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1. General Information

Chemicals were purchased from commercial suppliers and used without further
purification unless otherwise stated. Chiral phosphoric acids CPA1-CPA10 and
racemic phosphoric acidwere purchased from commercial suppliers. Solvents were
dried and purified according to the standard procedures before use. Reactions were
monitored by TLC. Racemic products were obtained from corresponding substrates
catalyzed by racemic phophoric acid at 60 °C. Flash column chromatography was
performed on silica gels (200-300 mesh). 'THNMR and '*C NMR (300 or 400 and 75
or 101 MHz, respectively) spectra were recorded on a Bruker 300 or 400 MHz NMR
spectrometer in DMSO-ds. 'H NMR chemical shifts are reported in ppm () relative
to tetramethylsilane (TMS) with the solvent resonance employed as the internal
standard (DMSO-dg, 6 2.50 ppm). Data are reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, dd = doublet of doublets, dt = doublet
of triplets, q = quartet, m = multiplet), coupling constants (Hz) and integration. 3C
NMR chemical shifts are reported in ppm from tetramethylsilane (TMS) with the
solvent resonances as the internal standard (DMSO-d¢, 6 39.52 ppm). HRMS data
were obtained on a Bruker Daltonics. Inc mass instrument (ESI). Chiralpak AD-H, IA,
IC, OD column was purchased from Daicel Chemical Industries (Hong Kong, China).
Optical rotations were measured on a Perkin-Elmer 241 Polarimeter. Melting points

were recorded on a Buchi Melting Point B-545.

2. Substrate Preparation
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The propargylic alcohols were prepared according to a modified literature



procedure. The procedure is described using 1a as an example.

Trifluoroacetic anhydride (4.2 g, 20 mmol) was added at 0 °C to a solution of
indole (1.17 g, 10 mmol) in N,N-dimethylformamide (20 mL). The resulting mixture
was stirred for 3 h at room temperature. The mixture was treated with ice-cold water
to obtain a solid. The solid was separated by filtration and washed with water and n-
pentane and dried under high vacuum to afford S1 without further purification!!l.

In an ice bath at 0 °C, ethynyl magnesium bromide solution (0.5 M in THF) (30
mL, 15 mmol) was added to a dried 50 mL round bottom flask placed under argon. A
solution of the 3-trifluoroacetyl indole S1 (1.065 g, 5 mmol) in THF was added in a
dropwise to the stirring solution of the Grignard reagent. The reaction was left at 25°C
and until it was complete by TLC. The reaction was quenched with saturated NH4CI
(aq.) solution, extracted with EA and the organic layers were washed with saturated
NaCl (aq.) solution. The organic layers were combined, dried over Na,SO, and
concentrated under vacuum. The crude product was purified by silica gel
chromatography (petroleum ether/ethyl acetate 5:1) to give 1,1,1-trifluoro-2- (1H-
indol-3-yl)but-3-yn-2-ol S2 as a yellow oil[?.

A mixture of a bis(triphenylphosphine)palladium(II) chloride (0.07g, 0.1 mmol),
copper iodide (0.04 g, 0.2 mmol), 2-iodo-N-phenylbenzamide(0.76 g, 2.4 mmol), S2
(0.48 g, 2 mmol), Et;N (2.4 mL) and toluene (10 mL) was stirred at 60 °C under an
argon atmosphere. After being stirred for 2 h at 60 °C, the reaction was quenched with
saturated NH4Cl solution and extracted with EA. The combined organic layer was
washed with saturated NaCl solution, dried over Na,SO,4. Removal of the solvent and
column chromatography (petroleum ether / ethyl acetate= 5/1 to 2/1) gave 1a as a

white solid[3].

o N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-
N/@ yn-1-yl)benzamide (1a): white solid, m.p.: 144.7-145.8 °C, 442
H
X

OH

O \ CFs  10.49 (s, 1H), 7.77 (d, J = 7.0 Hz, 3H), 7.66 (d, J = 12.6 Hz, 3H),

mg, 51% yield. '"H NMR (400 MHz, DMSO-dg) 8 11.32 (s, 1H),

Iz
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7.59 (s, 3H), 7.41-7.28 (m, 3H), 7.08 (t, J = 7.5 Hz, 2H), 6.92 (t, J = 7.5 Hz, 1H). 13C
NMR (101 MHz, DMSO-dg) § 166.2, 140.1, 139.2, 136.7, 133.1, 130.1, 129.4, 128.7,
127.8, 126.3, 124.5 (q, J = 287.8 Hz), 125.0, 123.8, 121.4, 121.0, 119.9, 119.3, 119.0,
1117, 111.1, 89.8, 83.1, 70.0 (q J = 32.3 Hz). HRMS (ESI) Caled. for
CysH sF3N,0,* [M+H*]: 435.1315, Found: 435.1325.

e N-(2-methoxyphenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-
e
j@ indol-3-yl)but-1-yn-1-yl)benzamide(1b): yellow solid, m.p.:
L
X_OH

O (trs 40 811.30 (s, 1H), 9.46 (s, 1H), 7.98 (d, J = 7.1 Hz, 1H), 7.79 (d,

98.3- 100.3 °C, 492 mg, 53%yield. 'H NMR (400 MHz, DMSO-

N J = 8.0 Hz, 1H), 7.65 (d, J = 12.5 Hz, 3H), 7.58 (d, J = 9.8 Hz,
3H), 7.38 (d, J=8.1 Hz, 1H), 7.14 (t,J= 7.7 Hz, 1H), 7.07 (dd, J = 17.5, 8.3 Hz, 2H),
6.95 (d,J = 6.2 Hz, 2H), 3.77 (s, 3H). 3C NMR (101 MHz, DMSO-dg) 8 165.8, 150.7,
139.4, 136.7, 133.4, 130.3, 129.4, 128.0, 126.9, 126.2, 125.4, 125.0, 124.5 (q, J =
288.9 Hz), 123.0, 121.4, 120.9, 120.3, 119.2, 119.0, 111.7, 111.3, 111.1, 90.1, 83.2,
70.0 (q, J = 33.3 Hz), 55.7. HRMS (ESI) Calcd. for C,¢H,F3N,O3" [M+H™]:
465.1421, Found: 465.1444.

o /©/O'V'e N-(4-methoxyphenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-

O N indol-3-yl)but-1-yn-1-yl)benzamide (1c): yellow solid, m.p.:
\x__oH 130.1-132.5 °C, 399 mg, 43% yield. 'H NMR (300 MHz,

CF
O N\ ’ DMSO-d¢) 6 11.34 (s, 1H), 10.36 (s, 1H), 7.77 (d, J = 8.0 Hz,

: 1H), 7.72-7.60 (m, 5H), 7.58 (s, 3H), 7.37 (d, J = 8.2 Hz, 1H),

7.07 (t, J = 7.5 Hz, 1H), 6.91 (t, J = 9.9 Hz, 3H), 3.72 (s, 3H). 3C NMR (101 MHz,
DMSO-d¢) 6 165.7, 155.5, 140.2, 136.7, 133.1, 132.3, 130.0, 129.4, 127.7, 126.3,
125.0, 121.4, 121.0, 119.2, 119.0, 113.8, 111.7, 111.1, 89.7, 83.1, 70.0 (q, J = 32.3
Hz), 55.2. HRMS (ESI) Calcd. for C,¢H,0F3sN,Osz" [M+H']: 465.1421, Found:
465.1426.



. Me N-(p-tolyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)
O /©/ but-1-yn-1-yl)benzamide (1d): white solid, m.p.: 158.5-
159.9 °C, 627 mg, 70% yield. 'H NMR (400 MHz, DMSO-ds)

N
H
X _OH

O ( cr 8 11.31 (s, 1H), 10.39 (s, 1H), 7.79 (d, J = 8.0 Hz, 1H), 7.71—

N 7.60 (m, 5H), 7.57 (s, 3H), 7.38 (d, J = 8.1 Hz, 1H), 7.13 (d, J
= 7.9 Hz, 2H), 7.08 (t, J = 7.5 Hz, 1H), 6.93 (t, J = 7.5 Hz, 1H), 2.26 (s, 3H). 13C
NMR (101 MHz, DMSO-d¢) & 166.0, 140.2, 136.7, 136.7, 133.1, 132.7, 130.0, 129.4,
129.1, 127.7, 126.3, 125.0, 124.5 (q, J = 287.8 Hz), 121.4, 121.0, 119.9, 119.2, 119.0,
111.7, 111.1, 89.7, 83.1, 70.0 (q, J = 33.3 Hz), 20.6. HRMS (ESI) Calcd. for

C26H19F3N2N302+ [M+Na+]: 471. 1291, Found: 471.1302.

o) /©/ c N-(4-chlorophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-

CF
O N\ ’ DMSO-dg) & 11.31 (s, 1H), 10.63 (s, 1H), 7.78 (t, J = 8.0 Hz,
H

N indol-3-yl)but-1-yn-1-yl)benzamide (le): white solid, m.p.:
\\ OH 0 0 : 1
174.3-175.9 °C, 347 mg, 37% yield. 'H NMR (400 MHz,

3H), 7.63 (s, 3H), 7.58 (s, 3H), 7.38 (d, J = 8.6 Hz, 3H), 7.08
(t, J=7.5 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H). *C NMR (101 MHz, DMSO-dq) 1663,
139.9, 138.1, 136.7, 133.1, 130.2, 129.5, 128.6, 127.8, 127.3, 126.1, 124.9, 124.5 (q, J
= 286.8 Hz), 121.4, 121.3, 121.0, 119.3, 119.0, 111.8, 111.1, 89.8, 82.9, 70.0 (q, J =
33.3 Hz). HRMS(ESI) Calcd. for C,sH;sCIF3N,NaO," [M+Na*]: 491.0745 (*°Cl),
493.0715 (*’Cl), Found: 491.0755 (3°Cl), 493.0738 (*°Cl).

N-(4-(tert-butyl)phenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-

t

Bu
o)
/©/ (1H-indol-3-yl)but-1-yn-1-yl)benzamide (1f): white solid,

N
O § m.p.: 113.4-115.2 °C , 334 mg, 34% yield. '"H NMR (400
OH
O ( ors MHz, DMSO-dg) & 11.31 (s, 1H), 10.38 (s, 1H), 7.78 (d, J =
N 8.0 Hz, 1H), 7.70 (s, 1H), 7.65 (d, J = 8.6 Hz, 4H), 7.58 (d, J

= 8.3 Hz, 3H), 7.43-7.26 (m, 3H), 7.07 (t, J = 7.5 Hz, 1H), 6.90 (t, J = 7.5 Hz, 1H),
1.26 (s, 9H). 13C NMR (101 MHz, DMSO-dg) & 166.1, 146.2, 140.1, 136.8, 136.6,
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133.2, 130.1, 129.4, 127.8, 126.3, 125.4, 125.0, 124.6 (q, J = 286.8 Hz), 121.5, 121.1,
119.8,119.3,119.1, 111.8, 111.2, 89.8, 83.2, 70.1 (q, J = 33.3 Hz), 34.2, 31.3. HRMS
(ESI) Calcd. for CyoHysF3N,O,* [M+H*]: 491.1941, Found: 491.1948.

N-(4-bromophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-

Br
i N /©/ indol-3-yl)but-1-yn-1-yl)benzamide(1g): white solid, m.p.:
O § o 146.7-148.1 °C, 513 mg, 50%yield. '"H NMR (400 MHz,
O ( crs DMSO-dg) 3 11.35 (s, 1H), 10.67 (s, 1H), 7.77 (t, J = 8.4 Hz,
N 3H), 7.66 (s, 3H), 7.62 — 7.5 (m, 3H), 7.53 (d, J = 8.5 Hz,
2H), 7.39 (d, J = 8.1 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.94 (t, J = 7.5 Hz, 1H).13C
NMR (101 MHz, DMSO-dg) & 166.3, 139.9, 138.6, 136.7, 133.0, 131.5, 130.2, 129.4,
127.7,126.2, 124.9, 124.5 (q, J = 286.8 Hz), 121.6, 121.4, 121.0, 119.2, 119.0, 115.4,
111.7, 111.0, 89.9, 829, 70.0 (q, J = 33.1 Hz). HRMS (ESI) Calcd. for
C,sH;¢BrFsN,NaO," [M+Na*]: 535.0239 ("Br), 537.0219 (®'Br), Found: 535.0255

(""Br), 537.0238 (*'Br).

COLEt Ethyl 4-(2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)
fe) 2
l /©/ but-1-yn-1-yl)benzamido)benzoate (1h): white solid,

N

H
X oH m.p.: 108.3-108.9 °C, 598 mg, 59% yield. 'H NMR (400
O ( ors MHz, DMSO-dg) 8 11.32 (s, 1H), 10.86 (s, 1H), 7.93 (q, J
N = 8.5 Hz, 4H), 7.76 (d, J = 8.0 Hz, 1H), 7.71-7.62 (m, 3H),

7.62-7.53 (m, 3H), 7.37 (d, J= 8.1 Hz, 1H), 7.07 (t, /= 7.5 Hz, 1H), 6.92 (t, /= 7.5
Hz, 1H), 4.28 (q, J = 7.0 Hz, 2H), 1.31 (t, J = 7.1 Hz, 3H). 3C NMR (101 MHz,
DMSO-d¢) 6 166.7, 165.5, 143.5, 139.7, 136.7, 133.0, 130.3, 130.2, 129.5, 127.8,
126.2, 124.9, 124.7, 124.4 (q, J = 287.8 Hz), 121.4, 120.9, 119.2, 119.1, 119.0, 111.7,
111.0, 89.9, 82.8, 70.0 (q, J = 32.9 Hz), 60.6, 14.3. HRMS (ESI) Calcd. for
CysH; 1 F3N,NaO4 [M+Na*]: 529.1345, Found: 529.1356.



QN N-(2-nitrophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-
O H:© yl)but-1-yn-1-yl)benzamide (1i): yellow solid, m.p.: 185.3-187.0
X oH °C, 240 mg, 25% yield. "H NMR (400 MHz, DMSO-dg) 6 11.30 (s,
O \\ CFs 1H), 10.83 (s, 1H), 8.04 (d, J = 8.2 Hz, 1H), 7.83-7.74 (m, 2H),

Iz

7.72 (d, J = 7.3 Hz, 3H), 7.66-7.54 (m, 4H), 7.46 7.32 (m, 2H),
7.08 (t, J = 7.5 Hz, 1H), 6.93 (t, J = 7.5 Hz, 1H). *C NMR (101 MHz, DMSO-d¢)
165.8, 142.3, 138.2, 136.7, 134.2, 133.6, 131.3, 130.9, 129.6, 127.9, 126.0, 125.7,
125.6, 125.1, 124.9, 124.5 (q, J = 286.8 Hz), 121.4, 120.9, 119.2, 119.2, 111.7, 110.9,
90.3, 82.9, 70.0 (q, J = 32.3 Hz). HRMS (ESI) Calcd. for CsH;7F5N304" [M+H"]:
480.1166, Found: 480.1166.

o N-(naphthalen-2-yl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-
O H indol-3-yl)but-1-yn-1-yl)benzamide (1j): white solid, m.p.:
X _OH 221.7-222.4 °C,417 mg, 43% yield. '"H NMR (400 MHz,

O \ CFs DMSO-dg) & 11.36 (s, 1H), 10.73 (s, 1H), 8.50 (s, 1H), 7.86
(dd, J = 14.5, 7.9 Hz, 3H), 7.79 (dd, J = 13.9, 8.6 Hz, 2H),

Iz

7.74-7.65 (m, 3H), 7.59 (dd, J = 9.3, 5.2 Hz, 3H), 7.48 (t, J = 7.5 Hz, 1H), 7.44-7.33
(m, 2H), 7.06 (t, J = 7.6 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H). 3C NMR (101 MHz,
DMSO-d¢) o6 166.5, 140.1, 136.8, 136.7, 133.4, 133.1, 130.2, 130.1, 128.3, 127.9,
127.6, 127.6, 126.5, 126.3, 125.0, 124.9, 124.5(q, J = 287.8 Hz), 121.4, 121.0, 120.6,
119.3, 119.1, 116.1, 111.7, 111.1, 89.9, 83.1, 70.05 (q, J = 32.7 Hz). HRMS (ESI)
Calcd. for CoH 9F3N;NaO," [M+Na*]: 507.1291, Found: 507.1293.

o N-propyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-

>~ yn-1-yl)benzamide (1k): yellow solid, m.p.: 90.2-91.5 °C, 264

O \ CFs  8.38(s, 1H), 7.82 (d, J=7.9 Hz, 1H), 7.75 (s, 1H), 7.57 (d, J = 7.6

N
H
XX _on mg, 33% yield. 'H NMR (400 MHz, DMSO-d¢) § 11.39 (s, 1H),

Iz

Hz, 2H), 7.50 (s, 3H), 7.40 (d, J = 8.1 Hz, 1H), 7.11 (t, J = 7.5 Hz,
1H), 7.02 (t, J = 7.4 Hz, 1H), 3.28-3.04 (m, 2H), 1.57-1.39 (m, 2H), 0.86 (t, J = 7.4
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Hz, 3H). 3C NMR (101 MHz, DMSO-d¢) & 167.4, 140.3, 136.8, 133.0, 129.6, 129.2,
127.6, 126.6, 125.0, 124.6 (q, J = 287.8 Hz), 121.4, 121.0, 119.2, 118.8, 111.7, 111.2,
89.5, 83.2, 70.1 (q, J = 33.3 Hz), 41.0, 22.2, 11.5. HRMS (ESI) Calcd. for
CaoHooF3N,0,* [M+H*]: 401.1472, Found:401.1483.

O i N/A N-cyclopropyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)
X oy but-1-yn-1-yl)benzamide(1l): white solid, m.p.: 99.7-101.1 °C,
O \ CFs 359 mg, 45% yield. 'H NMR (400 MHz, DMSO-d¢) 8 11.39 (s,
i 1H), 8.48 (s, 1H), 7.82 (d, J = 7.9 Hz, 1H), 7.77 (s, 1H), 7.58 (s,
2H), 7.48 (s, 3H), 7.40 (d, /= 8.1 Hz, 1H), 7.12 (t, J= 7.5 Hz, 1H), 7.03 (t,J = 7.5 Hz,
1H), 2.82 (d, J = 3.1 Hz, 1H), 0.66 (d, J = 6.4 Hz, 2H), 0.52 (s, 2H). 3C NMR (101
MHz, DMSO-d¢) & 168.7, 140.1, 136.8, 133.0, 129.7, 129.3, 127.6, 126.6, 125.0,
124.6 (q, J = 286.8 Hz), 121.4, 121.1, 119.3, 118.7, 111.8, 111.2, 89.5, 83.2, 70.1 (q,
J = 33.3 Hz), 23.0, 5.8, 5.6. HRMS (ESI) Calcd. for C,H;sF3sN,O," [M+H"]:

399.1315, Found: 399.1306.

o N-benzyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-
yn-1-yl)benzamide (Im): yellow solid, m.p.: 92.8-93.8 °C, 323

O \ “F2 897 (t, /=53 Hz, 1H), 7.84 (d, J = 7.9 Hz, 1H), 7.78 (s, 1H),
N
H

N,Bn
H
__OoH mg, 36% yield. '"H NMR (400 MHz, DMSO-d¢) 8 11.39 (s, 1H),

7.61 (s, 2H), 7.54 (d, J = 9.9 Hz, 3H), 7.40 (d, J = 8.1 Hz, 1H),
7.35(d, J=7.3 Hz, 2H), 7.28 (t, J= 7.2 Hz, 2H), 7.24-7.17 (m, 1H), 7.12 (t, /= 7.4
Hz, 1H), 7.03 (t, J = 7.4 Hz, 1H), 4.51 (dd, J = 15.1, 6.0 Hz, 1H), 4.40 (dd, J = 15.1,
5.5 Hz, 1H). BC NMR (101 MHz, DMSO-d¢) 8 167.6, 139.8, 139.2, 136.8, 133.2,
129.9, 129.3, 128.4, 127.7, 127.3, 126.9, 126.6, 125.1, 124.6 (q, J = 286.8 Hz), 121.4,
121.1,119.3,119.0, 111.8, 111.2, 89.6, 83.3, 70.2 (q, J = 32.8 Hz), 42.7. HRMS (ESI)
Calcd. for Co6Hp0F3N,O," [M+H™]: 449.1472, Found: 449.1493.



o 5-Methoxy-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-
HQ indol-3-yl)but-1-yn-1-yl)benzamide (1n): white solid, m.p.:
Xx_ _on 154.9-155.9 °C , 631 mg, 68% yield. 'H NMR (400 MHz,
O \ “Fs  DMSO-dg) & 11.29 (s, 1H), 10.46 (s, 1H), 7.77 (d, J = 7.7 Hz,
i 3H), 7.66 (s, 1H), 7.57 (d, J = 8.5 Hz, 1H), 7.50 (s, 1H), 7.34
(dd, J=17.0, 8.2 Hz, 3H), 7.20 (s, 1H), 7.16-7.01 (m, 3H), 6.91 (t, J = 7.5 Hz, 1H),
3.86 (s, 3H). '3C NMR (101 MHz, DMSO-dy) 6 165.9, 159.6, 141.6, 139.2, 136.7,
134.8, 128.7, 126.3, 125.0, 124.6 (q, J = 286.8 Hz), 123.8, 121.4, 121.1, 119.9, 119.2,
1159, 113.3, 111.7, 111.3, 111.0, 88.2, 83.1, 70.03 (q, J = 32.8 Hz), 55.8. HRMS

(ESI) Calcd. for CygH,oF3N,0O5" [M+H™]: 465.1421, Found: 465.1413.

o 5-Bromo-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-
Br O /@ indol-3-yl)but-1-yn-1-yl)benzamide (10): white solid, m.p.:

N
H
N on 170.5-171.6 °C, 544 mg, 53% yield. 'H NMR (400 MHz,
O { CFs  DMSO-dg) 8 11.33 (s, 1H), 10.57 (s, 1H), 7.89 (s, 1H), 7.76 (t,
N
H J=9.3 Hz, 4H), 7.64 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.3 Hz,

1H), 7.35 (dd, J = 14.8, 7.7 Hz, 3H), 7.08 (dd, J = 17.1, 8.1 Hz, 2H), 6.91 (t, J = 7.5
Hz, 1H). 3C NMR (101 MHz, DMSO-dg) 6 164.6, 141.7, 138.9, 136.7, 134.9, 133.0,
130.5, 128.8, 126.2, 124.9, 124.4 (q, J = 286.8 Hz), 124.0, 122.6, 121.4, 121.0, 119.9,
119.3, 1183, 111.8, 110.9, 90.8, 82.2, 70.1 (q, J = 32.4 Hz). HRMS (ESI) Calcd. for
C,5H ¢BrF;N,NaO," [M+Na*]: 535.0239 ("Br), 537.0219 (®'Br), Found: 535.0243
(Br), 537.0225 (3'Br).

o 5-Methyl-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-
Me O N/© indol-3-yl)but-1-yn-1-yl)benzamide (1p): white solid, m.p.:
X _oH 160.0-161.2 °C, 448 mg, 50% yield. 'H NMR (400 MHz,

O \ CFs  DMSO-dg) & 11.30 (s, 1H), 10.45 (s, 1H), 7.83-7.73 (m, 3H),

; 7.67 (d,J=2.3 Hz, 1H), 7.53 (t, J = 3.9 Hz, 2H), 7.48 (s, 1H),

7.41-7.28 (m, 4H), 7.07 (dd, J = 10.8, 4.7 Hz, 2H), 6.92 (t.J = 7.5 Hz, 1H), 2.41 (s,

8



3H). 3C NMR (101 MHz, DMSO-ds) 8 166.2, 140.0, 139.4, 139.2, 136.7, 133.0,
130.6, 128.7, 128.2, 126.3, 125.0, 124.5 (q, J = 286.8 Hz), 123.7, 121.4, 121.0, 119.8,
119.2, 116.1, 111.7, 111.2, 89.1, 83.2, 70.0 (q, J = 32.8 Hz), 21.0. HRMS (ESI) Calcd.
for CoH 9F3N,NaO," [M+Na*]: 471.1291, Found: 471.1299.

o /@ 5-Fluoro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-
F O N 3-yD)but-1-yn-1-yl)benzamide (1q): white solid, m.p.: 160.1-

X on 162.0°C, 353 mg, 39% yield. '"H NMR (400 MHz, DMSO-de) 5
O \ CFs  11.33 (s, 1H), 10.56 (s, 1H), 7.76 (d, J = 7.2 Hz, 3H), 7.73-7.68
(m, 1H), 7.66 (s, 1H), 7.60 (d, J = 8.1 Hz, 2H), 7.44 (t, J = 8.5
Hz, 1H), 7.36 (dd, J = 15.1, 7.8 Hz, 3H), 7.09 (dd, J = 15.6, 7.9 Hz, 2H), 6.92 (t, J =

Iz

7.5 Hz, 1H). BC NMR (101 MHz, DMSO-ds) & 164.7, 161.8 (d, J = 250.0 Hz),
142.3(d, J=7.4 Hz), 138.9, 136.7, 135.5(d, /= 8.6 Hz), 128.7, 126.2, 124.9, 124.4 (q,
J=286.8 Hz), 123.9, 121.4, 121.0, 119.9, 119.2, 117.3 (d, J=22.2 Hz), 115.5 (d, J =
3.3 Hz), 115.2 (d,J=23.7 Hz), 111.7, 111.0, 89.5, 82.0, 70.0 (q, J = 32.3 Hz). HRMS
(ESI) Calcd. for CysH7F4N,O,* [M+H*]: 453.1221, Found: 453.1219.

° 5-Chloro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-
cl O N/@ indol-3-yl)but-1-yn-1-yl)benzamide (1r): white solid, m.p.:
\\H oy 166.3-168.0 °C, 571 mg, 61% yield. 'H NMR (400 MHz,
O \ CFs  DMSO-ds) 6 11.33 (s, 1H), 10.57 (s, 1H), 7.75 (d, J = 8.2 Hz,
4H), 7.65 (t, J = 10.5 Hz, 4H), 7.36 (dd, J = 15.3, 7.9 Hz, 3H),

Iz

7.09 (dd, J = 17.2, 7.8 Hz, 2H), 6.91 (t, J = 7.5 Hz, 1H). *C NMR (101 MHz,
DMSO-d¢) & 164.6, 141.6, 138.9, 136.7, 134.8, 134.0, 130.1, 128.8, 127.7, 126.2,
124.9, 124.4 (q, J = 287.8 Hz), 124.0, 121.4, 121.0, 119.9, 119.3, 118.0, 111.7, 110.9,
90.7, 82.1, 70.0 (q, J = 33.0 Hz). HRMS (ESI) Calcd. for C,sH;4CIF;N,NaO,*
[M+Na*]: 491.0745 (3Cl), 493.0715 (*’Cl), Found: 491.0756 (35Cl), 493.0736 ('Cl).



o 4-Bromo-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-
N/© indol-3-yl)but-1-yn-1-yl)benzamide (1s): white solid, m.p.:
X on 115.1-116.1 °C, 359 mg, 35% yield. 'H NMR (400 MHz,
O \ ©Fs DMSO-dg) & 11.33 (s, 1H), 10.53 (s, 1H), 7.86-7.71 (m, 5H),
: 7.66 (d, J=2.3 Hz, 1H), 7.62 (d, J= 8.9 Hz, 2H), 7.35 (dd, J =
16.7, 8.2 Hz, 3H), 7.08 (dd, J = 14.9, 7.5 Hz, 2H), 6.91 (t, J= 7.5 Hz, 1H). 3C NMR
(101 MHz, DMSO-dg) 6 165.1, 139.0, 138.9, 136.7, 135.0, 132.3, 129.8, 128.7, 126.2,
124.8, 124.3 (q, J = 287.8 Hz), 123.9, 122.8, 121.4, 121.2, 120.9, 119.8, 119.2, 111.7,
110.7, 91.0, 81.6, 70.0 (q, J = 33.3 Hz). HRMS (ESI) Calcd. for C,sH¢BrF;N,NaO,*
[M+Na*]: 535.0239 ("Br), 537.0219 (*'Br), Found: 535.0261 ("*Br), 537.0243 (3'Br).

o /@ 4-Chloro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-

O N indol-3-yl)but-1-yn-1-yl)benzamide (1t): white solid, m.p.:

Cl s oy 166.9-167.5 °C, 337 mg, 36% yield. '"H NMR (400 MHz,

O \ CFs  DMSO-dg) 6 11.33 (s, 1H), 10.54 (s, 1H), 7.81-7.73 (m, 3H),

k 7.72-7.61 (m, 5H), 7.36 (dd, J = 18.0, 8.2 Hz, 3H), 7.09 (dd, J

=14.3,7.2 Hz, 2H), 6.92 (t,J= 7.5 Hz, 1H). 3C NMR (101 MHz, DMSO-dy¢) & 165.1,

139.0, 138.7, 136.7, 134.5, 132.3, 129.7, 129.5, 128.8, 126.2, 124.9, 1244 (q, J =

286.8 Hz), 123.9, 121.4, 121.1, 120.9, 119.9, 119.3, 111.7, 110.8, 91.0, 81.7, 70.0 (q,

J=32.9 Hz). HRMS (ESI) Calcd. for C,sH,CIF3N,NaO," [M+Na*]: 491.0745 (>*Cl),
493.0715 (*’Cl), Found: 491.0763 (*°Cl), 493.0745 (*’Cl).

2-(3-(5-Chloro-1H-indol-3-yl)-4,4,4-trifluoro-3-hydroxybut-1-
N
cl X oy 1403 °C, 281 mg, 30% yield. 'H NMR (400 MHz, DMSO-d¢) 6
O \ CFs  11.59 (s, 1H), 10.52 (s, 1H), 7.84 —7.72 (m, 5H), 7.68 (d, J = 4.8
i Hz, 2H), 7.62-7.54 (m, 2H), 7.42 (d, J = 8.7 Hz, 1H), 7.33 (t, J =

o
O /@ yn-1-yl)-N-phenylbenzamide (1u): white solid, m.p.: 139.0-

7.7 Hz, 2H), 7.17-7.03 (m, 2H). 13C NMR (101 MHz, DMSO-ds) & 166.2, 140.1,
139.2, 135.2, 133.1, 130.2, 129.6, 128.7, 128.2, 127.8, 126.0, 124.4 (q, J = 287.8 Hz),
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124.0, 123.8, 121.6, 120.1, 119.8, 118.9, 113.5, 111.1, 89.4, 83.3, 70.0 (q, J = 33.0
HZ). HRMS (ESI) Calcd. for C25H16C1F3N2Na02+ [M+Na+]: 491.0745 (35C1),
493.0715 (3’Cl), Found: 491.0762 (3°Cl), 493.0743 ('Cl).

o 2-(3-(5-Bromo-1H-indol-3-yl)-4,4,4-trifluoro-3-hydroxybut-1-
/© yn-1-yl)-N-phenylbenzamide (1v): white solid, m.p.: 139.1-140.3
on °C, 462 mg, 45% yield. 'H NMR (400 MHz, DMSO-dg) 6 11.61
O \ ©Fs (s, 1H), 10.52 (s, 1H), 7.92 (s, 1H), 7.84-7.73 (m, 4H), 7.68 (d, J
=4.1 Hz, 2H), 7.63-7.52 (m, 2H), 7.38 (d, J= 8.7 Hz, 1H), 7.33 (t,
J="1.7Hz, 2H), 7.24 (d, J = 8.7 Hz, 1H), 7.08 (t, J = 7.3 Hz, 1H). 3*C NMR (101
MHz, DMSO-d¢) & 166.2, 140.1, 139.2, 135.5, 133.1, 130.2, 129.6, 128.8, 128.1,
127.8, 126.7, 124.4 (q, J = 286.8 Hz), 124.1, 123.8, 123.1,119.9, 118.9, 114.0, 112.1,
111.0, 89.4, 83.3, 70.0 (q, J = 33.1 Hz). HRMS (ESI) Calcd. for C,5sH;¢BrF;N,NaO,*
[M+Na*]: 535.0239 ("°Br), 537.0219 (3'Br), Found: 535.0261 ("°Br), 537.0243 (3'Br).

o N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(6-methyl-1H-
N/@ indol-3-yl)but-1-yn-1-yl)benzamide(1w): white solid, m.p.:
X on 1094- 1105 °C , 538 mg, 60% yield. 'H NMR (400 MHz,
Me O \ CFs  DMSO-ds) 6 11.15 (s, 1H), 10.49 (s, 1H), 7.77 (d, J = 8.0 Hz,
I 2H), 7.65 (d, J = 7.9 Hz, 3H), 7.57 (s, 4H), 7.34 (t, J = 7.6 Hz,
2H), 7.16 (s, 1H), 7.09 (t, J = 7.3 Hz, 1H), 6.73 (d,J = 8.3 Hz, 1H), 2.34 (s, 3H). 13C
NMR (101 MHz, DMSO-dg) 6 166.3, 140.1, 139.3, 137.2, 133.2, 130.6, 130.2, 129.5,
128.8, 127.8,125.6, 124.6 (q, J = 287.8 Hz), 123.9, 123.0, 121.2, 120.8, 120.0, 119.1,
111.5, 111.0, 89.9, 83.1, 70.1 (q, J = 33.3 Hz), 21.4. HRMS (ESI) Calcd. for
CysH19F3N,NaO," [M+Na*]: 471.1291, Found: 471.1299.
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o N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(7-methoxy-1H-indol-
H/© 3-yD)but-1-yn-1-yl)benzamide (1x): white solid, m.p.:1 55.1-
X _oH 1562 °C, 566 mg, 61%yield. '"H NMR (400 MHz, DMSO-dy) &
O \ ©Fs  11.46 (s, 1H), 10.50 (s, 1H), 7.78 (d, J = 8.0 Hz, 2H), 7.64 (d, J =
MeO 6.2 Hz, 2H), 7.61-7.51 (m, 4H), 7.39 (d, /= 8.1 Hz, 1H), 7.33 (t, J
= 7.7 Hz, 2H), 7.08 (t, J = 7.3 Hz, 1H), 6.84 (t, /= 7.9 Hz, 1H), 6.63 (d,J = 7.7 Hz,
1H), 3.89 (s, 3H). 3C NMR (101 MHz, DMSO-dg) 8 166.2, 146.2, 140.1, 139.2,
133.1, 130.1, 129.4, 128.8, 127.8, 126.9, 126.5, 125.8, 124.5 (q, J = 287.8 Hz), 123.8,
119.9, 119.8, 119.1, 113.8, 111.7, 101.8, 89.8, 83.1, 70.0 (q, J = 32.9 Hz), 55.3.
HRMS (ESI) Calcd. for C,sHy0F3N,O3" [M+H']: 465.1421, Found: 465.1410.

o N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1-methyl-1H-indol-3-

H/© yl)but-1-yn-1-yl)benzamide (3): yellow solid, m.p.: 90.0-90.9 °C,

X oH 350 mg, 39% yield. 'H NMR (400 MHz, DMSO-dg) & 10.55 (s,

O \ ©Fs 1H), 7.79 (d, J = 7.9 Hz, 3H), 7.65 (s, 2H), 7.62 (s, 1H), 7.58 (s,

Me 3H), 7.42-7.28 (m, 3H), 7.19-7.05 (m, 2H), 6.97 (t.J = 7.5 Hz,

1H), 3.60 (s, 3H). 3C NMR (101 MHz, DMSO-dg) & 166.3, 140.2, 139.2, 137.1,

133.1, 130.3, 130.1, 129.5, 128.7, 127.7, 125.2, 124.4 (q, J = 286.8 Hz), 123.8, 121.5,

121.2, 119.9, 119.4, 118.9, 110.2, 110.0, 89.5, 83.0, 69.9 (q, J = 33.3 Hz), 32.4.
HRMS (ESI) Calcd. for C,¢H;9F3N,NaO,* [M+Na*]: 471.1291, Found: 471.1300.

i N /© N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(2-methyl-1H-indol-3-

O $ o yl)but-1-yn-1-yl)benzamide (5): white solid, m.p.: 162.7-163.6
O (o °C,421 mg, 47% yield. 'H NMR (400 MHz, DMSO-d¢) 3 11.15 (s,

N Me 1H), 10.47 (s, 1H), 7.90 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 7.9 Hz,

2H), 7.68-7.60 (m, 3H), 7.57 (d, J = 3.3 Hz, 2H), 7.33 (t, J = 7.6 Hz, 2H), 7.24 (d, J =
8.0 Hz, 1H), 7.09 (t, J= 7.3 Hz, 1H), 6.97 (t, J= 7.5 Hz, 1H), 6.83 (t,.J = 7.5 Hz, 1H),
2.50 (s, 3H). 13C NMR (101 MHz, DMSO-dg) & 166.1, 140.0, 139.3, 135.3, 134.7,

133.2, 130.1, 129.4, 128.7, 127.8, 127.1, 124.9 (q, J = 287.8 Hz), 123.8, 120.6, 120.4,
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119.9, 119.1, 119.0, 110.5, 104.8, 89.9, 84.3, 70.5 (q, J = 33.3 Hz), 13.6. HRMS (ESI)

Calcd. for Co6H 9F3N,NaO," [M+Na*]: 471.1291, Found: 471.1298.

3.Catalytic enantioselective synthesis of 2

General Procedure B

(S)-CPA 10 (10 mol%)
PhCI, 60 °C

Compound 1(0.10 mmol) and (S)-CPA10 (10 mol%) were dissolved in PhCl

(2.0 mL) and stirred at 60 °C. The reaction progress was monitored by TLC. Upon

completion, the mixture was subjected to column chromatography on silica gel

(Petroleum ether/ EtOAc =5:1) to afford the desired product 2.

(R)-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2a): white solid, m.p.: 291.5-
293.0 °C, 30.3 mg,73% yield, 88% ee, HPLC condition: Chiralpak
AD-H (isopropyl alcohol/n-hexane: 30/70, 1.0 mL/min., tpajo=
9.348 min., tpier = 5.190 min.). [a]p?® = +80.7 (¢ 1.0, ethyl

acetate). '"H NMR (300 MHz, DMSO-dy) 6 12.03 (s, 1H), 7.97 (d, J = 7.4 Hz, 1H),

7.70-7.52 (m, 2H), 7.52-7.43 (m, 1H), 7.43-7.26 (m, 5H), 7.26-7.05 (m, 3H), 6.97 (d,

J =172 Hz, 1H), 6.91 (d, J = 2.2 Hz, 1H). 3C NMR (75 MHz, DMSO-dq) & 167.2,

145.4, 141.0, 140.8, 136.4, 133.7 (q, J = 6.0 Hz), 133.2, 132.1 (q, J/ = 35.2 Hz), 132.1,

129.5, 128.9, 127.1, 125.5, 124.3, 122.1, 122.0 (q, J = 267.7 Hz), 121.2, 120.8,120.3,

119.6, 118.2,113.1, 72.1. HRMS (ESI) Calcd. for CosHygF3N,O* [M+H']: 417.1209,

Found: 417.1204.

OMeO

(R)-2'-(2-methoxyphenyl)-1-(trifluoromethyl)-4H-spiro
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[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2b): white solid, m.p.: 294.2-295.1 °C,
32.8 mg, 74% yield, 73% ee, HPLC condition: Chiralpak AD-H (isopropyl alcohol/n-
hexane: 30/70, 1.0 mL/min., ty,jo=5.765 min., tyinor = 4.060 min.). [a]p?° =+129.0 (c
1.0, ethyl acetate). '"H NMR (400 MHz, DMSO-ds) 6 11.91 (s, IH), 7.93 (d, /= 7.4
Hz, 1H), 7.61 (dt, J = 22.4, 7.3 Hz, 2H), 7.47-7.33 (m, 2H), 7.26 (t, J = 7.8 Hz, 1H),
7.21-7.06 (m, 3H), 7.06— 6.93 (m, 2H), 6.82 (t, J = 7.4 Hz, 1H), 6.63 (s, 1H), 3.70 (s,
3H). 3C NMR (101 MHz, DMSO-ds) 6 167.3, 156.1, 144.6, 141.7, 140.9, 133.2 (q, J
= 7.1 Hz), 133.1, 132.1 (q, J = 35.3 Hz), 132.0, 130.4, 130.3, 129.7, 124.3, 123.7,
122.1 (q, J=270.7 Hz), 122.0, 121.7, 120.7, 120.3, 119.5, 118.1, 115.9, 113.1, 112.5,
72.4, 55.6. HRMS (ESI) Caled. for CysHigF3N,O," [M+H']: 447.1315, Found:
447.1318.

(R)-2'-(4-methoxyphenyl)-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindolin]-3'-one  (2¢): white
solid, m.p.: 155.3-157.0 °C, 33.0 mg, 74% yield, 90% ee,

HPLC condition: Chiralpak IA (isopropyl alcohol/n-hexane:

10/90, 0.8 mL/min., tmajor = 23.617 min., tyinor = 12.213 min.).
[a]p?® = +43.9 (c 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dg) 6 12.03 (s, 1H),
7.94 (d,J=7.1 Hz, 1H), 7.68-7.53 (m, 2H), 7.44 (dd, J = 6.0, 2.4 Hz, 1H), 7.39-7.33
(m, 1H), 7.28-7.20 (m, 2H), 7.17-7.07 (m, 2H), 6.98 (d, J = 7.4 Hz, 1H), 6.91-6.82
(m, 3H), 3.67 (s, 3H). 3C NMR (101 MHz, DMSO-d¢) & 167.4, 158.4, 145.3, 141.1,
140.8, 133.7 (q, J = 5.9 Hz), 133.1, 132.2, 132.2 (q, J = 35.3 Hz), 129.6, 128.5, 128.1,
124.3, 122.1 (q, J = 270.7Hz), 122.1, 121.3, 120.8, 119.7, 118.2, 115.9, 114.2, 113.2,
72.4, 55.2. HRMS (ESI) Calcd. for CysHgF3N,O," [M+H*]: 447.1315, Found:
447.1325.

(R)-2'-(p-tolyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

©/Z<N4©> indole-3,1'-isoindolin]-3'-one (2d): white solid, m.p.: 301. 3-
HN




302.4 °C, 33.6 mg, 78% yield, 89% ee, HPLCcondition: Chiralpak IA (isopropyl
alcohol/n-hexane: 5/95, 0.8 mL/min., ty,jor = 45.114 min., tpine = 21.694 min.). [o]p?°
=+114.5 (¢ 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dg) 6 12.02 (s, 1H), 7.94
(d, J=7.1 Hz, 1H), 7.68-7.53 (m, 2H), 7.50-7.41 (m, 1H), 7.35 (dt, J = 4.5, 2.8 Hz,
1H), 7.25-7.18 (m, 2H), 7.17-7.06 (m, 4H), 6.97 (d, /= 7.4 Hz, 1H), 6.88 (t,/J=2.4
Hz, 1H), 2.20 (s, 3H). 3C NMR (101 MHz, DMSO-dg) 6 167.4, 145.4, 141.1, 140.9,
137.0, 133.8 (q, J = 5.9 Hz), 133.6, 133.3, 132.2, 132.2 (q, /= 35.3 Hz), 129.7, 129.5,
126.1, 124.4,122.2, 122.2 (q, J = 270.7 Hz), 121.3, 120.9, 119.7, 118.3, 115.9, 113.2,
72.3, 20.6. HRMS (ESI) Calcd. for C,sHgsF3N,O" [M+H*]: 431.1366, Found:
431.1362.

(R)-2'-(4-chlorophenyl)-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2e): white solid,
m.p.: 256.7-257.9 °C, 32.8 mg, 73% yield, 87% ee, HPLC

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 5/95, 0.8

mL/min., tyse= 45.005 min., tyiner = 26.411 min.). [a]p? =
+110.2 (c 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-d) 8 12.02 (s, 1H), 7.97
(dd, J= 6.8, 0.7 Hz, 1H), 7.67-7.54 (m, 2H), 7.51-7.44 (m, 1H), 7.43-7.30 (m, 5H),
7.19-7.09 (m, 2H), 6.96 (d, J = 7.4 Hz, 1H), 6.90 (q, J = 2.2 Hz, 1H). 13C NMR (101
MHz, DMSO-d¢) 6 167.4, 145.3, 141.1, 140.9, 135.4, 133.6 (q, J = 5.05 Hz), 133.5,
132.5 (q, J = 35.9 Hz), 131.9, 131.6, 129.8, 129.2, 127.2, 124.5, 122.3, 122.1 (q, J =
269.7 Hz), 121.3, 121.0,119.7, 118.4, 116.0, 113.3, 72.0. HRMS (ESI) Calcd. for
CasH,sCIFsN,O* [M+H: 451.0820 (35CI), 453.0790 (7CI), Found: 451.0825 (35Cl),
453.0801 (37CI).

(R)-2'-(4-(tert-butyl)phenyl)-1-(trifluoromethyl)-4H-spiro

©/1<N<©— [cyclopenta[b]indole-3,1'-isoindolin]-3'"-one (2f): white solid,

HN o m.p.: 270.2-272.1 °C, 26.9 mg, 57% yield, 90% ee, HPLC
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condition: Chiralpak IA (isopropyl alcohol/n-hexane: 5/95, 0.8 mL/min., tmujo=
12.502 min., tpiner = 8.663 min.). [a]p?® = +93.5 (¢ 1.0, ethyl acetate). 'H NMR (400
MHz, DMSO-d¢) 6 12.03 (s, 1H), 7.94 (d, /= 7.4 Hz, 1H), 7.59 (dt, J = 22.5, 7.3 Hz,
2H), 7.48 (d, J= 5.8 Hz, 1H), 7.41-7.30 (m, 3H), 7.28 (d, /= 8.2 Hz, 2H), 7.13 (d, J
= 4.3 Hz, 2H), 6.96-6.85 (m, 2H), 1.19 (s, 9H). 3C NMR (101 MHz, DMSO-dy) &
167.5, 149.6, 145.6, 141.2, 141.0, 133.9 (q, /= 5.0 Hz), 133.9, 133.3, 132.2, 132.1 (q,
J=36.4Hz), 129.7, 125.9, 125.0, 124.4, 122.3, 122.2 (q, J = 269.7 Hz),121.2, 121.0,
119.8, 118.4, 115.9, 113.3, 72.2, 34.4, 31.1. HRMS (ESI) Calcd. for C,9H»4F3N,O*
[M+H"]: 473.1835, Found: 473.1845.

(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro

©//<N~©— [cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2g): yellow solid,

HN m.p.: 266.6-268.0 °C, 33.3 mg, 67% yield, 90% ee, HPLC

CF3
condition: Chiralpak TA (isopropyl alcohol/n-hexane: 15/85, 1.0

mL/min., tmyjor= 12.565 min., tpinor = 9.316 min.). [a]p?® =
+109.2 (¢ 1.0, ethyl acetate). "H NMR (400 MHz, DMSO-dg) 6 12.02 (s, 1H), 7.97 (d,
J=17.1Hz, 1H), 7.67-7.55 (m, 2H), 7.55-7.47 (m, 3H), 7.41-7.35 (m, 1H), 7.34-7.27
(m, 2H), 7.19-7.10 (m, 2H), 6.96 (d, J = 7.5 Hz, 1H), 6.91 (t, J = 2.3 Hz, 1H).13C
NMR (101 MHz, DMSO-d¢) 6 167.3, 145.3, 141.0, 140.9, 135.8, 133.5 (q, J = 5.7
Hz), 133.5, 132.4 (q, J = 36.0 Hz), 132.0, 131.8, 129.7, 127.3, 124.5, 122.3, 122.1 (q,
J =270.7 Hz), 121.3, 121.0, 119.9, 119.7, 118.3, 116.0, 113.2, 71.9. HRMS (ESI)
Calcd. for C,sH;sBrFsN,O" [M+H"]: 495.0314 ("Br), 497.0294 (8'Br), Found:
495.0312 (Br), 497.0296 (3'Br).

Ethyl-(R)-4-(3'-0x0-1-(trifluoromethyl)-4H-spiro

0
©/Z<N<©7CO25 [cyclopenta[b]indole-3,1'-isoindolin]-2'-yl)benzoate (2h):
HN white solid, m.p.: 242.3-243.7 °C, 36.3 mg, 74% yield, 85%

CF
v :



ee, HPLC condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 20/80, 1.0
mL/min., tyjor = 7.584 min., tyinor = 5.649 min.). [a]p?® = +114.2 (c 1.0, ethyl acetate).
'H NMR (400 MHz, DMSO-dy) 6 11.99 (s, 1H), 7.98 (d, J= 7.3 Hz, 1H), 7.88 (d, J =
8.3 Hz, 2H), 7.69-7.56 (m, 2H), 7.52 (d, J = 8.1 Hz, 3H), 7.40— 7.30 (m, 1H), 7.19-
7.10 (m, 2H), 6.98-6.85 (m, 2H), 4.22 (q, J = 7.1 Hz, 2H), 1.24 (t, J = 7.0 Hz, 3H).
3C NMR (101 MHz, DMSO-d¢) 6 167.5, 165.1, 145.6, 141.3, 141.1, 141.0, 133.9,
133.8 (q, J = 6.1 Hz), 132.4 (q, J = 36.1 Hz), 131.7, 130.1, 129.9, 127.6, 124.7,123 .4,
122.5, 122.2 (q, J = 270.7 Hz), 121.2, 121.1, 119.8, 118.5, 116.0, 113.3, 71.9, 60.9,
14.2. HRMS (ESI) Calcd. for CogHy0F3N,O5" [M+H*]: 489.1421, Found: 489.1428.

(R)-2'-(2-nitrophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta
[blindole-3,1'-isoindolin]-3'-one (2i): white solid, m.p.: 170.9-
172.0 °C, 21.8 mg, 47% yield, 69% ee, HPLC condition: Chiralpak

AS-H (isopropyl alcohol/n-hexane: 10/90, 1.0 mL/min., tpajor =

13.613 min., tyiner = 32.161 min.). [a]p?® = +28.3 (¢ 1.0, ethyl
acetate). '"H NMR (400 MHz, DMSO-ds) 6 12.01 (s, 1H), 8.06 (d, J = 8.0 Hz, 1H),
7.97 (d, J = 7.0 Hz, 1H), 7.74-7.60 (m, 3H), 7.56 (t, J = 7.7 Hz, 1H), 7.47 (dd, J =
14.8, 7.6 Hz, 2H), 7.24-7.08 (m, 3H), 7.04 (d, J = 6.9 Hz, 1H), 6.63 (s, IH). 13C NMR
(101 MHz, DMSO-d¢) 6 167.3, 146.1, 144.3, 141.5, 141.2, 134.5, 134.1, 133.5 (q, J =
35.3 Hz), 131.6(q, J = 8.1 Hz), 130.8, 130.0, 129.5, 128.5, 128.0, 125.8, 124.7, 122.5,
121.8 (q, J = 269.7 Hz), 121.7, 121.1, 119.5, 118.4, 116.4, 113.6, 72.0. HRMS (ESI)
Calcd. for CysHsF3N3057 [M+H™]: 462.1060, Found: 462.1068.

(R)-2'-(naphthalen-2-yl)-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2j): white solid,
m.p.: 147.0-148.2 °C, 24.3 mg, 52% yield, 93% ee, HPLC

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 15/85, 1.0

mL/min., tpser = 11.643 min., tpine: = 9.290 min.). [o]p?® =
17



+130.5 (¢ 1.0, ethyl acetate). "H NMR (400 MHz, DMSO-dg) 6 12.06 (s, 1H), 7.99 (d,
J =174 Hz, 1H), 7.85 (d, J = 8.4 Hz, 3H), 7.75— 7.55 (m, 3H), 7.54-7.39 (m, 4H),
7.36 (d, J= 7.4 Hz, 1H), 7.17-7.04 (m, 2H), 6.99 (d, /= 8.6 Hz, 2H). 3C NMR (101
MHz, DMSO-d¢) & 167.7, 145.5, 141.2, 141.0, 134.1, 134.0 (q, J = 6.1 Hz), 133.6,
132.9, 132.5 (q, J = 35.7 Hz), 132.2, 131.8, 129.9, 128.8, 127.8, 127.7, 126.9, 126.6,
124.6, 124.2, 123.9, 122.4, 122.2 (q, J = 269.7 Hz), 121.4, 121.1, 119.8, 118.4, 116.2,
113.3, 72.5. HRMS(ESI) Calcd. for CyHgF;N,O" [M+H"]: 467.1366, Found:

467.1371.
o (R)-2'-propyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-
©/Z<N_L 3,1'-isoindolin]-3'-one (2k): yellow o0il,6.1 mg, 16% yield, 62% ee,
HN HPLC condition: Chiralpak IA (isopropyl alcohol/n-hexane: 10/90,

CF
’ 0.8mL/min., tyajor = 3.769 min., tpinor = 5.737 min.). [a]p?® = +163.8

(c 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dg) 6 11.90 (s, 1H),
7.87-7.79 (m, 1H), 7.61-7.47 (m, 3H), 7.35 (dt, J = 7.2, 3.3 Hz, 1H), 7.20-7.12 (m,
2H), 6.94 (d,J = 7.5 Hz, 1H), 6.59 (dd, J = 2.3 Hz, 1H), 3.23-3.02 (m, 2H), 1.40-1.31
(m, 2H), 0.76 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, DMSO-d¢) 8 167.9, 145.0,
141.1, 141.0, 133.7 (q, J = 6.0 Hz), 132.7, 132.5, 129.5, 123.8, 122.2, 122.2 (q, J =
270.7 Hz), 121.3, 121.0, 119.8, 118.3, 116.0, 113.2, 70.9, 42.5, 21.9, 11.4. HRMS
(ESI) Calcd. for Cy,H;sF3N,O" [M+H*]: 383.1366, Found: 383.1369.

: /<O (R)-2'-cyclopropyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]
114, N—Q

indole-3,1'-isoindolin]-3"-one (21): yellow solid, m.p.: 190.8-192.1

" ‘ cr, °C, 11.8 mg, 31% yield, 54% ee, HPLC condition: Chiralpak IA
O (isopropyl alcohol/n-hexane: 10/90, 1.0 mL/min., tyajor = 7.141 min.,
tminor = 13.102 min.). [a]p?® = +80.3 (¢ 1.0, ethyl acetate). 'H NMR (400 MHz,
DMSO-d¢) 6 11.86 (s, 1H), 7.82 (d, J = 7.4 Hz, 1H), 7.60-7.44 (m, 3H), 7.36 (d, J =
5.8 Hz, 1H), 7.20-7.11 (m, 2H), 6.88 (d, J = 7.4 Hz, 1H), 6.68 (s, 1H), 1.22 (s, 1H),
0.75 (d, J = 4.5 Hz, 1H), 0.63 — 0.35 (m, 3H). *C NMR (101 MHz, DMSO-d¢) &
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168.8, 146.0, 141.2, 140.8, 134.3 (q, /= 5.6 Hz), 132.8, 132.6, 132.1 (q, J = 36.0 Hz),
129.4,123.8, 122.3 (q, J = 270.7 Hz), 122.0, 121.1, 120.8, 119.9, 118.2, 115.8, 113.1,
71.7,23.5, 4.5, 3.8. HRMS (ESI) Calcd. for Cp,H;¢FsN,O" [M+H*]: 381.1209, Found:
381.1218.

(R)-2'-benzyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-
3,1'-isoindolin]-3'-one (2m): yellow oil, 12.9 mg, 30% yield, 73% ee,
HPLC condition: Chiralpak IA (isopropyl alcohol/n-hexane: 10/90,

0.8 mL/min, tmyjor = 7.584 min, tpinor = 9.155 min). [a]p? = +62.3 (c
1.0, ethyl acetate). '"H NMR (400 MHz, DMSO-d¢) 6 11.72 (s, 1H),
7.91 (d, J = 7.4 Hz, 1H), 7.63-7.45 (m, 3H), 7.31-7.25 (m, 1H), 7.17-7.10 (m, 5H),
7.09-7.02 (m, 2H), 6.93 (d, J = 7.5 Hz, 1H), 6.09 (dd, J = 4.0, 2.1 Hz, 1H), 4.65 (d, J
= 15.3 Hz, 1H), 4.06 (d, J = 15.4 Hz, 1H). 13C NMR (101 MHz, DMSO-dy) § 167.9,
144.3, 1412, 141.1, 137.1, 133.0 (q, J = 5.9 Hz), 132.1 (q, J = 35.3 Hz), 132.9, 132.1,
129.7,128.2,127.9, 127.4, 124.1, 122.2, 122.1 (q, J = 269.7 Hz), 121.5, 120.9, 119.8,
118.3, 116.4, 1132, 70.8, 44.1. HRMS (ESI) Calcd. for CyeH sFsN,O" [M+H']:
431.1366, Found: 431.1369.

(R)-5'-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-spiro
[cyclopenta[blindole-3,1'-isoindolin]-3'-one (2n): yellow
solid, m.p.: 147.7-148.4 °C, 36.5 mg, 82% yield, 77% ee,

HPLC condition: Chiralpak IA (isopropyl alcohol/n-hexane:

15/85, 1.0 mL/min., tyajor = 10.174 min., tyinor = 8.014 min.).
[a]p?® = +68.8 (c 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dy) 6 12.01 (s, 1H),
7.48-7.42 (m, 2H), 7.39-7.28 (m, 5H), 7.24-7.17 (m, 1H), 7.16-7.09 (m, 3H), 6.87 (d,
J=8.4 Hz, 1H), 6.86— 6.83 (m, 1H), 3.87 (s, 3H). 13C NMR (101 MHz, DMSO-d¢) &
167.2, 160.7, 145.5, 140.9, 136.5, 133.9 (q, J = 5.9 Hz), 133.6, 132.5, 132.0 (q, J =
35.9 Hz), 129.0, 127.3, 125.6, 122.4, 122.1, 122.1 (q, J = 269.7 Hz), 120.9, 120.9,
119.7, 118.2, 115.7, 113.2, 107.7, 71.8, 56.0. HRMS (ESI) Calcd. for C,6H;sF3N,O,"
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[M+H"]: 447.1315, Found: 447.1311.

(R)-5'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (20): yellow solid,
m.p.: 162.4-163.3 °C, 38.9 mg, 79% yield, 82% ee, HPLC

condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 10/90,

1.0 mL/min., tpajor = 24.761 min., tyiner = 6.990 min.). [a]p =
+74.6 (c 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dg) 6 12.03 (s, 1H), 8.11 (s,
1H), 7.75 (d, J = 8.2 Hz, 1H), 7.45 (d, J = 7.2 Hz, 1H), 7.38 (d, J = 7.5 Hz, 1H), 7.32
(d, J = 4.0 Hz, 4H), 7.27-7.19 (m, 1H), 7.18-7.09 (m, 2H), 6.97-6.86 (m, 2H). 13C
NMR (101 MHz, DMSO-dy¢) 8 165.9, 144.8, 140.9, 140.3, 136.1, 136.0, 134.4, 133.1
(q,J=6.1 Hz), 132.5 (q, J = 35.8 Hz), 129.1, 127.6, 126.9, 125.8, 123.6, 122.6, 122.3,
122.0 (q, J = 269.7 Hz), 121.0 (s), 119.7, 118.3, 116.0, 113.3, 71.9. HRMS (ESI)
Caled. for C,sH 4BrFsN,NaO* [M+Na*]: 517.0134 ("°Br), 519.0113 (3'Br), Found:
517.0155 (Br), 519.0132 ('Br).

o (R)-5'-methyl-2'-phenyl-1-(trifluoromethyl)-4 H-spiro

Me\©/I<N<© [cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2p): white solid,

HN / - m.p.: 150.0-151.2 °C, 30.8 mg, 72% yield, 81% ee, HPLC
O ’ condition: Chiralpak AS-H (isopropyl alcohol/n-hexane: 30/70,

1.0 mL/min., tysjor = 10.078 min., tpinor = 5.181 min.). [a]p?® =

+55.9 (¢ 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-d¢) 6 12.00 (s, 1H), 7.77 (s,
1H), 7.46 (d, J= 6.1 Hz, 1H), 7.39 (d, J = 7.9 Hz, 1H), 7.37-7.26 (m, 5H), 7.21 (d, J
= 6.1 Hz, 1H), 7.16-7.08 (m, 2H), 6.85 (d, J = 6.6 Hz, 2H), 2.43 (s, 3H). 3C NMR
(101 MHz, DMSO-dy) 6 167.4, 145.6, 140.9, 139.6, 138.2, 136.5, 134.1, 133.9 (q, J =
6.0 Hz), 132.2, 132.1 (q, J = 37.4 Hz), 129.0, 127.2, 125.6, 124.5, 122.2 (q, J = 270.7
Hz), 122.1, 121.0, 120.9, 119.7, 118.3, 115.8, 113.2, 72.0,20.9. HRMS (ESI) Calcd.

for CsH;sF3N,O" [M+H"]: 431.1366, Found: 431.1371.
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(R)-5'-fluoro-2'-phenyl-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2q): yellow solid,
m.p.: 224.2-225.7 °C, 32.4 mg, 75% yield, 83% ee, HPLC

condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 10/90,

1.0 mL/min., tyajor = 10.290 min., tpiner = 5.540 min.). [a]p?® =
+98.3 (¢ 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dy) 6 12.03 (s, 1H), 7.79 (dd,
J=17.7,2.4 Hz, 1H), 7.50-7.35 (m, 3H), 7.35-7.28 (m, 4H), 7.22 (dt, J = 8.7, 4.4 Hz,
1H), 7.18-7.09 (m, 2H), 7.03 (dd, J = 8.4, 4.4 Hz, 1H), 6.90 (t, J = 2.4 Hz, 1H).13C
NMR (101 MHz, DMSO-dg) 6 166.27 (d, J = 3.4 Hz), 163.00 (d, J = 246.7 Hz),145.0,
140.9, 136.7, 136.1, 134.4 (d, J = 8.8 Hz), 133.4 (q, J = 5.8 Hz), 132.4 (q, J = 36.0
Hz), 129.1, 127.6, 125.9, 123.7 (d, J = 8.8 Hz), 122.3, 122.1 (q, J = 269.7 Hz), 121.0,
120.8 (d, J=24.1 Hz), 119.7, 118.3, 115.9(d, J = 1.7 Hz), 113.3, 111.0 (d, J = 23.9
Hz), 71.8. HRMS (ESI) Calcd. for C,sH;sF4sN,O" [M+H"]: 435.1115, Found:
435.1123.

(R)-5'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2r): white solid,
m.p.: 224.3-225.7 °C, 32.7 mg, 73% yield, 81% ee, HPLC

condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 10/90,

1.0 mL/min., tpsor = 18.545 min., tyinor = 6.456 min.). [a]p?® =
+71.7 (¢ 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-d¢) 6 12.02 (s, 1H), 7.99 (s,
1H), 7.62 (d, J= 8.2 Hz, 1H), 7.45 (d, /= 6.8 Hz, 1H), 7.38 (d, /= 7.4 Hz, 1H), 7.31
(d, J=2.0 Hz, 4H), 7.23 (d, J = 3.8 Hz, 1H), 7.18-7.08 (m, 2H), 6.99 (d, J = 8.2 Hz,
1H), 6.89 (s, 1H). 3C NMR (101 MHz, DMSO-dg) 8 166.1, 144.9, 140.9, 139.8,
136.0, 134.5, 134.2, 133.3, 133.2 (q, /= 5.9 Hz), 132.6 (q, J = 35.8 Hz), 129.1, 127.7,
125.9, 124.1, 123.4, 122.1 (q, /= 269.7 Hz), 122.4, 121.0, 119.7, 118.4, 116.1, 113.3,
71.9. HRMS (ESI) Calcd. for C,sH;sCIF;N,O" [M+H*]: 451.0820 (3°Cl), 453.0790
(*’Cl), Found: 451.0824 (3Cl), 453.0800 (3’Cl).
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(R)-6'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2s): yellow solid,
m.p.: 279.8-280.5 °C, 21.6 mg, 44% yield, 91% ee, HPLC

condition: Chiralpak AS-H (isopropyl alcohol/n-hexane: 30/70,

1.0 mL/min., tpsor = 9.584 min., tminer = 5.220 min.). [a]p* = -
14.1 (c 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dq) & 12.04 (s, 1H), 7.91 (d, J
= 8.0 Hz, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.46 (d, J = 7.0 Hz, 1H), 7.39 (d, J = 7.6 Hz,
1H), 7.32 (d, J = 13.6 Hz, 4H), 7.22 (s, 1H), 7.19-7.07 (m, 3H), 6.90 (s, 1H).13C
NMR (101 MHz, DMSO-d¢) o0 166.4, 144.7, 143.3, 140.9, 135.9, 133.1 (q, J = 6.1
Hz), 133.0, 132.8 (q, J = 34.3 Hz), 131.5, 129.1, 127.6, 126.6, 126.3, 126.0, 124.1,
122.3,122.0 (q, J = 269.7 Hz), 121.0, 119.7, 118.4, 116.2, 113.3, 71.6. HRMS (ESI)
Caled. for C,sH;sBrF;N,O" [M+H*']: 495.0314 ("Br), 497.0294 (3'Br), Found:
495.0318 ("Br), 497.0303 (*'Br).

(R)-6'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2t): yellow solid,
m.p.: 280.6-281.5 °C, 28.6 mg, 64% yield, 88% ee, HPLC

condition: Chiralpak AS-H (isopropyl alcohol/n-hexane: 30/70,

1.0 mL/min., tpsjer = 9.157 min., tiinor = 5.034 min.). [o]p?® = -
13.3(c 1.0, ethyl acetate). '"H NMR (400 MHz, DMSO-dg) 8 12.04 (s, 1H), 7.98 (d, J =
8.1 Hz, 1H), 7.70 (d, J = 8.1 Hz, 1H), 7.45 (d, J = 7.0 Hz, 1H), 7.38 (d, J = 7.4 Hz,
1H), 7.32 (d, J = 13.3 Hz, 4H), 7.22 (s, 1H), 7.17-7.09 (m, 2H), 7.03 (s, 1H), 6.89 (s,
1H). BC NMR (101 MHz, DMSO-d¢) & 166.3, 144.8, 143.2, 140.9, 137.9, 135.9,
133.1 (q, J = 6.7 Hz), 132.5 (q, J = 35.6 Hz), 131.1, 130.2, 129.1, 127.7, 126.2, 126.0,
122.3,122.0 (q, J = 269.7 Hz), 121.3, 121.0, 119.7, 118.4, 116.2, 113.3, 71.7. HRMS
(ESI) Calcd. for C,sH;sCIF;N,O" [M+H*]: 451.0820 (33Cl), 453.0790 (*’Cl), Found:
451.0818 (*°Cl), 453.0792 (*’Cl).

0O

©//< @ (R)-7-chloro-2'-phenyl-1-(trifluoromethyl)-4H-

N

Iy, 22
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spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2u): white solid, m.p.: 283.0-
284.1 °C, 22.3 mg, 50% yield, 91% ee, HPLC condition: Chiralpak IA (isopropyl
alcohol/n-hexane: 15/85, 1.0 mL/min., tyajor = 10.817 min., tpinor = 6.192 min.). [a]p
=+77.7 (¢ 1.0, ethyl acetate). '"H NMR (400 MHz, DMSO-d¢) 6 12.31 (s, 1H), 7.97 (d,
J=17.3 Hz, 1H), 7.71-7.54 (m, 2H), 7.41 (d, J=9.1 Hz, 2H), 7.32 (d, /= 2.6 Hz, 4H),
7.22 (d, J=3.1 Hz, 1H), 7.16 (d, J = 8.7 Hz, 1H), 7.04-6.92 (m, 2H). 13C NMR (101
MHz, DMSO-d¢) & 167.3, 147.3, 140.7, 139.3, 136.2, 134.4 (q, J = 5.9 Hz), 133.4,
132.1, 131.7 (q, J = 36.0 Hz), 129.8, 129.0, 127.4, 125.8, 125.6, 124.4, 122.1, 122.0
(q, J = 269.7 Hz), 121.3, 120.4, 117.2, 115.4, 114.9, 72.2. HRMS (ESI) Calcd. for
CysH;sCIF3N,O" [M+H']: 451.0820 (3°Cl), 453.0790 (*’Cl), Found: 451.0830 (33Cl),
453.0811 (3’Cl).

(R)-7-bromo-2'-phenyl-1-(trifluoromethyl)-4H-

©/Z<N<© spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one  (2v):  white

HN solid, m.p.: 288.4- 289.0 °C, 26.1 mg, 53% yield, 90% ee, HPLC

CF
® condition: Chiralpak TA (isopropyl alcohol/n-hexane: 15/85, 1.0

mL/min., tpjor = 10.832 min., tyinor = 6.283 min.). [a]p? = +80.7 (¢

Br
1.0, ethyl acetate). '"H NMR (400 MHz, DMSO-d¢) & 12.31 (s, 1H), 7.97 (dd, J = 6.8,

0.7 Hz, 1H), 7.71-7.56 (m, 2H), 7.54 (d, J = 1.3 Hz, 1H), 7.37 (d, J = 8.7 Hz, 1H),
7.32 (t, J = 4.5 Hz, 4H), 7.29-7.25 (m, 1H), 7.25-7.18 (m, 1H), 7.02-6.98 (m, 1H),
6.97 (q, J = 2.2 Hz, 1H). 3C NMR (101 MHz, DMSO-ds) 8 167.3, 147.1, 140.6,
139.5, 136.2, 134.5 (q, /= 5.7 Hz), 133.4, 132.1, 131.7 (q, J = 36.2 Hz), 129.8, 129.1,
127.5,125.8, 124.7, 124.5, 122.0 (q, J = 270.7 Hz), 121.3, 121.1, 120.3, 115.3, 113.5,
72.2. HRMS (ESI) Calcd. for C,sH;sBrF;N,O" [M+H']: 495.0314 ("°Br), 497.0294
(®'Br), Found: 495.0309 (°Br),497.0303 (3'Br).
(R)-6-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro

©/‘< @ [cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2w): yellow solid,

HN m.p.: 271.9-273.2 °C, 31.1 mg, 72% yield, 86% ee, HPLC

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 15/85, 1.0
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mL/min., tyjor = 9.176 min., tyiner = 6.718 min.). [a]p?® = +92.1 (¢ 1.0, ethyl acetate).
'H NMR (400 MHz, DMSO-dg) & 11.84 (s, 1H), 7.95 (d, J = 7.3 Hz, 1H), 7.67-7.53
(m, 2H), 7.37-7.27 (m, 5H), 7.21 (s, 1H), 7.13 (d, J = 9.6 Hz, 1H), 6.95 (d, J = 7.8 Hz,
2H), 6.85 (s, 1H), 2.35 (s, 3H). 3C NMR (101 MHz, DMSO-dy) 8 167.3, 144.7, 141.3,
1413, 136.4, 133.6 (q, J = 5.8 Hz), 133.3, 132.3 (q, J = 35.3 Hz), 132.1, 131.6, 129.6,
129.0, 127.3, 125.7, 124.4, 122.5, 122.1 (q, J = 270.7 Hz), 121.2, 117.9, 117.7, 115.8,
112.9, 72.2, 21.3. HRMS (ESI) Calcd. for C,sH 3F3N,O" [M+H*]: 431.1366, Found:
431.1366.

(R)-5-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-spiro
[cyclopenta|b]indole-3,1'-isoindolin]-3'-one (2x): white solid,
m.p.: 286.1-287.2 °C, 17.8 mg, 40% yield, 93% ee, HPLC

condition: Chiralpak IA (isopropyl alcohol/n-hexane: 15/85,

1.0 mL/min., tmyjor = 6.947 min., tyinor = 5.819 min.). [a]p? =
+130.6 (¢ 1.0, ethyl acetate). "H NMR (400 MHz, DMSO-dg) 6 12.07 (s, 1H), 7.94 (d,
J=17.4Hz, 1H), 7.6 (t, J= 7.3 Hz, 1H), 7.55 (t, J = 7.4 Hz, 1H), 7.37 (d, J = 7.9 Hz,
2H), 7.31 (t, J = 7.5 Hz, 2H), 7.20 (t, J = 7.1 Hz, 1H), 7.03 (d, J = 13.4 Hz, 2H), 6.96—
6.82 (m, 2H), 6.71 (d, J = 5.7 Hz, 1H), 3.84 (s, 3H). 13C NMR (101 MHz, DMSO-dq)
0 167.4,146.7, 145.0, 141.2, 136.6, 134.0 (q, J = 5.7 Hz), 133.1, 132.4, 132.2 (q, J =
35.7 Hz), 130.8, 129.5, 129.0, 127.2, 125.8, 124.3, 122.2 (q, J = 270.7 Hz), 121.5,
121.1, 120.8, 116.4, 110.9, 102.7, 72.1, 55.3. HRMS (ESI) Calcd. for Cy¢H;sF3N,0,*
[M+H"]: 447.1315, Found: 447.1320.

4.Control Experiments
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OQ Co-O)

N
\H (RI-CPA 4 (10 moi%) X7 ‘
SN OH PhCI, 60 °C \
CFs
\ CFs 48h
N 4
3 42% yield, 13% ee

Compound 3(0.10 mmol) and (R)-CPA4 (10 mol%) were dissolved in PhCl (2.0
mL) and stirred at 60 °C.The reaction progress was monitored by TLC. Upon
completion, the mixture was subjected to column chromatography on silica gel

(petroleum ether/ EtOAc =5:1) to afford the desired product 4.

4-Methyl-2'-phenyl-1-(trifluoromethyl)-4H-
spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (4): yellow
solid, m.p.: 179.2-182.1 °C,18.0 mg, 42% yield, 13% ee, HPLC

condition: Chiralpak AD-H (isopropyl alcohol/n-hexane: 10/90,

1.0 mL/min., tyyjor = 6.484 min., tyinor = 8.280 min.). [a]p?® = +13.1
(c 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dg) 6 7.99 (dd, J = 6.8, 0.7 Hz, 1H),
7.72-7.58 (m, 2H), 7.47 (dd, J = 10.4, 4.4 Hz, 2H), 7.39-7.29 (m, 4H), 7.27-7.14 (m,
3H), 7.04-6.98 (m, 1H), 6.90 (dd, J = 4.0, 2.1 Hz, 1H), 3.35 (s, 3H). 3C NMR (101
MHz, DMSO-d¢) 6 167.1, 144.5, 141.4, 139.5, 136.3, 134.4 (q, J = 5.7 Hz), 133.8,
132.0, 131.9 (q, J = 35.3 Hz), 130.1, 129.2, 127.5, 125.2, 124.7, 122.4, 122.1 (q, J =
270.7 Hz), 121.4, 121.4, 119.3, 118.5, 115.7, 111.5, 72.2, 30.3. HRMS (ESI) Calcd.
for Co6H7F3N,NaO* [M+Na*]: 453.1185, Found: 453.1195.

(R)-CPA 4 (10 mol%)

mess
OH PhC, 60 °C

Compound 5 (0.10 mmol) and (R)-CPA4 (10 mol%) were dissolved in PhCI (2.0

mL) and stirred at 60 °C. The reaction progress was monitored by TLC.
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5. Reaction at mmol-scale and product transformation

L 0
O (S)-CPA 10 (10 mol%) ©//< @Br

N o
~
A
OH  phei(tomL), 60°C AN
L e o
19 70% yield, 88% ee
1 mmol 48 h
344 mg
After single 43% yield, 99% ee
crystallization 211 mg

Compound 1g (1.0 mmol) and (S)-CPA10 (10 mol%) were dissolved in PhCl
(10.0 mL) and stirred at 60 °C. The reaction progress was monitored by TLC. Upon
completion, the mixture was subjected to column chromatography on silica gel
(petroleum ether/EtOAc =5:1) to afford the desired product 2g in 70% yield (344 mg,
88% ee). After a single crystallization (EtOH/petroleumether), the desired product 2g
was obtained in 43% yield (211 mg, 99% ee).

LiAIH,

B

THF, 60 °C, 1h

0.1 mmol, 99% ee 45% yield, 9% ee

Compound 6 was prepared according to a modified known procedure!*l. LiAIH,

(0.3 mmol) was added to a freshly distilled THF (1.0 mL) solution of 2g (0.10 mmol)
at 0 °C. After 1 hour at 60 °C, reaction mixture was quenched with ice water and
extracted with EtOAc. Organic layers were collected, dried over Na,SO,, filtered and
evaporated under reduced pressure. Column chromatography of the residue on silica

gel (petroleum ether/ethyl acetate 10:1) afforded compound 6.

(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro
[cyclopenta[b]indole-3,1'-isoindoline] (6): white solid, m.p.:
198.4.-199.5 °C, 21.7 mg, 45% yield, 99% ee, HPLC condition:
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Chiralpak IA (ethyl alcohol/n-hexane: 5/95, 1.0 mL/min., tpajor = 7.595 min., tminer =
8.642 min.). [a]p?® = +212.3 (¢ 1.0, ethyl acetate). 'H NMR (400 MHz, DMSO-dy¢) &
11.84 (s, 1H), 7.65-7.53 (m, 2H), 7.41-7.29 (m, 2H), 7.28-7.22 (m, 2H), 7.21-7.09
(m, 3H), 6.75 (dd, J = 4.0, 2.2 Hz, 1H), 6.51 (d, J = 7.7 Hz, 1H), 6.46-6.34 (m, 2H),
4.99 (d, J=13.6 Hz, 1H), 4.92 (d, J = 13.6 Hz, 1H).]3C NMR (101 MHz, DMSO-ds)
0 151.1, 144.8, 140.9, 138.6, 137.4, 136.9 (q, J = 5.6 Hz), 131.7, 129.8 (q, J = 35.7
Hz), 128.5, 127.9, 123.5, 122.5 (q, J = 269.7 Hz), 121.9, 120.7, 120.6, 120.0, 118.4,
114.4, 114.0, 113.0, 108.7, 74.7, 54.5. HRMS( ESI) Calcd. for C,sH;;BrF;N,*
[M+H"]: 481.0522 ("Br), 483.0501 (3'Br),Found: 481.0525 ("Br), 483.0517 (3'Br).

OAC PPh3 K2003

toluene, 110 °C, 12 h

0.1 mmol, 99% ee 93% yield, 99% ee

A Schlenk tube was charged with a mixture of 2g (0.10 mmol), phenylboronic
acid (0.2 mmol), Pd(OAc), (0.005 mmol), PPh; (0.011 mmol) and K,COj; (0.3 mmol)
in toluene (1 mL). The reaction mixture was stirred at 110 °C under an argon
atmosphere. The reaction progress was monitored by TLC. Upon completion, the
mixture was subjected to column chromatography on silica gel (petroleum ether/

EtOAc =2:1) to afford the desired product 75!

(R)-2'-([1,1'-biphenyl]-4-yl)-1-(trifluoro-methyl)-4H-

N
©//I< spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one :
HN o
3

white solid, m.p.: 292.3-293.3 °C, 46.0 mg, 93% yield, 99%

O ee, HPLC condition: Chiralpak IA (isopropyl alcohol/n-
hexane: 15/85, 1.0 mL/min., tysjor = 22.041 min., tpinor = 11.296 min). [a]p*® = +167.3
(c 1.0, ethyl acetate). '"H NMR (400 MHz, DMSO-dg) 6 12.06 (s, 1H), 7.98 (d, /= 7.4
Hz, 1H), 7.71-7.54 (m, 6H), 7.50 (d, J = 5.9 Hz, 1H), 7.45 (d, J = 8.3 Hz, 2H), 7.43—

7.35 (m, 3H), 7.32 (t, J = 7.2 Hz, 1H), 7.15 (d, J = 6.3 Hz, 2H), 6.96 (d, J = 6.6 Hz,
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2H). 13C NMR (101 MHz, DMSO-d¢) 3 167.4, 145.6, 141.1, 140.9, 139.1, 138.7,
135.9, 133.9 (q, J = 5.5 Hz), 133.4, 132.2 (q, J = 35.3 Hz), 132.0, 129.7, 128.9, 127.6,
127.2, 126.6, 125.5, 124.4, 122.2, 122.1 (q, J = 269.7 Hz), 121.2, 120.9, 119.7, 118.3,
115.9, 113.2, 72.1. HRMS (ESI) Caled. for C3HaoF3N,O* [M+H*]: 493.1522, Found:
493.1525.
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6. X-ray crystal structure of 2g
O
HN
CF;

Table S1Crystal data and structure refinement for 2g.

2g

Identification code 2g

Empirical formula C,sH14BrF;N,O
Formula weight 495.29
Temperature/K 211(50)

Crystal system monoclinic

Space group P2,

a/A 9.6192(6)

b/A 11.1853(7)

c/A 9.6445(8)

o/° 90

pB/e 94.316(6)

v/° 90

Volume/A3 1034.75(12)

Z 2

Pealcg/cm’ 1.590

wmm-! 3.131

F(000) 496.0

Crystal size/mm? 0.16 x 0.11 x 0.09
Radiation Cu Ka (A =1.54184)

20 range for data collection/°9.196 to 147.462



Index ranges -11<h<10,-11<k<13,-11 <1<11
Reflections collected 5851

Independent reflections 3131 [Rin; = 0.0425, Rgigma = 0.0348]
Data/restraints/parameters ~ 3131/1/290

Goodness-of-fit on F? 1.080

Final R indexes [[>=26 (I)] R;=0.0507, wR, =0.1451

Final R indexes [all data] R;=0.0537, wR, =0.1517

Largest diff. peak/hole / e A 0.73/-1.50

Flack/Hooft parameter 0.12(3)/0.169(10)
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7. 'H NMR and 3C NMR spectra

N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-

yl)benzamide (1a).
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N-(2-methoxyphenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)

but-1-yn-1-yl)benzamide (1b)
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N-(4-methoxyphenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)

but-1-yn-1-yl)benzamide (1¢)
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N-(p-tolyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-

yl)benzamide 1d)
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N-(4-chlorophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-

yl)but-1-yn-1-yl)benzamide (1e)
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N-(4-(tert-butyl)phenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-

yDbut-1

1131

—

-yn-1-yl)benzamide (1f)
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N-(4-bromophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-

yl)but-1-yn-1-yl)benzamide (1g)
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Ethyl 4-(2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-yl)

benzamido)benzoate (1h)
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N-(2-nitrophenyl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1i)
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N-(naphthalen-2-yl)-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)

but-1-yn-1-yl)benzamide (1j)
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N-propyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-
yl)benzamide (1k)

11.39
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N-cyclopropyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-

yn-1-yl)benzamide (11)
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N-benzyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-1-yn-1-

yl)benzamide (1m)
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5-Methoxy-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)

but-1-yn-1-yl)benzamide (1n)
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5-Bromo-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (10)
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5-Methyl-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-

yl)but-1-yn-1-yl)benzamide (1p)

E E P T Ty r el
! = RERECRNNY RN N n 385858385 g3
= = e et v el e e e e o o i
I e el b ¢
o
Me
N
H
S OH
cal CF;
W A
N
H
|
|
| it
| JL MI | |
J M Jo
T ) S e
& 2 SEREEES ES
s s Mmoo m—— &
T T T T T T T T T T T T
12 11 10 g 8 7 4 3 % 0
£1 ippm)
=
= = = —wen —ca =
= 5 = a280R ] g
| | | =5, " |
o
Me
N
H
S OH
cal CF;
W A
N
H
1
| |
u | | |'| 1
| 1
1
| I ‘ | A
T T T T T T T T T T T T T T T T T T
170 160 160 140 130 120 110 100 0 80 0 60 50 40 30 20 10 0 -10
£1 (ppm)

46



5-Fluoro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1q)
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5-Chloro-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1r)
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4-Bromo-N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1s)
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4-Chloro-N-phenyl-2-(4.,4,4-trifluoro-3-hydroxy-3-(1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1t)
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2-(3-(5-Chloro-1H-indol-3-yl)-4,4,4-trifluoro-3-hydroxybut-1-yn-1-

yl)-N-phenylbenzamide (1u)
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2-(3-(5-Bromo-1H-indol-3-yl)-4,4,4-trifluoro-3-hydroxybut-1-yn-1-

yl)-N-phenylbenzamide (1v)
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N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(6-methyl-1H-indol-3-yl)but-

1-yn-1-yl)benzamide (1w)
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N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(7-methoxy-1H-indol-3-yl)

but-1-yn-1-yl)benzamide (1x)
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N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(1-methyl-1H-indol-3-yl)but-

1-yn-1-yl)benzamide (3)
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N-phenyl-2-(4,4,4-trifluoro-3-hydroxy-3-(2-methyl-1H-indol-3-yl)but-

1-yn-1-yl)benzamide (5)
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(R)-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'-

isoindolin]-3'-one (2a)
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(R)-2'-(2-methoxyphenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2b)
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(R)-2'-(4-methoxyphenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2¢)
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(R)-2'-(p-tolyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-

3,1'-isoindolin]-3'-one (2d)
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(R)-2'-(4-chlorophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2e¢)
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(R)-2'-(4-(tert-butyl)phenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3"'-one (2f)
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(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2g)
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Ethyl (R)-4-(3'-0x0-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole- 3,1'-isoindolin]-2'-yl)benzoate (2h)
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(R)-2'-(2-nitrophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2i)
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(R)-2'-(naphthalen-2-yl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2j)
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(R)-2'-propyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'-

isoindolin]-3'-one (2Kk)
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(R)-2'-cyclopropyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-

3,1'-isoindolin]-3'-one (21)
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(R)-2'-benzyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'-

isoindolin]-3'-one (2m)
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(R)-5'-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2n)
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(R)-5'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]

indole-3,1'-isoindolin]-3'-one (20)
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(R)-5'-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3"-one (2p)
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(R)-5'-fluoro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3"-one (2q)
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(R)-5'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2r)
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(R)-6'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]

indole-3,1'-isoindolin]-3'-one (2s)
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(R)-6'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2t)
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(R)-7-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2u)
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(R)-7-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]

indole-3,1'-isoindolin]-3'-one (2v)
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(R)-6-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]

indole-3,1'-isoindolin]-3'-one (2w)
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(R)-5-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2x)
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4-Methyl-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (4)
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(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindoline] (6)
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(R)-2'-([1,1'-biphenyl]-4-yl)-1-(trifluoromethyl)-4H-spiro[cyclopenta

[b]indole-3,1'-isoindolin]-3'-one (7)
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8. HPLC Charts of Products

(R)-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'-

isoindolin]-3'-one (2a)
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Total 26386317 936579 100.000 100.000
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Taotal 52836431 1345220 100,000 100.000
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(R)-2'-(2-methoxyphenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2b)
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(R)-2'-(4-methoxyphenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2¢)
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1

(R)-2'-(p-tolyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-

3,1'-isoindolin]-3'-one (2d)
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(R)-2'-(4-chlorophenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2e)
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(R)-2'-(4-(tert-butyl)phenyl)-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3"'-one (2f)

000000
] 0
i ¢
25000004 O N@ Bu
HN
] CF3
2000000 O
: g
] =
1500000
_ :
1000000
500000
(i e —
N ———— N
0.0 25 50 75 100 125 150
1 DetAChl/254mm
Detector A Chl 254nm
Peals Ret. Time Avea Height Area % Height %
1 5.630 30089291 1693201 49 364 60.647
D 12587 30253299 1100040 50136 39.353
Total 60342500 2795331 100.000 100,000
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1 DetA Chl/254mm
Detector A Chl 2534nm
Peakz Ret. Time Area Height Area %o Height %%
1 5.663 3580101 224780 5.035 9.782
2 12.502 67526732 2073153 94 965 00.218
Totall 71106832 2207933 100.000 100.000
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(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2g)
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1 DetAChl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 0268 30840754 1472927 50.583 58.406
2 12.722 30130085 1043960 49417 41.594
Total 60970839 2521887 100,000 100,000
00000
ESLKHJI'.K!—:
2000000
]SLKHJLKJ': 5
1O
500000
: 7
0 ST . €
. T — - - - —
0.0 25 50 15 10.0 125 150 175 200
min
1 DetAChlf254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %5
| 9316 2153351 137617 5.243 9178
2 12.565 IR920425 1361742 94,757 90,822
Totall 41073776 1499350 100,000 100,000
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Ethyl

spiro[cyclopenta[b]indole- 3,1'-isoindolin]-2'-yl)benzoate (2h)

(R)-4-(3'-0x0-1-(trifluoromethyl)-4H-
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Peaks# Ret. Time Area Height Area % Height %
1 5.652 28438237 1123804 49 869 57.592
2 T611 28588014 827504 50.131 42 408
Tota 5T026251 1951307 100000 100,000
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1 DetAChl/254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 5.649 5347402 253212 7.373 12 387
2 7.584 67184291 1790993 92.627 87.613
Totall 72531692 2044205 100,000 100.000




(R)-2'-(2-nitrophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2i)
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min
1 DetAChl/254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 13.668 29470790 523199 49,109 T0.753
2 31.817 30540323 216276 30,891 29247
Tota GOD11113 739476 100.000 10:0.000
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1 DetAChl/254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area %o Height %o
1 13.613 34963141 A2RE36 &4, 508 93 889
2 32161 6363355 40930 15.402 6111
Tota 41328495 [ 100,000 100,000
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(R)-2'-(naphthalen-2-yl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2j)
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1 DetAChl/254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area %o Height %o
1 9.245 19170886 969979 49.097 53.848
2 11.631 19870388 831338 50,903 46.152
Totall 39047274 1801318 100,000 100.000
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| DetAChl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %5
1 9290 1417517 80752 3479 5.226
2 11643 39329219 1464455 96.521 94.774
Total 40746736 1545207 100.000 100.000

93



(R)-2'-propyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'-

isoindolin]-3'-one (2k)
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1 DetAChlf254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 3844 11539015 1664343 49338 52921
2 5.753 11848826 1480616 50,662 47.079
Tota 23387842 3144959 100,000 100000
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1 DetAChl /254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 3.769 5434837 487661 B1.038 76.352
2 5.737 1271716 151042 18.962 23.648
Tota 6706553 638703 100.000 100.000
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(R)-2'-cyclopropyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-

3,1'-isoindolin]-3'-one (21)
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1 DetAChlf254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area %o Height %o
1 7.312 18344297 747352 50.720 84309
2 13.336 17823764 139094 49 280 15.691
Totall 36168062 886446 100000 100000
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1 Det.AChl f254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 7.141 B790244 230734 77.035 89170
2 13.102 2620442 28024 22965 10.830
Total 11410687 258758 100,000 100,000
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(R)-2'-benzyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]indole-3,1'-

isoindolin]-3'-one (2m)
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min
1 DetAChl/254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 7.828 18737959 944920 49 405 53232
2 9.087 19189199 230175 50,595 46,768
Tota 37927157 1775094 100.000 100,000
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Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %5
| 7.584 29936465 1120359 B0, 708 RE.B25
2 9.155 4589181 140958 13.292 11.175
Totall 34525646 1261317 100,000 100,000

96




1

(R)-5'-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (2n)
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Peaks# Ret. Time Area Height Area % Height %
1 7.975 14872766 66H3401 49231 53.398
2 10,140 15337243 578963 30.769 46.602
Total 30210008 1242364 100,000 100.000
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min
DetAChl # 254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %%
1 8014 3041936 183080 11.679 20.550
2 10.174 23004022 T07803 %8.321 70,450
Totall 26045958 HO0RR3 100,000 100,000
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(R)-5'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]

indole-3,1'-isoindolin]-3'-one (20)
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1 DetA Chl/254mm
Detector A Chl 2534nm
Peaks Eet. Time Area Heisht Area %o Height %
1 7.013 16797647 463638 49.621 73.942
2 24.610 17054360 163399 30.379 26.058
Totall 33852007 627057 100000 100.000
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1 DetAChl/S254mm
Detector A Chl 234nm
Peak= Bet. Time Area Height Area Yo Height %
1 G990 3402575 94744 Q222 24413
2 24 761 33493306 203358 Q0 778 75.587
Total 36893881 358104 100.000 100000
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(R)-5'-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3"-one (2p)

2500000
- 0
1 Me
1250000 O NO
A
1
] CFs
1000000+ o
750000 3
L =
- =
500000+
2500004 ~
0 d e
x | 1 I 1 1
0.0 25 50 75 100 175
1 DetA Chl/254mm
Detector A Chl 234nm
Pealz Bet. Time Aresa Height Area % Height %
1 5.130 25303772 592022 49 411 68.693
2 10.119 26111404 270196 50.589 31.305
Total 51615176 863118 100.000 100.000
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1 DetA Chl/254mm
Detector A Chl 254dnm
Pealc Ret. Time Area Height Area % Height %o
1 5181 5107482 132798 9308 21.590
2 10.078 49763336 452289 00.692 78.410
Total 54870838 613086 100.000 100.000

99



(R)-5'-fluoro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3"-one (2q)
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1 DetAChl{254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area Y Height %
| 5.543 21499276 839147 49311 63.606
2 10.290 22100513 480135 50,689 36.394
Tota 43599790 1319282 100,000 100.000
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1 Det.AChl f254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 5.540 5046401 222770 8.639 18.569
2 10.290 53367400 976907 91.36l1 #1.431
Totall 58413802 1199677 100.000 100,000
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(R)-5'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2r)
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| DetACh]/254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
| 6.472 17473308 578122 49 383 T1.057
2 17.613 17909715 235486 30617 28943
Totall 35383023 13608 100,000 100,000
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Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 6456 4665111 179105 9,286 25639
2 1%.545 45574981 519465 00.714 T4.361
Totall 50240092 HOR5TI 100,000 100,000
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(R)-6'-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]

indole-3,1'-isoindolin]-3'-one (2s)

00000
0
1250000 O N@
HN
CF,
1000000 O
750000 :—
500000} §
250000
3 e
I 1 1 1 1
0.0 25 5.0 7.5 10.0 125 150
min
1 DetAChl/254mm
Detector A Chl 2534nm
Peak® Ret. Time Area Height Area %o Height %
1 5.123 32648140 688770 49.101 61.125
2 9614 33843152 433051 50.899 38.875
Total 66491202 1126822 100.000 100.000
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1 DetAChl/254mm
Detector A Chl 234dnm
Peal= Fet. Time Area Height Area %o Height %o
1 5.220 2116028 71967 4.560 11.128
2 9 584 44289617 374768 95 440 88872
Totall 46405645 646736 100.000 100000




(R)-6'-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2t)
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1 DetA Chl/254m
Detector A Chl 254nm
Peak® | Ret Time Area Height Area % Heizht %
1 5.028 12041417 396428 50.162 69331
2 9.133 11063868 175360 40.838 30.669
Total 24003283 571788 100.000 100.000
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1 DetA Chl/254mm
Detector A Chl 234nm
Peaks Ret. Time Area Height Area % Height %
1 5.034 2443263 22480 6.052 14,498
2 9157 37926738 521861 03 948 85.502
Total 40370000 610351 100.000 100.000
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(R)-7-chloro-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2u)
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| DetAChl/254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 6.147 26690716 1775303 49.113 59.752
2 10.723 27654718 1195804 50.887 40.248
Tota 54345434 2971107 100.000 100.000
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I DetAChl{254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
| 6.192 2426047 203131 4.677 10916
2 10.817 49440561 1657699 95.323 £9.084
Total S1866608 1860830 100.000 100.000
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(R)-7-bromo-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]

indole-3,1'-isoindolin]-3'-one (2v)

00000
] (0]
2swo] (O
1 nn
2000000 O CF3 2
1500000 Br =
] 2
1000000
SLKJIJLKJ-E
i — .J
T T T T T
i} 25 5.0 15 100 12.5
min
1 DectAChl/254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %5
1 6.280 28376056 1787672 49,280 60.515
2 10.865 20204833 1166442 50.720 39 485
Tota 57580909 2054113 100,000 100,000
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Det.AChI / 254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
| 6,283 2296409 194031 5227 11.050
2 10,832 41633772 1561967 94,773 RE.O50
Totall 43930181 1755998 100,000 100,000
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(R)-6-methyl-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta|b]

indole-3,1'-isoindolin]-3'-one (2w)

Whooooo
o]
O
15000004 HN
CF3 e
(0 :
Me o
1000000 =
L=
SN0
0
T T T T T
0.0 25 50 75 10.0 12.5
min
1 DetAChl/254nm
Detector A Chl 254nm
Peak# Ret. Time Area Height Area % Height %
1 6673 19336508 1251278 49.049 57.992
2 9.138 20086162 906399 50.951 42.008
Totall 39422670 2157677 100,000 100.000
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1 DetAChl f254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %
1 6.718 2233914 171556 7.007 11.529
2 9.176 20647621 1316520 92.993 88471
Total 31881535 1488076 100,000 100.000
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(R)-5-methoxy-2'-phenyl-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindolin]-3'-one (2x)
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1 DetAChl f254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %5
| 5.921 1 7663228 1215676 49 890 53.338
2 T.113 17741068 1063530 A0.110 46.662
Totall 354042960 2279206 100,000 100,000
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1 DetA Chl/f254mm
Detector A Chl 234nm
Peals Ret. Time Area Height Area %o Height %o
1 5.819 1021481 101577 3.678 6.114
2 6947 26753830 1559688 06.322 03.886
Total 27775310 1661265 100.000 100.000
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4-Methyl-2'-phenyl-1-(trifluoromethyl)-4H-

spiro[cyclopenta[b]indole-3,1'-isoindolin]-3'-one (4)
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1 DetA Chl/f220mm
Detector A Chl 220nm
Pealks Ret. Time Area Height Area % Height %
1 7.053 7876054 272163 49.692 54.210
2 3.516 7073821 220889 50,308 45.790
Totall 15849876 502054 100.000 100.000
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Detector A Chl 220nm
Peal= Bet. Time Area Height Aresa %o Height %o
1 6484 62536408 1683506 56.397 55.643
2 §.280 45340871 1343633 43.603 44.357
Total 110886280 3029159 100.000 100.000
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(R)-2'-(4-bromophenyl)-1-(trifluoromethyl)-4H-spiro[cyclopenta[b]

indole-3,1'-isoindoline] (6)
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Peaks# Het. Time Area Height Area Yo Height %5
1 7.803 1040559 56715 49304 51.832
2 %.459 1069955 52706 50,696 48.168
Totall 2110514 109422 100,000 100000
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Detector A Chl 254nm
Peaks# Ret. Time Area Height Area %o Height %o
1 7.595 14009856 577070 99 485 98878
2 8642 72503 6550 0.515 1.122
Totall 14082360 583619 100,000 100,000
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(R)-2'-([1,1'-biphenyl]-4-yl)-1-(trifluoromethyl)-4H-spiro[cyclopenta

[b]indole-3,1'-isoindolin]-3'-one (7)
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Detector A Chl 254nm
Peaks# Ret. Time Area Height Area % Height %5
| 11.292 3627436 144450 49,274 [
2 22.050 3734293 71194 50.726 33.015
Total 7361729 215645 100.000 100.000
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1 DetAChlf254nm
Detector A Chl 254nm
Peaks# Ret. Time Area Height Area Yo Height %
| 11.296 40895 1674 0681 1.479
2z 22.041 3964497 111520 99,319 0% 521
Totall GOO53RE 113194 100,000 100,000




