Supplementary Information (SI) for ChemComm.
This journal is © The Royal Society of Chemistry 2024

Organocatalytic Enantioselective (4+3) Cyclization for the Synthesis of
Spiro-Fused Heterocyclic Compounds Containing Isoindolinone,
Oxepine and Indole Moieties

Kanghua Rui, Shaoying Huang, Yinong Wu, Hanxiao Shen and Xufeng Lin® *

Center of Chemistry for Frontier Technologies, Department of Chemistry, Zhejiang
University, Hangzhou 310058, China

*Email: Ixfok@zju.edu.cn

Table of Contents

1. General iINfOrmMation .............coiiiiiiiii et bbb 1
2. Methods of synthesizing substrates...............ccccciiiiiiiiiinii 2
3. Optimization of reaction conditions of 3a .............cccciiiiiiii e 4
4. General procedure to synthesize target compound 3...............cccooviiiiniiiiiiiiiinieee s 5
5. Characterization data of target products 3 ..............ccoiiiiiiiii i 6
6. Experimental Procedures for the Transformation of 3sto 8..............cccceeiiiiiieiccciee e, 30
8. 5Cale-UP @XPEIIMENT ........coooi i e e e e e e e e e e e e e e e e e e e e nrraraaaeeeas 32
9. HR MS copies of intermediates ...........ccoocuviiiiiiiiiieice e s 32
10. X-Ray Structure and Crystal Data of 3¢ ..........c.coociiiiiiiiiiie e 33
11. Copies OFf NIVIR SPECEIQ.........cccccuiiiiiiiiiiie e ceieee et e et e e e et e e e e sta e e e e e abe e e s esataeesesnstaeeeennsenas 35
T2, HPLC data ...ttt ettt st e sb e sttt e s he e st e b e sat e et e e sheesaneebee 69
13, REFEIENCES........eeieeeieee ettt et e s bt st eebe e sat e et e e sbe e sabeenbeesbeesaneenbeen 98

1. General information

All solvents and reagents were purchased at the highest commercial quality and used
without further purification, unless otherwise stated. Analytical thin layer chromatography
(TLC) was performed on precoated silica gel 50 GF254 plates. Flash column

chromatography was performed using silica gel (100-200 mesh). Visualization on TLC
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was achieved by use of UV light (254, 365nm). Chemicals were purchased from
commercial suppliers and used without further purification unless otherwise stated. 1H,
13C, 19F NMR spectra were collected on a Bruker AV 400 MHz NMR spectrometer using
residue solvent peaks as an internal standard (IH NMR: CDClI; at 7.26 ppm; CD,Cl, at
5.32 ppm; acetone-D6 at 2.05 ppm;13C NMR: CDCl; at 77.16 ppm; CD,Cl, at 53.84 ppm;
acetone-D6 at 29.84 ppm). Multiplicities were given as s (singlet), d (doublet), t (triplet),
dd (doublets of doublet), or m (multiplets). The number of protons (n) for a given resonance
is indicated by nH. Coupling constants were reported as a J value in hertz. A high resolution
mass spectrum (HRMS) was determined by 129011-6230 TOF using ESI ionization.
Infrared spectra were recorded on an ATR-FTIR spectrometer (NICOLET iS10). Optical
rotations were reported as follows: [a]D20 (c: g/100 mL, in DCM). Enantiomeric excess
was determined by chiral high-performance liquid chromatography (chiral HPLC) using
DAICEL CHIRALPAK columns such as IA, AD-H, IE-3, IC-3, and IB-3. The melting
point of each compound was determined by melting point meter SGW X-4A. Fluorescence
measurements were performed on an Agilent Cary Eclipse Fluorescence
Spectrophotometer. The racemic products employed to determine enantiomeric ratios were

prepared by using diphenylphosphate as a catalyst. Optical rotation values were measured

with instruments operating at A = 589 nm, corresponding to the sodium D line at the
temperatures indicated. The racemic products employed to determine enantiomeric ratios
were synthesized by using 1,1'- binaphthyl-2,2'-diyl hydrogen phosphate as a catalyst. The
all of chiral phosphoric acid catalysis were purchased from Daicel Chiral Technologies

(CHINA) CO. LTD.

2. Methods of synthesizing substrates

2.1 Methods of synthesizing substrates 2-indolylmethanols 1

2-Indolylmethanols 1 are known compounds and were synthesized according to the
literature procedures. '3

AN OH
R1©j¥o%a AMgBr | R1—%Ar
N THF, 70 °C, 16h Z>N  Ar

H H

-
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Under argon atmosphere, arylmagnesium bromide (20 mmol, 4 equiv.) was added to a
Schlenk bottle. Then, the solution of ethyl 1H-indole-2-carboxylate S1 (5 mmol, 1 equiv.)
in anhydrous THF was added dropwise to the Schlenk bottle at RT. Subsequently, the
reaction mixture was stirred at 70 °C in an oil bath overnight. After the completion of the
reaction indicated by TLC, the reaction mixture was quenched by saturated ammonium
chloride solution and extracted by ethyl acetate for three times. The combined organic
layers were dried and concentrated under reduced pressure to give a residue. Finally, the
residue was purified by flash column chromatography on silica gel to afford pure 2-

indolylmethanols 1.

Compounds 1 were similar with the previously reported work. !-3

2.2 Methods of synthesizing substrates a-(3-isoindolinonyl)propargylic alcohol 2

O 0

R? 2
n-BuLi, THF, N, R

H + = R1 > H
R -78°C 0.5h R

RT 16h HO N\

]
S2 s3 2

All a-(3-isoindolinonyl)propargylic alcohol 2 substrates were synthesized according to the
reported literature.b-!! At -78 °C, under N,, a flame-dried flask charged with a solution of
the terminal alkyne S3 (6 mmol, 3.0 equiv) in dry THF (15 mL), was added n-BuLi (6
mmol, 3.0 equiv) dropwise. The reaction was stirred for 0.5 h at -78 °C. Then a solution of
S2 (2 mmol, 1.0 equiv) in THF (5 mL) was added via syringe at -78 °C. The reaction
mixture was then slowly warmed up to room temperature and stirred for 16 h. Upon
completion, the reaction mixture was cooled to 0 °C and a saturated aqueous NH4Cl
solution (10 mL) was added dropwise. The organic layer was separated. The aqueous layer
was extracted with ethyl acetate (310 mL). The combined organic layers were washed
with brine (30 mL), dried over anhydrous Na,SO,, filtered, and concentrated. The crude

product was purified directly by flash column chromatography on silica gel (petroleum

S-3



ether/ ethyl acetate = 10:1~5:1) to give the desired a-(3-isoindolinonyl)propargylic alcohol
2.

Compounds 2 were similar with the previously reported work. 11

3. Optimization of reaction conditions of 3a

Table S1. Optimization of the reaction conditions of 3a

OH
A\ Ph H Catalyst (10 mol%)
y mol% additive
solvent, rt
1a
o OH O “OH
_ — 0. (R)-B1: G = 9- th | (R)-C1: G = 9-anthracenyl
" 2; = ?n(tgﬁaceny' v s (5)-C2: G =2,4,6(Me);Ph
26 = 3.5(CFs)CeM S)-C3: G = 9-phenanthrenyl

(R)-A3: G = 9-phenanthrenyl (5)-C3: G = 9-phenanthreny

(R)-A4: G = 4-Ph-CgH,

(R)-A5: G = 4-NO,-CgH,

(R)-A6: G = 2,4,6-(Me)3;Ph
2Entry | Catalyst Solvent (5 mL) y additive Yield ee

(10 mol%) mol% (%)P (%)°

1 (R)-A1 DCM 0 - 60 74
2 (R)-A2 DCM 0 - 72 8
3 (R)-A3 DCM 0 - 27 2
4 (R)-A4 DCM 0 - 54 5
5 (R)-AS DCM 0 - 91 0
6 (R)-A6 DCM 0 - 27 48




7 (R)-B1 DCM 0 - 73 66
(R)-C1 DCM 0 - 41 89

9 (S)-C2 DCM 0 - 77 79
10 (5)-C3 DCM 0 - 46 60
11 (R)-C1 DCM 50 4-F- - -

C¢H4B(OH),
12 (R)-C1 DCM 50 2,2,2- 33 79

Trifluoroetha

nol
13 (R)-C1 DCM 50 HFIP 77 84
14 (R)-C1 DCM 60 HFIP 82 85
15 (R)-C1 DCM 70 HFIP 91 88
16 (R)-C1 DCM 80 HFIP 92 83
17 (R)-C1 PhMe 70 HFIP - -
18 (R)-C1 PhCl 70 HFIP 81 79
19 (R)-C1 PhF 70 HFIP 34 75
20 (R)-C1 Hexafluorobenzene | 70 HFIP 54 22
21 (R)-C1 THF 70 HFIP - -
22 (R)-C1 CH;CFCl, 70 HFIP 91 92
234 (R)-C1 CH;CFCl, 70 HFIP 78 89
24¢ (R)-C1 CH;CFCl, 70 HFIP - -
25¢1 (R)-C1 CH;CFCl, 70 HFIP 62 90
268 (R)-C1 CH;CFCl, 70 HFIP 92 81
27 (R)-C1 CH;CFCl, 0 HFIP 44 92
28" (R)-C1 CH;CFCl, 70 HFIP 62 92

@Unless noted, the reaction was carried out with 1a (0.11 mmol), 2a (0.1 mmol), and
catalyst (10 mol %) in 5.0 mL of solvent at room temperature for 48 h. ?Isolated yield. °The
ee was determined by HPLC analysis on a chiral stationary phase. {Additive Na,SO, (30
mg). Additive 4A (30 mg). f Temperature at 0 °C. ¢Temperature at 40 °C. "(R)-C1 (5 mol

%) was used.

4. General procedure to synthesize target compound 3
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X
R2+! H AN OH i o
L + R3 A\ Ar (R)-C1 (10 mol%)
HO N\ Z Ar 70 mol% HFIP
1 Dichlorofluoroethane, rt
Ar Ar
2 1 3

2-indolymethanols 1 (0.11 mmol, 1.1 eq), a-(3-isoindolinonyl) propargylic alcohols 2 (0.1
mmol, 1.0 eq), chiral phosphoric acid (R)-C1 (7.8 mg, 10 mol%, 0.01 mmol) and HFIP (12
mg, 70 mol%, 0.07 mmol) were added to a dried tube under an air atmosphere. Then,
dichlorofluoroethane (5 mL) was added to the reaction mixture, which was stirred at rt for
48 h. After the completion of the reaction which was indicated by TLC, the reaction
mixture was directly purified by column chromatography using pure DCM as eluent to

afford products 3.

5. Characterization data of target products 3

(S)-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino[3,4-b]indol]-3-one
(3a)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3a as a white solid in 91% yield (48 mg) with 92% ee.

H NMR (400 MHz, CD,Cl,) § 7.88 (s, 1H), 7.72 — 7.64 (m, 2H), 7.61 (t, J=7.5, 1H),
7.48 (t, J=7.4, 1H), 7.37 — 7.30 (m, 2H), 7.29 — 7.14 (m, 12H), 7.14 — 7.08 (m, 3H), 6.92
—~ 6.83 (m, 1H), 6.71 (d, J=8.0, 1H), 6.60 (s, 1H), 6.18 (s, 1H) ppm.

S-6



13C NMR (101 MHz, CD,Cl,) 5 169.4, 150.1, 145.6, 143.6, 143.5, 143.1, 138.9, 135.7,
133.6, 131.0, 130.1, 129.2, 129.0, 129.0, 128.7, 128.4, 128.3, 128.2, 128.0, 126.8, 126.3,
123.9, 123.6, 123.7, 121.7, 121.4, 114.6, 112.5, 89.0, 83.7 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C3,H,7N>0, 531.2067; Found: 531.2069.

IR (KBr, cm™) 3401, 3227, 3038, 1709, 1533, 1492, 1434, 1409, 1233, 1007, 966.
M.P. 293-295 °C. [a]*’p = +55 ° (¢ = 1.0, CH,CL,).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 0.8 mL/min, A = 254 nm) tR =
9.865 min (minor), 14.954 min (major).

(S)-1',1'-diphenyl-5'-(4-propylphenyl)-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3.,4-b]indol]-3-one (3b)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3b as a white solid in 81% yield (46 mg) with 94% ee.

TH NMR (400 MHz, CD,Cl,) § 7.97 (s, 1H), 7.81 — 7.72 (m, 2H), 7.72 — 7.66 (m, 1H),
7.60 — 7.52 (m, 1H), 7.42 (d, J=7.0, 2H), 7.38 — 7.24 (m, 9H), 7.22 — 7.17 (m, 1H), 7.15 —
7.05 (m, 4H), 6.98 (t, I=7.3, 1H), 6.83 (d, J=8.1, 1H), 6.68 (s, 1H), 6.24 (s, 1H), 2.66 — 2.46
(m, 2H), 1.69 — 1.56 (m, 2H), 0.94 (t, J=7.3, 3H) ppm.

13C NMR (101 MHz, CD,CL) & 169.5, 150.2, 145.8, 144.2, 143.8, 143.5, 143.1, 136.4,
135.8, 133.6, 131.1, 130.1, 129.1, 129.0, 128.9, 128.3, 128.2, 128.1, 126.9, 125.6, 124.0,
123.9, 123.8, 121.9, 121.4, 114.9, 112.5, 89.1, 83.7, 38.3, 25.1, 14.2 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C4oHs;N,0, 573.2537; Found: 573.2540.

IR (KBr, cm™) 3378, 3217, 3002, 1716, 1522, 1487, 1411, 1253, 958.
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M.P. 298-300 °C. [a]?**p = +37 ° (c = 1.2, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 0.8 mL/min, A = 254 nm), tR
= 8.896 min (minor), 12.755 min (major).

(S)-5'-(4-iodophenyl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3¢)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3¢ as a white solid in 87% yield (57 mg) with 90% ee.

IH NMR (400 MHz, CD,Cl,) 5 7.99 (s, 1H), 7.81 — 7.67 (m, 3H), 7.64 — 7.54 (m, 3H),
7.51 — 7.12 (m, 12H), 7.04 — 6.92 (m, 3H), 6.84 (d, J=7.9, 1H), 6.68 (s, 1H), 6.27 (s, 1H)

13C NMR (101 MHz, CD,Cl,) & 169.3, 149.8, 145.4, 143.7, 143.3, 142.0, 138.3, 137.9,
135.6, 133.6, 130.9, 130.2, 130.1, 129.1, 129.0, 128.9, 128.3, 128.2, 127.6, 126.7, 126.5,
123.9, 123.7,121.6, 121.5, 113.9, 112.6, 95.0, 88.8, 83.6 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C57H»6IN,0O, 657.1033; Found: 657.1036.

IR (KBr, cm™) 3586, 3428, 1704, 1444, 1370, 1275, 1005, 750, 700.
M.P. 314-316 °C. [a]**p = +68 ° (c = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =
11.170 min (minor), 20.114 min (major).
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(S)-5'-(3-bromophenyl)-1',1'-diphenyl-1',10'-dihydrospiro|[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3d)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3d as a white solid in 83% yield (50 mg) with 91% ee.

TH NMR (400 MHz, CD,Cl,) § 7.99 (s, 1H), 7.81 — 7.66 (m, 3H), 7.57 (¢, J=7.3, 1H), 7.48
~7.26 (m, 13H), 7.23 (t, J=7.7, 1H), 7.17 - 7.11 (m, 2H), 7.01 (t, J=7.6, 1H), 6.84 (d, J=8.1,
1H), 6.68 (s, 1H), 6.27 (s, 1H) ppm.

I3C NMR (101 MHz, CD,Cl,) 6 169.4, 149.8, 145.4, 143.8, 143.3, 141.6, 141.0, 135.7,
133.7, 132.0, 131.1, 130.9, 130.3, 130.2, 129.1, 129.1, 129.0, 128.3, 128.2, 127.9, 127.5,
127.2,126.5, 123.99, 123.97, 123.7, 122.8, 121.6, 121.5, 113.9, 112.6, 88.8, 83.7 ppm.
HRMS (ESI-TOF) m/z: [M + H]* Calcd for C57;H¢BrN,O, 611.1152; Found: 611.1161

IR (KBr, cm™) 3436, 3303, 3052, 2917, 1712, 1599, 1468, 1367, 1264, 1001, 699.
M.P. 295-297 °C. [a]*p = +26 ° (c = 1.1, CH,CL,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =

7.343 min (major), 9.531 min (minor).
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(S)-5'-(4-bromophenyl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3e)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3e as a white solid in 91% yield (55 mg) with 88% ee.

H NMR (400 MHz, CD,Cl,) 5 8.03 (s, 1H), 7.81 — 7.73 (m, 2H), 7.70 (t, J=7.4, 1H), 7.57
(t, J=7.3, 1H), 7.46 — 7.24 (m, 13H), 7.21 (¢, J=7.7, 1H), 7.10 (d, J=7.4, 2H), 7.01 (t, J=7.6,
1H), 6.84 (d, J=8.1, 1H), 6.69 (s, 1H), 6.27 (s, IH) ppm.

13C NMR (101 MHz, CD,CL,) § 169.4, 149.9, 145.5, 143.8, 143.4, 141.9, 137.8, 135.7,
133.7,131.9, 131.0, 130.2, 130.0, 129.1, 129.04, 128.96, 128.3, 128.2, 127.9, 126.8, 126.5,
123.97, 123.69, 123.3, 121.6, 121.6, 114.0, 112.6, 88.9, 83.7 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Caled for C37Ha6BrN,O, 611.1152; Found: 611.1159.

IR (KBr, cm™) 3434, 3063, 2914, 1704, 1487, 1443, 1369, 1007, 750.
M.P. 291-293 °C. [a]?’p = +54 ° (c = 1.2, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =
10.439 min (minor), 17.509 min (major).

(S)-5'-(4-chlorophenyl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3f)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3f as a white solid in 85% yield (48 mg) with 92% ee.
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'H NMR (400 MHz, CD,Cl,) & 7.87 (s, 1H), 7.70 — 7.57 (m, 3H), 7.53 — 7.45 (m, 1H),
7.35-7.10 (m, 14H), 7.09 — 7.03 (m, 2H), 6.96 — 6.88 (m, 1H), 6.75 (d, J=8.0, 1H), 6.60
(s, 1H), 6.18 (s, 1H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 169.4, 149.9, 145.5, 143.7, 143.4, 141.9, 137.4, 135.7,
135.0, 133.7, 131.0, 130.2, 129.7, 129.1, 129.1, 129.0, 128.9, 128.3, 128.2, 127.9, 126.8,
126.6, 124.0, 123.7, 121.6, 114.1, 112.6, 88.9, 83.7 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C37H,5CIN,O, 565.1677; Found: 565.1677.
IR (KBr, cm™) 3583, 3424, 2920, 2845, 1697, 1444, 1369, 1006, 749.
M.P. 293-295 °C. [a]?**p = +59 ° (¢ = 1.2, CH,CL,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = I mL/min, A = 254 nm), tR =

9.176 min (minor), 15.132 min (major).

(S)-1',1'-diphenyl-5'-(4-(trifluoromethyl)phenyl)-1',10'-dihydrospiro[isoindoline-
1,3'-oxepino|[3,4-b]indol]-3-one (3g)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3g as a white solid in 84% yield (50 mg) with 87% ee.

IH NMR (400 MHz, CD,Cl,) 5 8.11 (s, 1H), 7.80 — 7.68 (m, 3H), 7.63 — 7.51 (m, 3H),
7.45 —7.19 (m, 14H), 7.00 (t, I=7.6, 1H), 6.79 (d, J=8.1, 1H), 6.72 (s, 1H), 6.35 (s, 1H)

13C NMR (101 MHz, CD,ClL,) 6 169.4, 149.8, 145.5, 143.9, 143.3, 142.5, 141.8, 135.7,
133.7, 131.0, 130.3, 129.1, 129.04, 128.96, 128.7, 128.4, 128.3, 128.1, 127.9, 125.7 (q, J
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= 3.8 Hz), 124.8 (q, J = 272.0 Hz), 124.0, 123.7, 121.7, 121.4, 113.8, 112.7, 88.9, 83.8
ppm.

19F NMR (376 MHz, CD,Cl,) 5 -62.82 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Caled for  Cs5HaF3N,0, 599.1941; Found: 599.1945.
IR (KBr, cm) 3433, 3247, 1708, 1614, 1534, 1469, 1322, 1163, 1015, 700.

M.P. 321-323 °C. [0]*p = +29 ° (c = 1.0, CH,CL).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 0.8 mL/min, A = 254 nm), tR

= 6.809 min (minor), 11.521 min (major).

(S)-5'-([1,1'-biphenyl]-4-yl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3.,4-b]lindol]-3-one (3h)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3h as a white solid in 78% yield (47 mg) with 94% ee.

H NMR (400 MHz, CD,Cl,) § 8.14 (s, 1H), 7.79 (t, J=7.5, 2H), 7.75 — 7.69 (m, 1H), 7.65
—7.58 (m, 3H), 7.59 — 7.52 (m, 2H), 7.49 — 7.42 (m, 4H), 7.40 — 7.26 (m, 12H), 7.24 — 7.18
(m, 1H), 7.01 (t, J=7.2, 1H), 6.95 (d, J=8.0, 1H), 6.72 (s, 1H), 6.35 (s, 1H) ppm.

13C NMR (101 MHz, CD,Cl,) 8 169.5, 150.2, 145.8, 143.7, 142.7, 142.0, 141.0, 138.0,
135.9,133.7, 131.1, 130.2, 129.4, 129.08, 129.05, 129.03, 128.9, 128.32, 128.28, 128.11,
128.06,127.5,127.4,126.9, 126.3, 124.03, 123.95, 123.8, 121.9, 121.6, 114.6, 112.7, 89.1,
83.8 ppm.
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HRMS (ESI-TOF) m/z: [M + H]* Calcd for C43H31N,0, 607.2380; Found: 607.2385.
IR (KBr, cm™) 3432, 3059, 3024, 2922, 1706, 1599, 1486, 1476, 1006.
M.P. 322-324°C. [a]*’p = +82 ° (¢ = 1.3, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =
14. 566 min (minor), 22.262 min (major).

(S)-1',1'-diphenyl-5'-(thiophen-2-yl)-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3i)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3i as a white solid in 92% yield (49 mg) with 90% ee.

IH NMR (400 MHz, CD,Cl,) & 7.86 (s, 1H), 7.70 — 7.57 (m, 3H), 7.50 — 7.42 (m, 1H),
7.35 —7.08 (m, 14H), 6.98 — 6.92 (m, 2H), 6.85 — 6.80 (m, 1H), 6.54 (s, 1H), 6.19 (s, 1H)

13C NMR (101 MHz, CD,Cl,) 6 169.3, 150.0, 145.7, 143.6, 143.0, 140.6, 137.9, 135.7
133.6, 131.0, 130.1, 129.0, 128.9, 128.22, 128.19, 127.9, 127.6), 126.7, 126.1, 125.2,
124.5,123.9,123.7,121.7, 121.5, 114.7, 112.5, 89.0, 83.6 ppm.

HRMS (ESI-TOF) m/z: [M + H]" Calcd for Cs5H,sN,O,S 537.1631; Found: 537.1636.
IR (KBr, cm™) 3428, 3254, 1696, 1610, 1535, 1433, 1016, 699.

M.P. 273-275 °C. [a]2% = +48 ° (c = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =
11.517 min (minor), 18.430 min (major).
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(S)-1',1'-diphenyl-5'-(thiophen-3-yl)-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3j))

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3j as a white solid in 83% yield (45 mg) with 95% ee.

'"H NMR (400 MHz, CD,Cl,) 5 7.87 (s, 1H), 7.71 — 7.57 (m, 3H), 7.47 (t, J=7.2, 1H), 7.37
—7.11 (m, 13H), 7.05 (d, J=8.0, 1H), 6.97 (t, J=7.5, 1H), 6.91 — 6.85 (m, 2H), 6.48 (s, 1H),
6.21 (s, 1H) ppm.

13C NMR (101 MHz, CD,Cl,) 5 169.3, 149.8, 145.5, 143.5, 143.0, 141.9, 136.7, 135.7,
133.6,131.0, 130.2, 129.0, 128.9, 128.3, 128.2, 127.92, 127.88, 127.4, 126.8, 126.5, 125 .4,
124.0, 123.9, 123.7, 121.9, 121.5, 114.2, 112.6, 88.8, 83.5 ppm.

HRMS (ESI-TOF) m/z: [M + H]" Calcd for C35H,5N,0,S 537.1631; Found: 537.1634.
IR (KBr, cm™) 3428, 3256, 1687, 1618, 1531, 1322, 1005, 719.
M.P. 270-272 °C. [a]?**p = +65 ° (c = 1.3, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 0.8 mL/min, A = 254 nm), tR

= 8.738 min (minor), 13.767 min (major).

(S)-5'-(cyclohex-1-en-1-yl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3.,4-b]indol]-3-one (3k)

S-14



The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3k as a yellow solid in 76% yield (41 mg) with 83% ee.

H NMR (400 MHz, CD,CL,) § 7.84 (s, 1H), 7.74 (d, J=7.8, 1H), 7.71 (d, J=7.5, 1H), 7.60
(t, I=7.6, 1H), 7.51 — 7.37 (m, 7H), 7.37 — 7.31 (m, 3H), 7.24 (t, J=7.5, 2H), 7.20 — 7.13
(m, 2H), 6.99 (t, J=7.6, 1H), 6.86 (s, 1H), 6.39 (s, 1H), 4.54 (s, 1H), 2.72 — 2.52 (m, 1H),
2.24 - 2.14 (m, 1H), 2.07 — 1.97 (m, 1H), 1.89 — 1.79 (m, 3H), 1.31 — 1.23 (m, 2H) ppm.

13C NMR (101 MHz, CD,ClL,) 6 167.5, 147.7, 144.6, 143.1, 142.0, 138.4, 135.1, 133.9,
132.4,129.4, 129.2, 129.0, 128.7, 128.5, 128.3, 127.9, 127.2, 123.6, 123.3, 121.4, 120.8,
120.3,113.9, 112.3, 103.2, 83.1, 72.8, 30.7, 26.8, 23.9, 20.5 ppm.

HRMS (ESI-TOF) m/z: [M + H]" Calcd for C37H3;N,O, 535.2380; Found: 535.2382.
IR (KBr, cm™) 3438, 2948, 1694, 1647, 1521, 1443, 1312, 1037, 758.
M.P. 291-293 °C. [a]*°p = +94 ° (c = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 90/10, flow rate = 1 mL/min, A = 254 nm), tR =
15.418 min (minor), 17.001 min (major).

(S)-5,6-dimethyl-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-
blindol]-3-one (31)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 31 as a white solid.in 83% yield (46 mg) with 94% ee.

IH NMR (400 MHz, CD,CL,) 5 7.99 (s, 1H), 7.60 — 7.15 (m, 18H), 6.96 (t, J = 7.5 Hz,
1H), 6.79 (d, J = 8.0 Hz, 1H), 6.58 (s, 1H), 6.26 (s, 1H), 2.41 (s, 4H), 2.38 (s, 3H) ppm.
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13C NMR (101 MHz, CD,Cl,) & 169.9, 148.0, 145.7, 143.7, 143.4, 142.7, 139.3, 139.0,
135.7,129.1, 129.0, 128.7, 128.4, 128.1, 128.0, 126.8, 126.7, 124.7, 124.5, 124.5, 123.8,
121.7,121.4, 114.6, 112.5, 88.8, 83.6, 21.0, 20.3 ppm.

HRMS (ESI-TOF) m/z: [M + H]" Calcd for C39H3,N,0, 559.2380; Found: 559.2387.

IR (KBr, cm™) 3395, 3052, 1434, 1367, 1232, 975, 744, 699.
M.P. 327-329 °C. [a]*’p =-38 ° (c = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 1 mL/min, A = 254 nm), tR =
9.129 min (minor), 14.977 min (major).

(S)-5,6-dichloro-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-
blindol]-3-one (3m)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3m as a white solid in 81% yield (48 mg) with 95% ee.

'H NMR (400 MHz, CD,Cl,) 6 7.92 (s, 1H), 7.86 (s, 1H), 7.78 (s, 1H), 7.42 — 7.19 (m,
17H), 6.98 (t, J=7.4, 1H), 6.83 — 6.70 (m, 2H), 6.18 (s, 1H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 167.2, 149.1, 145.2, 143.6, 143.3, 138.6, 137.8, 135.7,
134.8, 131.0, 129.4, 129.2, 129.1, 129.0, 128.8, 128.4, 128.3, 127.9, 126.7, 126.0, 125.9,
125.1, 124.0, 121.7, 121.6, 114.5, 112.6, 88.6, 84.0 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C57H,5C1,N,0O, 599.1288; Found: 599.1283.

IR (KBr, em™) 3386, 2925, 1719, 1601, 1450, 1270, 1165, 1110, 697.

M.P. 154-156 °C. [0]2p = +36 ° (c = 1.0, CH,Cl).
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HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =

8.095 min (minor), 15.111 min (major).

(S)-5,6-dibromo-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-
blindol]-3-one (3n)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3n as a white solid in 88% yield (60 mg) with 95% ee.

IH NMR (400 MHz, CD,Cl,) 5 8.01 (s, 1H), 7.86 (s, 1H), 7.75 — 7.61 (m, 2H), 7.46 — 7.16
(m, 16H), 6.98 (t, J=7.6, 1H), 6.81 (d, J=8.1, 1H), 6.70 (s, 1H), 6.22 (s, I H) ppm.

13C NMR (101 MHz, CD,Cl,) & 168.4, 151.6, 145.4, 143.4, 138.7, 135.7, 133.5, 130.0,
129.3, 129.1, 129.03, 128.97, 128.8, 128.4, 128.33, 128.29, 128.0, 127.9, 127.2, 126.7,
125.53, 125.49, 123.9, 121.7, 121.5, 114.5, 112.6, 88.7, 83.9 ppm.

HRMS (ESI-TOF) m/z: [M + Na]" Calcd for Cs;;H,4Br,N,NaO, 711.0076; Found:
711.0066.

IR (KBr, cm™) 3579, 3061, 2920, 2853, 1709, 1446, 1276, 1010.
M.P. 332-334°C. [0]2p = -10 ° (c = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =

7.712 min (minor), 11.678 min (major).
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(S)-5,6-difluoro-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino[3,4-
b]indol]-3-one (30)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3o as an white solid in 79% yield (45 mg) with 92% ee.

H NMR (400 MHz, CD,Cl,) § 7.94 (s, 1H), 7.58 (t, J=7.8, 1H), 7.54 — 7.47 (m, 1H), 7.43
—7.17 (m, 17H), 6.97 (t, J=7.6, 1H), 6.82 — 6.74 (m, 2H), 6.17 (s, 1H) ppm.

13C NMR (101 MHz, CD,Cl,) § 167.5, 154.5 (d, J = 255.3 Hz), 154.3 (d, J = 254.8 Hz),
145.3, 143.6, 143.3, 138.7, 135.7, 129.4, 129.2, 129.1, 129.0, 128.8, 128.4, 128.3, 127.9
126.7, 125.2, 124.0, 121.7, 121.5, 114.5, 113.1 (d, J = 15.2 Hz), 112.9 (d, J = 14.1 Hz),
112.6, 88.5, 83.9 ppm.

'F NMR (376 MHz, CD,Cl,) 6 -129.57 (d, J = 18.9 Hz), -135.43 (d, J = 18.9 Hz) ppm.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for Cs;;H,4F,N,NaO, 589.1698; Found:
589.1704.

IR (KBr, cm™) 3589, 3051, 2920, 1695, 1444, 1371, 1009, 697.
M.P. 298-300 °C. [a]?’p =+20 ° (c = 1.1, CH,CL,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =
4.858 min (minor), 8.040 min (major).
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(S)-7'-(benzyloxy)-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-
blindol]-3-one (3p)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3p as a white solid in 90% yield (57 mg) with 90% ee.

IH NMR (400 MHz, CD,Cl,) & 8.03 (s, 1H), 7.81 — 7.73 (m, 2H), 7.73 — 7.66 (m, 1H),
7.61 —7.54 (m, 1H), 7.45 — 7.39 (m, 2H), 7.37 — 7.15 (m, 19H), 6.95 — 6.86 (m, 1H), 6.71
(s, 1H), 6.28 (d, J=2.3, 1H), 6.24 (s, 1H), 4.75 (s, 2H) ppm.

13C NMR (101 MHz, CD,Cl,) 8 169.5, 154.4, 150.2, 145.8, 144.1, 143.7, 143.2, 138.7,
138.0, 133.7, 131.1, 131.0, 130.2, 129.3, 129.05, 129.00, 128.99, 128.8, 128.5, 128.29,
128.26, 128.2, 128.1, 128.0, 127.4, 125.9, 124.0, 123.8, 115.1, 114.4, 113.4, 104.6, 89.1,
83.8, 71.0 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C44H33N,05 637.2486; Found: 637.2485.

IR (KBr, cm-1) 3413, 1701, 1444, 1369, 1275, 1183, 1012, 729.
M.P. 280-282 °C. [a]?*p = +33 ° (¢ = 1.0, CH,CL,).

HPLC (IE-3, hexane/isopropyl alcohol = 90/10, flow rate = 1 mL/min, A = 254 nm), tR =
11. 925 min (minor), 16.210 min (major).

tBu

(S)-7'-(tert-butyl)-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-
blindol]-3-one (3q)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3q as a white solid in 83% yield (49 mg) with 91% ee.
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IH NMR (400 MHz, CD,Cl,)  7.88 (s, 1H), 7.81 — 7.75 (m, 2H), 7.70 (t, J=7.5, 1H), 7.57
(t, J=7.4, 1H), 7.45 — 7.19 (m, 17H), 6.75 (s, 1H), 6.72 (s, 1H), 6.26 (s, 1H), 1.13 (s, 9H)

13C NMR (101 MHz, CD,Cl,) & 169.5, 150.2, 145.8, 144.4, 143.7, 143.6, 143.3, 139.0,
133.9, 133.6, 131.1, 130.1, 129.1, 129.03, 129.00, 128.6, 128.24, 128.18, 128.1, 126.6,
125.7,124.0, 123.8,122.2, 117.8, 114.8, 111.9, 89.1, 83.8, 34.9, 31.8 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C4;H35sN,0, 587.2693; Found: 587.2696.

IR (KBr, cm™) 3436, 2958, 2922, 2844, 1702, 1446, 1365, 1276, 1014.
M.P. 267-269 °C. [0]*°p =-57 ° (¢ = 1.2, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =

7.587 min (minor), 11.761 min (major).

(S)-9'-methyl-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-
blindol]-3-one (3r)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3r as a white solid in 88% yield (48 mg) with 92% ee.

TH NMR (400 MHz, CD,Cl,) 5 7.83 — 7.76 (m, 2H), 7.74 — 7.66 (m, 2H), 7.58 (t, J=7.5,
1H), 7.52 — 7.46 (m, 2H), 7.43 — 7.21 (m, 13H), 7.04 (d, J=7.1, 1H), 6.92 (t, I=7.6, 1H),
6.74 (s, 1H), 6.68 (d, J=8.1, 1H), 6.31 (s, 1H), 2.36 (s, 3H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 169.4, 150.2, 145.7, 143.5, 143.3, 143.1, 139.0, 135.3,
133.6, 131.1, 130.2, 129.18, 129.16, 129.04, 128.99, 128.7, 128.5, 128.30, 128.25, 128.1,
126.5, 126.4, 124.4, 124.0, 123.8, 121.79, 121.75, 119.4, 115.3, 89.1, 83.8, 16.6 ppm.
HRMS (ESI-TOF) m/z: [M + H]* Calcd for C33H,9N,0, 545.2224; Found: 545.2226.
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IR (KBr, cm™) 3419, 3057, 1697, 1614, 1467, 1445, 1368, 981.
M.P. 261-263 °C. [a]2%p = +45 ° (c = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =
11.883 min (minor), 15.785 min (major).

(S)-7'-iodo-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-
b]indol]-3-one (3s)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3s as a white solid in 86% yield (56 mg) using with 91% ee.
'H NMR (400 MHz, CD,Cl,)  8.22 (s, 1H), 7.80 — 7.67 (m, 3H), 7.61 — 7.55 (m, 1H),

7.48 —7.24 (m, 14H), 7.22 — 7.11 (m, 4H), 6.64 (s, 1H), 6.29 (s, IH) ppm.

13C NMR (101 MHz, CD,ClL,) 6 169.5, 149.9, 145.3, 144.4, 143.2, 142.4, 138.4, 134.8,
133.7,132.3, 130.9, 130.4, 130.2, 129.4, 129.2, 129.1, 129.0, 128.9, 128.8, 128.4, 128.29,
128.26, 127.8, 126.7, 123.9, 123.7, 114.6, 113.8, 89.0, 85.1, 83.5 ppm.

HRMS (ESI-TOF) m/z: [M + H]" Calcd for C37H6IN,O, 657.1033; Found: 657.1033.

IR (KBr, cm™) 3432, 3278, 3057, 1704, 1448, 1377, 1011, 755, 638.
M.P. 297-299 °C. [a]?**p = +43 ° (¢ = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =
7.893 min (minor), 14. 552 min (major).

S-21



(S)-7'-bromo-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-
blindol]-3-one (3t)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3t as a white solid in 91% yield (55 mg) with 86% ee.

'"H NMR (400 MHz, CD,Cl,) 6 8.00 (s, 1H), 7.69 (d, J=7.5, 1H), 7.66 — 7.57 (m, 2H),
7.52 —7.44 (m, 1H), 7.34 — 7.15 (m, 15H), 7.13 — 7.07 (m, 2H), 6.83 (d, J=1.7, 1H), 6.55
(s, 1H), 6.19 (s, 1H) ppm.

13C NMR (101 MHz, CD,Cl,) 3 169.5, 150.0, 145.3, 144.8, 143.3, 142.4, 138.5, 134.4,
133.7,131.0, 130.2, 129.5, 129.2, 129.1, 129.0, 128.9, 128.4, 128.38, 128.35, 128.0, 127.0,
126.9, 124.1, 124.0, 123.7, 114.8, 114.2, 89.1, 83.7 ppm.

HRMS (ESI-TOF) m/z: [M + H]" Calcd for C37;H,6BrN,O, 611.1152; Found: 611.1151.
IR (KBr, cm™) 3058, 1701, 1657, 1596, 1446, 1277, 759, 700.
ML.P. 281-283 °C. [a]?*p = +32° (c = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = 1 mL/min, A = 254 nm), tR =
6.357 min (minor), 10.500 min (major).

(S)-8'-bromo-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3"'-oxepino|[3,4-
blindol]-3-one (3u)
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The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3u as a white solid in 83% yield (50 mg) with 91% ee.

'H NMR (400 MHz, CD,Cl,) 6 8.54 (s, 1H), 7.79 — 7.68 (m, 3H), 7.59 (t, J=7.3, 1H), 7.50
(s, 1H), 7.44 — 7.37 (m, 2H), 7.36 — 7.24 (m, 11H), 7.23 — 7.15 (m, 2H), 7.04 (d, J=8.6,
1H), 6.70 — 6.62 (m, 2H), 6.29 (s, 1H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 169.6, 150.0, 145.4, 144.3, 143.3, 142.6, 138.7, 136.4,
133.8, 130.9, 130.2, 129.3, 129.2, 129.0, 128.9, 128.8, 128.4, 128.3, 128.2, 127.9, 126.6,
125.5,124.8, 124.0, 123.7, 122.9, 117.2, 115.3, 114.7, 89.1, 83.6 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C37;H,,BrN,O, 611.1152; Found: 611.1158.
IR (KBr, cm™) 3428, 3268, 3058, 1702, 1654, 1491, 1376, 1013, 700.
M.P. 279-281 °C. [a]?*’p = +43 ° (¢ = 1.0, CH,CL,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = I mL/min, A = 254 nm), tR =
9.293 min (minor), 10.766 min (major).

(S)-7'-chloro-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-
blindol]-3-one (3v)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3v as a white solid in 84% yield (47 mg) with 83% ee.

H NMR (400 MHz, CD,Cl,) § 8.03 (s, 1H), 7.71 — 7.57 (m, 3H), 7.51 — 7.45 (m, 1H),
7.36 —7.16 (m, 14H), 7.14 — 7.02 (m, 3H), 6.67 (d, J=2.0, 1H), 6.55 (s, 1H), 6.18 (s, 1H)
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13C NMR (101 MHz, CD,Cl,) 6 169.5, 150.1, 145.4, 145.0, 143.4, 142.5, 138.6, 134.2,
133.7, 131.0, 130.2, 129.5, 129.2, 129.1, 129.0, 128.9, 128.4, 128.4, 128.3, 128.0, 127.8,
127.2,126.9, 124.3, 124.0, 123.8, 121.0, 114.4, 113.9, 89.1, 83.7 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C3,HyCIN,O, 565.1677; Found: 565.1679.
IR (KBr, em™) 3434, 3292, 3060, 2926, 1705, 1613, 1466, 1377, 1013, 699.
M.P. 286-288 °C. [0]2p = +152 ° (c = 1.1, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 75/25, flow rate = 0.8 mL/min, A = 254 nm), tR

= 5.540 min (minor), 8.316 min (major).

(S)-7'-fluoro-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-
blindol]-3-one (3w)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3w as a white solid in 82% yield (45 mg) with 95% ee.

'"H NMR (400 MHz, CD,Cl,) & 8.32 (d, J=13.3, 1H), 7.81 — 7.67 (m, 3H), 7.58 (t, J=7.3,
1H), 7.45 - 7.18 (m, 16H), 6.93 (t, J=9.0, 1H), 6.67 (s, 1H), 6.50 — 6.37 (m, 1H), 6.27 (s,
1H) ppm.

13C NMR (101 MHz, CD,Cl,) § 169.6, 158.7 (d, J=236.5 Hz), 150.1, 145.5, 145.4, 143.5,
142.8, 138.5, 133.8, 132.4, 131.0, 130.2, 129.4, 129.2, 129.04, 129.00, 128.9, 128.42,
128.38, 128.3, 128.0, 127.2 (d, J = 10.4 Hz), 126.4, 124.1, 123.8, 114.8 (d, ] = 4.7 Hz),
113.6 (d, ] = 9.8 Hz), 112.6, 112.4, 106.5, 106.3, 89.2, 83.8 ppm.

'F NMR (376 MHz, CD,Cl,) 6 -122.40 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C3;H,6FN,O, 549.1973; Found: 549.1974.
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IR (KBr, cm™) 3430, 3261, 3059, 2925, 1705, 1598, 1484, 1313, 1175, 1014.
M.P. 290-292 °C. [a]**p = +33° (c = 1.2, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 0.8 mL/min, A = 254 nm), tR
= 10.527 min (minor), 13.249 min (major).

(S)-1',1'-bis(3-methoxyphenyl)-5'-phenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3x)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3x as a white solid in 83% yield (42 mg) with 85% ee.

'TH NMR (400 MHz, CD,Cl,) 6 8.09 (s, 1H), 7.82 — 7.66 (m, 3H), 7.57 (t, J=7.3, 1H), 7.40
—7.15 (m, 9H), 7.05 (s, 1H), 6.99 — 6.79 (m, 7H), 6.70 (s, 1H), 6.29 (s, 1H), 3.76 (s, 3H),
3.70 (s, 3H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 169.4, 160.2, 159.9, 150.0, 147.3, 145.0, 143.2, 143.1,
139.0, 135.7, 133.6, 131.0, 130.1, 130.0, 129.2, 129.0, 128.7, 128.5, 126.7, 126.2, 124.0,
123.8, 123.6, 121.7, 121.4, 121.1, 120.4, 115.3, 114.6, 114.6, 113.7, 113.2, 112.6, 89.0,
83.5, 55.7 ppm.

HRMS (ESI-TOF) m/z: [M + H]" Calcd for C39H3N,O4 591.2278; found: 591.2282.
IR (KBr, cm™) 3427, 3059, 2948, 1696, 1527, 1425, 1216, 992, 688.
M.P. 250-252 °C. [a]**p = +32 ° (¢ = 1.0, CH,CL,).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 1 mL/min, A = 254 nm), tR =
15.352 min (minor), 21.935 min (major).
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(S)-5'-phenyl-1',1'-di-p-tolyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-
blindol]-3-one (3y)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3y as a white solid in 92% yield (51 mg) with 89% ee.

H NMR (400 MHz, CD,CL,) § 8.11 (s, 1H), 7.78 (d, J=7.5, 1H), 7.76 — 7.67 (m, 2H),
7.61 —7.54 (m, 1H), 7.38 — 7.22 (m, 8H), 7.21 — 7.06 (m, 7H), 6.97 (t, J=7.6, 1H), 6.80 (d,
J=8.1, 1H), 6.71 (s, 1H), 6.27 (s, 1H), 2.33 (s, 6H) ppm.

13C NMR (101 MHz, CD,Cl,) § 169.5, 150.3, 143.8, 143.1, 142.8, 141.0, 139.3, 139.0,
138.1, 135.7, 133.6, 131.1, 130.1, 129.6, 129.2, 128.9, 128.9, 128.8, 128.5, 127.9, 126.9,
126.3,123.9, 123.8, 121.7, 121.4, 114.4, 112.5, 89.1, 83.7, 21.4, 21.3 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C3oH;N>0, 559.2380; Found: 559.2382.
IR (KBr, cm™) 3581, 3422, 3059, 2924, 2851, 1712, 1472, 1216, 750.
M.P. 307-309 °C. [0]®p = +66° (¢ = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 0.8 mL/min, A = 254 nm), tR
=9.745 min (minor), 14. 606 min (major).
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(S)-1',1'-bis(4-(tert-butyl)phenyl)-5'-phenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3z)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3z as a white solid in 85% yield (55 mg) with 96% ee.

H NMR (400 MHz, CD,CL,) § 8.51 (s, 1H), 7.81 (d, J=7.5, 1H), 7.77 (d, J=7.6, 1H), 7.70
(t, J=7.3, 1H), 7.58 (t, I=7.4, 1H), 7.36 — 7.21 (m, 8H), 7.20 — 7.03 (m, 7H), 6.94 (t, J=7.5,
1H), 6.79 (d, J=8.1, 1H), 6.72 (s, 1H), 6.24 (s, 1H), 1.26 (s, 9H), 1.22 (s, 9H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 169.7, 152.1, 151.1, 150.3, 144.3, 143.2, 142.6, 140.8,
139.5, 135.7, 133.7, 130.9, 130.4, 130.1, 129.0, 128.6, 128.5, 127.6, 126.9, 126.1, 125.81,
125.75,124.9, 123.9, 123.8, 123.6, 121.6, 121.3, 114.5, 112.6, 89.0, 83.6, 35.0, 34.9, 31.6,
31.5 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C4sH43N,0, 643.3319; Found: 643.3328.
IR (KBr, cm™) 3585, 3420, 2928, 1698, 1361, 1005, 987, 737.
M.P. 337-339 °C. [a]*'p = +103° (¢ = 1.4, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 90/10, flow rate = 1 mL/min, A = 254 nm), tR =
12.561 min (minor), 16.016 min (major).

(S)-1',1'-bis(4-chlorophenyl)-5'-phenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3aa)
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The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3aa as a white solid in 88% yield (53 mg) with 90% ee.

H NMR (400 MHz, CD,Cl,) 5 8.00 (s, 1H), 7.69 (d, J=7.5, 1H), 7.65 — 7.56 (m, 2H),
7.53 — 7.45 (m, 1H), 7.32 — 7.15 (m, 10H), 7.15 — 7.03 (m, 5H), 6.94 — 6.85 (m, 1H), 6.71
(d, J=8.1, 1H), 6.56 (s, 1H), 6.21 (s, 1H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 169.6, 149.8 144.1, 143.2, 142.3, 141.9, 138.6, 135.9,
135.2, 134.3, 133.8, 130.9, 130.4, 130.3, 129.9, 129.4, 129.3, 129.2, 128.8, 128.5, 128.4,
126.6, 126.0, 124.2, 124.1, 123.6, 121.8, 121.7, 117.2, 114.8, 112.6, 89.0, 82.9 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C57H,5C1,N,0O, 599.1288; Found: 599.1288.
IR (KBr, cm™) 3429, 3251, 3059, 1703, 1589, 1489, 1006, 831, 695.
M.P. 291-293 °C. [a]**p = +49° (¢ = 1.0, CH,Cl,).

HPLC (IE-3, hexane/isopropyl alcohol = 85/15, flow rate = I mL/min, A = 254 nm), tR =

8.073 min (minor), 10.711 min (major).

(S)-1',1'-bis(4-fluorophenyl)-5'-phenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3ab)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 3ab as a white solid in 80% yield (45 mg) with 91% ee.

'H NMR (400 MHz, Acetone) 6 8.06 (s, 1H), 7.78 (d, J=7.5, 1H), 7.74 — 7.68 (m, 2H),
7.61 —7.55 (m, 1H), 7.45 - 7.16 (m, 11H), 7.06 — 6.92 (m, 5H), 6.81 (d, J=8.0, 1H), 6.67
(s, 1H), 6.30 (s, 1H) ppm.
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13C NMR (101 MHz, Acetone) & 169.5, 163.3 (d, ] = 247.9 Hz), 163.0 (d, J = 246.4 Hz),
150.0, 143.2, 143.0, 141.5, 139.5, 138.8, 135.8, 133.8, 131.0 (d, ] = 8.2 Hz), 130.3, 129.7
(d,J=8.1 Hz), 129.3, 128.8, 128.4, 126.8, 126.2, 124.2, 124.1, 123.6, 121.8, 121.7, 115.9
(d,J=21.7Hz), 1152 (d,J = 21.7 Hz), 112.6, 89.1, 83.0 ppm.

1F NMR (376 MHz, Acetone) & -114.06 (s), -115.07 (s) ppm.

HRMS (ESI-TOF) m/z: [M + Na]* Calcd for C37H24F2N2N302 5891698, Found:
589.1698.

IR (KBr, ecm™) 3434, 3259, 3153, 1694, 1598, 1501, 1223, 832, 702.
M.P. 301-303 °C. [@]*p = +131 ° (¢ = 1.0, CH,ClL,).

HPLC (IE-3, hexane/isopropyl alcohol = 80/20, flow rate = 0.8 mL/min, A = 254 nm), tR
=7.659 min (minor), 10.645 min (major).

2-methyl-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino[3,4-b]indol]-
3-one (5)

The resultant residue was purified by flash silicagel column chromatography (eluent:

petroleum ether/DCM = 1:2, v/v) to afford 7 as a white solid in 52% yield (28 mg).

'H NMR (400 MHz, CD,Cl,) 6 7.85 (s, 1H), 7.71 (d, J=7.4, 1H), 7.47 — 7.29 (m, 15H),
7.24 —7.16 (m, 3H), 7.13 (t, J=7.6, 1H), 6.96 (t, J=7.6, 1H), 6.72 (d, J=8.1, 1H), 6.27 (d,
J=7.8, 1H), 5.95 (s, 1H), 2.95 (s, 3H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 167.5, 149.4, 145.4, 144.8, 143.9, 142.9, 140.0, 135.3,
132.9, 131.5, 129.4, 129.2, 129.0, 128.9, 128.9, 128.8, 128.7, 128.5, 128.5, 127.1, 125.2,
123.8,123.3,123.1, 121.9, 121.3, 115.4, 112.5, 94.9, 83.5, 26.2 ppm.
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HRMS (ESI-TOF) m/z: [M + H]* Calcd for C5sH9N,0, 545.2224; Found: 545.2227.
IR (KBr, cm™) 3405, 3199, 3033, 1689, 1507, 1451, 1241, 1012.
M.P. 314-316 °C.

HPLC (IE-3, hexane/isopropyl alcohol = 93/07, flow rate = 1 mL/min, A = 254 nm), tR =
39.902 min (major), 42.809 min (minor).

10'-methyl-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-
blindol]-3-one (7)

The resultant residue was purified by flash silicagel column chromatography (eluent:

petroleum ether/EA = 3:1, v/v) to afford 9 as a white solid in 22% yield (12 mg).

'H NMR (400 MHz, CD,Cl,) 6 8.34 (s, 1H), 7.72 — 7.63 (m, 2H), 7.58 (d, J=7.6, 1H),
7.50 (d, J=4.0, 3H), 7.44 (d, J=7.2, 1H), 7.41 — 7.36 (m, 1H), 7.33 — 7.20 (m, 15H), 6.12
(s, 1H), 3.48 (s, 3H) ppm.

13C NMR (101 MHz, CD,ClL,) 6 167.5, 145.7, 143.7, 143.3, 142.6, 142.5, 138.5, 132.2,
131.9, 129.4, 129.0, 128.9, 128.8, 128.7, 128.5, 128.3, 127.6, 123.4, 122.5, 121.1, 120.3,
119.3,111.0, 109.1, 90.7, 89.6, 31.4 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C3sHy9N,O, 545.2224; Found: 545.2229.
IR (KBr, cm™) 3401, 3209, 3012, 1705, 1512, 1438, 1153, 891.

M.P. 319-321 °C.
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6. Experimental Procedures for the Transformation of 3s to 8

To the solution of 3s (65.6 mg, 0.1 mmol) in 1,4-dioxane (3 mL) was added Pd(PPh;),
(11.6 mg, 0.01 mmol), (4-methoxyphenyl)boronic acid (20 mg, 0.11 mmol) and
K3P04(42.5 mg, 0.2 mmol). Then, the reaction mixture was stirred at 95 °C for 24 hours
under N, atmosphere. After the completion of the reaction which was indicated by TLC,
water (5 mL) was added to the mixture and the aqueous layer was extracted with EtOAc (3
x 10 mL). The combined organic layers were dried over anhydrous Na,SO, and
concentrated under reduced pressure. Finally,the residue was purified by preparative thin
layer chromatography (petroleum ether/ethyl acetate =2:1) on silica gel to afford pure
product 8.

(HO),B OMe

Me
Pd(PPhs)s, K3PO4

1,4-Dioxane, 95 °C, 24 h

3s 8
91% ee 63% vyield, 91% ee

(S)-7'-(3,5-dimethoxyphenyl)-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3.,4-b]indol]-3-one (8)

The resultant residue was purified by flash silicagel column chromatography (eluent: pure

DCM) to afford 8 as a white solid in 63% yield (42 mg) with 91% ee.

IH NMR (400 MHz, CD,Cl,) § 8.09 (s, 1H), 7.78 (t, J=7.3, 2H), 7.71 (t, J=7.5, 1H), 7.58
(t, J=7.6, 1H), 7.47 — 7.41 (m, 4H), 7.38 — 7.23 (m, 13H), 6.95 (s, 1H), 6.82 (s, 1H), 6.48
(d, J=2.2, 2H), 6.35 (t, 1=2.1, 1H), 6.29 (s, 1H), 3.74 (s, 6H) ppm.

13C NMR (101 MHz, CD,Cl,) 6 169.5, 161.5, 150.0, 145.5, 144.4, 144.3, 143.4, 142.9,
138.9, 135.3, 134.7, 133.7, 130.9, 130.2, 129.2, 129.1, 129.00, 128.97, 128.7, 128.6, 128.3,
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128.2,128.0,127.2,126.1,123.9,123.7,123.5,120.1, 115.0, 112.7, 105.5, 99.4, 89.1, 83.7,
55.8 ppm.

HRMS (ESI-TOF) m/z: [M + H]* Calcd for C4sH35sN,04 667.2591; Found: 667.2594.
IR (KBr, cm™) 3403, 3045, 2943, 2821, 1627, 1401, 1341, 1201, 812.
M.P. 332-334 °C. [a]?**p = +87 ° (¢ =1.0, CH,Cl,)

HPLC (OD-H, hexane/isopropyl alcohol = 70/30, flow rate = 1 mL/min, A = 254 nm), tR
= 4.246 min (minor), 5.748 min (major).

8. Scale-up experiment

2-indolymethanols 11 (1.5 mmol), a-(3-isoindolinonyl) propargylic alcohol 2a (1.0 mmol),
chiral phosphoric acid (R)-C1 (10 mol%) and HFIP (1.5 eq) were added to a dried tube
under an air atmosphere. Then, dichlorofluoroethane (10 mL) was added to the reaction
mixture, which was stirred at rt for 72 h. After the completion of the reaction which was
indicated by TLC, the reaction mixture was directly purified by column chromatography

using PE:EA=3:1 as eluent to afford pure products (S)-3z.

0

2 ! Qo
. Arm (R)-C1 (10 mol%) o
A
HO N\ r 1.5eq HFIP
h

Ar= 4-tBuCgH, Dichlorofluoroethane, rt

2a 11 3z
(1 mmol) (1.5 mmol) 78% vyield (501mg), 92% ee

9. HR MS copies of intermediates

To get a mechanistic insight into reaction mechanism, we performed the following control
experiment. To gain insight into the mechanism of mono-cyclization reaction and bis-

cyclization reaction, we monitored the reaction of 2-indolylmethanol with propargylic
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alcohols and tried to isolated some intermediate products. Disappointingly, we failed to
obtain intermediate product. Therefore, we tried to detect the signals of some possible
intermediates via HRMS. After stirring the reaction for 2 hours, we detect a useful signals
via HRMS . The signal at [M+H]+ m/z 232.0758 was possibly due to propargylic N-acyl

imines intermediate.

0O

0
HO 7
R)-C1 (10 mol%
oy th (R ), \
N Ph 70 mol% HFIP \
HO X A Dichlorofluoroethane, rt h
2a

1 2 hours +
a [M+H| m/z 232.0758

(EUNTPTESC ST RV VY]

x10* JCpd 1: C16 H9 N O; 0.161: + FBF Spectrum (rt: 0.153-0.178 min) 10.d Subtract

547

5.2 mg 0
5 5z

467 Y

441

4.2 \
A \

387

3.6 h

a +

:: [M+H]  m/z 232.0758
2.8
267
241
2.2+

18
1.67
1.4
1.2

([C16HONO]+H)+

233.0746

0.8
0.6
0.4
0.2

([C16HINO]+Na)+

254.0579

=]
1

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
222 224 226 228 230 232 234 236 238 240 242 244 246 248 250 252 254 256 258 260 262 264 266 268 270 272 274 276 278 280 282 284 286 288 290

10. X-Ray Structure and Crystal Data of 3¢

Single crystal of 3¢ was obtained from the mixed solution of dichloromethane and

petroleum ether (1:1) maintained at rt for a week. The absolute structure of product 3¢ was
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determined by X-ray diffraction analysis of a single crystal (Bruker APEX-II
CCD' diffractometer). The X-ray data have been deposited at the Cambridge
Crystallographic Data Center (CCDC 2314995). The stereochemistry of other products

was assumed by analogy.

Table 1 Crystal data and structure refinement for 3c.

Identification code mo 231204 RKHO12 Om
Empirical formula C41H34C15IN50O,
Formula weight 784. 50
Temperature/K 170. 00
Crystal system monoclinic
Space group C2

a/A 26. 7116 (11)
b/A 10. 1135 (4)
c/A 16. 0912 (6)
a/° 90

B/e 122. 7760 (10)
Y/ 90
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Volume/A3

Z

P calc8/cm’
u/mmt

F (000)

Crystal size/mm?
Radiation

20 range for data

collection/®

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness—of-fit on F?
Final R indexes [I>=20 (I)]

Final R indexes [all data]

Largest diff. peak/hole / e
A*S

Flack parameter

11. Copies of NMR spectra

'"H NMR (400 MHz, CD,Cl,) of 3a

3654. 9 (3)

4

1. 426

1. 060

1588. 0

0.42 X 0.17 X 0.1

MoKa (A = 0.71073)

4.416 to 55.032

-34 < h < 34, - 13 < k<13 -20 <1

< 20

1127

8380 [Rin = 0.0412, Rgigna = 0. 0285]
8380/4/434

1. 096

R; = 0.0366, wRy = 0.0812

R; = 0.0438, wRy = 0.0852
0. 38/-0. 52

0. 009 (5)
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12. HPLC data

(S)-1',1',5'-triphenyl-1',10'-dihydrospiro|[isoindoline-1,3'-oxepino[3,4-b]indol]-3-one

(3a)
mal
175 -
150
126
100
75|
o
o 4! -] SI 10 1‘2 1‘4 16 1‘3
# Time Area Height Width AreaZ
1 9614 1205.9 422 0.4438 50,330
14,874 1190.1 29.2 0616 49670
E—
4UU—-
300;
200—-
100:
N E
o s 4Il 6' 10 12 1‘4 1‘5 1'8
# Time: Area Heaght ‘width Areat
1 9 365 4315 127 05663 3,930
2 14,554 10543 225.8 0.7051 96.070
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(S)-1',1'-diphenyl-5'-(4-propylphenyl)-1',10'-dihydrospiro[isoindoline-1,3'-

oxepino[3,4-b]indol]-3-one (3b)

500{
100—:

' Time Area Height Wwidth AreaX
1 3.793 VERd 2 1l 0.3758 50,384
2 12826 7ige 4 1856 0.5308 43116

O 400-

200: g
D;M

# Time Area Height Width Area

1 5.896 3549 8.9 059 3111

2 12755 9337.8 2011 08152 9E.339
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(S)-5'-(4-iodophenyl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3¢)

mall
1000; O
SDD; b
BDD—-
400—- é
200—-
ol
o 2‘5 5I 7'5 1ID 12!5 1“5 1?-"5 2ID 22'5 min
i Time Area Height Width AreaZ
1 103537 24349 E31E 05563 A0 476
2 18.934 24380.8 296.8 1.3689 43,524
mal ]
25!]—-
1 o
ZDD—-
150—-
100—: é
s0-
. N P
o 2!5 5' 7‘5 1IU 12'.5 1'5 17" ) 2IU 22‘_5 min
# Time Area Height Width Area¥
1 11.17 3E8E 947 0.E2EZ 5.0
2 20114 £380.9 96 1.2125 94.984
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(S)-5'-(3-bromophenyl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-

oxepino[3.,4-b]indol]-3-one (3d)

Uihﬂ,/;.__/L__m___A
1 Time Area Height Width AreaX
1 7315 35756 1971 0.2728 50.504
2 3.553 3504.3 152 0.3534 43.436
o
f N 2

i Time Area Height Width Area?
1 7.3 164.1 8.5 0.3209 4.530
2 953 3410.5 129 04407 95.410
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(S)-5'-(4-bromophenyl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3e)

L
ann—- g
EUU:
400 —| g
200—-
i}
i a 5 & 10 12 13 15 15 i
# Time Area Height Width AreaX
1 10.245 17151.5 7138 03647 50.030
2 17.016 17030 344 0 EA16 43.910
mall |
D1BD—_
140
’IZU—i
100{
Eh 3
&0 —|
ans)
o g
UL_MWMA‘

i Time Area Height Width AreaX
1 10.439 196.4 91 1.3598 5.871
2 17,509 314583 B9.2 07585 94129

S-7

3

min




(S)-5'-(4-chlorophenyl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3f)

S-74

maLl
a0
300—- 7
200-: g
1UU—-
i}
o 2 4 =] 2 1IU 1'2 ’Ilq 1‘5 1'8 min
# Time Area Height Width Area¥
1 9,742 ER03.3 347 03141 A0.001
2 16.025 ER09.7 167.7 05751 49,999
ma |
o |
25*_
20{
15—: “
10:
5
o @
o z 4 o s 10 12 14 16 12 min
it Time Area Height Width AreaZ
I:] 1 9176 17.2 7.4E-1 0.3847 3,895
2 15,132 4234 122 05787 36,105



(S)-1',1'-diphenyl-5'-(4-(trifluoromethyl)phenyl)-1',10'-dihydrospiro[isoindoline-

1,3'-oxepino|3,4-b]indol]-3-one (3g)

mall |
1500—:
1400
1200—:
1000{ 3
SDD—: [
800 - g
= A
2005
.
] EID 1'0 1'2 1'4 min
it Time Area Height Width AreaX
1 £.799 166538 2475 0.3276 49,955
2 11.59 166839 457 6 05328 a0.045
e
SUU;
GO0 | é
<00 |
200:
o
] 2 a H K 10 12 min
# Time Area Height ‘Wwidth Areak
1 £.809 13506 £9.8 0.3226 B.503
2 11.521 19417.6 5411 .5981 93,497
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(S)-5'-([1,1'-biphenyl]-4-yl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3h)

) |
. / | A

\
/ 4

: N : ) . WO \

L[] 2 4 ] . . ] 10 12
L] Time Area Height Width Areak !

1 6.467 15325.3 536 0.3071 43,790

2 9.223 15454 6 450 05244 50,210

-

250—:
200—: O

150{ m

mu—:

50—_

D:—/f\\M,J\_r\_‘—, &
0 s 10 15 20 25

# Time Area Height Width AreaX

1 14.566 353.3 9:F 0,609 3229

2 22,262 10589.1 156.2 1.1295 96.771
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(S)-1',1'-diphenyl-5'-(thiophen-2-yl)-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3i)

[m]
g
# Time Area Height Width AreaX
1 12,738 1285.8 459 041N 51.433
2 21.246 1211.7 23 0.877 48517
) a
.
054J\-\J.L_/L“,v &
i Time Area Height Width AreaZ
1 11.517 B4.5 28 0.3812 5.209
z 16.43 1173.2 26.3 0.7439 94 791

S-77



(S)-1',1'-diphenyl-5'-(thiophen-3-yl)-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3j))

mall |
80—
50— o
q0- 2
o
o
30—
T
=]
20— kA
10
D_—/\_’_‘J\f\\,___,\__‘_ﬁ_‘_ﬁ_,_
T T T T T T T T |
0 2 4 [ 3 10 12 14 18 min

S-78

i Time Area Height Width AreaZ

1 7993 596 4 332 02706 49 (R4

2 14.104 B04.7 17.7 05697 50,346

mal
a

ﬁD—:

50—:

- :
30{

20—:

10;

D_M__,_.W -

o 2 4 5 e 10 12 1a 15 |

# Time Area Height Width AreaZ

1 2738 309 1.6 0.2915 2584

2 13.767 1164.3 35 0.554 97 416




(S)-5'-(cyclohex-1-en-1-yl)-1',1'-diphenyl-1',10'-dihydrospiro[isoindoline-1,3'-

oxepino[3.,4-b]indol]-3-one (3k)

s—
a
60—
# Time Area Height Width AreaX
1 15,657 13772 26 07032 50,939
2 17.256 1326.4 2ih 0.8031 49,081
-
350 —;j
300—3
200 =
100
o] _LZ\—
it Time Area Height Width Area
1 15.418 B5E.6 16.8 0E513 g.644
T r.om £3337 150.5 D7EEF | 91.356
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(S)-5,6-dimethyl-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-

b]indol]-3-one (31)

350;
200% §
150—3 g
o
# Time Area Height Width AreaX
1 8.584 B04E 7 194.49 0.3981 a0 447
2 14,379 4357 2 11E.2 6404 49 553
Al O
_D 3 5 g 10 1z 14 15 min
i Time Area Height Width AreaX
1 9123 132 7.3 0.4403 3103
2 14.977 5337 135 07403 36,837

S-80



(S)-5,6-dichloro-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino[3,4-

blindol]-3-one (3m)

maLl 4
250—: E
200{
150—:
100—: n
50—:
0—: A
0 2 4 & 10 12 14 15 12 min
# Time Area Height Width AreaX
1 77 47636 2301 03144 49973
2 144 47687 107.4 16375 a0.027
Al
350—:
300—5 o
250—3 N
ZUU—E A
150—:
100%
50—: -
u—fg\\w&; L.JL_
o 2 4 & s 10 12 14 18 12 min
Uy Time Area Height Width AreaZ
1 2.095 290.89 128 0378 2426
2 15111 116374 214.8 0.9077 97.574
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(S)-5,6-dibromo-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3.,4-
blindol]-3-one (3n)

mAl
100{
50—:
a5
i Time Area Height Width Area¥
1 737 4758 219.3 0.3405 h0.083
2 11.228 47422 15258 0.4706 49,917
E—
4UU—_ o
200—- :
100—:
. -
# Time Area Height Width Area¥
1 T2 1736 76 037489 2376
2 11.678 3.3 2054 05302 97 624

S-82




(S)-5,6-difluoro-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-
b]indol]-3-one (30)

Al
EDD—i
400 - ~
SDD{
ZDD{ p
1UU—:
7
0 2 a H g 10 12
# Time Area Height Width Area®
1 4,831 52494 3396 02576 50,400
2 2.056 51662 217.4 (13588 49 600
T
175—5
150—5
125; g
1DD—E
75‘5 o
50;
25—5 o
. S
0 z a 5 e 10 12 14 18 1
i Time Area Height Width AreaZ
10 4,858 121.2 2.8 02296 4164
2 a.04 2789.4 115.49 04M3 95,836

S-83



(S)-7'-(benzyloxy)-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino[3,4-
blindol]-3-one (3p)

mAl
175—?
100—3
U‘i‘—————_nﬁj\_,_._ﬁ_
1] 2‘5 ?!5 1I0 12‘.5 1‘5 17".5 2‘0 min

# Time Area Height Width AreaX

1 11.741 40463 11249 05417 50467

2 16.311 39715 B9.2 08847 49533
200—:

50{
i Time Area Height Width AreaX
1 11.925 404.7 9 0.7455 5.029
2 16.21 V429 1145 11123 94,971

S-84



(S)-7'-(tert-butyl)-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3"-oxepino|3,4-
blindol]-3-one (3q)

mALl
SDD: o
BDD—-
400 —| A
ZUU—-
o
o 1IU 1'2 1'4 min
B Time Area Height Width Area®
1 7. 16320.8 033 03633 50150
2 11.788 16223.3 4367 0.5645 49.850
-
1?5—5
| o
150—_
125—5 =
1UU—E A
?5;
50—5
25—3 5
D—f_'_;‘—ﬂjk—/v""—-—-—\_Ap—o—’L
0 10 12 14 r'rinI
i Time Area Height Width Area% !
1 7587 191.9 /B 0.4203 4.385
2 11.761 4184.4 104.3 0 EESE 95.615
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(S)-9'-methyl-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino[3,4-
blindol]-3-one (3r)

mal
1400 —
1200—:
1EIUU—: E
g00-| %
EUU:
400
200—-
0 .
o 2 a s s 10 12 14 16
it Time Area Height Wwidth AreaX
1 11.721 AH96 86E.3 15674 50,320
2 15.543 A0920.7 E35.5 06206 493,680
i
250—:
200- 2
150:
] o

50

o
L
11.883

0 2 4 s & 10 12 14 15 12
# Time Area Height Width AreaX
1 11.883 4.8 93 05612 4,237
2 15785 71158 167 5 0.708 95 763

S-86




(S)-7'-iodo-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-

b]indol]-3-one (3s)
800{
BDD{ g
L 4 5 L L i & A i i =
#t Time Area Height Width AreaZ
1 3.276 297242 12885 0.339 B0.852
2 15.062 287281 4607 0.87m 49148
"

120 —|

100 —|

20—

B0 —|

14.552

Time Area Height Width AreaX
1 7893 13348 g2 03614 4 572
2 14.552 27921 64,8 07174 95 428
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(S)-7'-bromo-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-

b]indol]-3-one (3t)

ma
256;
ZUU—:
150—: E
100- g
50{
N
] 4 5 H 10 12 min
it Time Area Height Width Area¥
1 B.75 2208 144.4 02343 B0.277
2 11.343 22628 77 04446 49723
mal
1?5-5
150—5
125—5
100%
75— 2
4 o =)
50—:
25— 5
5
o 2 a 8 o 10 e
i Time Area Height Width AreaX
1 £.357 121.2 8.2 0.2473 E.816
2 105 1E57 & h9.4 04215 93184

S-88



(S)-8'-bromo-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|[3,4-
blindol]-3-one (3u)

2.591

11.0861

b4 4 10 42 min
it Time Area Height wWidth AreaX
1 9,541 501E.9 197 B .3806 49,648
2 11.061 A0aa 1689 04535 50,352
mall
140
120{
1DD—i
20| §
BD{
a0
ZD—- -
. P :
a a 8 10 12 min
# Time Area Height Wwidth AreaX
1 9,233 101.7 3.8 0.4457 4.719
2 10,76 20527 E7.8 05047 95,281

S-89




(S)-7'-chloro-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-

blindol]-3-one (3v)

mal | ]
500{
o
# Time Area Height Width AreaX
s 5.499 579094 32064 02755 49.653
2 8.03 h8718.9 1936.2 04441 50.347
-
250{
200—:
150—:
-] o A
SD_, E
i Time Area Height Width AreaX
1 564 141.2 11.4 (. 2065 a.411
2 8316 1537 9 748 0.3099 91.589

S-90



(S)-7'-fluoro-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-
blindol]-3-one (3w)

i 2
0-| —
# Time Area Height Width Area®
1 10.209 11621 3318 0.5324 B0.028
2 13148 11649 293.2 0.5625 49972
_' m}
150—: g
i#t “Time Area Height Width Area
1 10.527 123 4.4 04647 2584
2 13.249 46374 119.8 06453 97.416

S-91



(S)-1',1'-bis(3-methoxyphenyl)-5'-phenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3x)

400 —|
200
200

100 —|

15107

21954

PaY

# Time Area Height Width Area

1 15107 145033 2739 07523 a0.816

2 21.954 14037 6 1767 1.1883 49184

-
125-
[m]

100- 0
25% §

# Time Area Height Width AreaX

1 15,352 a09.4 78 1.0861 7254

2 21.935 E513.5 an 1.2563 92 746

S-92




(S)-5'-phenyl-1',1'-di-p-tolyl-1',10'-dihydrospiro[isoindoline-1,3'-oxepino|3,4-

blindol]-3-one (3y)

S-93

S
L;UUU—-
:
SDDD;
2000—- %
1000—-
g
0 4 5 e 10 12 14 15 4 min
i Time Area Height Width Area
1 9.489 879765 32992 0.2868 B0.064
2 14.309 a77a0a 1747.3 07548 49936
maLl
1000&
BUU—-
ann—- i
400
200 -
] K4
o A
o 4 5 z 10 12 1a 15 imin
i Time Area Height Width AreaZ
9745 17561 A5 .5E8 5 360
2 14606 100549 598.6 08632 94,640



(S)-1',1'-bis(4-(tert-butyl)phenyl)-5'-phenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (3z)

176-
150—5
125
100—3
75—
50—

25|

1z.459

15.640

# Time Area Height Width AreaX
1 12 469 37408 955 05849 49834
2 15.64 A7ERT 798 07861 50.1EE
i Time Area Height Width AreaZ
1 12561 32184 78 07265 97779
2 16016 FER 1.7 07344 2221

S-94



(S)-1',1'-bis(4-chlorophenyl)-5'-phenyl-1',10'

oxepino[3,4-b]lindol]-3-one (3aa)

-dihydrospiro[isoindoline-1,3'-

el
o 2 4 5 8 10 12 in
i Time Area Height Width AreaZ
1 7214 43769 2873 0.2302 43 587
2 9.411 44439 1823 03662 50.413
-
180-
190-
76- .
26- .
0 ; : : . ‘g : :
o 2 2 s s 10 1z i
i Time Area Height Width Areak
1 2073 FE.3 37 02362 4741
2 10711 1316.7 48.5 0.4057 55.209
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(S)-1',1'-bis(4-fluorophenyl)-5'-phenyl-1',10'-dihydrospiro[isoindoline-1,3'-

oxepino[3,4-b]lindol]-3-one (3ab)

mall
400 —|
:
3EIU—- w
200:
1DD;
o
o a H o 10 12 i
i Time Area Height Width AreaX
1 [xT E343 3215 0.3308 a0.183
2 10.425 62955 234.2 0.43E66 49,811
mal |
350—:
SUU—f
250—3 g
200%
150—:
100—5
.
- .
o 2 4 8 e 10 12 i
it Time Area Height Width AreaZ
1 7 ERY 3402 121 0.4691 4.410
2 10645 73743 2174 0 5652 95590
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(S)-7'-(3,5-dimethoxyphenyl)-1',1',5'-triphenyl-1',10'-dihydrospiro[isoindoline-1,3'-
oxepino[3,4-b]indol]-3-one (8)

ALl
80—
60—
i
g
20— S
o
0 2 5 5 7 8 H i
# Time Area Height Width AreaX
1 424 4525 28.1 02477 49947
2 5,655 4534 105 [.EG73 50,053
i
250{
ZDD—i
150—:
100—: E
50—:
g
= - o+
0 s 4 s 5 7 i
# Time Area Height Width Area®
1 4. 246 138.9 a5 02732 4337
2 5.748 628 761 06707 95,663
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