mg, 0.252 mmol) in
anhydrous 1,2-dichloroethane (3 mL) was added 2, 2-dimethoxypropane (39 pL, 0.316 mmol)
followed by boron trifluoride-etherate complex (16.8 xL, 0.136 mmol) at ambient temperature under
argon atmosphere. The resulting reaction mixture was stirred at room temperature for 4 h and the
mixture was slowly quenched with sat. ag. NaHCO; solution (5 mL). The reaction mixture was
extracted with ethylacetate (10 mL X 3). The combined organic extracts were washed with water and
brine, dried over sodium sulfate, and concentrated under vacuum. Purification by silica gel column

chromatography (Ethyl acetate / n-hexane 1/9) afforded colorless sticky liquid (69.2 mg, 99%); R¢ =
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0.36 (EtOAc: Hexane 2:8); IR (thin film): v 3405, 3018, 2977, 2360, 1457, 1216, 754 cm™; '"H NMR
(CDCls, 500 MHz): 6 7.57 (brs, 1H), 7.4-7.37 (m, 3H), 7.27-7.25 (m, 2H), 7.2-7.14(m, 2H), 7.07-6.98
(m, 2H), 4.83-4.81 (m, 1H), 2.81 (dd, J = 10.3 Hz, 15.5 Hz, 1H), 2.66 (dd, J = 3.4 Hz, 15.5 Hz, 1H),
1.61 (s, 3H), 1.57 (s, 3H); °C NMR (CDCl;, 125 MHz) : § 142.3, 135.8, 130.5, 128.4, 127.6, 126.3,
124.5, 121.1, 119.4, 118.7, 116.5, 110.9, 74.7, 70.7, 31.6, 29.9, 26.5; HRMS (ESI): calcd for
C19H;oNO m/z 300.13643 [M+Na]’, Found 300.1364; Specific optical rotation [(X]D24 =-66.1 (c =
1.04, CHCI;) (91% ee ).

10-2. 2,2-dimethyl-5-phenyl-4,5-dihydro-2H-spiro[furan-3,2’-indolin]-3-one (10)

S (i) m-CPBA (1.3 eq)
s THF, r.t., 15 h

(ii) NaOMe (1M),
MeOH
reflux, 2 h

To a stirred solution of 9 (80.7 mg, 0.29 mmol) in tetrahydrofuran (8 mL) was added m-CPBA (66 mg,
0.37 mmol) at room temperature and stirred for 15 h. The reaction mixture was quenched with
saturated sodium thiosulfite solution, extracted with ethyl acetate (20 mLx*3) and washed the organic
layer with water, brine and dried over sodium sulfate and concentrated.

The crude residue was dissolved in 1M MeONa/MeOH (15 mL) solution, refluxed for 2 h and cooled
to room temperature, quenched the reaction with 3 N HCL. Products were extracted with ethyl acetate.
The combined organic layers were washed with brine, dried over sodium sulfate, concentrated under
vacuum. Purification by silica gel column chromatography (Ethyl acetate / n-hexane 2/8) afforded 10
as liquid (58 mg, 68%); dr : 6:4; Ry=0.38 and 0.34 (diasterecomeric mixture) (EtOAc: Hexane 2:8); IR
(thin film): v 3355, 3011, 2358, 1683, 1617, 1216, 754 cm”; '"H NMR (CDCl;, 500 MHz)
(diastereomeric mixture): 6 7.6 (d, J = 7.45 Hz, 1H), 7.48-7.35 (m, 5H), 7.31-7.26 (m, 1H), 6.91-6.79
(m, 2H), 5.48-5.45 (m, 0.6H), 5.27-5.23 (m, 0.4 H), 5.1 (brs, 0.4 H), 4.79 (brs, 0.6H), 3.03 (dd, J =
13.1 Hz, 8.6 Hz, 0.6 H), 2.72 (dd, J=13.1 Hz, 10.3 Hz, 0.4 H), 2.43 (dd, J = 13.1 Hz, 6,87 Hz, 0.4H),
2.2 (dd, J = 13.1 Hz, 6.3 Hz, 0.6 H), 1.64 (brs, 1H), 1.43 (s, 3H), (1.33, 1.30) (2s, 3H); ); °C NMR
(CDCl3, 125 MHz) (diastereomeric mixture) : 6 200.1 (199.5), 159.4, 142.8 (142.1), 137.19 (137.15),
128.5 (128.3), 127.4 (127.3), 125.8 (125.3), 124.5 (124.4), 120.9 (120.6), 118.8 (118.7), 111.68
(111.64), 84.89 (84.7), 78.1 (77.0), 76.5 (76.1), 44.9 (44.0), 25.7 (24.0), 23.3 (22.7); HRMS (ESI):
caled for C1oH;4NO, m/z 316.1314 [M+Na]", Found 316.1309.

10-3. Synthesis of 1-(4-methoxyphenyl)-3-phenyl-1,3,4,5-tetrahydropyrano|4,3-b]indole (28):
MeO

OMe
MeO@-(
OMe

OH
\ : (1.2 eq) Q
i O
BF5-OEt, (0.5
3aa 3'OEt; (0.5 eq)

CH,Cly, 1t, 5 h
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To a stirred solution of 2-(1H-indol-2-yl)-1-phenylethanol (3aa) (30 mg, 0.13 mmol) in anhydrous
CH,Cl, (3 mL) at 0 °C under argon atmosphere was added p-anisaldehyde dimethylacetal (27 pL,
0.16 mmol) followed by boron trifluoride-etherate complex (8.4 uL, 0.068 mmol). The resulting
reaction mixture was warmed to room temperature and stirred for 5 h. The reaction mixture was
slowly quenched with sat. ag. NaHCO; solution (5 mL). Products were extracted with
dichloromethane (5 mL x 3). The combined organic extracts were washed with water and brine, dried
over sodium sulfate, and concentrated under vacuum. Purification by silica gel column
chromatography (Ethyl acetate / n-hexane 2/8) afforded yellow liquid (39 mg, 87%); Ry = 0.26
(EtOAc: Hexane 2:8); IR (thin film): v 3396, 2921, 2360, 1508, 1247 cm™; 'H NMR (CDCl;, 500
MHz) (diastreomeric mixture in the ratio 6: 4): 6 8.0 (7.94) (brs, 1H), 7.5 (d, J = 7.4 Hz, 1H), 7.42-
7.27 (m, 7H), 7.19-7.16 (m, 1H), 7.11-7.03 (m, 1H), 6.91-6.77 (m, 3H), 6.18 (6.0) (s, 1H), 5.02 (dd, J
=10.8 Hz, 3.4 Hz, 0.6 H), 4.85 (dd, J = 10.3 Hz, 4.0 Hz, 0.4 H), 3.81 (3.79) (s, 3H), 3.23-3.12 (m,
1H), 3.05-3.0 (m, 1H); °C NMR (CDCl,, 125 MHz) (diastereomeric mixture): & 159.5 (159.8), 142.0
(141.7), 135.8 (135.7), 133.3 (133.2), 132.7 (132.3), 130.08 (130.04), 128.4 (128.3), 127.68 (127.63),
126.3 (126.1), 125.9 (125.1), 121.5 (121.3), 119.7 (119.5), 119.0 (118.8), 113.7 (113.4), 111.7 (110.7),
110.6 (110.1), 78.1 (77.2), 74.0 (69.4), 55.22 (55.20), 31.9 (30.6); HRMS (ESI): calcd for C»;H,;NO,
m/z 378.147 [M+Na]", Found 378.1460.

10-4. Methyl 2-(1-methyl-3-phenyl-1,3.,4,5-tetrahydropyrano[4,3-b]indol-1-yl)acetate (29):
o o

OH )J\/U\OMe
\ z (1.5eq)
S0
H 3aa BF;-OEt, (12 eq)

THF, rt, 12 h

To a stirred solution of 2-(1H-indol-2-yl)-1-phenylethanol (3aa) (30 mg, 0.126 mmol) in anhydrous
THF (5 mL) at rt under argon atmosphere was added methyl acetoacetate (20.4 pL, 0.189 mmol)
followed by boron trifluoride-etherate complex (187 pL, 1.51 mmol). After stirring for 12 h at room
temperature, the reaction was cautiously quenched with sat. aq. NaHCO; solution (5 mL), and
products were extracted with dichloromethane (5 mL x 3). The combined organic extracts were
washed with water and brine, dried over sodium sulfate, passed through a pad of celite, and
concentrated under vacuum. Purification by silica gel column chromatography (Ethyl acetate / n-
hexane 2/8) afforded 29 as colorless liquid (39 mg, 92%); Ry = 0.18 (EtOAc: Hexane 2:8); IR (thin
film): v 3397, 2947, 2365, 1732, 1456, 1326, 1219, 746 cm; '"H NMR (CDCl;, 500 MHz)
(diastreomeric mixture in the ratio 6: 4): 6 7.96 (7.91) (brs, 1H), 7.54-7.48 (m, 3H), 7.42-7.39 (m, 2H),
7.35-7.32 (m, 2H), 7.18-7.12 (m, 2H), 5.11 (4.96) (dd, /= 10.8 Hz, 3.4 Hz, 1H), 3.6 (s, 3H), 3.17-3.12
(m, 1H), 3.09-2.84 (m, 3H), 1.89 (1.83) (s, 2H); “C NMR (CDCl;, 125 MHz) (distereomeric
mixture): & 170.9 (170.8), 142.3 (141.5), 135.8, 131.3 (130.87), 128.4 (128.3), 127.6 (127.5), 126.3
(125.9), 124.3 (124.0), 121.4 (121.3), 119.7 (119.6), 118.6 (118.3), 115.5 (114.1), 111.07 (111.01),
75.4 (75.3), 70.9 (70.7), 51.5 (51.2), 46.72 (43.83), 32.07 (30.54), 27.18 (25.37); HRMS (ESI): calcd
for C,;H, NO3m/z 358.1419 [M+Na]’, Found 358.1401.
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11. Confirmation of the absolute configuration of 3aa:
The reaction of allenyl anilide (1a) (0.2 mmol scale) with benzaldehyde (2a) (2 eq) in presence of 5
mol% of copper catalyst [MesCu (5 mol%) and (S, S)-Ph-BPE (5 mol%) as chiral ligand] in dioxane

(0.3 molar concentration) at room temperature afforded 3aa as a white solid (92%, 91% ee).
I. MesCu (5 mol%)

O (s, S)-Ph-BPE (5 mol%)
©\Fl: Dioxane
+ H
NH rt, 3.5 h

|
1a  COOMe 2a (0.3M)
Il. 2N NaOH, 12 h, rt

3aa

0.2 mmol scale (2 eq)

The absolute configuration of the obtained product (3aa) was confirmed by comparing the HPLC data

and specific optical rotation of the product obtained using two step synthetic protocol® as shown

below.
n-Buli (1.2 eq)
) THF
\ . a KOH (5 eq)
—_—m—
—_— .
rll Ph -78 °C—r.t. MeOH:H20 (31) (S)
SO,Ph (R) - (+)- Styrene oxide  34% reflux, 6 h
> 97 % ee (GLC) 75% 98% ee (HPLC)

Experimental procedure:

(S)-1-phenyl-2-(1-(phenylsulfonyl)-1H-indol-2-yl)ethanol (30):

To a solution of 1-phenylsulfonylindole (1 g, 3.88 mmol) in dry THF (15 mL) was added dropwise n-
butyllithium (2.9 mL, 1.6 M in hexane, 4.66 mmol) over 10 min under argon at — 78 °C. The mixture
was stirred for 1.5 h at -78 °C and then allowed to warm slowly to 0 °C over 1 h. The solution was
again cooled to -78 °C and (R)- (+)- styrene oxide (0.44 mL, 3.88 mmol) was added drop by drop. The
reaction mixture was allowed slowly to warm up to room temperature overnight and quenched with
saturated aqueous solution of ammonium chloride (10 mL). Products were extracted with ethyl acetate.
The organic layer was washed with water and brine, dried over sodium sulfate, and concentrated
under high vacuum. The crude mixture was purified by silica gel column chromatography (Ethyl
acetate / n-hexane 2/8) afforded the desired compound as a liquid (501 mg, 34%); IR (thin film): v
3584, 3063, 1592, 1449, 1366, 1175, 750 cm™; '"H NMR (CDCls;, 500 MHz): & 8.20 (d, J = 8.0 Hz,
1H), 7.73-7.71 (m, 2H), 7.51-7.48 (m, 3H), 7.44-7.36 (m, 5H), 7.32-7.29 (m, 2H), 7.25-7.22 (m, 1H),
8.51 (s, 1H), 5.23 (dd, J = 9.1Hz, 3.4 Hz, 1H), 3.55 (dd, J = 14.5 Hz, 2.9 Hz, 1H), 3.25 (dd, J = 14.5
Hz, 8.6 Hz, 1H), 2.25 (brs, 1H); °C NMR (CDCls, 125 MHz): & 143.7, 138.6, 137.8, 137.4, 133.7,
129.6, 129.2, 128.4, 127.6, 126.1, 125.7, 124.4, 123.8, 120.4, 115.0, 112.2, 73.0, 39.8; HRMS (ESI):
calcd for Co,H;oNO;S m/z 400.0983 [M+Na]", Found 400.0989.

$ Wang, J-C.; Just, G. J. Org. Chem. 1999, 64, 8090-8097
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(5)-2-(1H-indol-2-yl)-1-phenylethanol:

To a solution of (S)-1-phenyl-2-(1-(phenylsulfonyl)-1H-indol-2-yl)ethanol (30) (0.45 g, 1.192 mmol)
in 6 mL of methanol/water (3;1) containing KOH (335 mg, 5.96 mmol) was refluxed for 7 h and the
reaction was quenched with sat. ag. ammonium chloride solution. The reaction mixture was extracted
with ethylacetate and the combined extracts were washed with water and brine, dried over anhydrous
sodium sulfate, concentrated under high vacuum. Purified by silica gel column chromatography
(EtOAc: Hexane (2:8); white solid; (212 mg, 75%)

All the spectroscopic data were in good agreement with the sample (3aa) obtained via key
transformation. Specific optical rotation [a]p™ = -52 (¢ = 0.5, CHCl;) (98% ee); HPLC analysis:
(98% ee); (Column —Chiralpak IA; Hexane/2-propanol = 5/1, flow rate 1.0 mL/min, detection at 254
nm), t, = 9.37 min (major), 12.47 min (minor).

The specific optical rotation and HPLC chromatograms comparision of 3aa obtained by amido-
cupration-asymmetric allylation {(S, S)-Ph-BPE} method and derivatization of (R)-(+)-styrene oxide

unambiguously revealed that the obtained compound (3aa) has (S)-configuration.
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