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1 General information

Method:

Unless otherwise stated, all reactions were magnetically stirred and were performed in standard,
dry glassware, under a nitrogen atmosphere, applying standard Schlenk techniques. The reactions
for preparation of 4a-4bb were performed under air in vessels and sealed with Teflon caps, heating
carried out with a metal bath. Cooling baths were prepared in Dewar vessels, filled with ice/water
(0 °C) or dry ice/acetone (—78 °C). Reported concentrations refer to solution volumes at room
temperature. Solvents and liquid reagents, as well as solutions of solid or liquid reagents were
added via syringes, stainless steel or polyethylene cannulas through rubber septa or through a weak
argon counter-flow. Solid reagents were added through a weak argon counter-flow. Concentration
of organic solutions under reduced pressure was performed at 38 °C using a rotary evaporator
unless otherwise indicated; the remaining compound was dried in high vacuum at ambient
temperature. All given yields are isolated yields of chromatographically and nuclear magnetic
resonance (NMR) spectroscopically pure materials. Flash chromatography was carried out using
230-400 mesh silica gel and dry-packed columns. Thin layer chromatography was carried out using
Merck TLC Silica gel 60 F254 aluminum sheets. Components were visualized by UV light (A =
254 nm) and stained with phosphomolybdic dip.

Chemicals:

Unless otherwise stated, chemicals were purchased from commercial suppliers (Sigma-Aldrich,
Aaron Chemicals, AK Scientific) and used without further purification. Chiral Brensted acids Al-
A13,' A14-A18,°B1-B18,’ C1-C14,* D1-D4,° E1-E4.° chemicals 9a and 9b,” 18,% 20 ° and 22!°

were prepared following known literature procedures.
Solvent:

Solvents (dichloromethane, diethyl ether, tetrahydrofuran, toluene, benzene) are HPLC grade dried
and degassed with Solvent Purification System (SPS). Other anhydrous solvents (1,4-dioxane,

DMF, ethyl acetate, acetonitrile, methanol and hexane) were purchased from commercial suppliers



and dried over molecular sieves. Deuterated solvents were purchased from Cambridge Isotope

Laboratories and were used as received, unless otherwise described.
Instrumentation:

All nuclear magnetic resonance ('H, 13C, !°F, 3P NMR) spectra were recorded at 298 K on a Bruker
Avance 400dir Ultrashield apparatus in a suitable deuterated solvent. The solvent employed and
respective measuring frequency are indicated for each experiment and were used as internal
standard. Proton nuclear magnetic resonance ('"H NMR) spectra are referenced to the residual
protium resonances of the NMR solvent (CDCls: 7.26 ppm; CD2Cl2: 5.32 ppm; (CD3)2CO: 2.09
ppm) and are referenced to the carbon resonances of the NMR solvent (CDCIl3: 77.16; CD2Cl:
53.84 ppm; (CD3)2CO: 29.85 ppm, 206.25 ppm). Data are represented as follows: chemical shift,
multiplicity (br = broad, s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, sept = septet,
m = multiplet), coupling constants in Hertz (Hz), integration. Mass spectral (MS) data were
obtained by submission to the Mass Spectrometry Facility at UBC Chemistry Department. Optical
rotation was measured using a 1 mL cell with a 0.5 dm path length on a Jasco P-2000 polarimeter
at 589 nm (sodium D line) at room temperature. Chiral Supercritical Fluid Chromatography (SFC)
was performed on Waters ACQUITY UPC2 instrument. Analysis was performed at 35°C, with the
indicated APBR pressure, flow rate, column, solvent system and detector wavelength. In-situ IR

experiments were carried out using a Perkin Elmer FTIR spectrometer.
Abbreviations:

ee = enantiomeric excess, de = diastereomeric excess, rt = room temperature, Me = methyl, Et =
ethyl, Pr = propyl, Bu = butyl, MeOH = methanol, EtOAc = ethyl acetate, equiv. = equivalent,
TLC = thin layer chromatography, min = minutes, h = hours, d = days, THF = tetrahydrofuran,
DCM = dichloromethane, DMF = Dimethylformamide, TBS = tert-butyldimethylsilyl, TMS =
trimethylsilyl, Tf = SO.CF3;, MOM = methoxymethyl.
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3 Computational details

All calculations were performed using the Gaussian 16 (revision C.01).!!

For calculating the thermodynamics of the uncatalyzed process, bis-indoles, indole, acetone, and
water were computed using the ®B97XD density functional,!? and split-valence polarized 6-

31G(d,p) basis set.'?

Calculations for the catalyst-product complexes involving substrate 4a and catalyst D4 were
performed using the ®B97XD density functional and the split-valence polarized 6-31G(d) basis
set. The free energy corrections were calculated using Grimme’s quasiharmonic treatment'* with
GoodVibes 5. Energies in solution were obtained from structures optimized in the gas phase
through single-point calculations using ®B97XD/6-311G(d,p) with the polarizable continuum
model (IEFPCM) in THF. These values were used to correct the Gibbs free energy derived from
the gas-phase calculations. Conformational searches were performed with Macromodel version
11.7 '® and the OPLS3 force field.!” Structures were generated using the mixed torsional/Low-

mode sampling method.

For quantum chemical calculations of bisphosphine-PdCl, complexes, all geometries of the
stationary points were obtained via unconstrained optimizations using the ®B97XD density
functional. '2 The SDD basis set was used for the Pd atoms, while 6-31G(d,p) was used on all other
atoms. NBO version 3.1 was applied to obtain the natural atomic charge information using the

same level of theory.

All relevant cartesian coordinates and energies for these structures are provided.



Structures relevant to the uncatalyzed process

Acetone
®B97XD/6-31G(d,p) Free Energy = -193.044483
Number of Imaginary Frequencies = 0

H:0
®B97XD/6-31G(d,p) Free Energy = -76.393685
Number of Imaginary Frequencies = 0

Indole
®B97XD/6-31G(d,p) Free Energy = -363.603616
Number of Imaginary Frequencies = 0

Bis-indole 2a
®B97XD/6-31G(d,p) Free Energy = -843.858352
Number of Imaginary Frequencies = 0

Bis-indole 3a
®wB97XD/6-31G(d,p) Free Energy =-960.507841
Number of Imaginary Frequencies = 0

Bis-indole 4a

®B97XD/6-31G(d,p) Free Energy =-1077.155185
Number of Imaginary Frequencies = 0

The lowest energy structure that led to major enantiomeric product (R) (GS-R)

®B97XD/6-31G(d) Energy = -8986.740561



®B97XD/6-31G(d) Quasiharmonic Free Energy = -8985.534739
IEFPCM(THF)-0B97XD/6-311G(d,p) Energy = -8988.791556
IEFPCM(THF)-0B97XD/6-31G(d) Derived free energy in solution = -8987.585735
Number of Imaginary Frequencies = 0

The lowest energy structure that led to minor enantiomeric product (S) (GS-S)

®B97XD/6-31G(d) Energy = -8986.731999

®B97XD/6-31G(d) Quasiharmonic Free Energy = -8985.529027
IEFPCM(THF)-0B97XD/6-311G(d,p) Energy = -8988.784103
IEFPCM(THF)-oB97XD/6-31G(d) Derived free energy in solution = -8987.581131
Number of Imaginary Frequencies = 0

BINAP-PdCl,

®B97XD/6-31G(d,p)-SDD(Pd) Energy = -3426.550954
®B97XD/6-31G(d,p)-SDD(Pd) Free Energy =-3425.990482



Number of Imaginary Frequencies = 0

SDP-PdACl:

®B97XD/6-31G(d,p)-SDD(Pd) Energy = -3313.472581
®B97XD/6-31G(d,p)-SDD(Pd) Free Energy = -3312.902464
Number of Imaginary Frequencies = 0

SIDP-PdCl;

®B97XD /6-31G(d,p)-SDD(Pd) Energy = -3733.751325
®B97XD /6-31G(d,p) )-SDD(Pd) Free Energy =-3733.018886
Number of Imaginary Frequencies = 0



Distortion-interaction analysis

Both ground state structures exhibit similar interactions, including an intramolecular hydrogen
bond between the OH and the SO>CF3 group, a hydrogen bond between the SPINDOLE and the
SO>CF3 group, and stacking interactions between the product and the aromatic group of the
catalyst. Notably, the lowest-energy complex reveals an additional hydrogen bond between a
fluorine atom on one of the aromatic groups and the N-H group on the product. The reasons for
the energy differences between GS-R and GS-S were further investigated using distortion-
interaction analysis. These confirmed that stronger attractive interactions in GS-R compared to

GS-S contribute to the stabilization of this structure.

Basically, the equation AAE* = AAEin — AARdisoricat — AAEdisiorpat allows the relative energy
difference between the two GS complexes to be understood partially on the basis of the energy
required to distort the structures of the catalyst and product to the GS geometry. The energy
required for this process is usually positive but the interactions between the catalyst and product,
appearing as AAEi in the equation, offsets this energetically costly distortion process, shown as
the AAEdiswor term. AAE? corresponds to the difference in IEFPCM(THF)-0B97XD/6-311G(d,p)
energy between GS-R and GS-S. To determine the differences in catalyst and product distortion
energies the catalyst and product portions of the two GS are separated and a single point energy
taken in the solution-phase at the ®B97XD/6-311G(d,p) level. The differences in energy of the
distorted catalysts and substrates in GS-R and GS-S correspond to AAEdistortccat and AAEuistortpat.

This information can then be used to calculate AAEin:.

As part of this we determined that

Distorted product GS-R
IEFPCM(THF)-0wB97XD/6-311G(d,p) energy =-1077.769063

Distorted catalyst GS-R
IEFPCM(THF)-0B97XD/6-311G(d,p) energy = -7910.942235

Distorted product GS-S
IEFPCM(THF)-0B97XD/6-311G(d,p) energy =-1077.768699

Distorted catalyst GS-S
IEFPCM(THF)-0©B97XD/6-311G(d,p) energy =-7910.945802
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4 Reaction Optimization

4.1 General procedure for the optimization of the enantioselective synthesis of 4a with cat A-
E

A 4 mL vessel was charged with 0.5 mL of toluene, 1a (11.7 mg, 0.1 mmol, 1.0 equiv.), acetone
(29 mg, 0.5 mmol, 5.0 equiv.), and the stated amount of catalyst. The vessel was sealed and stirred
at the specified temperature for 3 days. The reaction mixture was then directly subjected to silica

gel column chromatography (petroleum ether:AcOEt = 20:1) to afford compound 4a.

H /
N 0 _CatA (10mol%) HN .
X NH
¥
(Di/) )l\ Toluene
80 °C, 3 days
1a

2a

R=
CF3
9! o o
X CFs X x %
A1 A2 A3 A4
4a: 56% yield, 25% ee  4a: 30% yield, 10% ee  4a: 23% yield, 4% ee 4a: 34% yield, 6% ee
A5 A6 A7 A8 A9 A10
4a: 26% yield, 0% ee 4a: 21% yield, 15% ee 4a: 29% yield, 56% ee 4a: 20% yield, 21% ee  4a:15% yield, 22% ee 4a: 17% vyield, 0% ee
£F F CFs
JCO ; 5
kS ' F * F > CFs *
F F F
A1 A12 A13 A14 A15 A16
4a: 28% yield, 27% ee  4a: 61% yield, 6% ee 4a: 66% vyield, 10% ee 4a: 42% yield, 20% ee 4a: 23% yield, 25% ee  4a: 21% yield, 38% ee
A17 A18
4a: 21% yield, 25% ee 4a: 35% yield, 39% ee

Figure S1: The optimization of the enantioselective synthesis of 4a with cat. A.



N Q CatB (2.5 mol%)
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DY C L0 e
H i ks CF3 %
: R : B1 B2 . B3 B4
: OO : 88% yield, 10% ee 83% yield, 5% ee 85% yield, 8% ee 81% yield, 15% ee
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86% yield, 10% ee 85% yield, 5% ee 90% yield, 6% ee 72% yield, 0% ee

Figure S2: The optimization of the enantioselective synthesis of 4a with cat. B.

H

N )Ol\ cat. € (2.5 mol%)

/ + —_—
Toluene,

60 °C, 3 days
1a
R= CF3 Ph
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: R R : * CFs
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92% vyield, 14% ee 88% yield, 5% ee 86% yield, 10% ee 86% yield, 0% ee 92% yield, 0% ee 90% yield, 12% ee

O CO 0.0

Figure S3: The optimization of the enantioselective synthesis of 4a with cat. C.
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H NH HN
@EN/) . )?\ cat. D (2.5 mol%) O / O

Toluene,
60 °C, 3 days
1a 4a
-------------- CatD Tmmmmmmmeeeen
F F
! . O
-
NHTf é/ O }'7- }L F
F F
D2 D3 D4
o 75% yleld 0% ee 80% yield, 3% ee 80% yield, 0% ee 94% yield, 90% ee

Figure S4: The optimization of the enantioselective synthesis of 4a with cat. D.

N 0
cat. E (5 mol%)
CE/) * )J\ >
Toluene,

60 °C, 3 days
1a

e CatE  ------m-------eg
: F F
E O )\/©\ F F
: & o @\ % % * G C F
. O F F
: E2 E3 E4

; 87% yleld 0% ee 55% yield, 0% ee 50% yield, 7% ee 90% yield, 80% ee

Figure SS5: The optimization of the enantioselective synthesis of 4a with cat. E.

4.2 General procedure for the optimization of solvent for the enantioselective synthesis of 4a

with cat D4

A 4 mL vessel was charged with 0.5 mL of solvent, 1 (11.7 mg, 0.1 mmol, 1.0 equiv.), acetone (29
mg, 0.5 mmol, 5.0 equiv.), and catalyst (R,R) -D4 (4.5 mg, 0.0025 mmol, 2.5 mol%). The vessel
was sealed and stirred at 60 °C for 3—5 days. The reaction mixture was then directly subjected to
silica gel column chromatography (petroleum ether: AcOEt = 20:1) to afford compound 4a. Note:

we swapped enantiomers at some point in the optimization process because of availability.
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Table S1: the optimization of solvent for the enantioselective synthesis of 4a with cat D4

______________ CotDA  mmemmmemmenns
80°C, 35 days CyoF7 CyoF7
1a s
Entry solvent Time/day Yield(%) ee(%)
1 toluene 3 94 90
2 benzene 3 94 90
3 THF 5 86 95
4 1,4-dioxane 5 62 93
5 MeCN 5 67 88
6 DCE 3 95 88
7 PhCF3 3 81 79
8 c-Hexane 3 79 70
9 CHCI3 5 77 21

12



4.3 General procedure for synthesis of rac-4a-4bb

H
XN N (0] NHTf, (2.5 mol%L
RT / + )]\ >
= Toluene

60 °C, 1-4 days

1a-1bb rac-4a-4bb

A 4 mL was charged with 0.5 mL of toluene, 1 (0.1 mmol, 1.0 equiv.), acetone (29 mg, 0.5 mmol,
5.0 equiv.), and TH-NH (0.25 mL, 0.0025 mmol, 2.5 mol%, 0.01 M solution in toluene). The vessel
was sealed and stirred at 60 °C for 14 days. The reaction mixture was then directly subjected to
silica gel column chromatography (petroleum ether: AcOEt = 20:1 to 5:1) to afford compound rac-

4a-4bb.

4.4 General procedure for enantioselective reactions

H
XN acetone (5.0 eq)
R (I/) iIDP D4 (2.5 mol%)
=
Toluene or THF,

60-100 °C, 3-7 days

1a-1bb

Ha A

___________________________________________

A 4 mL was charged with 1.0 mL of toluene or THF, 1a-1bb (0.2 mmol, 1.0 eq), acetone (58.0 mg,
1.0 mmol, 5.0 eq), and iIDP D4 (9.1 mg, 0.005 mmol, 2.5 mol%) were added. The vessel was
sealed and stirred at 60 °C to 100 °C for 4-7 days. The reaction mixture was then subjected to silica

gel column chromatography (Petroleum ether: AcOEt = 20:1 to 5:1) to afford compound 4a-4bb.
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5 Gram scale synthesis of R-4a and utility

5.1 General procedure for enantioselective gram scale synthesis of R-4a

A 200 mL heavy-wall flask was charged with 100 mL of toluene, 1 (4.68 g, 40 mmol, 1.0 eq),
acetone (11.62 g, 7.41 mL, 200 mmol, 5.0 eq), and iIDP D4 (1.819 g, 1 mmol, 2.5 mol%). The
flask was sealed and stirred at 60 °C for 5 days. The solvents were removed and the reaction
mixture was then subjected to silica gel column chromatography (Petroleum ether: AcOEt = 10:1)
to afford compound 4a (5.94 g, 84% yield, 90 % ee). The reaction also was performed with THF
as solvent at 60 °C in 10 mmol (1.17 g) scale, 1.08 g (61% yield) of 4a was obtained with 95% ee
after 8 days’ stirring.

5.2 Recrystallization of R-2a and S-4a

5.94 g of R-4a (90% ee) was dissolved in 20 mL of Et,O, followed by the addition of 200 mL of
hexane. The solution was evaporated to approximately 50 mL under reduced pressure, during
which white precipitates formed. The precipitates were collected by filtration and washed with 10

mL of hexane, yielding 5.22 g of R-4a (88% recovery, >99% ee).

S-4a was obtained using S,S-iIDP D4 under the same conditions. 500 mg of S-4a (90% ee) was
dissolved in 4 mL of Et:O, followed by the addition of 20 mL of hexane. The solution was
evaporated to approximately 5 mL under reduced pressure, during which white precipitates
formed. The precipitates were collected by filtration and washed with 1 mL of hexane, yielding

445.0 mg of S-4a (89% recovery, >99% ee).

SFC: (analytical SFC, Trefoil AMY-1 column, MeOH : CO2 = 10 : 90, flow rate 0.6 mL/min,
2000psi, PDA wavelength: 280 nm) tr1=4.15 min ((R)-4a); tro=5.73 min ((S)-4a).

14
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5.3 Synthesis of 6a, 6b, and 6¢

NaH

DMF, rt, 16 h

4a 5a:R=H,X=0
5b:R=H,X=S8
5c:R=CF3, X=S8

In an oven-dried 5 mL flask under N>, NaH (a mixture of 60% sodium hydride (w/w) in mineral
oil, 16 mg, 0.4 mmol, 4 eq) was suspended in 0.5 mL of anhydrous DMF. A solution of 4a (0.1
mmol, 1.0 eq) in 1 mL of dry DMF was added at 0 °C using a dry ice bath, and the mixture was
stirred for 1 hour. Subsequently, 5a, Sb, or 5S¢ (3.0 eq) in 0.5 mL of dry DMF was added dropwise.
The reaction mixture was stirred at room temperature for 16 hours and then quenched with 5 mL
of saturated NaHCOs. The resulting mixture was extracted with ethyl acetate (5 mL x 3). After
removal of the solvent by rotary evaporation, the residue was purified by silica gel flash column

chromatography (PE:EtOAc = 10:1 to 3:1), affording the expected compound 6a, 6b, or 6c¢.
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(R)-1,1,1',1'-tetramethyl-N4,N4'-diphenyl-1H,1'H-3,3'-spirobi[cyclopenta[b]indole]-
4,4'(2H,2'H)-dicarboxamide (6a)

Light yellow solid, m. p.237.0-238.8 °C. 44.4 mg, 89%
yield. [a]p?® = -131.2 (¢ = 0.5, CH2Cl,). SFC: ee >99%
(analytical SFC, Trefoil AMY-1 column, MeOH : CO; =20
: 80, flow rate 0.6 mL/min, 2000psi, PDA wavelength: 280
nm): minor isomer: tr = 2.54 min; major isomer: tr = 3.62
min. '"H NMR (400 MHz, CDCl3) § 8.27 — 8.05 (m, 4H),
7.54 (d, J=17.7 Hz, 2H), 7.43 — 7.35 (m, 2H), 7.28 (t, J =
3.7 Hz, 2H), 7.07 (dd, J = 10.7, 4.7 Hz, 4H), 6.98 (dt, J = 7.0, 2.8 Hz, 6H), 2.84 (d, /= 13.4 Hz,
2H), 2.63 (d, J = 13.4 Hz, 2H), 1.50 (s, 6H), 1.34 (s, 6H). 3C NMR (101 MHz, CDCls) & 149.53,
141.45, 140.40, 136.48, 135.00, 128.79, 124.28, 122.52, 119.35, 119.13, 114.93, 60.13, 53.96,
37.88,29.58, 29.29. IR (neat) 3354, 3057, 2958, 2926, 2864, 1703, 1678, 1600, 1533, 1314, 1443,
1403, 1347, 1310, 1290, 1240, 1178, 1155, 1127, 1078, 881, 743, 687 cm™'. HRMS (ESI) m/z
[M+Na]" (C39H36N402Na), calcd.: 615.2736; found: 615.2728.

(R)-1,1,1',1'-tetramethyl-N4,N4'-diphenyl-1H,1'H-3,3'-spirobi[cyclopenta[b]indole]-
4,4'(2H,2'H)-bis(carbothioamide) (6b)

Light yellow solid, m. p.240.4-241.7 °C. 43.0 mg, 69% yield.
[a]p?® =109.2 (¢ = 0.5, CH2Cl,). SFC: ee >99% (analytical
SFC, Trefoil IH-3 column, MeOH : CO, = 10 : 90, flow rate
0.6 mL/min, 2000psi, PDA wavelength: 280 nm): minor
isomer: tg = 4.58 min; major isomer: tg = 5.39 min. "H NMR
(400 MHz, CDCIl3) 6 10.00 (s, 2H), 7.95 (d, J = 7.6 Hz, 2H),
7.58(d,J=7.0Hz,4H), 7.41 (d,J=7.1 Hz, 2H), 7.31 - 6.97
(m, 10H), 2.83 (d, /= 13.2 Hz, 2H), 2.53 (d, J= 13.3 Hz, 2H), 1.45 (d, J= 7.4 Hz, 12H). 1*C NMR
(101 MHz, CDCl3) 6 175.69, 143.18, 140.73, 137.37, 128.52, 126.26, 124.34, 123.04, 122.07,
121.66, 118.96, 113.40, 60.25, 53.45, 37.63, 29.86, 29.43. IR (neat) cm™'. 3308, 3049, 2953, 2924,
2859, 1598, 1542, 1497, 1443, 1404, 1344, 1322, 1248, 1215, 1170, 1150, 1112, 1066, 1028, 955,
934,901, 738, 687 HRMS (ESI) m/z [M+H]" (C39H37N4S2), calcd.: 625.2460; found: 625.2454.
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(R)-N4,N4'-bis(3,5-bis(trifluoromethyl)  phenyl)-1,1,1',1'-tetramethyl-1H,1'H-3,3'-spirobi
[cyclopenta|b]indole]-4,4'(2H,2'H)-bis(carbothioamide) (6¢)

Yellow solid, m. p.225.2-226.7 °C. 69.0 mg, 77%.
[a]p®® = 51.9 (¢ = 0.5, CH,Cl). SFC: ee >99%
(analytical SFC, Trefoil 1J-3 column, MeCN
(contains 0.05% TFA) : CO2=3: 97, flow rate 0.6
mL/min, 2000psi, PDA wavelength: 280 nm):

CF3

minor isomer: tg = 6.04 min; major isomer: tr =
7.36 min. 'TH NMR (400 MHz, Acetone-Dg) &
11.67 (s, 2H), 8.35 (s, 4H), 7.99 (s, 2H), 7.71 (s, 2H), 7.47 (s, 2H), 7.18 (t,J = 17.9 Hz, 4H), 2.89
(d, J=12.4 Hz, 2H), 2.65 (d, J = 12.9 Hz, 2H), 1.54 (s, 6H), 1.47 (s, 6H). '3*C NMR (101 MHz,
Acetone-Dg) & 177.61, 143.25, 141.26, 139.99, 133.29, 132.19, 131.85, 131.52, 131.19, 127.25,
124.54, 124.25, 123.57, 122.69, 121.83, 119.13, 118.98, 114.16, 78.45, 60.12, 53.77, 37.78. F
NMR (282 MHz, Acetone) 6 114.05. IR (neat) 3300, 2959, 1706, 1546, 1471, 1446, 1380, 1345,
1317, 1304, 1273, 1170, 1129, 1109, 1067,986, 967, 886, 847 cm’!. HRMS (ESI) m/z [M+H]*
(C43H33F12N4S2), caled.: 897.1955; found: 897.1954.

5.4 Synthesis of 7a and 7b

nBuLi,Ar,PCI
_

THF, -78 °C, 1h
rt, 16 h

7a: Ar=Ph
7b: Ar = 3,5-M62-C6H3

In an oven-dried 25 mL flask under N>, 4a (1.0 eq) and 5 mL of dry THF were added, then cooled
to 0 °C using an ice bath. nBuLi (1.6 M in hexanes, 2.2 eq) was added dropwise. The mixture was
stirred at room temperature for 1 hour, and Ar,PCl (2.2 eq) in 2 mL of dry THF was added dropwise
at 0 °C. The mixture was stirred overnight at room temperature and then quenched with 5 mL of

saturated NH4Cl. The reaction mixture was extracted with CH>Cl,. After removal of the solvent
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by rotary evaporation, the residue was purified by silica gel flash column chromatography

(DCM:Petroleum ether = 1:10 to 1:3), affording the desired compounds 7a and 7b as a white solid.

(R)-4,4'-bis(diphenylphosphino)-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-
spirobi[cyclopenta[b]indole] (7a)

The reaction was performed at 0.5 mmol scale and affording the expected
compound 7a as a white solid (317.7 mg, 88% yield). m. p. >300 °C. [a]p*® =
29.0 (¢ = 0.5, CH2Cly). SFC: ee > 99% (ee was determined by the recovered
SPINDOLE 4a from treating 7a with 2.0 eq TBAF in THF at rt.) 'H NMR
(400 MHz, CDCl3) 6 7.59 (d, J = 7.6 Hz, 2H), 7.56 — 7.45 (m, 4H), 7.39 (dd,
J=4.2,2.1 Hz, 6H), 7.08 (dt,J= 7.4, 3.8 Hz, 8H), 7.01 — 6.92 (m, 4H), 6.80
—6.72 (m, 2H), 6.59 (d, J= 8.4 Hz, 2H), 2.88 (d, J = 13.1 Hz, 2H), 2.53 (d, J
=13.1 Hz, 2H), 1.50 (s, 6H), 1.43 (s, 6H). 3C NMR (101 MHz, CDCl3) 6 149.70, 149.49, 144.24,
144.13, 136.26, 136.06, 135.01, 134.87, 131.65, 131.43, 130.97, 130.94, 130.91, 130.54, 130.35,
129.14, 128.55, 128.52, 128.48, 128.06, 127.95, 127.90, 127.01, 120.37, 120.20, 118.45, 116.06,
61.43, 52.31, 38.23, 30.25, 29.28. 3P NMR (121 MHz, CDCls) & 35.25. IR (neat) 3055, 2947,
2925, 2859, 1606, 1586, 1481, 1444, 1433, 1380, 1359, 1279, 1228,1186, 1151, 1121, 1108, 1094,
1021, 963, 945, 742, 692 cm™!. HRMS (ESI) m/z [M+H]" (C49HasN2P>), caled.: 723.3058; found:
723.3048.

(R)-4,4'-bis(bis(3,5-dimethylphenyl)phosphino)-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-
1H,1'H-3,3'-spirobi[cyclopenta[b]indole] (7b)

The reaction was performed at 0.2 mmol scale and affording the expected
compound 7b as a white solid (136.8 mg, 82% yield). m. p. >300 °C. [a]p*® =
39.2 (¢ = 0.5, CH2Cl,). SFC: ee > 99% (analytical SFC, Trefoil AMY-1
column, IPA: CO2 =10 : 90, flow rate 0.6 mL/min, 2000psi, PDA wavelength:
280 nm): major isomer: tr = 1.84 min; minor isomer: tg = 2.13 min. 'TH NMR
(400 MHz, CDCls) 6 7.56 (d, J= 7.7 Hz, 2H), 7.21 (d, J = 8.4 Hz, 4H), 7.05

7b (ddd, J=9.7,5.7, 2.4 Hz, 4H), 6.84 — 6.73 (m, 4H), 6.69 (d, /= 6.4 Hz, 6H),
2.81(d,J=13.0 Hz, 2H), 2.46 (d, J=13.0 Hz, 2H), 2.29 (s, 12H), 1.87 (s, 12H), 1.46 (d, J=11.8
Hz, 12H). BC NMR (101 MHz, CDCl3) 8 149.97, 149.76, 144.35, 144.24, 137.79, 137.71, 137.18,
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137.14, 136.32, 136.12, 135.15, 135.03, 131.15, 130.45, 130.34, 130.10, 129.55, 128.34, 128.15,
126.97, 120.06, 119.77, 118.06, 116.32, 61.03, 52.41, 38.15, 30.25, 29.33, 21.41, 21.31, 21.05.3'P
NMR (121 MHz, CDCIl3) ¢ 37.32. IR (neat) 3024, 2950, 2920, 2859, 1713, 1684, 1600, 1583,
1443, 1358, 1330, 1279, 1228, 1187, 1150, 1122, 1108, 1072, 1020, 964, 845, 741, 691 cm™'.
HRMS (ESI) m/z [M+H]" (Cs7H61N2P2), calcd.: 835.4310; found: 835.4315.

5.5 Synthesis of (R)-4-(diphenylphosphino)-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-
1H,1'H-3,3'-spirobi[cyclopenta[b]indole] (8)

nBuLi, Ph,PCI

THF, -78 °C, 1h
rt, 16 h

In an oven-dried 25 mL flask under N, 4a (177.0 mg, 0.5 mmol, 1.0 eq) and 5 mL of dry THF
were added, then cooled to -78 °C using a dry ice/acetone bath. nBuLi (1.6 M in hexanes, 0.35
mL, 0.55 mmol, 1.1 eq) was added dropwise. The mixture was stirred at -78 °C for 1 hour, then at
room temperature for 30 minutes. PhoPCl1 (121 mg, 0.55 mmol, 1.1 eq) in 1 mL of dry THF was
added dropwise at -78 °C and stirred at this temperature for 1 hour. The mixture was warmed to
room temperature, stirred for 2 hours, and then quenched with 5 mL of saturated NH4Cl. The
reaction mixture was extracted with CH2Cl> (10 mL x 3). After removal of the solvent by rotary
evaporation, the residue was purified by silica gel flash column chromatography (DCM:Petroleum
ether = 1:10 to 1:2), affording the expected compound 8 as a white solid (239.4 mg, 89%
yield).White solid, m. p.212.1-213.9 °C. [a]p?* =-1.1 (¢ = 0.5, CH2Cl»). SFC: ee > 99% (analytical
SFC, Trefoil AMY-1 column, IPA : CO; = 10 : 90, flow rate 0.6 mL/min, 2000psi, PDA
wavelength: 280 nm): minor isomer: tr = 4.48 min; major isomer: tg = 5.17 min. "H NMR (400
MHz, CDCl3) 6 7.69 (dd, J = 8.3, 3.2 Hz, 2H), 7.46 — 7.34 (m, 6H), 7.32 — 7.25 (m, 3H), 7.24 —
7.14 (m, 6H), 6.92 (ddd, J =22.9, 12.1, 4.7 Hz, 2H), 3.46 (dd, J = 13.0, 2.2 Hz, 1H), 2.86 (q, J =
13.1 Hz, 2H), 2.76 (d, J = 13.0 Hz, 1H), 1.69 (dd, J = 19.4, 11.8 Hz, 12H). 3C NMR (101 MHz,
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CDCl3) 6 148.98, 148.79, 145.28, 145.26, 144.30, 144.18, 141.09, 135.74, 135.66, 135.54, 135.52,
132.48, 132.25, 131.10, 131.05, 130.87, 130.68, 129.45, 128.64, 128.52, 128.47, 128.37, 128.30,
127.54, 127.52, 126.57, 126.55, 123.84, 120.85, 120.58, 120.47, 119.31, 118.58, 118.27, 115.70,
111.76, 62.71, 61.72, 61.66, 50.46, 50.42, 39.42, 38.54, 31.03, 31.00, 30.32, 30.12, 28.87. 3P
NMR (121 MHz, CDCl3) 6 37.12. IR (neat) 3362, 3054, 2953, 2940, 2914, 1603, 1563, 1480,
1452, 1433, 1371, 1343, 1326, 1289, 1277, 1227, 1183, 1157, 1103, 1061, 1017, 969, 745, 694 cm
I HRMS (ESI) m/z [M+H]* (C37H36N2P), calcd.: 539.2616; found: 539.2612.

5.6 Synthesis of 10a and 10b

R
+ Cl 5\]3 >
\/40 i) NaH, DMF, rt, 16h
4a 9a:R=H 10a:R=H
9b: R = Et 10b: R = Et

In an oven-dried 5 mL flask under N», NaH (a mixture of 60% sodium hydride (w/w) in mineral
oil, 16 mg, 0.4 mmol, 4 eq) was suspended in 0.5 mL of anhydrous DMF. 4a (0.1 mmol, 1.0 eq)
in 1 mL of dry DMF was added at 0 °C using a dry ice bath, and the mixture was stirred for 1 hour.
Then, 9a or 9b (0.3 mmol, 3.0 eq) in 0.5 mL of dry DMF was added dropwise. The mixture was
stirred at room temperature for 16 hours and quenched with 5 mL of saturated NaHCOs. The
reaction mixture was then extracted with EA (5 mL x 3). After removal of the solvent by rotary
evaporation, the residue was purified by silica gel flash column chromatography (DCM:MeOH =
100:0 to 10:1), affording the expected compounds 10a and 10b as white solids.
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(R)-2,2'-((1,1,1',1'-tetramethyl-1H,1'H-3,3'-spirobi[cyclopenta|b] indol]-4,4'(2H,2'H)-
diyl)bis(methylene)) bis(4,5-dihydrooxazole) (10a)

Light yellow solid, m. p.235.5-236.9 °C. 42.7 mg, 82% yield. [a]p® =
55.9 (¢ = 1.0, CH2Cl,). SFC: ee >99% (analytical SFC, Trefoil AMY-1
column, IPA : CO; = 10 : 90, flow rate 0.6 mL/min, 2000psi, PDA
wavelength: 280 nm): major isomer: tr = 9.24 min; minor isomer: tr =
9.94 min. 'TH NMR (400 MHz, CDCl3) 8 7.62 (dd, J = 6.9, 1.5 Hz, 2H),
7.42 —7.34 (m, 2H), 7.27 — 7.13 (m, 4H), 4.60 (s, 4H), 4.21 — 4.05 (m,
4H), 3.95 -3.67 (m, 4H), 3.08 (d, /= 13.4 Hz, 2H), 2.64 (d, /= 13.4 Hz,
2H), 1.61 (s, 6H), 1.55 (s, 6H). 3C NMR (101 MHz, CDCIs) & 163.49, 143.18, 141.90, 127.55,
123.09, 121.13, 119.59, 118.59, 110.26, 67.79, 61.25, 54.29, 49.05, 40.92, 38.79, 30.94, 29.68. IR
(neat) 3053, 2951, 2931, 2862, 1668, 1456, 1378, 1358, 1301, 1181, 1165, 1114, 1047, 1004, 980,
953,914, 841,793, 739 cm™!. HRMS (ESI) m/z [M+H]" (C33H37N402), calcd.: 521.2917; found:
521.2911.

(4R,4'R)-2,2'-(((R)-1,1,1',1"'-tetramethyl-1H,1'H-3,3'-spirobi [cyclopenta|b]indol] -
4,4'(2H,2'H)-diyl)bis(methylene)) bis(4-ethyl-4,5-dihydrooxazole) (10b)

Light yellow solid, m. p.95.0-96.4 °C. 48.4 mg, 84% yield. [a]p? =
47.7 (¢ = 1.0, CH2Cl»). SFC: de > 99% (analytical SFC, Trefoil CEL-
1 column, MeOH : CO> =5 : 95, flow rate 0.6 mL/min, 2000psi, PDA
wavelength: 220 nm): major isomer: tr = 5.55 min; minor isomer: tr =
5.96 min. 'TH NMR (400 MHz, CDCl3) 6 7.58 (d, J= 6.9 Hz, 2H), 7.43
—7.31 (m, 2H), 7.20 — 7.09 (m, 4H), 4.67 — 4.44 (m, 4H), 4.17 (t, J =

10b 8.9 Hz, 2H), 4.06 — 3.90 (m, 2H), 3.76 (t, J= 7.9 Hz, 2H), 3.05 (d, J =
13.4 Hz, 2H), 2.59 (d, J = 13.4 Hz, 2H), 1.65 — 1.54 (m, 8H), 1.51 (s, 6H), 1.46 — 1.37 (m, 2H),
0.87 (t,J= 7.4 Hz, 6H). 3C NMR (101 MHz, CDCI3) 8 162.36, 143.25, 141.94, 127.53, 123.13,
121.07, 119.58, 118.54, 110.43,72.44, 67.59, 61.10,49.11, 41.10, 38.82, 30.89, 29.79, 28.26, 9.98.
IR (neat) 3053, 2955, 2931, 2862, 1669, 1456, 1376, 1360, 1299, 1187, 1165, 1113, 1044, 970,
842,792, 738 cm™'. HRMS (ESI) m/z [M+H]" (C37H4sN4O>), caled.: 577.3543; found: 577.3538.
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5.7 Synthesis of 11a and 11b

NaCNBH; (10. 0 eq)
HOAc (10.0 eq)

DCM, 0°C, 4 h

11a,R=H
11b, R=Br

A 4 mL vial was charged with 4a or 4d (1.0 eq), NaCNBH; (10.0 eq), and DCM (0.1 M). The
mixture was cooled to 0 °C, and HOAc (10.0 eq) was added dropwise. The reaction mixture was
stirred for 4 hours at this temperature, then quenched with saturated NaHCO3 and extracted with
DCM (15 mL x 3). After removal of the solvent by rotary evaporation, the residue was purified
by silica gel flash column chromatography (DCM:PE = 1:3), affording the expected compounds
11a and 11b.

(3R,3aR,3a'S,8bS,8h'R)-1,1,1',1'-tetramethyl-2,2',3a,3a',4,4',8b,8b'-octahydro -1H,1'H-3,3'-
spirobi[cyclopenta[b]indole] (11a)

The reaction was performed with 1 mmol 4a, 11a was obtained as white solid
(236.1 mg, 66% yield). m. p.141.2-142.7 °C. [a]p®® = -24.7 (¢ = 0.52, CH:CL).
SFC: ee >99% (analytical SFC, Trefoil CEL-1 column, MeOH : CO> =10 : 90, flow
rate 0.6 mL/min, 2000psi, PDA wavelength: 220 nm): major isomer: tr = 4.68 min;
minor isomer: tr = 6.22 min. '"H NMR (400 MHz, CDCl3) & 7.05 (d, J = 7.6 Hz,
4H), 6.68 (dd, J=29.9, 7.5 Hz, 4H), 4.24 (d, /= 7.7 Hz, 2H), 3.42 (d, /= 7.7 Hz,
2H), 1.84 (dd, J = 31.9, 13.6 Hz, 4H), 1.29 (s, 6H), 0.73 (s, 6H). 1*C NMR (101
MHz, CDCl3) 6 150.98, 131.23, 127.46, 125.77,117.91, 108.59, 77.32, 77.00, 76.68, 74.54, 57.99,
57.48,48.76,40.51, 33.58, 29.02. IR (neat) 3403, 3050, 2913, 2858, 1717, 1607, 1483, 1464, 1398,
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1386, 1362, 1326, 1305, 1245, 1184, 1167, 1152, 1047, 1027, 928, 845, 810, 739, 711 cm..
HRMS (ESI) m/z [M+H]" (C25H31N2), caled.: 359.2487; found: 359.2482.

(BR,3aR,3a'S,8bS,8b'R)-7,7'-dibromo-1,1,1',1'-tetramethyl-2,2',3a,3a',4,4',8b,8b'-octahydro-
1H,1'H-3,3'-spirobi[cyclopenta[b]indole (11b)

The reaction was performed at 0.1 mmol of 4d (77% ee), 11b was obtained as light
yellow solid (32.2 mg, 62% yield). m. p.122.2-123.5 °C. [a]p?® = -46.0 (c = 0.45,
CH:CL). SFC: ee = 77% (analytical SFC, Trefoil AMY-1 column, IPA : CO; =20
: 80, flow rate 0.6 mL/min, 2000psi, PDA wavelength: 220 nm): major isomer: tr
= 3.45 min; minor isomer: tg = 4.08 min. 'H NMR (400 MHz, CDCls3) § 7.19 —
7.01 (m, 4H), 6.48 (d, J= 8.0 Hz, 2H), 4.20 (d, /= 7.7 Hz, 2H), 3.35 (d, /= 7.7
Hz, 2H), 1.79 (dd, J = 33.3, 13.6 Hz, 4H), 1.24 (s, 6H), 0.72 (s, 6H). 3C NMR

11b (101 MHz, CDCl3) 6 149.93, 133.51, 130.12, 128.47, 109.91, 109.39, 77.32, 77.00,
76.68, 74.75, 57.90, 57.61, 48.66, 40.60, 33.45, 28.95. IR (neat) 3396, 2954, 2863, 1602, 1477,
1457,1425, 1384, 1363, 1287,1245, 1167, 1120, 1107, 1048, 924, 874, 808, 758, 715 cm™!. HRMS
(ESI) m/z [M+H]" (C25sH29Br2N>), caled.: 515.0697; found: 515.0684.

5.8 Synthesis of (R)-1,1,1',1'-tetramethyl-5,5'-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yD)-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi [cyclopenta[b]indole] (12)

B,Pin, (2.2 eq)

[Ir(cod)(OMe)], (1.5 mol%)
dtbpy (3.0 mol%)

Y

THF, reflux, 24 h

4a

Charge a 4.0 mL vessel with [Ir(cod)(OMe)], (1.98 mg, 1.5 mol%), 4,4'-bis(1,1-di-tert-butyl)-2,2'-
bipyridine (1.01 mg, 3.0 mol%), Bzpinz (56.2 mg, 0.22 mmol, 2.2 equiv.), and dry THF (1.0 mL)
in an Nz-filled glove box. Stir the reaction mixture for 2 minutes at room temperature. Add 4a

(35.4 mg, 0.1 mmol) to the reaction mixture. Seal the vessel and place it into a pre-heated
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aluminum block at 70 °C. Stir the reaction mixture for 24 hours. After cooling to room temperature,
remove the solvent by rotary evaporation. Purify the residue by silica gel flash column
chromatography (petroleum ether:ethyl acetate = 10:1 to 5:1), affording the expected compound
12 as a white solid (40.0 mg, 66% yield). Light yellow solid, m.p. 289.0-290.8 °C. [a]p*® = 134.4
(¢ =1.0, CH2ClL). SFC: ee > 99% (analytical SFC, Trefoil CEL-1 column, MeOH : CO, =20 : 80,
flow rate 0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr = 2.48 min; minor
isomer: tg = 4.36 min. "H NMR (400 MHz, CD>Cl,) § 8.73 (s, 2H), 7.75 (d, J = 7.7 Hz, 2H), 7.56
(d, /J=6.9 Hz, 2H), 7.14 (t, /= 7.3 Hz, 2H), 2.88 (d, J = 13.1 Hz, 2H), 2.68 (d, J = 13.1 Hz, 2H),
1.68 (s, 6H), 1.57 (s, 6H), 1.36 (s, 24H). 13C NMR (101 MHz, CD>Cly) & 146.65, 144.56, 128.20,
127.12, 122.70, 121.88, 118.96, 84.00, 62.38, 49.77, 39.04, 30.50, 30.18, 24.93, 24.68. IR (neat)
3450,2974,2932, 2864, 1588, 1566, 1491, 1453, 1411, 1374, 1345, 1312, 1267, 1213, 1190, 1169,
1130, 1108, 1047, 964, 862, 846, 797 cm’!. HRMS (ESI) m/z [M+H]" (C37H49B2N204), caled.:
607.3878; found: 607.3891.

5.9 Synthesis of [(R)-4,4'-bis(diphenylphosphino)-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-
1H,1'H-3,3'-spirobi[cyclopenta[b]indole]|palladium(IT) chloride (13)

Pd(PhCN),Cl, (1.0 eq)

Benzene, 16 h

In an oven-dried 10 mL flask, diphosphine 7a (13.0 mg, 0.018 mmol, 1.0 equiv.),
bis(benzonitrile)palladium(II) chloride (7.1 mg, 0.018 mmol), and benzene (1.2 mL) were stirred
at room temperature. After 16 hours, the complex was precipitated upon the addition of hexanes
(5 mL) as an orange solid, which was collected by filtration and washed with hexanes. The solid
was redissolved in dichloromethane (DCM), and the volatiles were evaporated in vacuo to yield
complex 13 as an orange solid (14.6 mg, 90% yield). Yellow solid, m.p. > 300 °C. [a]p?*’ = 17.4 (c
= 0.5, CH2Clz). '"H NMR (400 MHz, CDCl3) § 8.25 (dd, J = 12.3, 7.4 Hz, 4H), 7.78 (dd, J= 11.6,
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7.5 Hz, 4H), 7.49 (dt, J = 14.6, 7.1 Hz, 6H), 7.28 (s, 2H), 7.04 (dt, J = 20.9, 7.2 Hz, 8H), 6.82 (t,J
=7.9 Hz, 2H), 6.36 (d, J= 8.4 Hz, 2H), 2.23 (d, /= 12.6 Hz, 2H), 2.07 (d, /= 12.5 Hz, 2H), 1.39
(s, 6H), 1.16 (s, 6H). 3C NMR (101 MHz, CDCl3) & 147.08, 145.80, 139.66, 135.13, 133.30,
132.95, 132.70, 132.36, 132.01, 131.02, 128.48, 128.36, 128.23, 127.05, 122.89, 122.28, 118.42,
117.44, 57.98, 54.98, 36.60, 29.35, 27.93. 3P NMR (121 MHz, CDCl3) & 77.33. IR (neat) 3058,
2953, 2927, 2864, 1585, 1479, 1435, 1361, 1309, 1280, 1240, 1186, 1149, 1093, 1028, 998, 978,
943, 889, 841, 818, 774 cm™!. HRMS (ESI) m/z [M-CI]* (C49H4sN2P,PdCl), calcd.: 863.1703;
found: 863.1705.

5.10 Synthesis of (R)-(1,1,1',1'-tetramethyl-1H,1'H-3,3'-spirobi[cyclopenta[b]indol]-
4,4'(2H,2'H)-diyl)bis(diphenylphosphine oxide) (14)

H,0, (10.0 eq)

DCM, rt, 1 h

A 2 mL vial was charged with 1 mL of DCM, 7a (0.1 mmol, 1.0 equiv.), and 50 pL of H,O, (30%
in water, approximately 0.5 mmol, 5 equiv.). The mixture was stirred for 1 hour at room
temperature. The reaction mixture was then directly subjected onto a silica gel column for
chromatography (petroleum ether:acetate = 5:1) to afford compound 14 (75.4 mg, 99% yield).
White solid, m.p. > 300 °C. [a]p?® = —83.3 (¢ = 1.0, CH,Cl,). SFC: ee > 99% (ee was determined
by the recovered SPINDOLE 4a from treating 14 with 2.0 equiv. TBAF in THF at rt). "H NMR
(400 MHz, CDCl3) & 7.84 (dd, J = 12.4, 7.3 Hz, 4H), 7.66 — 7.42 (m, 12H), 7.34 (t, J = 7.5 Hz,
2H), 7.11 (td, J= 7.7, 3.3 Hz, 4H), 7.01 (t, J = 7.5 Hz, 2H), 6.70 (t, J = 7.8 Hz, 2H), 6.43 (d, J =
8.4 Hz, 2H), 2.78 (d, J = 12.7 Hz, 2H), 2.43 (d, J = 12.7 Hz, 2H), 1.46 (d, J = 6.9 Hz, 12H). 13C
NMR (101 MHz, CDCI3) & 151.06, 151.03, 142.44, 142.39, 133.15, 132.28, 132.23, 132.18,
131.99, 131.96, 131.92, 131.73, 131.57, 131.51, 130.50, 128.48, 128.35, 128.28, 128.15, 126.58,
126.52, 120.85, 120.81, 118.47, 115.09, 60.90, 54.35, 37.45, 30.17, 28.79. 3'P NMR (121 MHz,
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CDCls) 6 25.32. IR (neat) 3190, 2947, 2923, 2859, 1579, 1448, 1437, 1359, 1312, 1284, 1223,
1182,1152,1123, 1105, 1080, 1022, 968, 845, 820, 749, 729, 693 cm™!. HRMS (ESI) m/z [M+H]*
(C49H4sN202P»), caled.: 755.2956; found: 755.2953.

5.11 Synthesis of (R)-N-(3,5-bis(trifluoromethyl)phenyl)-4'-(diphenylphosph ino)-1,1,1',1'-
tetramethyl-2',4'-dihydro-1H,1'H-3,3'-spirobi [cyclo penta[b]indole]-4(2H)-carbothioamide
15)

NaH (2.0eq)
+ S\\C -l
N CFs DMF/THF(1/4), rt, 3 h

In an oven-dried 5 mL flask under N, NaH (a mixture of 60% sodium hydride (w/w) in mineral
oil, 16 mg, 0.4 mmol, 2 equiv.) was suspended in 1 mL of anhydrous DMF/THF (v/v=1/4). 8 (0.2
mmol, 1.0 equiv.) in I mL of anhydrous DMF/THF (v/v = 1/4) was added at 0 °C with an ice bath,
and the mixture was stirred for 0.5 hours. Then, 5¢ (0.4 mmol, 2.0 equiv.) in 0.5 mL of anhydrous
DMF/THF (v/v = 1/4) was added dropwise. The mixture was stirred at room temperature for 3
hours and quenched with 15 mL of saturated NaHCO3. The reaction mixture was then extracted
with ethyl acetate (EA, 5 mL X 3). After removal of solvent by rotary evaporation, the residue was
purified by silica gel flash column chromatography (DCM:petroleum ether = 1:5 to 1:3), affording
the expected compound 15 as a yellow solid (131.1 mg, 81% yield). Yellow solid, m.p. 132.5—
133.8 °C. [a]p?® = 19.6 (¢ = 0.58, CH2Cl,). SFC: ee > 99% (analytical SFC, Trefoil CEL-1 column,
IPA : CO2 =10 : 90, flow rate 0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr
= 4.96 min; minor isomer: tr = 5.42 min. "H NMR (400 MHz, CDCl3) 6 8.61 (d, J= 6.2 Hz, 1H),
8.03 (s, 1H), 7.72 (d, J= 7.1 Hz, 1H), 7.50 (d, J = 8.6 Hz, 3H), 7.45 — 7.23 (m, 13H), 7.07 (dd, J
=6.4,4.2 Hz, 1H), 6.95 (s, 2H), 3.28 (d, /= 13.0 Hz, 1H), 3.09 (d, /= 12.8 Hz, 1H), 2.90 (d, J =
13.1 Hz, 1H), 2.69 (d, J = 13.2 Hz, 1H), 1.70 (s, 3H), 1.64 (s, 3H), 1.57 (s, 3H), 1.32 (s, 3H). 3C
NMR (101 MHz, CDCl3) 6 176.09, 148.25, 148.06, 143.58, 143.46, 142.37, 141.87, 138.51,
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135.24, 135.13, 135.05, 134.40, 134.30, 134.03, 133.78, 131.99, 131.95, 131.37, 131.24, 131.04,
130.70, 130.52, 129.07, 129.03, 128.99, 128.76, 128.71, 126.26, 125.64, 123.91, 123.46, 122.95,
122.58,121.96, 121.47,121.19, 118.93, 118.85, 117.12, 115.70, 61.58, 61.54, 59.99, 52.96, 52.92,
38.56, 37.96, 30.53, 28.44, 27.96. F NMR (282 MHz, CDCl;3) & -62.86. 3P NMR (121 MHz,
CDCl3) 6 40.21. IR (neat) 3333, 3057, 2952, 2923, 1711, 1588, 1527, 1471, 1441, 1381, 1345,
1301, 1275, 1169, 1132, 1090, 1026, 987, 967, 884, 849, 740, 696, 679 cm™!. HRMS (ESI) m/z
[M+H]" (C46H39FsN3PS), calcd.: 810.2506; found: 810.2511.

5.12  Synthesis of (R)-diphenyl(1,1,1',1'-tetramethyl-2',4'-dihydro-1H,1'H-3,3'-spiro
bi[cyclopenta[b]indol]-4(2H)-yl)phosphine oxide (16)

H202 (50 eq)

DCM, rt, 1 h

A 2 mL vial was charged with 1 mL of DCM, 8 (0.1 mmol, 1.0 equiv.), and 50 pL of H,O, (30%
in water, approximately 0.5 mmol, 5 equiv.). The mixture was stirred for 1 hour at room
temperature. The reaction mixture was then directly subjected onto a silica gel column for
chromatography (petroleum ether:acetate = 5:1) to afford compound 16 (55.3 mg, 99% yield).
Light yellow solid, m.p. 230.7-231.7 °C. [a]p?® = 113.7 (¢ = 1.0, CH2CL,). SFC: ee > 99%
(analytical SFC, Trefoil CEL-1 column, MeOH : CO; = 10 : 90, flow rate 0.6 mL/min, 2000psi,
PDA wavelength: 280 nm): minor isomer: tr = 5.33 min; major isomer: tg = 5.88 min. 'TH NMR
(300 MHz, CDCl3) 6 7.72 — 7.40 (m, 8H), 7.30 (dd, J=7.1, 5.1 Hz, 4H), 7.17 (t, J= 7.5 Hz, 1H),
7.10 — 6.97 (m, 2H), 6.88 (dd, J = 10.4, 5.6 Hz, 2H), 6.49 (s, 1H), 6.24 (d, J = 8.6 Hz, 1H), 3.71
(d, /=123 Hz, 1H), 2.66 (q, J = 13.0 Hz, 2H), 2.44 (d, /= 12.3 Hz, 1H), 1.68 (s, 3H), 1.61 — 1.46
(m, 9H). 3C NMR (101 MHz, CDCls) & 147.86, 147.83, 144.86, 143.79, 143.75, 140.95, 136.04,
135.99, 132.97, 132.93, 132.90, 132.38, 132.35, 131.91, 131.80, 131.74, 131.55, 131.45, 131.10,
129.85, 128.96, 128.83, 128.65, 128.52, 127.82, 126.27, 126.21, 123.83, 122.14, 121.40, 120.02,
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118.86, 118.68, 118.34, 114.79, 111.85, 62.54, 59.58, 52.46, 39.16, 37.85, 30.78, 29.78, 29.67,
28.67.3"P NMR (121 MHz, CDCls) 6 23.90. IR (neat) 3645, 3192, 2949, 2922, 2858, 1622, 1588,
1481, 1446, 1437, 1357, 1312, 1212, 1189, 1155, 1125, 1105, 1063, 1026, 973, 747, 729, 693 cm”
. HRMS (ESI) m/z [M+Na]" (C37H3sN2OPNa), calcd.: 577.2385; found: 577.2380.

5.13 Synthesis of (R)-(4'-(diphenylphosphino)-1,1,1',1'-tetramethyl-2',4'-dihydro-1H, 1'H-
3,3'-spirobi[cyclopenta[b]indol]-4(2H)-yl)diphenylphosphine oxide (17)

nBuLi, Ph,PCI

THF, -78 °C, 1h
rt, 16 h

In an oven-dried 5 mL flask under N, 16 (0.1 mmol, 1.0 equiv.) and 1 mL of dry THF were added,
then the mixture was cooled to 0 °C with an ice bath. nBuLi (1.6 M in hexanes, 69 uL, 0.11 mmol,
1.1 equiv.) was added dropwise. The mixture was stirred at 0 °C for 30 minutes, then Ph,PCl (24.2
mg, 0.11 mmol, 1.1 equiv.) in 0.5 mL of dry THF was added dropwise at 0 °C. The mixture was
warmed to room temperature and stirred for 16 hours, then quenched with 2 mL of saturated
NH,4CI. The reaction mixture was then extracted with CH,Cl, (5 mL X 3). After removal of the
solvent by rotary evaporation, the residue was purified by silica gel flash column chromatography
(petroleum ether:acetate = 5:1), affording the expected compound 17 as a white solid (62.7 mg,
85% yield). Light yellow solid, m.p. > 300 °C. [a]p* = -14.8 (¢ = 1.0, CH2Cl,). SFC: ee = 100%
(ee was determined by the recovered SPINDOLE 4a from treating 17 with 2.0 equiv. TBAF in
THF at room temperature). 'TH NMR (300 MHz, CDCl3) 6 7.79 (dd, J = 12.5, 7.9 Hz, 2H), 7.66 —
7.30 (m, 15H), 7.18 — 6.91 (m, 7H), 6.83 (t, /= 7.8 Hz, 1H), 6.66 (t, /= 7.7 Hz, 1H), 6.55 (d, J =
8.3 Hz, 1H), 6.43 (d, J=8.5 Hz, 1H), 2.82 (dd, J = 12.9, 4.1 Hz, 2H), 2.58 (d, J = 13.3 Hz, 1H),
2.33(d,J=12.6 Hz, 1H), 1.57 - 1.41 (m, 9H), 1.34 (s, 3H). ®C NMR (101 MHz, CDCl3) & 152.20,
151.99, 148.91, 143.55, 143.44, 143.19, 143.14, 136.48, 136.29, 135.64, 135.51, 134.30, 132.96,
132.46, 132.43, 132.30, 132.27, 132.11, 132.01, 131.89, 131.67, 131.46, 130.86, 130.69, 128.84,
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128.62, 128.49, 128.41, 128.39, 128.35, 128.26, 127.94, 127.90, 127.86, 127.20, 126.52, 126.46,
121.53,121.05, 119.99, 119.72, 118.61, 118.42, 115.73, 115.06, 61.97, 60.34, 53.37, 53.32, 38.28,
37.52, 30.31, 30.23, 29.07, 28.77. 3'P NMR (121 MHz, CDCl3) & 33.80, 25.37. IR (neat) 3054,
2951, 2924,2857, 1607, 1589, 1446, 1435, 1358, 1308, 1281, 1228, 1186, 1156, 1124, 1107, 1076,
1025, 966, 739, 692 cm™'. HRMS (ESI) m/z [M+H]* (C49H4sN2OP>), calcd.: 739.3007; found:
739.3001.

6 Mechanism studies

6.1 General procedure for collection of intermediate 2a and 3a

HiIDP D4 (2.5 mol%) O O

©/\) acetone (5.0 eq) ] \ O O

—_—_— +

/ HN NH L
THF, 60 °C N

1a 2a 3a, 0% ee

A 20 mL heavy-wall vessel was charged with 5 mL of THF, 1 (117 mg, 1 mmol, 1.0 equiv.), acetone
(290 mg, 5 mmol, 5.0 equiv.), and iIDP D4 (45 mg, 0.025 mmol, 2.5 mol%) were added. The vessel
was sealed and stirred at 60 °C. After the specified time, the solvent of the reaction mixture was
removed and subjected onto a silica gel column for chromatography (petroleum ether:acetate =

10:1) to afford compounds 2a and 3a, respectively.
3,3'-(propane-2,2-diyl)bis(1H-indole) (2a)
O 2a was obtained after 2 hours of stirring, yielding 126.1 mg (92% yield).
"HNMR (400 MHz, CDCls) § 7.71 (s, 2H), 7.54 (d, J = 8.0 Hz, 2H), 7.34
HN NH (d, J=28.1 Hz, 2H), 7.19 (t,J = 7.5 Hz, 2H), 7.08 — 6.93 (m, 4H), 2.02 (s,

6H). 3C NMR (101 MHz, CDCls) § 136.95, 126.19, 125.25, 121.26,
121.16, 120.54, 118.55, 111.06, 34.82, 29.90. The NMR spectroscopic

2a

data are in accordance with those reported. '8
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3-(1H-indol-3-yl)-1,1,3-trimethyl-1,2,3,4-tetrahydrocyclopenta[b]indole (3a)

3a was obtained after 20 hours of stirring, yielding 63.8 mg (41% yield).

[a]p?® = 0.0 (¢ = 0.50, CH2Cl,). SFC: ee= 0% (analytical SFC, Trefoil

O N ) O AMY-1 column, MeOH : CO, = 30 : 70, flow rate 0.6 mL/min, 2000psi,
” PDA wavelength: 280 nm): major isomer: tr = 5.01 min; minor isomer:

tr = 5.83 min. "TH NMR (400 MHz, CDCls3) § 7.81 (s, 1H), 7.61 (s, 1H),
7.37(dd, J=10.9, 7.6 Hz, 2H), 7.32 — 7.19 (m, 4H), 7.15 (d, J= 7.9 Hz,
1H), 7.04 (t, J= 6.2 Hz, 1H), 6.89 (d, J= 2.2 Hz, 1H), 3.08 (d, /= 12.9 Hz, 1H), 2.71 — 2.57 (m,
1H), 1.98 (s, 3H), 1.70 (d, J = 21.5 Hz, 6H). 3C NMR (101 MHz, CDCl3) § 147.35, 140.68,
136.79, 125.88, 125.59, 123.66, 123.48, 121.75, 120.71, 120.45, 120.36, 119.27, 118.32, 111.89,
111.18, 62.58, 42.04, 38.98, 30.62, 30.13, 28.46. The NMR spectroscopic data are in accordance

3a

with those reported. °

6.2 Reactions of intermediates of 2a, 3a under optimal condition

O O O iIDP D4 (2.5 mol%)
or/and >
0\ NH ¢ O THF, 60 °C, 5 days
HN NH H

2a 3a 4a

Scheme S3. Synthesis of 2a using (R, R)-IDPi D4 from intermediates I and 3a

A 4 mL heavy-wall vessel was charged with 0.5 mL of THF, 2a or 3a (0.1 mmol, 1.0 equiv.), with
or without acetone (29 mg, 0.5 mmol, 5.0 equiv.), and iIDP D4 (4.5 mg, 0.0025 mmol, 2.5 mol%)
was added. The vessel was sealed and stirred at 60 °C for 5 days. The reaction mixture was then
directly subjected onto a silica gel column for chromatography (petroleum ether:acetate = 10:1) to

afford compound 4a.
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Table S2: Reaction of intermediates 2a and 3a to afford 4a

Conditions Yield, ee (%)

2a, acetone 88% yield, 96%

3a, acetone 89% yield, 96%
2a, 3a, acetone 85% yield, 96%

6.3 Reaction of intermediates of rac-3f and 2a under optimal condition

OMe
p HN i cat E4 (2.5 mol%)
HN . = acetone (5.0 eq)
+ 4a + 4f
pa—

HN — THF, 60 °C, 24 h

. "0

OMe

rac-3f 2a

(R)-7-methoxy-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3"'-spirobi [cyclopenta|b]

indole]

rac-3f was synthesized as 3a. A 4 mL heavy-wall vessel was

charged with 0.5 mL of THF, rac-3f (0.1 mmol, 1.0 equiv.),

3a (0.1 mmol, 1.0 equiv.), acetone (29 mg, 0.5 mmol, 5.0

dce equiv.), and iIDP D4 (4.5 mg, 0.0025 mmol, 2.5 mol%) was
added. The vessel was sealed and stirred at 60 °C for 5 days. The reaction mixture was then directly
subjected onto a silica gel column for chromatography (petroleum ether:acetate = 10:1) to afford
compound 4cc (22.8 mg, 29% yield). Light yellow solid, m.p. 145.2-147.5 °C. [a]p*® =-79.7 (¢ =
0.55, CH2Clb). SFC: ee = 93% (analytical SFC, Trefoil CEL-1 column, IPA : CO; = 20 : 80, flow
rate 0.6 mL/min, 2000psi, PDA wavelength: 220 nm): major isomer: tr = 4.71 min; minor isomer:

tr = 7.48 min. "H NMR (400 MHz, CD>CL,) § 7.72 (s, 1H), 7.59 (dd, J = 8.9, 5.0 Hz, 2H), 7.26 (d,
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J=5.0Hz, 1H), 7.15 - 7.04 (m, 4H), 6.76 (dd, J = 8.8, 2.3 Hz, 1H), 3.87 (s, 3H), 2.83 (d, /= 13.1
Hz, 2H), 2.67 (dd, J=13.1, 3.8 Hz, 2H), 1.63 (s, 6H), 1.54 (s, 6H). 13C NMR (101 MHz, CD,Cl,)
0 153.57,145.07, 144.00, 140.80, 135.86, 127.17, 126.98, 123.47, 123.11, 120.60, 119.03, 117.91,
111.81, 111.33, 109.92, 100.61, 61.69, 61.63, 55.39, 48.91, 38.74, 38.63, 29.67, 29.63, 29.52,
29.49. IR (neat) 3393, 3326, 2950, 2918, 2863, 1720, 1622, 1582, 1452, 1360, 1291, 1258, 1207,
1156, 1104, 1026, 832, 795, 745 cm™'. HRMS (ESI) m/z [M+H]* (C26H20N20), calcd.: 385.2280;
found: 385.2270.

6.4 Stacked 'H NMR spectra of the process with toluene-D8 as solvent and plot of yields of

2a, 3a and 4a over time

la (11.8 mg, 0.1 mmol, 1.0 eq) in 0.3 mL toluene-D8; iIDP D4 (4.5 mg, 2.5 mol%), acetone 2
(29.0 mg, 0.5 mmol, 5.0 eq) and 1,3,5-Trimethylbenzene (1.05 mg, 6.25x10 mmol) in 0.2 mL
toluene-D8 were mixed in the J-Young NMR tubes. Then the sample was placed inside an NMR

machine, which was preheated to 60 °C and measurements were taken every lh for the next 72 h.
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acetone (5.0 eq)

m {IDP D4 (2.5 mol%) Q O
- .

N

H HN /. NH

toluene-dg \NH *
60°C,72h
1a 2a
4a 4a 4a 4a 4a
Py 1
v

Figure S6: Stacked 'H NMR spectra of the process with toluene-D8 as solvent
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Figure S7: Plot of yields of 2a, 3a, and 4a over time

6.5 KIE study

iIDP D4 (2.5 mol%)

H
N R acetone (5.0 eq)
Y > 3a

toluene-dg, 60 °C, x h

R=H, 90% ee

1 =
a(R=H) ki/Kp = 2.11 +/- 0.02 R =D, 14% ee

2D-1a (R = D)

1a or 2D-1a (11.8 mg, 0.1 mmol, 1.0 eq) in 0.3 mL toluene-dg; iIDP D4 (4.5 mg, 2.5 mol%),
acetone 2 (29.0 mg, 0.5 mmol, 5.0 eq) and 1,3,5-Trimethylbenzene (1.05 mg, 6.25x10 mmol) in
0.2 mL toluene-D8 were mixed in the NMR tubes and heated at 60 °C. Then the sample was placed
inside an NMR machine, which was preheated to 60 °C and measurements were taken every 1h
for the next 72 h. The signal s for desired products 3a started appearing after 3 hours stirring. Each

reaction was repeated three times.
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Figure S8: KIE study

6.6 Exploring the reaction with (R)-SPINDOLE as catalyst

H acetone (5.0 eq)
p (R)-4a (2.5 mol%)
~No

THF, 60 °C, 5 days

1f

A 4 mL reaction vessel was charged with 1.0 mL of THF, 1f (0.2 mmol, 1.0 equiv), acetone (58.0
mg, 1.0 mmol, 5.0 equiv), and (R)-4a (1.8 mg, 0.005 mmol, 2.5 mol%). The vessel was sealed and
the reaction mixture was stirred at 60 °C for 5 days, monitored by TLC. No reaction was observed,

and both (R)-4a and the starting material 1f were recovered unchanged.
6.7 Nonlinear effect studies

The specified ee values of iIDP D4 were made by combining the certain amounts of optically
pure(R,R)- iIDP D4 with optically pure (S,S5)- iIDP D4. Six reactions containing iIDP D4 of
racemic, 20%, 40%, 60%,80%, and 100% ee optical purity were run in parallel.
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acetone (5.0 eq)
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4a
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3 40 37
4 60 59
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Figure S9: Nonlinear effect studies
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7 Application of SPINDOLE-derived catalysts and ligands

7.1 Comparison of structure properties of Pd(II) complexes (full information)

Table S3: Mapping molecular properties of bisphosphine ligands

7a: (SIDP) BINAP SDP

PACLIL]  Natural charge P-P distance ~P-Pd distance T, Biteangle Dihedral angle 3'P NMR
4 9
(Pd") " Q) ©) € (Lppm)
PdCI,[BINAP] -0.191 3.25 225 0.215 92.7 68.4 -14.76
PdCI,[SDP] -0.181 3.36 2.26 0.116 96.0 61.4 -17.6
PdCI,[SIDP] (13) -0.175 3.49 2.27 0.107 100.4 68.1 35.25

* 3IP NMR based on the ligands.
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7.2 General procedure for asymmetric Hydroboration/cyclization of 1,6-enynes synthesis of
(S,E)-3-methyl-4-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methylene)-1-
tosylpyrrolidine (19)

Rh(cod),BF, (1.5 mol%)

el
TS\ NF 7a (3.0 mol%) 1’ T B
\ + HBpin > ° “, o

% DCM, 0°C, 24 h
18

19

A mixture of [Rh(cod),]BF, (1.2 mg, 0.003 mmol, 1.5 mol%) and (R)-7a (4.3 mg, 0.006 mmol,
3.0 mol%) in DCM (1 mL) was stirred under nitrogen at 25 °C for 30 min. HBpin (38.4 mg, 0.3
mmol) was added, and the mixture was stirred at 25 °C for another 20 min. 1,6-enyne 18 (50.0 mg,
0.2 mmol) in 1.0 mL of DCM was then added and stirred at 0 °C for 24 h. The reaction mixture
was concentrated under reduced pressure. The crude product was purified by silica gel column
chromatography using petroleum ether/ethyl acetate (5:1) as the eluent to give 19 (colorless oil,
71.6 mg, 95% yield). [a]p® = -43.9 (¢ = 1.0, CHCI3). SFC: ee = 90% (analytical SFC, Trefoil
AMY-1 column, IPA : CO; =20 : 80, flow rate 0.6 mL/min, 2000psi, PDA wavelength: 220 nm):
minor isomer: tr = 2.77 min; major isomer: tg = 3.41 min. '"H NMR (400 MHz, CDCl3) 6 7.67 (d,
J=28.1Hz, 2H), 7.30 (d, J= 8.0 Hz, 2H), 5.16 (s, 1H), 4.08 (d, /= 15.4 Hz, 1H), 3.55 (d,J=15.4
Hz, 1H), 3.22 (dd, J=13.0, 7.9 Hz, 2H), 3.07 (dd, /= 9.0, 6.4 Hz, 1H), 2.40 (s, 3H), 1.20 (s, 12H),
1.11 (d, /= 7.0 Hz, 3H). BC NMR (101 MHz, CDCl;3) & 165.34, 143.46, 132.12, 129.47, 127.72,
82.90, 77.32, 77.00, 76.68, 55.20, 53.33, 37.61, 24.75, 24.46, 21.35, 20.94. The data is coincided

with the previous literature data.?
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7.3 General procedure for Rh-Catalyzed Asymmetric Hydrogenation to afford (5)-methyl 2-
acetamido-3-phenylpropanoate (21)

Rh(cod)>SbFg (1.0 19
o (cod), 6 ( mol%) o

7b (1.2 mol%)
©/\)‘\O/ H, balloon - ©/\’)LO/
NHAc DCM, rt, 6 h NHAc

20 21

In a nitrogen-filled glove box, Rh(cod)SbFs (1.1 mg, 0.002 mmol, 1.0 mol%), R-7b (2.0 mg,
0.0024 mmol, 1.2 mol%), and substrate 20 (43.8 mg, 0.2 mmol, 1.0 equiv.) were charged into a 10
mL Schlenk tube. The tube was sealed and moved outside of the glove box, followed by the
addition of anhydrous DCM (2.0 mL). After stirring for 30 min at room temperature, the reaction
system was flushed with H, three times and then stirred under an H, balloon for 6 hours at room
temperature. The solution was then concentrated under reduced pressure, and the reaction mixture
was purified by silica gel column chromatography (PE: EtOAc =3:1 to 1:1), affording the expected
compound 21 (44.0 mg, 99% yield) as a light yellow liquid. [a]p*® = 108.5 (¢ = 1.0, CHCI3). SFC:
ee = 99% (analytical SFC, Trefoil AMY-1 column, IPA : COz = 10 : 90, flow rate 0.6 mL/min,
2000psi, PDA wavelength: 220 nm): minor isomer: tr = 2.12 min; major isomer: tr = 2.88 min.
'H NMR (400 MHz, CDCl3) $ 7.28 (ddd, J = 8.2, 7.6, 6.1 Hz, 3H), 7.14 — 7.05 (m, 2H), 5.96 (s,
1H), 4.89 (dt, J= 7.8, 5.8 Hz, 1H), 3.73 (s, 3H), 3.12 (qd, J= 13.9, 5.8 Hz, 2H), 1.98 (s, 3H). 3C
NMR (101 MHz, CDCI3) 6 172.07, 169.55, 135.80, 129.19, 128.54, 127.09, 53.08, 52.27, 37.81,

23.09. The data is coincided with the previous literature data. 2!
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7.4 General procedure for Pd-catalyzed asymmetric allylic alkylation in the presence of

Pd[SIDP]|CI; ligand to afford (R,E)-dimethyl 2-(1,3-diphenylallyl)malonate (23)

[Pd(allyl)Cl], (2.5 mol%)

O O
/k 7b (6 mol%)
0 (0) \O/u\:)l\o/

o O ZnEt, (2.0 eq)
A + > A
~on A
THF,0°C, 24 h
rac-22 23

A 4.0 mL vial was charged with SIDP 7b (5.0 mg, 0.006 mmol, 6 mol%), [Pd(allyl)Cl]: (0.9 mg,
0.0025 mmol, 2.5 mol%), and 0.5 mL of THF under N, followed by the injection of a THF solution
(0.5 mL) of rac-22 (28.2 mg, 0.1 mmol, 1.0 equiv). After stirring for another 10 min, a THF
solution (1.0 mL) of dimethyl malonate (26.4 mg, 0.2 mmol, 2.0 equiv) was added, and the reaction
mixture was cooled to 0 °C. Then, ZnEt, (1.0 M in hexane, 0.2 mL, 0.2 mmol, 2.0 equiv) was
added dropwise. The reaction mixture was then stirred at 0 °C for 48 h. Upon completion, the
reaction mixture was diluted with EtOAc (10 mL), washed with saturated NH,Cl (10 mL) and
brine (10 mL). The solvent was then removed, and the reaction mixture was purified by silica gel
column chromatography (PE: EtOAc = 20:1 to 10:1), affording the expected compound 23 as a
white solid (22.7 mg, 70% yield). Light yellow liquid. [a]p?® = 20.7 (¢ = 1.0, CHCI3). SFC: ee =
91% (analytical SFC, Trefoil AMY-1 column, IPA : CO> =20 : 80, flow rate 0.6 mL/min, 2000psi,
PDA wavelength: 220 nm): major isomer: tg = 1.78 min; minor isomer: tr = 1.99 min. "H NMR
(400 MHz, CDCl3) 6 7.33 — 7.09 (m, 10H), 6.41 (d, /= 15.8 Hz, 1H), 6.26 (dd, J=15.7, 8.6 Hz,
1H), 4.19 (dd, J = 10.7, 8.7 Hz, 1H), 3.88 (d, J = 10.9 Hz, 1H), 3.63 (s, 3H), 3.44 (s, 3H). BC
NMR (101 MHz, CDCl3) 6 168.18, 167.76, 140.12, 136.78, 131.80, 129.06, 128.70, 128.45,
127.84,127.55,127.15,126.36, 57.61, 52.63, 52.45, 49.17. The data is coincided with the previous

literature data.?2
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7.5 General procedure for 15a-Catalyzed asymmetric Michael addition of cinnaldehyde and

N-Me indole to generate (5)-3-(1-methyl-1H-indol-3-yl)-3-phenylpropan-1-ol (26)

1) 11a (5 mol%) O N
Me Y

TFA (10 mol%)

X CHO N DCM/IPA, 0 °C, 48 h
+ / ‘ O OH

2) NaBH,4, MeOH, rt, 10 min
24 25 26

Prepare a mixture of substituted spindoline 11a (1.8 mg, 0.005 mmol, 5 mol%), TFA (1.14 mg,
0.01 mmol, 10 mol%), and 24 (13.2 mg, 0.1 mmol) in a mixture of DCM (1.6 mL) and i-PrOH
(0.4 mL), and stir for 15 min at room temperature. Then, add 1-methylindole 25 (26.2 mg, 0.2
mmol). Stir the reaction mixture at 0 °C for 48 h (monitor by TLC). Afterward, add 2 mL of EtOH,
an excess of NaBH, (19 mg, 0.5 mmol), and stir the resulting solution for 10 min. Quench the
reaction mixture with saturated aqueous NaHCO3;, extract with DCM, and dry over anhydrous
Na,SO,. Evaporate the solvent under vacuum and purify the residue by flash column
chromatography over silica gel (AcOEt/petroleum ether 1:10) to obtain 26 (20.9 mg, 79% yield)
as a light yellow liquid. [a]p?® = 29.1 (¢ = 1.0, CHCls). SFC: ee = 91% (analytical SFC, Trefoil
CEL-1 column, MeOH : CO; = 20 : 80, flow rate 0.6 mL/min, 2000psi, PDA wavelength: 220
nm): minor isomer: tr = 4.40 min; major isomer: tr = 6.89 min. 'H NMR (400 MHz, CDCls) &
7.52 (d, J = 8.0 Hz, 1H), 7.43 — 7.35 (m, 2H), 7.35 — 7.26 (m, 3H), 7.22 (ddd, J = 13.5, 6.2, 1.0
Hz, 2H), 7.12 - 7.02 (m, 1H), 6.93 (s, 1H), 4.42 (t,J= 7.7 Hz, 1H), 3.77 (s, 3H), 3.69 (td, J = 6.4,
3.3 Hz, 2H), 2.49 (dt, J= 13.6, 6.8 Hz, 1H), 2.32 (ddd, J = 13.6, 8.3, 4.2 Hz, 1H). 3C NMR (101
MHz, CDCl3) 6 144.89, 137.18, 128.37, 127.78, 127.24, 126.05, 125.87, 121.56, 119.50, 118.71,
118.13, 109.10, 77.32, 77.00, 76.68, 61.30, 39.12, 38.77, 32.62. The data is coincided with the

previous literature data.?
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8 Unreactive indoles
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Figure S10: Unreactive indoles and analogs



9 Characterization data
(R)-1,1,1',1"'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi [cyclopenta[b]indole]
Light yellow solid, m. p. 249.5-250.4 °C. 30.4 mg, 86% yield.

[a]p?® =-34.3 (¢ = 1.0, CH,Cl»). SFC: ee = 96% (analytical SFC,
Trefoil AMY-1 column, MeOH : CO; = 10 : 90, flow rate 0.6

mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr =
4.04 min; minor isomer: tr = 5.88 min. "H NMR (400 MHz, CDCl3) § 7.64 — 7.57 (m, 2H), 7.53
(s, 2H), 7.25 (dd, /= 6.2, 2.9 Hz, 2H), 7.18 — 7.09 (m, 4H), 2.81 (d, J = 13.1 Hz, 2H), 2.65 (d, J =
13.1 Hz, 2H), 1.62 (s, 6H), 1.53 (s, 6H). 3C NMR (101 MHz, CDCls) § 144.31, 141.05, 127.70,
123.47,121.21, 119.63, 118.47, 111.81, 62.15, 49.28, 39.26, 30.35, 30.32. IR (neat) 3453, 3065,
2975, 2946,2922,2869,1578, 1446, 1369, 1312, 1285, 1250, 1220, 1177, 1149, 1103, 1067, 1009,
963, 923, 749, 731 cm' HRMS (ESI) m/z [M+H]" (CasH27N>), caled.: 355.2174; found:
355.2178.

(R)-7,7'-difluoro-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Light yellow solid, m. p. 187.8-189.7 °C. 30.0 mg, 77% yield.
[a]p?® = -34.6 (c = 0.5, CH,Cly). SFC: ee = 95% (analytical
SFC, Trefoil AMY-1 column, IPA : CO> =15 : 85, flow rate 0.6

mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr
= 1.25 min; minor isomer: tr = 1.73 min. '"H NMR (400 MHz, CD»Cl») 6 7.72 (s, 2H), 7.18 (dt, J
=6.0, 3.3 Hz, 4H), 6.84 (td, J=9.2, 2.5 Hz, 2H), 2.77 (d, /= 13.2 Hz, 2H), 2.62 (d, /= 13.2 Hz,
2H), 1.55 (s, 6H), 1.47 (s, 6H). 3C NMR (101 MHz, CD,Cl») & 158.91, 156.59, 146.40, 137.77,
128.01, 127.96, 123.74, 123.64, 112.36, 112.27, 109.15, 108.89, 103.57, 103.34, 62.00, 49.46,
39.14, 29.97,29.92. F NMR (282 MHz, CD,Cl) § -125.10, -125.12, -125.13, -125.15, -125.17,
-125.18. IR (neat) 3431, 2957, 2923, 2863, 1579, 1481, 1448, 1362, 1287, 1249, 1218, 1193, 1157,
1142, 1106, 1048, 1034, 979, 957, 926, 860, 850, 795, 733 cm! HRMS (ESI) m/z [M+H]"
(CasHasFoN»), caled.: 391.1986; found: 391.1979.
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(R)-7,7'-dichloro-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Light yellow solid, m. p. 267.0-268.9 °C. 30.0 mg, 72% yield.

Cl [a]p® =-25.2 (¢ = 0.5, CH,Cly). SFC: ee = 90% (analytical

SFC, Trefoil AMY-1 column, IPA : CO, = 30 : 70, flow rate

dc 0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major

isomer: tg = 2.28 min; minor isomer: tg = 4.20 min. 'H NMR (400 MHz, CD>Cl,) & 7.77 (s, 2H),

7.51 (d, J=1.8 Hz, 2H), 7.19 (d, J = 8.6 Hz, 2H), 7.04 (dd, J = 8.6, 2.0 Hz, 2H), 2.77 (d, J=13.2

Hz, 2H), 2.62 (d, J = 13.2 Hz, 2H), 1.55 (s, 6H), 1.47 (s, 6H). 13C NMR (101 MHz, CD,Cl,) 8

145.85, 139.60, 127.63, 125.03, 124.46, 121.24,117.94, 112.81, 61.94, 49.39, 39.17, 30.01, 29.96.

IR (neat) 3431, 2951, 2922, 2860, 1574, 1450, 1436, 1380, 1362, 1338, 1286, 1220, 1186, 1124,

1135, 1108, 1064, 1009, 989, 914, 861, 799, 727 cm HRMS (ESI) m/z [M+H]" (C25H25CIoN>),
calcd.:423.1395; found:423.1396.

(R)-7,7'-dibromo-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Light yellow solid, m. p. 232.2-234.0 °C. 34.8 mg, 68% yield.
[a]p?® = -81.1 (¢ = 0.5, CH2Cl,). SFC: ee = 77% (analytical
SFC, Trefoil AMY-1 column, IPA : CO, = 15 : 85, flow rate

4d 0.6 mL/min, 2000psi, PDA wavelength: 300 nm): major
isomer: tr = 5.55 min; minor isomer: tg = 11.28 min. 'H NMR (400 MHz, CD>Cl») & 7.76 (s, 2H),
7.70 —7.62 (m, 2H), 7.23 — 7.11 (m, 4H), 2.76 (d, J = 13.2 Hz, 2H), 2.62 (d, J = 13.2 Hz, 2H), 1.54
(s, 6H), 1.46 (s, 6H). ¥C NMR (101 MHz, CD:Cl») 8 145.66, 139.87, 127.54, 125.12, 123.84,
121.02, 113.28,112.64, 61.93, 49.34, 39.19, 30.03, 29.97. IR (neat) 3431, 2949, 2920, 2858, 1577,
1450, 1434, 1379, 1361, 1337,1286, 1219, 1185, 1135, 1108, 1066, 1052, 1008, 988, 910, 870,
860, 797, 731, 716, 702 cm! HRMS (ESI) m/z [M+H]" (C2sH2sBr:N>), caled.: 511.0384; found:
511.0382.
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(R)-7,7'-diiodo-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Yellow solid, m. p. 155.6-156.9 °C. 42.4 mg, 75% yield. [a]p*®
= 70.1 (¢ = 0.52, CHaCly). SFC: ee = 80% (analytical SFC,
Trefoil AMY-1 column, MeOH : CO, = 20 : 80, flow rate 0.6

mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr
= 16.29 min; minor isomer: tg = 28.14 min. '"H NMR (400 MHz,
CD:Cl2) 6 7.89 (s, 2H), 7.78 (s, 2H), 7.36 (dd, J = 8.5, 1.5 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 2.77
(d, J=13.2 Hz, 2H), 2.63 (d, J = 13.2 Hz, 2H), 1.55 (s, 6H), 1.47 (s, 6H). 3C NMR (101 MHz,
CD:Cly) & 145.18, 140.33, 129.45, 127.31, 127.26, 125.97, 113.84, 82.90, 61.93, 49.23, 39.21,
30.04, 30.00. IR (neat) 3389, 2952, 2923, 2861, 1577, 1450, 1362, 1286, 1245, 1204, 1188, 1169,
1071,944, 862, 809, 791, 724 cm! HRMS (ESI) m/z [M+H]" (C2sH2sI:N»), caled.: 607.0107;
found: 607.0100.

(R)-7,7'-dimethoxy-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi
[cyclopenta [b] indole]

Yellow solid, m. p. 138.9-140.6 °C. 25.9 mg, 63% yield.
[a]p® = -85.1 (¢ = 1.0, CH:Cl). SFC: eec = 90%
(analytical SFC, Trefoil CEL-1 column, MeOH : CO; =
20 : 80, flow rate 0.6 mL/min, 2000psi, PDA wavelength:

280 nm): major isomer: tr = 6.25 min; minor isomer: tr
= 11.59 min. "TH NMR (400 MHz, CD:Cl,) § 7.60 (s, 2H), 7.10 (d, J = 8.8 Hz, 2H), 7.01 (d, J =
2.4 Hz, 2H), 6.71 (dd, J = 8.8, 2.5 Hz, 2H), 3.82 (s, 6H), 2.77 (d, J = 13.1 Hz, 2H), 2.61 (d, J =
13.1 Hz, 2H), 1.57 (s, 6H), 1.49 (s, 6H). 13C NMR (101 MHz, CD,Cl,) 8 154.05, 145.56, 136.35,
127.43, 123.95, 112.30, 110.39, 101.08, 62.15, 55.88, 49.38, 39.11, 30.00, 29.98. IR (neat) 3388,
2953,2861, 1705, 1651, 1583, 1487, 1455, 1439, 1385, 1362, 1293, 1257, 1207, 1178, 1158, 1079,
1031, 987, 852,797, 732, cm™ HRMS (ESI) m/z [M+H]" (C27H31N203), caled.: 415.2386; found:
415.2388.
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(R)-7,7'-diethoxy-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Yellow solid, m. p. 140.0-141.5 °C. 33.2 mg, 75% yield.
[a]p?® =-81.8 (¢ =0.5, CH,Cl,). SFC: ee = 91% (analytical
SFC, Trefoil AMY-1 column, IPA : CO; =20 : 80, flow rate
0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major

isomer: tg = 2.10 min; minor isomer: tr = 2.96 min. 'H
NMR (400 MHz, CD:Cl>) & 7.56 (s, 2H), 7.10 (d, J = 8.8 Hz, 2H), 7.00 (d, J = 2.3 Hz, 2H), 6.71
(dd, J=8.8, 2.5 Hz, 2H), 4.05 (q, J= 7.0 Hz, 4H), 2.76 (d, /= 13.1 Hz, 2H), 2.60 (d, /= 13.1 Hz,
2H), 1.56 (s, 6H), 1.48 (s, 6H), 1.40 (t, J = 7.0 Hz, 6H). 13C NMR (101 MHz, CD,Cl,) 8 153.28,
145.53, 136.38, 127.40, 123.99, 112.23, 110.94, 102.29, 64.32, 62.15, 49.38, 39.10, 30.00, 29.99,
14.97. IR (neat) 3400, 2953, 2922, 2861, 1704, 1622, 1584, 1452, 1392, 1360, 1289, 1199, 1164,
1111, 1044, 989, 933, 853, 795 cm HRMS (ESI) m/z [M-H] (C20H33N20>), caled.: 441.2542;
found: 441.2552.

(R)-7,7'-bis(benzyloxy)-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi
[cyclopenta[b]indole]

Yellow solid, m. p. 105.5-107.6 °C. 45.9 mg, 81% yield.
[a]p® = -40.2 (¢ = 1.0, CH,CL). SFC: ee = 96%
(analytical SFC, Trefoil AMY-1 column, MeOH : CO» =
30 : 70, flow rate 0.6 mL/min, 2000psi, PDA wavelength:
280 nm): minor isomer: tr = 5.04 min; major isomer: tr = 9.49 min. "H NMR (400 MHz, CD,Cl>)
0 7.56 (s, 2H), 7.48 (d,J= 7.2 Hz, 4H), 7.39 (t,J = 7.4 Hz, 4H), 7.33 (d, /= 7.1 Hz, 2H), 7.12 (dd,
J=12.6,5.4 Hz, 4H), 6.80 (dd, J = 8.8, 2.4 Hz, 2H), 5.09 (s, 4H), 2.76 (d, J = 13.1 Hz, 2H), 2.60
(d, J=13.1 Hz, 2H), 1.56 (s, 6H), 1.48 (s, 6H). 3C NMR (101 MHz, CD,Cl,) § 153.11, 145.62,
137.98, 136.56, 128.49, 127.80, 127.71, 127.47, 123.93, 112.28, 111.11, 102.87, 70.99, 62.12,
49.40, 39.09, 30.00, 29.98. IR (neat) 3416, 3032, 2951, 2840, 1698, 1622, 1582, 1450, 1380, 1360,
1288, 1198, 1163, 1100, 1080, 1023, 951, 924, 846, 825, 795, 733, 695 cm' HRMS (ESI) m/z
[M+H]" (C39H39N»02), calcd.: 567.3012; found: 567.3007.
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(R)-1,1,1',1'-tetramethyl-7,7'-diphenyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Light yellow solid, m. p. 165.0-166.7 °C. 45.7 mg, 90% yield.
[a]p?® =-90.3 (¢ = 1.0, CH,Cly). SFC: ee = 95% (analytical
SFC, Trefoil AMY-1 column, IPA : CO, =30 : 70, flow rate
0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major

isomer: tr = 3.15 min; minor isomer: tg = 7.41 min. 'H NMR
(400 MHz, CDCls) § 7.79 (s, 2H), 7.69 (d, J = 7.3 Hz, 4H), 7.62 (s, 2H), 7.49 (t, J = 7.6 Hz, 4H),
739 (ddd, J=18.3, 9.6, 5.1 Hz, 6H), 2.85 (d, /= 13.1 Hz, 2H), 2.69 (d, J= 13.1 Hz, 2H), 1.66 (s,
6H), 1.58 (s, 6H). '3C NMR (101 MHz, CDCl3) § 145.02, 142.65, 140.57, 133.46, 128.64, 128.05,
127.44,126.37, 123.93, 121.11, 117.10, 112.00, 62.14, 49.37, 39.31, 30.38. IR (neat) 3403, 3034,
2954,2924,2863, 1716, 1622, 1600, 1478, 1456, 1387, 1361, 1292, 1265, 1166, 1127, 1076, 1045,
980, 895, 875, 820, 763, 749, 696 cm' HRMS (ESI) m/z [M+H]" (C37H33N), caled.: 507.2800;
found:507.2793.

(R)-7,7'-di-tert-butyl-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi

[cyclopenta[b]indole]

Light yellow solid, m. p. 152.0-153.1 °C. 40.1 mg, 86%
yield. [a]p?® =-103.2 (¢ = 0.5, CH2Cl,). SFC: ee = 94%
(analytical SFC, Trefoil AMY-1 column, IPA : CO; =10 :
90, flow rate 0.6 mL/min, 2000psi, PDA wavelength: 280
nm): minor isomer: tr = 3.30 min; major isomer: tg = 3.91 min. 'H NMR (400 MHz, CD>Cl) §
7.57 (s, 4H), 7.25 - 7.13 (m, 4H), 2.81 (d, J = 13.1 Hz, 2H), 2.66 (d, J = 13.1 Hz, 2H), 1.64 (s,
6H), 1.55 (s, 6H), 1.42 (s, 18H). 13C NMR (101 MHz, CD>Cly) & 144.76, 142.62, 139.39, 127.55,
123.49, 119.34, 114.24, 111.26, 62.24, 49.42, 39.23, 34.52, 31.83, 30.23, 30.22. IR (neat) 3398,
2952, 2864, 1704, 1627, 1592, 1459, 1380, 1361, 1343, 1293, 1265, 1182, 1105, 871, 833, 801,
732 cm™ HRMS (ESI) m/z [M-H] (C33Ha1N2), caled.: 465.3270; found: 465.3273.

(R)-1,1,1',1',7,7'-hexamethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta[b]indole]
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Light yellow solid, m. p. 139.7-141.2 °C. 36.1 mg, 94% yield.
[a]p?® =-51.7 (¢ = 1.0, CH,Cl). SFC: ee = 95% (analytical SFC,
Trefoil AMY-1 column, IPA : CO, = 20 : 80, flow rate 0.6

mL/min, 2000psi, PDA wavelength: 280 nm): minor isomer: tg
= 1.99 min; major isomer: tr = 2.44 min. 'TH NMR (400 MHz, CD,Cl,) & 7.55 (s, 2H), 7.37 (s,
2H), 7.11 (d, J = 8.3 Hz, 2H), 6.92 (d, J = 8.2 Hz, 2H), 2.78 (d, J = 13.1 Hz, 2H), 2.63 (dd, J =
13.1, 1.2 Hz, 2H), 2.45 (s, 6H), 1.60 (d, J= 1.7 Hz, 6H), 1.51 (s, 6H). ¥C NMR (101 MHz, CD,Cl,)
0 144.72, 139.57, 128.74, 127.17, 123.81, 122.52, 118.24, 111.43, 62.14, 49.40, 39.16, 30.16,
30.13,26.32, 21.26. IR (neat) 3410, 2957, 2924, 2864, 1699, 1626, 1492, 1455, 1361, 1294, 1200,
1151, 1128, 1075, 1041, 953, 889, 864, 814, 795, 711 cm HRMS (ESI) m/z [M+H]" (C27H31N>),
calcd.: 383.2487; found: 383.2483.

(R)-dimethyl 1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[blindole]-7,7'-dicarboxylate

Yellow solid, m. p. >300 °C. 40.0 mg, 85% yield.
[a]p® = -76.1 (¢ = 1.0, CH,Cl,). SFC: ee = 95%
(analytical SFC, Trefoil AMY-1 column, IPA :
CO2 = 20 : 80, flow rate 0.6 mL/min, 2000psi,

PDA wavelength: 280 nm): major isomer: tg = 2.14 min; minor isomer: tr = 2.64 min. "H NMR
(400 MHz, Acetone-Ds) 6 10.29 (s, 2H), 8.27 (s, 2H), 7.78 (dd, J = 8.6, 0.8 Hz, 2H), 7.38 (d, J =
8.6 Hz, 2H), 3.88 (s, 6H), 2.88 (d, /= 13.0 Hz, 2H), 2.68 (d, /= 13.0 Hz, 2H), 1.60 (s, 6H), 1.53
(s, 6H). 3C NMR (101 MHz, Acetone-D¢) 8167.59, 146.81, 144.49, 128.09, 123.10, 122.00,
121.21, 120.64, 111.79, 62.15,51.12,49.49, 39.23, 30.16. IR (neat) 3263, 2951, 2922, 2858, 1714,
1703,1681, 1618, 1472, 1453, 1436, 1360, 1350, 1295, 1269, 1249, 1230, 1190, 1173, 1119, 1096,
1047, 997, 973, 899, 819, 769, 751, 739, 715, 669 cm™! HRMS (ESI) m/z [M+H]" (C20H31N204),
calcd.: 471.2284; found: 471.2278.
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(R)-6,6'-difluoro-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

F Light yellow solid, m. p. 235.6-237.1 °C. 32.0 mg, 82% yield.
[a]p?® = -27.8 (¢ = 0.50, CH2CL). SFC: ee = 95% (analytical
SFC, Trefoil CEL-1 column, IPA : CO; = 20 : 80, flow rate 0.6

mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr =
1.38 min; minor isomer: tg = 2.48 min. "H NMR (400 MHz,
CD:Clz) & 7.73 (s, 2H), 7.46 (dd, J = 8.6, 5.5 Hz, 2H), 6.96 (dd, J = 10.0, 2.3 Hz, 2H), 6.84 (ddd,
J=9.8,8.7,2.3 Hz, 2H), 2.83 — 2.71 (m, 2H), 2.63 (t, /= 7.7 Hz, 2H), 1.57 (s, 6H), 1.49 (s, 6H).
I3C NMR (101 MHz, CD>Cl>) & 160.54, 158.19, 144.56, 144.52, 141.24, 141.12, 127.73, 120.29,
119.00, 118.90, 107.94, 107.70, 98.51, 98.25, 61.95, 49.50, 39.23, 30.11, 30.09. 1°F NMR (282
MHz, CD>Cl2) 6 -122.42, -122.44,-122.45,-122.47, -122.49, -122.51. IR (neat) 3394, 3056, 2954,
2919, 2860, 1571, 1490, 1453, 1440, 1377, 1357, 1341, 1223, 1183, 1130, 1105, 1005, 951, 904,
837, 807, 799, 749, 705 cm™ HRMS (ESI) m/z [M+H]" (C2sHasF2N>), caled.: 391.1986; found:
391.1982.

(R)-6,6'-dichloro-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Light yellow solid, m. p. 252.1-254.2 °C. 34.0 mg, 80% yield.
[a]p?3=27.3 (c=1.0, CH2CL). SFC: ee = 91% (analytical SFC,
Trefoil AMY-1 column, MeOH : CO, = 30 : 70, flow rate 0.6
mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr
= 1.37 min; minor isomer: tg = 2.92 min. "H NMR (400 MHz,
CD:Clz) 6 7.76 (s, 2H), 7.46 (d, J = 8.4 Hz, 2H), 7.26 (d, J = 1.8 Hz, 2H), 7.05 (dd, /= 8.4, 1.9
Hz, 2H), 2.77 (d, J= 13.2 Hz, 2H), 2.62 (d, J= 13.2 Hz, 2H), 1.56 (s, 6H), 1.47 (s, 6H). 13C NMR
(101 MHz, CD2CL) & 144.98, 141.57, 127.91, 126.82, 122.16, 120.10, 119.22, 111.77, 61.92,
49.43,39.21, 30.07, 30.02. IR (neat) 3415, 3064, 2950, 2930, 2861,1617,1569, 1453, 1427, 1358,
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1333, 1299, 1258, 1246, 1226, 1178, 1151, 1109, 1088, 1061, 1040, 1014, 902, 872, 844, 795, 776,
729, 718, 692 cm’! HRMS (ESI) m/z [M+H]" (C2sHasC1aNy), caled.:423.1395; found:423.1392.

(R)-6,6'-dibromo-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Yellow solid, m. p. 148.7-150.2 °C. 36.0 mg, 79% yield. [a]p*®
= 25.6 (¢ = 0.5, CH2Cl). SFC: ee = 92% (analytical SFC,
Trefoil AMY-1 column, IPA : CO, = 20 : 80, flow rate 0.6
mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr
=4.15 min; minor isomer: tg = 10.98 min. "H NMR (400 MHz,
CD2Clp) 6 7.73 (s, 2H), 7.41 (d, J = 8.6 Hz, 4H), 7.17 (dd, J = 8.4, 1.4 Hz, 2H), 2.76 (d, J = 13.2
Hz, 2H), 2.61 (d, J = 13.2 Hz, 2H), 1.55 (s, 6H), 1.46 (s, 6H). 13C NMR (101 MHz, CD,Cl,) §
144.21, 140.74, 128.31, 123.09, 121.89, 121.20, 119.75, 116.12, 62.16, 49.49, 39.35, 30.21, 30.04,
16.61. IR (neat) 3439, 3049, 2953, 2925, 2861, 1705, 1609, 1550, 1452, 1424, 1360, 1294, 1214,
1176, 1044, 1008, 946, 907, 848, 801, 729 cm™ HRMS (ESI) m/z [M+H]" (C25sH25Br2N>), caled.:
511.0384; found: 511.0377.

(R)-6,6'-diiodo-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

| Yellow solid, m. p. 230.0-231.5 °C. 40.2 mg, 66% yield. [a]p* =
37.3 (¢ = 0.5, CH2Cl,). SFC: ee = 78% (analytical SFC, Trefoil
AMY-1 column, IPA : CO, = 20 : 80, flow rate 0.6 mL/min,

2000psi, PDA wavelength: 280 nm): major isomer: tr = 7.08 min;
minor isomer: tg = 15.40 min. 'H NMR (400 MHz, Acetone-D¢) 6 10.02 (s, 2H), 7.70 (d, J = 1.2
Hz, 2H), 7.35 (dt, J = 8.3, 4.9 Hz, 4H), 2.82 (s, 2H), 2.64 (d, J = 13.0 Hz, 2H), 1.55 (s, 6H), 1.48
(s, 6H). BC NMR (101 MHz, Acetone-Dg) 5145.85, 143.06, 127.51, 126.89, 122.84, 120.81,
119.93, 83.28, 62.05, 49.12, 38.97, 29.95. IR (neat) 3421, 2954, 2921, 2859, 1707, 1609, 1546,
1451, 1421, 1378, 1356, 1326, 1294, 1248, 1217, 1177, 1040, 848, 804, 751, 729, 703 cm™!. HRMS
(ESI) m/z [M-H] (C25H2312N»), caled.: 604.9951; found: 604.9957.
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(R)-6,6'-dimethoxy-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi [eyclo
penta[b]indole]

oMe Yellow solid, m. p. 117.5-118.8 °C. 37.0 mg, 70% yield.
[a]p®® = 11.4 (¢ = 0.5, CH,Cl,). SFC: ee = 85% (analytical
SFC, Trefoil AMY-1 column, IPA : CO,=15: 85, flow rate
0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major

isomer: tr = 5.62 min; minor isomer: tg = 6.37 min. 'H
NMR (400 MHz, CD:Cl>) 6 7.61 (s, 2H), 7.39 (d, J = 8.6 Hz, 2H), 6.77 (d, /= 2.1 Hz, 2H), 6.71
(dd, J= 8.6, 2.2 Hz, 2H), 3.77 (s, 6H), 2.74 (d, /= 13.1 Hz, 2H), 2.58 (d, /= 13.1 Hz, 2H), 1.54
(s, 6H), 1.46 (s, 6H). 3C NMR (101 MHz, CD,Cl>) & 155.91, 143.16, 142.08, 127.47, 118.82,
118.02, 108.87, 95.99, 62.07, 55.66,49.52, 39.15, 30.18. IR (neat) 3410, 2950, 2862, 1695, 1623,
1601, 1566, 1499, 1455, 1379, 1360, 1338, 1262, 1235, 1195, 1154, 1112, 1030, 948,801,782, 691
cm! HRMS (ESI) m/z [M+H]" (C27H31N20»), caled.: 415.2386; found: 415.2379.

(R)-1,1,1',1',6,6'-hexamethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta[b]indole]

Light yellow solid, m. p. 147.4-148.8 °C. 33.5 mg, 88% yield.
[a]p?® = 24.0 (¢ = 0.5, CH2Cl). SFC: ee = 98% (analytical SFC,
Trefoil AMY-1 column, IPA : CO2 =20 : 80, flow rate 0.6 mL/min,

2000psi, PDA wavelength: 280 nm): major isomer: tr = 2.22 min;
minor isomer: tg = 3.63 min. "H NMR (400 MHz, CD»Cl») § 7.54 (s, 2H), 7.44 (d, J= 8.0 Hz, 2H),
7.18 —6.98 (m, 2H), 6.92 (d, /= 8.0 Hz, 2H), 2.77 (d, J=13.1 Hz, 2H), 2.62 (dd, /= 13.1, 0.7 Hz,
2H), 2.42 (s, 6H), 1.58 (s, 6H), 1.49 (s, 6H). 13C NMR (101 MHz, CD>Cl») & 143.82, 141.78,
130.94, 127.46, 121.43,121.14, 118.01, 111.87, 62.11, 49.47, 39.18, 30.18, 21.46. IR (neat) 3406,
2952, 2923, 2861, 1698, 1624, 1452, 1361, 1307, 1293, 1233, 1181, 1127, 1080, 1043, 1007, 952,
854, 800, 757, 734, 710 cm™ HRMS (ESI) m/z [M+H]" (C27H31N2), caled.: 383.2487; found:
383.2482.

(R)-6,6'-di-tert-butyl-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi
[cyclopenta[b]indole]
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Light yellow solid, m. p.210.0-211.9 °C. 41.4 mg, 89% yield.
[a]p?® = 79.2 (¢ = 1.0, CH,Cl,). SFC: ee = 81% (analytical
SFC, Trefoil CEL-1 column, MeOH : CO, = 10 : 90, flow
rate 0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major

isomer: tg = 3.31 min; minor isomer: tr = 6.32 min. '"H NMR
(400 MHz, CD2Cly) § 7.58 (s, 2H), 7.48 (d, J = 8.3 Hz, 2H), 7.28 (s, 2H), 7.18 (dd, J= 8.4, 1.4 Hz,
2H), 2.78 (d, J=13.1 Hz, 2H), 2.62 (d, /= 13.1 Hz, 2H), 1.58 (s, 6H), 1.50 (s, 6H), 1.36 (s, 18H).
I3C NMR (101 MHz, CDxCl,) & 144.74, 144.24, 141.61, 127.36, 121.30, 117.78, 117.69, 108.32,
62.20, 49.55, 39.18, 34.66, 31.65, 30.24, 30.21. IR (neat) 3410, 2955, 2864, 1704, 1626, 1492,
1454, 1361, 11294, 1202, 1179, 1151, 1130, 1077, 1044, 943, 883, 864, 809, 757, 733, 698, 653
cm HRMS (ESI) m/z [M-H] (C33H41N2), caled.: 465.3270; found: 465.3278.

(R)-6,6',7,7'-tetrafluoro-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi
[cyclopenta[b]indole]

White solid, m. p. >300°C. 40.2 mg, 94% yield. [a]p?*® = -28.7
(c = 0.5, CH2ClL). SFC: ee = 96% (analytical SFC, Trefoil
AMY-1 column, IPA : CO2 = 20 : 80, flow rate 0.6 mL/min,
2000psi, PDA wavelength: 280 nm): major isomer: tr = 1.00
min; minor isomer: tg = 1.85 min. "H NMR (400 MHz,
Acetone-Dg) 6 9.93 (s, 2H), 7.28 (dd, J = 11.3, 8.0 Hz, 2H), 7.10 (dd, J = 11.4, 7.0 Hz, 2H), 2.70
(d, J=13.0 Hz, 2H), 2.50 (d, J = 13.0 Hz, 2H), 1.42 (s, 6H), 1.35 (s, 6H). 3C NMR (101 MHz,
Acetone-Dg) 8148.12, 147.97, 147.04, 147.01, 146.86, 145.77, 145.61, 144.67, 144.53, 136.82,
136.72,127.08, 127.04, 118.91, 118.84, 104.72, 104.53, 100.05, 99.84, 62.17,49.42, 38.99, 29.88.
F NMR (282 MHz, Acetone) & 29.55, 29.52, 29.51, 29.48, 29.48, 29.45, 29.44, 29.41, 27.18,
27.15, 27.14, 27.11, 27.10, 27.08, 27.06, 27.04. IR (neat) 3410, 2952, 2932, 2862, 1700, 1634,
1590, 1458, 1379, 1358, 1340, 1288, 1247, 1227, 1158, 1100, 1048, 1000, 948, 834 cm™! HRMS
(ESI) m/z [M+H]" (C2sH23F4N»), caled.: 427.1797; found: 427.1793.

(R)-7,7'-dibromo-1,1,1',1',6,6'-hexamethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi
[cyclopenta[b]indole]
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Yellow solid, m. p. 168.5-170.6 °C. 37.2 mg, 69% yield.
[a]p?® = -46.5 (c = 1.0, CH2CL). SFC: ee = 73% (analytical
SFC, Trefoil AMY-1 column, MeOH : CO; = 30 : 70, flow
rate 0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major

isomer: tr = 3.29 min; minor isomer: tr = 4.16 min. 'H NMR
(400 MHz, CD2Cl2) 6 7.71 (s, 2H), 7.64 (s, 2H), 7.15 (s, 2H), 2.74 (d, J= 13.1 Hz, 2H), 2.59 (d, J
= 13.1 Hz, 2H), 2.43 (s, 6H), 1.53 (s, 6H), 1.45 (s, 6H). 3C NMR (101 MHz, CD,Cl,) & 144.96,
140.75, 12991, 127.15, 123.29, 121.51, 115.85, 113.31, 61.90, 49.37, 39.13, 30.04, 30.02, 23.24.
IR (neat) 3416, 2951, 2925, 2861, 1702, 1595, 1450, 1418, 1378, 1361, 1292, 1269, 1173, 1153,
1124, 1093, 1014, 958, 880, 859, 669 cm' HRMS (ESI) m/z [M+H]" (C27H29Br2N>), caled.:
539.0697; found: 539.0691.

(R)-7,7'-dichloro-1,1,1',1',6,6'-hexamethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi
[cyclopenta[b]indole]

Light yellow solid, m. p. 144.4-145.6 °C. 39.9 mg, 88% yield.
[a]p?® = -65.5 (¢ = 1.0, CH,Cl»). SFC: ee = 99% (analytical
SFC, Trefoil AMY-1 column, IPA : CO; = 20 : 80, flow rate
0.6 mL/min, 2000psi, PDA wavelength: 280 nm): major

isomer: tg = 2.16 min; minor isomer: tg = 6.25 min. "H NMR
(400 MHz, CD:Cl») 8 7.63 (s, 2H), 7.52 (s, 2H), 7.13 (s, 2H), 2.75 (d, J = 13.1 Hz, 2H), 2.60 (d, J
= 13.1 Hz, 2H), 2.41 (s, 6H), 1.54 (s, 6H), 1.46 (s, 6H). 3C NMR (101 MHz, CD,Cl,) § 145.05,
140.22, 128.52, 127.30, 125.90, 122.73, 118.19, 113.36, 61.92, 49.40, 39.12, 30.04, 30.01, 20.45.
IR (neat) 3411, 2954, 2928, 2862, 1703, 1598, 1452, 1379, 1362, 1328, 1294, 1278,1175, 1125,
1095, 1006, 952, 881, 860, 736, 687 cm™ HRMS (ESI) m/z [M+H]" (C27H29CoN»), calcd.:
451.1708; found: 451.1704.

(R)-6,6'-difluoro-1,1,1',1',7,7'-hexamethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi
[cyclopenta[b]indole]
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Light yellow solid, m. p. 139.9-140.8 °C. 38.1 mg, 91% yield.
[a]p?® =-77.4 (c=0.5, CH2CL,). SFC: ee = 97% (analytical SFC,
Trefoil AMY-1 column, IPA : CO; = 20 : 80, flow rate 0.6

mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr
= 1.38 min; minor isomer: tg = 2.39 min. '"H NMR (400 MHz,
CD:Clz) 6 7.60 (s, 2H), 7.30 (d, J = 7.6 Hz, 2H), 6.92 (d, J = 10.7 Hz, 2H), 2.74 (d, J = 13.1 Hz,
2H), 2.59 (d, J=13.1 Hz, 2H), 2.34 (d, J = 1.7 Hz, 6H), 1.55 (s, 6H), 1.47 (s, 6H). 13C NMR (101
MHz, CD:Clz) & 159.24, 156.89, 144.42, 144.39, 139.67, 139.56, 127.25, 120.13, 119.69, 119.63,
117.02, 116.83, 98.14, 97.87, 62.01, 49.45, 39.15, 30.10, 14.80, 14.76. ’F NMR (282 MHz,
CD:Clz) 6 -125.50,-125.51, -125.52, -125.53, -125.54, -125.55, -125.57, -125.57. IR (neat) 3392,
2956, 2930,2864, 1703, 1632, 1594, 1461, 1381, 1362, 1343, 1299, 1252, 1230, 1150, 1107, 1050,
1001,952, 885, 862, 834 cm™ HRMS (ESI) m/z [M+H]" (C27H29F2N>), caled.: 419.2299; found:
419.2294.

(R)-6,6'-dibromo-1,1,1',1',7,7'-hexamethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclo
penta[b]indole]

Light yellow solid, m. p. 190.9-192.2 °C. 42.0 mg, 78% yield.

[a]p* =26.8 (¢ =0.8, CH2Clz). SFC: ee = 93% (analytical SFC,

Trefoil AMY-1 column, IPA : CO2 = 20 : 80, flow rate 0.6

mL/min, 2000psi, PDA wavelength: 280 nm): major isomer: tr

= 3.52 min; minor isomer: tr = 7.64 min. 'H NMR (400 MHz,

Acetone-Dg) 6 9.89 (s, 2H), 7.52 (d, J=10.9 Hz, 4H), 2.82 (d, J = 13.0 Hz, 2H), 2.62 (d, /= 13.0

Hz, 2H), 2.48 (s, 6H), 1.55 (s, 6H), 1.48 (s, 6H). 3C NMR (101 MHz, Acetone-Ds) & 146.20,

141.10,126.91,126.31, 123.30, 119.32, 116.38, 115.17, 62.04,49.27, 38.88, 29.94, 22.37. IR (neat)
3443, 2953, 2924, 2886, 1700, 1654, 1618, 1542, 1360, 1292, 1226, 1154, 1077, 992, 854, 789,

727 cm HRMS (ESI) m/z [M-H] (C27H27Br2N>), caled.: 537.0541; found: 537.0548.

(R)-8,8'-difluoro-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]
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Light yellow solid, m. p. 200.0-201.9 °C. 33.1 mg, 82% yield. [a]p?®
=-17.5 (¢ = 0.5, CH2Cly). SFC: ee = 93% (analytical SFC, Trefoil
AMY-1 column, IPA : CO; = 20 : 80, flow rate 0.6 mL/min, 2000psi,

PDA wavelength: 280 nm): major isomer: tr = 1.76 min; minor isomer:
tr = 2.39 min. '"H NMR (400 MHz, CD,Cl») § 7.81 (s, 2H), 7.02 (ddd, /= 13.2, 9.1, 6.6 Hz, 4H),
6.76 (ddd, J=10.4, 7.5, 1.0 Hz, 2H), 2.80 (d, J = 13.2 Hz, 2H), 2.65 (d, J = 13.2 Hz, 2H), 1.56 (s,
6H), 1.48 (s, 6H). *C NMR (101 MHz, CD»Cl») § 157.07, 154.64, 144.17, 143.92, 143.79, 126.22,
126.20,121.91,121.83,112.69, 112.45,107.92, 107.89, 104.85, 104.66, 61.85, 49.50, 39.04, 30.65,
30.62. ’F NMR (282 MHz, CD:Cl») 8 -119.06, -119.09, -119.10. IR (neat) 3465, 2956, 2927,
2869, 1707, 1684, 1594, 1460, 1380, 1360, 1316, 1288, 1271, 1249, 1222, 1192, 1160, 1113, 1100,
1039, 936, 906, 846, 831, 794, 777, 736, 701 cm™ HRMS (ESI) m/z [M-H] (C2sH23F2N>), caled.:
389.1829; found: 389.1830.

(R)-5,5'-difluoro-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta
[b]indole]

Light yellow solid, m. p. 225.3-227.3 °C. 10.0 mg, 25% yield. [a]p*®
= 12.2 (¢ = 0.5, CH2Cl). SFC: ee = 32% (analytical SFC, Trefoil
AMY-1 column, IPA : CO2 =10 : 90, flow rate 0.6 mL/min, 2000psi,
PDA wavelength: 280 nm): major isomer: tr = 2.58 min; minor
isomer: tr = 3.68 min. "H NMR (400 MHz, CD2Cl,) 6 7.90 (s, 2H),
7.40 —7.26 (m, 2H), 7.01 (td, /= 7.9, 4.9 Hz, 2H), 6.85 (ddd, J=11.4, 7.9, 0.7 Hz, 2H), 2.83 (d,
J =13.2 Hz, 2H), 2.67 (d, J = 13.2 Hz, 2H), 1.59 (s, 6H), 1.50 (s, 6H). 3C NMR (101 MHz,
CD:Cl2) 6 150.97, 148.55, 145.01, 128.99, 128.86, 126.99, 126.94, 119.89, 119.82, 114.43, 114.40,
106.38, 106.22, 62.18, 49.21, 39.17, 30.07, 29.98. F NMR (282 MHz, CD,Cl,) & -135.33, -
135.34, -135.37, -135.38. IR (neat) 3458, 3044, 2953, 2927, 2861, 1637, 1570, 1499, 1456, 1359,
1303, 1251, 1233, 1180, 1157, 1110, 1023, 959,934, 863, 815, 779, 732 cm’! HRMS (ESI) m/z
[M+H]" (C25sH25F2N»), caled.: 391.1986; found: 391.1980.

(R)-1,1,1',1',5,5'-hexamethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclopenta[b]indole]
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Light yellow solid, m. p. >300°C. 30.1 mg, 79% yield. [a]p*® =-0.4 (c
= 0.5, CH2Cly). SFC: ee = 24% (analytical SFC, Trefoil AMY-1
column, IPA : COz = 30 : 70, flow rate 0.6 mL/min, 2000psi, PDA
wavelength: 280 nm): minor isomer: tr = 1.23 min; major isomer: tr
= 1.41 min. '"H NMR (400 MHz, CD:Cly) & 7.68 (s, 2H), 7.43 (d, J =
7.8 Hz, 2H), 7.02 (t,J = 7.5 Hz, 2H), 6.93 (d, J = 7.2 Hz, 2H), 2.85 (d, /= 13.0 Hz, 2H), 2.68 (d,
J=13.1 Hz, 2H), 2.40 (s, 6H), 1.62 (s, 6H), 1.52 (s, 6H). 3C NMR (101 MHz, CD,Cl,) 8 144.21,
140.74, 128.31, 123.09, 121.89, 121.20, 119.75, 116.12, 62.16, 49.49, 39.35, 30.21, 30.04, 16.61.
IR (neat) 3468, 3049, 2949, 2918, 2859, 1698, 1615, 1588, 1452, 1407, 1379, 1358, 1299, 1248,
1177, 1132, 1108, 1062, 950, 853, 824, 780, 746 cm' HRMS (ESI) m/z [M+H]" (C27H31N>),
calcd.: 383.2487; found: 383.2484.

(R)-5,5'-bis(benzyloxy)-1,1,1',1'-tetramethyl-2,2',4,4'-tetrahydro-1H,1'H-3,3'-spirobi[cyclo
penta[b]indole]

Yellow solid, m. p. 174.5-175.8 °C. 25.5 mg, 45% yield. [a]p** =-13.5
(c = 0.55, CH2Cly). SFC: ee = 13% (analytical SFC, Trefoil AMY-1
column, IPA : CO2 = 30 : 70, flow rate 0.6 mL/min, 2000psi, PDA

wavelength: 280 nm): minor isomer: tr = 2.09 min; major isomer: tr

4bb =7.62 min. 'H NMR (400 MHz, CD:Cly) & 7.94 (s, 2H), 7.45 (d, J =
7.2 Hz, 4H), 7.36 (dd, J = 11.4, 4.4 Hz, 4H), 7.31 (d, J = 7.1 Hz, 2H), 7.18 (d, J = 7.9 Hz, 2H),
6.98 (t,J=7.9 Hz, 2H), 6.69 (d, J= 7.8 Hz, 2H), 5.17 (s, 4H), 2.79 (d, J = 13.0 Hz, 2H), 2.63 (d,
J =13.0 Hz, 2H), 1.56 (s, 6H), 1.48 (s, 6H). 3C NMR (101 MHz, CD,Cl,) & 145.56, 144.08,
137.28, 131.30, 128.54, 128.40, 128.04, 127.81, 124.79, 119.77, 111.64, 102.94, 70.19, 62.20,
49.23,39.16, 30.19, 29.98. IR (neat) 3391, 3067, 2949,2931,2861, 1625, 1569, 1496,1452, 1361,
1302, 1259, 1246, 1229, 1179, 1111, 1088, 1039, 1027, 1014, 922, 844, 776, 719, 730, 692 cm™!
HRMS (ESI) m/z [M+H]" (C39H39N203), caled.: 567.3012; found: 567.3008.
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10 Crystal Data

10.1 Crystal Data and Experimental of 4d

Br2

Bril.o Bri

Experimental. Single colourless prism-shaped crystals of 4d recrystallised from a mixture of
DCM and hexanes by slow evaporation. A suitable crystal with dimensions
0.19 x 0.18 x 0.13 mm? was selected and mounted on a MITIGEN holder in oil on a Bruker APEX
IT area detector diffractometer.?* The crystal was kept at a steady 7= 100(2) K during data
collection. The structure was solved with the ShelXT 2018/2  solution program using Intrinsic
Phasing methods and by using Olex2 1.5 26 as the graphical interface. The model was refined with

XL ?* using full matrix least squares minimisation on F2.

Crystal Data. CosH2N»Br2, M, = 512.28, tetragonal, P412:2 (No. 92), a= 7.84020(10) A, b=
7.84020(10) A, ¢ =36.1939(12) A, o= = y=90", V=2224.79(9) A3, T=1002) K, Z=4, 7' =
0.5, t(CuKy) =4.712, 29321 reflections measured, 2022 unique (Rin = 0.0385) which were used
in all calculations. The final wR> was 0.0825 (all data) and R; was 0.0319 (I>2 o (I)).
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10.2 Crystal Data and Experimental of 11b

Brl

Experimental. Single colourless prism-shaped crystals of 11b recrystallised from a mixture of
Et,0 and hexanes by slow evaporation. A suitable crystal with dimensions 0.24 x 0.18 x 0.08 mm?
was selected and mounted on a mylar loop in oil on a Bruker APEX II area detector diffractometer.
24 The crystal was kept at a steady 7= 100(2) K during data collection. The structure was solved
with the ShelXT 2018/2 ?° solution program using Intrinsic Phasing methods and by using Olex2
1.5 2 as the graphical interface. The model was refined with XL ?* using full matrix least squares

minimisation on F2.

Crystal Data. CasHysBraN>, M, = 516.31, monoclinic, P2; (No. 4), a= 10.544(5) A, b=
10.605(7) A, ¢ =10.591(6) A, p=110.480(16)°, =y =90°, V' =1109.5(11) A3, T=1002) K, Z =
2,72'=1, u(MoK,) =3.667, 29124 reflections measured, 6738 unique (Rins = 0.0203) which were
used in all calculations. The final wR, was 0.0424 (all data) and R; was 0.0179 (I>2 o (1)).
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10.3 Crystal Data and Experimental of Pd complex 13

Experimental. Single orange needle-shaped crystals of 13 recrystallised from a mixture of DCM
and hexanes by slow evaporation. A suitable crystal with dimensions 0.35 x 0.08 x 0.05 mm? was
selected and mounted on a mylar loop in oil on a Bruker APEX II area detector diffractometer. 2*
The crystal was kept at a steady 7= 100(2) K during data collection. The structure was solved with
the ShelXT 2018/2 % solution program using Intrinsic Phasing methods and by using Olex2 1.5 2°
as the graphical interface. The model was refined with XL ?* using full matrix least squares

minimisation on F2.

Crystal Data. CsiHssN>P,ClsPd, M, = 1069.95, orthorhombic, P2:2:21 (No. 19), a=
10.5687(13) A, b= 12.8239(16) A, c = 35318(4) A, a= = y= 90°, V= 4786.7(10) A3, T=
1002)K, Z=4, Z'= 1, y(MoK,) = 0.828, 122941 reflections measured, 14584 unique (Riy =
0.0468) which were used in all calculations. The final wR, was 0.0609 (all data) and R; was 0.0283
(I1>2 o (D).
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Compound

CCDC deposit NO.

Formula

Dcate./ g cm3

4/ mm-t
Formula Weight
Colour

Shape
Size/mm3

T/K

Crystal System
Flack Parameter
Hooft Parameter
Space Group

a/A

Wavelength/A

Radiation type

4d

CCDC-2408120
C25H24N2Br2
1.529

4.712

512.28
colourless
prism-shaped
0.19x0.18x0.13
100(2)
tetragonal
-0.015(9)
-0.015(9)
P41212
7.84020(10)
7.84020(10)
36.1939(12)
90

90

90
2224.79(9)

4

0.5

1.54178

CuK«

11b

CCDC-2408122
C2sH28Br2N2
1.545

3.667

516.31
colourless
prism-shaped
0.24x0.18x0.08
100(2)
monoclinic
-0.0126(19)
-0.0072(16)
P24

10.544(5)
10.605(7)
10.591(6)

90
110.480(16)
90

1109.5(11)

2

0.71073

MoK«
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13

CCDC-2408121
Cs1HasN2P2ClsPd
1.485

0.828

1069.95

orange
needle-shaped
0.35x0.08x0.05
100(2)
orthorhombic
-0.014(5)
-0.022(5)
P212124
10.5687(13)
12.8239(16)
35.318(4)

90

90

90

4786.7(10)

4

0.71073

MoK«



("Dmin/o

(“Dmax/0

Measured Refl's.

Indep't Refl's
Refl's [22 of1)
Rint
Parameters
Restraints
Largest Peak
Deepest Hole
GooF

wRz (all data)
WR:

R (all data)

R1

4.887

67.966

29321

2022

1987

0.0385

142

0.506

-0.263

1.189

0.0825

0.0822

0.0325

0.0319

2.053
30.556
29124
6738
6541
0.0203

274

0.424
-0.378
1.047
0.0424
0.0420
0.0191

0.0179

62

1.689

30.510

122941

14584

13766

0.0468

591

81

0.563

-0.999

1.095

0.0609

0.0598

0.0318

0.0283
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