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1. General information

NMR spectra were recorded on a JEOL ECX-400 400 MHz NMR spectrometers. H
NMR chemical shifts were reported relative to residual CDCls (7.26 ppm). *C NMR
chemical shifts were reported relative to the central line of CDCls (77.16 ppm).
Abbreviations are used in the description of NMR data as follows: chemical shift (o,
ppm), multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, dd = doublet of
doublets, m = multiplet, and br = broad), coupling constant (J, Hz). The high resolution
mass spectra (HRMS) were recorded on a GCT-MS Micromass UK spectrometer or a
microTOF-Q spectrometer. Infrared spectra were recorded using a PerkinElmer
Spectrum 100 FT-IR spectrometer with KBr pellets in the 4000-400 cm™ region. All
yields reported were isolated yields. Enantiomeric excesses were determined by HPLC
using Daicel chiral stationary phase columns by comparing the samples with the
appropriate racemic samples at 25 °C, column and elution details specified in each entry.
The optical rotation was determined by Rudolph Autopol VI Automatic polarimeter.
Crystallographic data were collected on a Rigaku XtaLAB Synergy (Cu) X-ray single
crystal diffractometer. Melting points were uncorrected. Melting points were

uncorrected.

Unless otherwise stated, reagents and solvents were purchased from commercial
sources and preserved under argon. More sensitive compounds were stored in a
desiccator or glove-box if required. Reagents were used without further purification
unless otherwise noted. All reactions were performed under nitrogen and stirring unless
otherwise noted. When needed oven dried glassware was used (T <>100 <C) or under
vacuum with a heat gun (T <200 <C). Anhydrous solvents were purified and dried
following standard procedures. Reactions were monitored by thin layer
chromatography (TLC) using Merck TLC silica gel 60 F254. Compounds were
visualized by UV-light 254 nm and by dipping the plates in an ethanolic
phosphomolybdic acid solution followed by heating. Flash column chromatography

was performed over silica gel (230-400 mesh).
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Optical properties were recorded in chromatographically pure grade solvent
(acetonitrile, DCM, and toluene). UV-vis absorption spectra were recorded using an
Agilent® Cary-5000 UV/Vis spectrophotometer at room temperature. Electronic
circular dichroism (ECD) spectra were recorded on a JASCO J-815 spectropolarimeter
at room temperature in a 1 cm-cuvette. Fluorescence spectra were recorded using an
Agilent® Eclipse fluorescence spectrophotometer. Fluorescence quantum yields @
were measured in diluted solution with an optical density lower then 0.05 using the

following equation:

Ox _A-(A) ni Dy

= = X —
@, Ax(D) ni D

Where A is the absorbance at the excitation wavelength (1), n the refractive index and
D the integrated intensity. r and x stand for reference and sample respectively. The
fluorescence quantum yields were measured relative to quinine sulfatee, ¢ = 0.577 in
0.1 M H2SOs4, Aex = 350 nm. Excitation of reference and sample compounds was
performed at the same wavelength. The circularly polarized luminescence (CPL)
spectra were recorded in solution with a JASCO CPL-200 spectrometer at room

temperature.
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2. Synthesis of chiral phosphoramidite ligands L.6 and L10.

o Iy
OH P(NM62)3 O\
OH toluene, reflux 0 \
2h
CF5

CF3

L6
L6 was prepared according to literature procedures®.

To asolution of R-3,3'-bis(trifluoromethyl)-[1,1'-binaphthalene]-2,2'-diol? (127 mg, 0.3
mmol, 1 equiv) in toluene (2 mL) was added P(NMe)3 (81 pL, 0.45 mmol, 1.5 equiv).
After reflux for 2 h, the mixture was concentrated under reduced pressure. Purification
by flash column chromatography (PE : CH2Cl2 = 10 : 1) provided L6 (140 mg, 94%
yield) as a foamy solid, m.p. = 90-92 °C. *H NMR (400 MHz, CDCls, 298 K) J 8.33
(s, 1H), 8.30 (s, 1H), 7.99 (d, J = 8.2 Hz, 2H), 7.53-7.48 (m, 2H), 7.38 (t, J = 8.4 Hz,
1H), 7.33 (t, J = 8.6 Hz, 1H), 7.26 (d, J = 8.5 Hz, 1H), 7.13 (d, J = 8.6 Hz, 1H), 2.50
(brs, 6H). IR (KBr) v 3649, 2929, 2851, 1626, 1452, 1324, 1233, 1134, 847, 750 cmL.
HRMS (ESI) m/z calcd. for C24H17FsNO2P*™ [M+H]" 496.08956; Found: 496.08884.
[a]o?” = - 466 (¢ = 1.0, CHCI3).

CF
CF 3
’ Ph
DO L
OH  N-Methylbenzylamine O.
> O \
H
O e OO
CF3

CF3

L10 was prepared according to literature procedures®.

EtsN (208 |L, 1.5 mmol, 5 equiv) and N-Methylbenzylamine (39 L, 0.3 mmol, 1 equiv)
was added to a solution of PClz (27 i, 0.3 mmol, 1 equiv) in CH2Cl> (1.5 mL) at 0 °C.
The mixture was stirred for 5 h at rt, and a solution of R- 3,3'-bis(trifluoromethyl)-[1,1'-

binaphthalene]-2,2'-diol (127 mg, 0.3 mmol, 1 equiv) in CH2Cl> (1.5 mL) was added to
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it. When the starting material was consumed by TLC analysis, the mixture was
concentrated under reduced pressure. Purification by flash chromatography (PE :
CH2CIl>=10: 1) provided L10 (110 mg, 64% yield) as a foamy solid, m.p. = 38-40 °C.
'H NMR (400 MHz, CDCls, 298 K) ¢ 8.38 (s, 1H), 8.35 (s, 1H), 8.01 (t, J = 7.2 Hz,
2H), 7.54-7.48 (m, 2H), 7.38-7.23 (m, 8H), 7.18 (d, J = 8.4 Hz, 1H), 4.04 (br s, 2H),
2.37 (brs, 3H). IR (KBr) v 3064, 2908, 1623, 1453, 1324, 1293, 1234, 1136, 1015, 847,
752 cmt. HRMS (ESI) m/z calcd. for CaoH21FsNO2P* [M+H]* 572.12086; Found:
572.12006. [a]o®’ = - 412 (c = 1.0, CHCl3).
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3. Possible reaction mechanism for the synthesis of 3a

Ligand
exchange

Oxidative
addition

R

Reductive
elimination
3a

——
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4. Optimization of reaction conditions for catalytic enantioselective synthesis of

3a

L (20 mol%)

Conditions

Pd(OAc), (10 mol%)

Cs,CO3 (2 equiv)
toluene, reflux
—_—

o} O o
e,/ / \
Bu "By By

3a

9® o)
o}
PPh, PPh;
PPh, /o PPh;
99 <
o}

L11
5% yield, 0% eel®

L1
14% yield, 0% eel®

thpw_\é\\Pth

Ph,P

o><o ‘
L14 L15
0% yield[® 0% yieldl®!
Q\(O
PhoP—
N PPh, 2 Fe '\\j
\ s
o S
L18 L19

1% yield, 9% eel®
I

L21
14% yield, 13% eel’]

3% yield, 0% eel®!

L3 Ph

10% vyield, 11% eel®

o. /
>P—N
o \

L12

L20
0% yield!®!

L13
3% vyield, 0% eel®

O P-1Bu
MeO ] OMe

L17
4% yield, 0% eel®

0]

4% yield, 47% eel®
47% vyield, 47% eel®!

Conditions: [a] Schlenk tube, inert atmosphere, toluene, reflux. [b] Sealed tube, inert

atmosphere, toluene, 130 °C.



Pd(OAc),/L2

_ =

Conditions!?!
entry | catalyst (mol%) | Ligand base (eq) solvent | temp. | yield (%) | ee (%)
(mol%) (°C)
1 Pd(OAC)2 (10) L2 (20) | Cs2COs3(2) | toluene | 110 13 42
2 Pd(OAC)2 (10) L2 (20) | Cs2COs3(2) | toluene | 120 19 35
3 Pd(OAC)2 (10) L2 (20) | Cs2COs3(2) | toluene | 130 47 47
4 Pd(OAC)2 (10) L2 (20) | Cs2COs3(2) | toluene | 140 49 31
5 Pd(OAC): (20) L2 (40) | Cs2COs3(2) | toluene | 130 46 32
6 Pd(OAC): (5) L2 (10) | Cs2COs3(2) | toluene | 130 31 37
7 Pd(OAC)2 (10) L2 (20) | Cs2COs3(1) | toluene | 130 50 45
8 Pd(OAC)2 (10) L2 (20) | Cs2COs3(3) | toluene | 130 51 45
9 Pd(OAC)2 (10) L2 (20) | Cs.CO3(2) | THF 130 42 62
10 Pd(OAC)2 (10) L2 (20) | Cs.CO3(2) | DMF 130 29 23
11 Pd(OAC)2 (10) L2 (20) | Cs2CO3(2) | dioxane | 130 7 47
12 Pd(OAC)2 (10) L2 (20) | Cs2COs3(2) | xylenes | 130 40 16
13 Pd(OAC)2 (10) L2 (20) | Cs,CO3(2) |'amylOH | 130 41 49
14 Pd(OAC)2 (10) L2 (20) | Cs:CO3(2) | 'BuOH 130 19 44
15 Pd(OAC)2 (10) L2 (20) | KoCO3(2) | THF 130 13 35
16 Pd(OAC) (10) L2 (20) | KsPOs4(2) | THF 130 72 0
17 Pd(OAC)2 (10) L2(20) |KOBu(2) |THF 130 21 25
18 Pd(OAC)2 (10) L2 (20) | NaO'Bu(2) | THF 130 25 24
19 Pd(OAC)2 (10) L2 (20) | Cs2:CO3(2) | THF 140 52 15
20 Pd(OAC)2 (10) L2 (20) | Cs2:CO3(2) | THF 120 12 67
21 Pd(dba)s (5) L2 (20) | Cs2.COs(2) | THF 120 trace 60
22 PdCl; (10) L2 (20) | Cs.CO3(2) | THF 120 12 47
23 PdBr» (10) L2 (20) | Cs.CO3(2) | THF 120 17 75
24 Pd(TFA)2 (10) L2 (20) | Cs.CO3(2) | THF 120 14 66
25 PdCI;(MeCN). | L2(20) | Cs:CO3(2) | THF 120 6 70
(10)

Conditions: [a] Sealed tube, inert atmosphere, 2a (0.05 mmol), Pd(OAc),, L2, solvent.
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[Pd]/L6

CF;

Cs,CO;3 (2 equiv) o\P_N/
THF "\
CF3
entry | catalyst (mol%) Ligand (mol%) | temp. (°C) | yield (%) | ee (%)
1 PdBr2 (10) L6 (20) 90 5 89
2 PdBr2 (10) L6 (20) 100 26 87
3 PdBr2 (10) L6 (20) 110 54 87
4 PdBr2 (10) L6 (20) 120 38 86
5 Pd2(dba)s (5) L6 (20) 110 22 75
6 PdCI2(MeCN)2 (10) | L6 (20) 110 28 89
7 PdBr2 (10) L6 (15) 110 31 84
8 PdBr2 (20) L6 (30) 110 39 70
9 PdBr2 (20) L6 (40) 110 50 89
10 PdBr2 (30) L6 (60) 110 37 88
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5. General procedure for the synthesis of 2a-2k

| ' .
> ‘ Y . O . _—
° 09

Cl Br

5-O—

R R \R

BFsEt20 (1.24 mL, 10 mmol, 5 equiv) and o-bromobenzoyl chloride (4 mmol, 2 equiv)
was simultaneously added to a solution of calix[4]arenes (2 mmol, 1 equiv) in CH.Cl;
(20 mL) at room temperature. After stirred at 30 °C for 24 h, The reaction mixture was
quenched with saturated NaHCOs3 aqueous solution and extracted with CH.Cl,. The
combined organic layers were washed with brine (3 <50 mL) and dried over anhydrous
Na>SOs. Solvents were removed in vacuo and the residue was purified by flash column

chromatography on silica gel (PE : EA =40 : 1) to give the pure product 2.

(2-bromophenyl)(12,32,52,7?-tetrabutoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1%-yl)methanone (2a)

Chemical Formula: Cs1HsgBrOs; Molecular Weight: 831.9320.

710 mg, 43% vyield, white foamy solid. m.p. = 56-58 °C. *H NMR (400 MHz, CDCls,
298 K) & 7.66-7.57 (m, 1H), 7.34-7.27 (m, 2H), 7.11 (s, 2H), 6.97-6.90 (m, 1H), 6.75-
6.50 (M, 9H), 4.46 (d, J = 13.3 Hz, 4H), 4.01-3.83 (m, 8H), 3.18 (d, J = 13.3 Hz, 2H),
3.17 (d, J = 13.4 Hz, 2H), 1.98-1.85 (m, 8H), 1.53-1.38 (m, 8H), 1.01 (t, J = 7.4 Hz,
12H). 13C NMR (100 MHz, CDCls, 298 K) 6 194.8, 161.9, 156.6, 140.7, 135.6, 135.5,

135.1, 134.6, 133.3, 131.2, 130.8, 130.1, 129.7, 128.7, 128.34, 128.30, 126.7, 122.5,
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122.1, 120.1, 75.3, 75.2, 75.0, 32.53, 32.50, 32.4, 31.10, 31.05, 19.53, 19.47, 14.22,
14.15. IR (KBr) v 3359, 2958, 2922, 2870, 1665, 1588, 1456, 1288, 1206, 1114, 761
cm. HRMS (ESI) m/z calcd. for CsiHeoBrOs* [M+H]* 831.36186; Found: 831.36328.

(2-bromophenyl)(12,32,52,7?-tetrapropoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1°-yl)methanone (2b)

Chemical Formula: C47Hs:BrOs; Molecular Weight: 775.8240.

620 mg, 40% vyield, white foamy solid. m.p. = 59-62 °C. *H NMR (400 MHz, CDCls,
298 K) § 7.63-7.57 (m, 1H), 7.34-7.27 (m, 2H), 7.10 (s, 2H), 6.95-6.91 (m, 1H), 6.71-
6.50 (m, 9H), 4.45 (d, J = 13.4 Hz, 4H), 3.96-3.78 (m, 8H), 3.17 (d, J = 13.3 Hz, 2H),
3.16 (d, J = 13.4 Hz, 2H), 2.00-1.86 (m, 8H), 1.04-0.95 (m, 12H). 3C NMR (100 MHz,
CDCls, 298 K) ¢ 194.8, 161.9, 156.6, 140.6, 135.6, 135.4, 135.07, 134.6, 133.3, 131.2,
130.8, 130.0, 129.7,128.7, 128.32, 128.27, 126.7, 122.5, 122.1, 120.1, 31.1, 31.0, 23.5,
23.4, 23.3, 10.50, 10.47, 10.4. IR (KBr) v 3359, 2963, 2932, 2875, 1652, 1555, 1453,
1273, 1212, 1090, 755 cm™. HRMS (ESI) m/z calcd. for Cs7Hs:BrOs* [M+H]*
775.29926; Found: 775.30042.

(2-bromophenyl)(12,32,52,7?-tetrakis(pentyloxy)-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1°-yl)methanone (2c)
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Chemical Formula: CssHe7BrOs; Molecular Weight: 888.0400.

650 mg, 37% yield, colourless solid. m.p. = 26-28 °C. *H NMR (400 MHz, CDCls, 298
K) & 7.62-7.60 (m, 1H), 7.32-7.27 (m, 2H), 7.11 (s, 2H), 6.96-6.93 (m, 1H), 6.69-6.64
(m, 4H), 6.59-6.52 (m, 5H), 4.45 (d, J = 13.3 Hz, 4H), 3.97-3.84 (m, 8H), 3.17 (d, J =
13.6 Hz, 2H), 3.16 (d, J = 13.6 Hz, 2H), 1.96-1.90 (m, 8H), 1.41-1.39 (m, 16H), 0.95
(t, J = 6.7 Hz, 12H). 13C NMR (100 MHz, CDCl3, 298 K) 6 194.8, 161.9, 156.7, 156.6,
140.7, 135.7, 135.5, 135.1, 134.6, 133.3, 131.2, 130.8, 130.0, 129.7, 128.7, 128.32,
128.29, 126.7, 122.5, 122.1, 120.1, 75.6, 75.5, 75.3, 31.13, 31.09, 30.2, 30.15, 30.05,
28.6, 28.52, 28.46, 23.0, 22.9, 14.35, 14.31, 14.28. IR (KBr) v 3360, 2956, 2928, 2861,
1666, 1588, 1457, 1288, 1200, 1114, 1007, 760 cm™. HRMS (ESI) m/z calcd. for
CssHesBrOs™ [M+H]" 887.42446; Found: 887.42572.

(2-bromophenyl)(12,32,52,7?-tetrakis(octyloxy)-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1°-yl)methanone (2d)

Chemical Formula: Ces7Ho1BrOs; Molecular Weight: 1056.3640.

1010 mg, 48% vyield, colorless oil. 'H NMR (400 MHz, CDCls, 298 K) § 7.62-7.60 (m,

1H), 7.32-7.27 (m, 2H), 7.10 (s, 2H), 6.95-6.92 (m, 1H), 6.69-6.63 (m, 4H), 6.59-6.52
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(m, 5H), 4.4 (d, J = 13.3 Hz, 4H), 3.96-3.84 (m, 8H), 3.17 (d, J = 13.6 Hz, 2H), 3.16
(d, J = 13.6 Hz, 2H), 1.93-1.89 (m, 8H), 1.37-1.30 (m, 40H), 0.91-0.88 (m, 12H). 13C
NMR (100 MHz, CDCls, 298 K) & 194.8, 161.9, 156.7, 156.6, 140.8, 135.7, 135.5,
135.1, 134.6, 133.3, 131.2, 130.8, 130.1, 129.7, 128.7, 128.4, 128.3, 126.7, 122.5, 122.1,
120.1, 75.6, 75.5, 75.4, 32.1, 31.2, 31.1, 30.59, 30.55, 30.5, 30.07, 30.05, 30.0, 29.8,
29.74, 29.70, 26.54, 26.50, 26.45, 22.9, 14.2. IR (KBr) v 3057, 2955, 2924, 2854, 1667,
1588, 1458, 1288, 1208, 1115, 1010, 761 cm?. HRMS (ESI) m/z calcd. for
Ce7Ho2BrOs* [M+H]* 1055.61226; Found: 1055.61389.

(2-bromophenyl)(1?,3?,5?,7?-tetramethoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1°-yl)methanone (2e)

Chemical Formula: C3gHzsBrOs; Molecular Weight: 663.6080.

440 mg, 33% yield, white foamy solid. m.p. = 60-63 °C. *H NMR (400 MHz, CDCls,
298 K) 6 7.79-7.55 (m, 2H), 7.38-7.21 (m, 3H), 7.06-6.90 (m, 6H), 6.82-6.77 (m, 1H),
6.73-6.63 (M, 1H), 6.53-6.46 (m, 2H), 4.37 (dd, J = 13.1, 4.0 Hz, 1H), 4.10-4.07 (m,
2H), 3.87-3.58 (m, 12H), 3.24-3.02 (m, 5H). 3C NMR (100 MHz, CDCls, 298 K),
recorded as conformational isomers, ¢ 193.0, 158.1, 157.7, 140.6, 136.8, 135.8, 135.2,
135.0, 134.5, 134.0, 133.9, 133.4, 133.2, 132.9, 132.3, 132.1, 131.1, 131.0, 130.5, 129.4,
128.7,128.5,128.1, 126.6, 126.3, 122.9, 122.3,121.9,62.1, 61.4, 61.2, 60.9, 59.8, 58.9,
36.1, 35.8, 30.7. IR (KBr) v 3315, 2927, 2821, 1664, 1588, 1466, 1426, 1292, 1207,
1115, 764 cm™. HRMS (ESI) m/z calcd. for CagH36BrOs* [M+H]* 663.17406; Found:
663.17578.

(2-bromo-5-methylphenyl)(12,32,5?,72-tetrabutoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1°-yl)methanone (2f)
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Chemical Formula: Cs2Hs1BrOs; Molecular Weight: 845.9590.

560 mg, 33% yield, white foamy solid. m.p. = 85-88°C. 'H NMR (400 MHz, CDCls,
298 K) 6 7.48-7.46 (m, 1H), 7.14 (s, 2H), 7.11 (d, J = 8.2 Hz, 1H), 6.84 (s, 1H), 6.70-
6.55 (M, 9H), 4.46 (d, J = 13.2 Hz, 4H), 3.99-3.87 (m, 8H), 3.18 (d, J = 13.2 Hz, 4H),
2.34 (s, 3H), 1.96-1.87 (m, 8H), 1.53-1.40 (m, 8H), 1.01 (t, J = 7.4 Hz, 12H). 1*C NMR
(100 MHz, CDCl3, 298 K) ¢ 195.1, 162.0, 156.64, 156.57, 140.8, 136.8, 135.7, 135.5,
135.2,134.6, 132.9, 131.6, 131.2, 130.0, 129.5, 128.6, 128.4, 128.3, 122.4, 121.9, 116.5,
75.3,75.1,75.0, 32.53, 32.48, 32.4, 31.1, 31.0, 21.1, 19.52, 19.47, 19.45, 14.23, 14.16.
IR (KBr) v 3358, 2958, 2923, 2871, 1663, 1590, 1457, 1245, 1114, 1022, 761 cm™,
HRMS (ESI) m/z calcd. for CsoHe2BrOs™ [M+H]* 845.37751; Found: 845.37915.

(2-bromo-5-methoxyphenyl)(12,32,52,7?-tetrabutoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1%-yl)methanone (29)

OMe

gy "By \nBu \”Bu
Chemical Formula: Cs2Hs1BrOg; Molecular Weight: 861.9580.

610 mg, 35% yield, white foamy solid. m.p. = 61-64 °C. 'H NMR (400 MHz, CDCls,
298 K) ¢ 7.48 (dd, J = 8.8, 0.7 Hz, 1H), 7.22 (s, 2H), 6.87 (ddd, J = 8.8, 3.0, 0.8 Hz,

1H), 6.73 (d, J = 7.4 Hz, 2H), 6.65-6.57 (m, 4H), 6.55-6.52 (m, 4H), 4.45 (d, J = 13.4
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Hz, 4H), 4.01 (t, J = 7.4 Hz, 2H), 3.93-3.84 (m, 6H), 3.82 (s, 3H), 3.18 (d, J = 13.6 Hz,
2H), 3.17 (d, J = 13.6 Hz, 2H), 1.95-1.87 (m, 8H), 1.52-1.40 (m, 8H), 1.01 (t, J = 7.4
Hz, 12H). 3C NMR (100 MHz, CDCls, 298 K) & 194.9, 162.3, 158.5, 156.8, 156.3,
141.8, 136.0, 135.4, 135.1, 134.1, 133.8, 131.2, 129.7, 128.52, 128.48, 128.1, 122.4,
122.0, 116.6, 114.6, 110.0, 75.3, 75.1, 75.0, 55.7, 32.5, 32.42, 32.40, 31.04, 30.99,
19.50, 19.45, 19.4, 14.24, 14.22, 14.18. IR (KBr) v 3058, 2958, 2930, 2871, 1667, 1589,
1458, 1288, 1196, 1112, 1025, 761 cm™. HRMS (ESI) m/z calcd. for CszHg:BrOg"
[M+H]* 861.37243; Found: 861.37432.

(2-bromo-5-fluorophenyl)(12,3%,5%,72-tetrabutoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1°-yl)methanone (2h)

Chemical Formula: CsiHsgBrFOs; Molecular Weight: 849.9224.

200 mg, 12% yield, white foamy solid. m.p. = 55-58 °C. *H NMR (400 MHz, CDCls,
298 K) 6 7.55 (dd, J = 8.8, 4.9 Hz, 1H), 7.05-7.00 (m, 3H), 6.79 (dd, J = 6.8, 2.0 Hz,
2H), 6.68-6.60 (M, 7H), 6.51-6.48 (m, 1H), 4.45 (d, J = 13.2 Hz, 2H), 4.44 (d, J = 13.2
Hz, 2H), 4.02-3.88 (M, 6H), 3.84 (t, J = 7.2 Hz, 2H), 3.18 (d, J = 13.2 Hz, 2H), 3.17 (d,
J=13.2 Hz, 2H), 1.97-1.85 (m, 8H), 1.53-1.37 (m, 8H), 1.02-0.98 (m, 12H). 3C NMR
(100 MHz, CDCl3, 298 K) 6 193.3, 161.9, 161.2 (d, J = 249.5 Hz),156.7, 156.3, 142.2
(d, J=6.2 Hz), 135.8, 135.6, 134.8, 134.73, 134.65, 131.1, 129.4, 128.9, 128.4, 128.3,
122.5,122.0, 118.0 (d, J = 22.5 Hz), 116.7 (d, J = 23.8 Hz), 114.2 (d, J = 3.0 Hz), 77.5,
77.2,76.8, 75.4, 75.2, 75.0, 32.5, 32.3, 31.1, 31.0, 19.6, 19.5, 19.4, 14.3, 14.2, 14.1..
IR (KBr) v 3332, 3061, 2958, 2930, 2871, 1669, 1589, 1458, 1246, 1195, 1021, 762
cm. HRMS (ESI) m/z calcd. for CsiHsoBrFOs* [M+H]* 849.35244; Found: 849.35321.
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(2-bromo-4-methylphenyl)(12,3?,5?,72-tetrabutoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1°-yl)methanone (2i)

Chemical Formula: Cs2Hs1BrOs; Molecular Weight: 845.9590.

420 mg, 25% yield, white foamy solid. m.p. = 67-69 °C. 'H NMR (400 MHz, CDCls,
298 K) & 7.44 (s, 1H), 7.13 (s, 2H), 7.07 (d, J = 8.6 Hz, 1H), 6.83 (d, J = 7.7 Hz, 1H),
6.68-6.65 (M, 4H), 6.60-6.52 (m, 5H), 4.45 (d, J = 13.2 Hz, 2H), 4.44 (d, J = 13.2 Hz,
2H), 3.98-3.85 (m, 8H), 3.17 (d, J = 13.2 Hz, 2H), 3.16 (d, J = 13.2 Hz, 2H), 1.95-1.86
(m, 8H), 1.50-1.40 (m, 8H), 1.00 (t, J = 7.4 Hz, 12H). 3C NMR (100 MHz, CDCls,
298 K) 6 194.9, 161.8, 156.7, 156.5, 141.4, 137.6, 135.6, 135.4, 135.2, 134.6, 133.9,
131.2, 130.4, 129.9, 128.6, 128.4, 128.3, 127.4, 122.4, 122.1, 120.1, 75.3, 75.2, 75.0,
32.52, 32.49, 32.4, 31.10, 31.06, 21.2, 19.52, 19.49, 19.46, 14.22, 14.15. IR (KBr) v
3361, 2929, 2871, 1664, 1597, 1456, 1308, 1288, 1206, 1117, 761 cm™. HRMS (ESI)
m/z calcd. for Cs;Hg2BrOs* [M+H]" 845.37751; Found: 845.37891.

(2-bromo-4-fluorophenyl)(12,3%,5%,72-tetrabutoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1%-yl)methanone (2j)

Chemical Formula: Cs1HsgBrFOs; Molecular Weight: 849.9224.
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340 mg, 20% yield, white foamy solid. m.p. = 60-62 °C. *H NMR (400 MHz, CDCls,
298 K) 6 7.36 (dd, J = 8.4, 2.4 Hz, 1H), 7.02 (s, 2H), 6.96 (td, J = 8.3, 2.4 Hz, 1H), 6.84
(dd, J = 8.5, 6.0 Hz, 1H), 6.79 (dd, J = 6.9, 1.8 Hz, 2H), 6.70-6.64 (m, 4H), 6.58 (d, J
= 7.5 Hz, 2H), 6.48-6.44 (m, 1H), 4.46 (d, J = 13.2 Hz, 4H), 4.03-3.89 (m, 6H), 3.85 (t,
J=7.2 Hz, 2H), 3.19 (d, J = 13.2 Hz, 2H), 3.18 (d, J = 13.2 Hz, 2H), 1.98-1.86 (m, 8H),
1.54-1.38 (m, 8H), 1.01 (t, J = 7.4 Hz, 12H). 3C NMR (100 MHz, CDCls, 298 K) &
193.7,162.8 (d, J = 253.8 Hz), 161.7, 156.7, 156.4, 136.5 (d, J = 3.6 Hz), 135.8, 135.4,
134.9, 134.8, 131.5 (d, J = 8.8 Hz), 131.1, 130.0, 128.8, 128.5, 128.1, 122.5, 122.0,
121.2 (d, J = 9.7 Hz), 120.8 (d, J = 24.4 Hz), 113.8 (d, J = 21.2 Hz), 75.4, 75.2, 75.0,
32.5,32.3,31.1,31.0,19.6,19.5,19.4, 14.24,14.19, 14.1. IR (KBr) v 3359, 3059, 2958,
2929, 2871, 1667, 1594, 1457, 1210, 1114, 762 cm™. HRMS (ESI) m/z calcd. for
Cs1HsoBrFOs* [M+H]* 849.35244; Found: 849.35382.

(2-bromo-6-methylphenyl)(12,32,52,72-tetrabutoxy-1,3,5,7(1,3)-

tetrabenzenacyclooctaphane-1%-yl)methanone (2k)

0
/ \
"BY "By g, "B

Chemical Formula: Cs2Hs1BrOs; Molecular Weight: 845.9590.

760 mg, 45% yield, white foamy solid. m.p. = 68-71°C. 'H NMR (400 MHz, CDCls,
298 K) 5 7.42 (d, J = 7.3 Hz, 1H), 7.35 (br s, 1H), 7.20-7.07 (m, 3H), 6.73 (brd, J = 6.9
Hz, 2H), 6.61-6.46 (m, 6H), 6.38 (br s, 1H), 4.43 (d, J = 13.2 Hz, 4H), 4.02-3.98 (m,
2H), 3.92-3.81 (m, 6H), 3.16 (d, J = 13.2 Hz, 4H), 1.96-1.86 (m, 8H), 1.52-1.39 (m,
8H), 1.02-0.97 (m, 12H). 3C NMR (100 MHz, CDCls, 298 K) 6 196.3, 162.4, 156.8,
156.2,141.1,137.2, 136.3, 135.4, 135.0, 134.1, 131.2, 130.0, 129.9, 129.8, 129.0, 128.6,
128.5,127.9, 122.5, 122.1,119.1, 75.4, 75.2, 75.0, 32.6, 32.44, 32.41, 31.1, 31.0, 20.0,
19.54,19.46,19.4,14.24,14.21, 14.18. IR (KBr) v 3430, 3057, 2958, 2930, 2871, 1667,
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1589, 1456, 1245, 1206, 1110, 761 cm™. HRMS (ESI) m/z calcd. for CsoHe2BrOs*
[M+H]* 845.37751; Found: 845.37946.
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6. General procedure for the synthesis of 3a-3k

PdBr; (10 mol%)
L10 (20 mol%)
Rb,CO3 (3 equiv)

[a] standard conditions

[b] with Rb,CO3 (3 equiv)

THF, 110 °C, 48 ht@l [c] with L6

General procedure A: To a 10 mL Schlenk-type sealed tube was added 2 (0.05 mmol),
PdBr; (1.4 mg, 0.005 mmol, 10 mol%), L10 (5.7 mg, 0.01 mmol, 20 mol%), Rb.CO3
(34.7 mg, 0.15 mmol, 3 equiv), and dry THF (1.5 mL). The reaction tube was purged
with N, sealed with a Teflon cap and stirred at 110 °C for 48 h. The reaction was cooled
to room temperature. The reaction mixture was filtered through Celite and the filtrate
was concentrated in vacuo. The residue was purified by preparative TLC to afford
desired product.

General procedure B: To a 10 mL Schlenk-type sealed tube was added 2 (0.05 mmol),
PdBr2 (2.7 mg, 0.01 mmol, 20 mol%), L10 (11.4 mg, 0.02 mmol, 40 mol%), Rb2COs
(34.7 mg, 0.15 mmol, 3 equiv), and dry THF (1.5 mL). The reaction tube was purged
with N2, sealed with a Teflon cap and stirred at 110 °C for 24 h. The reaction was cooled
to room temperature. The reaction mixture was filtered through Celite and the filtrate
was concentrated in vacuo. The residue was purified by preparative TLC to afford

desired product.

General procedure C: Toa 10 mL Schlenk-type sealed tube was added 2 (0.05 mmol),
PdBrz (1.4 mg, 0.005 mmol, 10 mol%), L6 (4.9 mg, 0.01 mmol, 20 mol%), Cs2CO3
(32.5 mg, 0.1 mmol, 2 equiv), and dry THF (1.5 mL). The reaction tube was purged
with Ny, sealed with a Teflon cap and stirred at 110 °C for 48 h. The reaction was cooled
to room temperature. The reaction mixture was filtered through Celite and the filtrate
was concentrated in vacuo. The residue was purified by preparative TLC to afford

desired product.
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phenyl(11,18,32,52-tetrabutoxy-1°H-1(2,7)-fluorena-3,5(1,3)-

dibenzenacyclohexaphane-14-yl)methanone (3a)

Chemical Formula: Cs1HsgOs; Molecular Weight: 750.4284.

General procedure A: 23.3 mg, 62% vyield, 90% ee; General procedure B: 17.7 mg,
47% yield, 94% ee. Yellow solid. m.p. = 143-146 °C. *H NMR (400 MHz, CDCls, 298
K) 6 7.47-7.40 (m, 1H), 7.26-7.22 (m, 1H), 7.20 (d, J = 7.4 Hz, 1H), 7.18 (d, J = 7.3
Hz, 1H), 7.09 (dd, J = 7.8, 1.7 Hz, 1H), 6.95-6.89 (m, 2H), 6.88-6.82 (m, 2H), 6.79 (dd,
J=7.4,1.6 Hz, 1H), 6.72 (s, 1H), 6.63 (t, J = 7.6 Hz, 1H), 6.45 (d, J = 8.4 Hz, 1H),
6.33 (d, J = 8.4 Hz, 1H), 4.41 (d, J = 12.9 Hz, 1H), 4.35 (d, J = 12.5 Hz, 1H), 4.33-4.27
(m, 1H), 4.23 (d, J = 12.9 Hz, 1H), 4.14 (dt, J = 9.6, 6.5 Hz, 1H), 4.06 (dt, J = 9.7, 6.4
Hz, 1H), 4.02-3.92 (m, 3H), 3.91 (d, J = 19.3 Hz, 1H), 3.88 (d, J = 19.3 Hz, 1H), 3.56-
3.46 (m, 2H), 3.26 (d, J = 13.0 Hz, 1H), 3.24 (d, J = 12.6 Hz, 1H) , 3.01 (d, J = 13.0
Hz, 1H), 2.15-1.77 (m, 8H), 1.73-1.57 (m, 4H), 1.47-1.31 (m, 4H), 1.10-0.98 (m, 12H).
13C NMR (100 MHz, CDCls, 298 K) 6 197.0, 159.9, 156.9, 156.3, 156.0, 145.2, 143.5,
138.7,138.4,138.3, 135.2, 134.1, 133.0, 132.1, 130.5, 130.4, 129.7, 129.5, 129.2, 128.8,
128.2,127.9, 127.2, 123.3, 122.9, 117.3, 75.3, 75.2, 73.9, 73.6, 34.5, 33.4, 33.1, 32.74,
32.69, 32.3,32.2, 26.2, 19.7, 19.6, 19.3, 14.4, 14.2, 14.1. IR (KBr) v 3060, 2958, 2931,
2872, 1653, 1555, 1453, 1274, 1211, 1090, 758 cm™. HRMS (ESI) m/z calcd. for
Cs1Hs905" [M+H]" 751.43570; Found: 751.43719.

HPLC: ID column, Hexane : i-PrOH=80: 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t1 = 19.3 min (minor), t2 = 24.5 min (major). [a]o?’ = +475 (c = 2.0, CHCl5)
for 94% ee for P-3a. [a]o?’ = -465 (¢ = 2.0, CHCI3) for 91% ee M-3a.

S20



phenyl(11,18,32,52-tetrapropoxy-1°H-1(2,7)-fluorena-3,5(1,3)-

dibenzenacyclohexaphane-14-yl)methanone (3b)

Chemical Formula: C47Hs00s; Molecular Weight: 694.3658.

General procedure A: 20.1 mg, 58% vyield, 88% ee; General procedure B: 15.3 mg,
44% yield, 93% ee. Yellow solid. m.p. = 158-160°C. *H NMR (400 MHz, CDCls, 298
K) 6 7.46-7.41 (m, 1H), 7.26-7.22 (m, 1H), 7.20 (d, J = 7.4 Hz, 1H), 7.18 (d, J = 7.5
Hz, 1H), 7.09 (dd, J = 7.9, 1.3 Hz, 1H), 6.95-6.89 (m, 2H), 6.88-6.83 (m, 2H), 6.79 (dd,
J =75, 1.5 Hz, 1H), 6.72 (s, 1H), 6.63 (t, J = 7.6 Hz, 1H), 6.45 (d, J = 8.4 Hz, 1H),
6.33 (d, J = 8.4 Hz, 1H), 4.42 (d, J = 13.0 Hz, 1H), 4.36 (d, J = 12.6 Hz, 1H),.4.27 (dt,
J=9.5,6.5Hz, 1H). 4.25 (d, J = 13.0 Hz, 1H), 4.11 (dt, J = 9.6, 6.6 Hz, 1H), 4.02 (dt,
J=9.6,6.5Hz, 1H), 3.99-3.93 (m, 3H), 3.91 (d, J = 19.3 Hz, 1H), 3.88 (d, J = 19.3 Hz,
1H), 3.54-3.42 (m, 2H), 3.26 (d, J = 13.1 Hz, 1H), 3.24 (d, J = 12.7 Hz, 1H), 3.01 (d, J
= 13.0 Hz, 1H), 2.17-1.79 (m, 8H), 1.15 (t, J = 7.4 Hz, 6H), 1.00-0.92 (m, 6H). 13C
NMR (100 MHz, CDCls, 298 K) ¢ 197.0, 159.8, 156.9, 156.3, 156.0, 145.2, 143.5,
138.7, 138.44, 138.40, 138.3, 135.2, 134.1, 133.0, 132.1, 130.5, 130.4, 129.7, 129.5,
129.2,128.8,128.2,127.9,127.2,123.3,122.9, 117.3, 75.9, 75.5, 34.5, 33.5, 33.2, 26.1,
23.84, 23.81, 23.28, 23.25, 11.0, 10.9, 10.2, 10.1. IR (KBr) v 3359, 2963, 2932, 2875,
1652, 1555, 1453, 1273, 1212, 1090, 755 cm™. HRMS (ESI) m/z calcd. for C47Hs105"
[M+H]" 695.37310; Found: 695.37347.

HPLC: ID column, Hexane : i-PrOH=80 : 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t; = 21.6 min (minor), t2 = 26.3 min (major). [a]o?’ = +536 (c = 2.0, CHCly)
for 93% ee.
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phenyl(11,18,32,52-tetrakis(pentyloxy)-1°H-1(2,7)-fluorena-3,5(1,3)-

dibenzenacyclohexaphane-1*-yl)methanone (3c)

Chemical Formula: CssHesOs; Molecular Weight: 806.4910.

General procedure A: 23.4 mg, 58% vyield, 90% ee; General procedure B: 18.6 mg,
46% vyield, 93% ee. Yellow solid. m.p. = 82-85°C. 'H NMR (400 MHz, CDCls, 298
K) 6 7.47-7.41 (m, 1H), 7.25-7.22 (m, 1H), 7.20 (d, J = 7.4 Hz, 1H), 7.18 (d, J = 7.5
Hz, 1H), 7.09 (dd, J = 7.7, 1.4 Hz, 1H), 6.94-6.89 (m, 2H), 6.88-6.83 (m, 2H), 6.79 (dd,
J=17.4,15Hz, 1H), 6.72 (s, 1H), 6.63 (t, J = 7.6 Hz, 1H), 6.45 (d, J = 8.4 Hz, 1H),
6.33 (d, J = 8.4 Hz, 1H), 4.41 (d, J = 13.0 Hz, 1H), 4.35 (d, J = 12.7 Hz, 1H), 4.32-4.26
(m, 1H), 4.23 (d, J = 13.0 Hz, 1H), 4.13 (dt, J = 9.6, 6.6 Hz, 1H), 4.05 (dt, J = 9.6, 6.5
Hz, 1H), 4.01-3.93 (m, 3H), 3.92 (d, J = 19.6 Hz, 1H), 3.91 (d, J = 19.6 Hz, 1H), 3.88
(d, J = 19.6 Hz, 1H), 3.56-3.46 (m, 2H), 3.26 (d, J = 12.6 Hz, 1H), 3.24 (d, J = 12.7 Hz,
1H), 3.00 (d, J = 13.0 Hz, 1H), 2.17-1.79 (m, 8H), 1.66-1.51 (m, 4H), 1.54-1.35 (m,
8H), 1.40-1.22 (m, 4H), 1.08-0.92 (m, 12H). 3C NMR (100 MHz, CDCls, 298 K) &
197.0, 159.9, 157.0, 156.3, 155.9, 145.2, 143.5, 138.7, 138.43, 138.41, 138.3, 135.2,
134.1,133.0, 132.1, 130.5, 130.4, 129.7, 129.5, 129.1, 128.8, 128.2, 127.9, 127.1, 123.3,
122.9,117.3,75.44,75.37,74.3,73.9, 34.5, 33.5, 33.2, 30.31, 30.29, 29.87, 29.85, 28.7,
28.6, 28.2, 26.2, 23.1, 23.0, 22.8, 22.7, 14.4, 14.3. IR (KBr) v 3060, 2955, 2922, 2870,
1653, 1555, 1453, 1273, 1212, 1090, 1078, 757 cm™. HRMS (ESI) m/z calcd. for
Cs5He705" [M+H]™ 807.49830; Found: 807.49939.

HPLC: ID column, Hexane : i-PrOH= 80 : 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t1 = 18.5 min (minor), t2 = 23.1 min (major). [a]o?’ = +446 (c = 2.0, CHCl5)
for 93% ee.
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phenyl(11,18,32,52-tetrakis(octyloxy)-1°H-1(2,7)-fluorena-3,5(1,3)-

dibenzenacyclohexaphane-14-yl)methanone (3d)

Chemical Formula: Ce7Hg0Os; Molecular Weight: 974.6788.

General procedure A: 31.7 mg, 65% vyield, 93% ee; General procedure B: 22.4 mg,
46% vyield, 93% ee. Yellow solid. m.p. = 63-64 °C. 'H NMR (400 MHz, CDCls, 298
K) 6 7.48-7.38 (m, 1H), 7.25-7.22 (m, 1H), 7.22-7.15 (m, 2H), 7.11-7.06 (m, 1H), 6.96-
6.89 (M, 2H), 6.88-6.83 (M, 2H), 6.82-6.76(m, 1H), 6.72 (s, 1H), 6.63 (t, J = 7.5 Hz,
1H), 6.45 (d, J = 8.4 Hz, 1H), 6.33 (d, J = 8.4 Hz, 1H), 4.40 (d, J = 13.0 Hz, 1H), 4.34
(d, J = 12.4 Hz, 1H), 4.32-4.26 (m, 1H), 4.22 (d, J = 13.0 Hz, 1H), 4.18-4.09 (m, 1H),
4.09-4.01 (m, 1H), 4.00-4.92 (m, 3H), 3.91 (d, J = 19.9 Hz, 1H), 3.87 (d, J = 19.9 Hz,
1H), 3.57-3.44 (m, 2H), 3.25 (d, J = 13.0 Hz, 1H), 3.23 (d, J = 12.6 Hz, 1H), 3.00 (d, J
=12.7 Hz, 1H), 2.18-1.77 (m, 8H), 1.28-1.27 (m, 40H), 0.99-0.83 (m, 12H). 13C NMR
(100 MHz, CDCls, 298 K) ¢ 197.0, 159.9, 157.0, 156.3, 156.0, 145.2, 143.5, 138.7,
138.5, 138.43, 138.39, 138.3, 135.2, 134.2, 133.0, 132.1, 130.5, 130.4, 129.7, 129.5,
129.1,128.8,128.2,127.9,127.1,123.3,122.9, 117.3, 75.5, 75.4, 74.3, 73.9, 34.6, 33.5,
33.2,32.2,32.14, 32.11, 32.07, 30.7, 30.6, 30.3, 30.24, 30.15, 30.1, 29.80, 29.76, 29.7,
29.62, 29.55, 26.6, 26.5, 26.2, 22.89, 22.87, 22.85, 14.3. IR (KBr) v 3361, 2954, 2923,
2854, 1654, 1454, 1379, 1273, 1212, 1090, 757 cm™. HRMS (ESI) m/z calcd. for
Ce7H9105" [M+H]" 975.68610; Found: 975.68768.

HPLC: ID column, Hexane : i-PrOH=80 : 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t; = 14.5 min (minor), t, = 16.9 min (major). [a]o?’ = +427 (c = 2.0, CHCly)
for 93% ee.
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phenyl(11,18,32,52-tetramethoxy-1°H-1(2,7)-fluorena-3,5(1,3)-

dibenzenacyclohexaphane-1*-yl)methanone (3e)

Chemical Formula: C3sHz40s; Molecular Weight: 582.2406.

General procedure A: 13.4 mg, 46% vyield, 84% ee; General procedure B: 11.6 mg,
40% yield, 93% ee. Yellow solid. m.p. = 60-63 °C. 'H NMR (400 MHz, CDCls, 298
K) § 8.29-8.15 (m, 1H), 7.66-6.62 (m, 12H), 6.49-6.27 (m, 1H), 4.43-4.24 (m, 1H),
4.15-3.44 (m, 15H), 3.34-3.15 (m, 1H), 3.12-2.85(m, 3H). 13C NMR (100 MH, CDCls,
298 K), recorded as conformational isomers ¢ 196.7, 161.6, 160.7, 160.0, 157.5, 157.3,
157.1, 157.0, 147.5, 145.7, 145.5, 143.8, 139.3, 138.4, 138.2, 138.1, 138.0, 137.8, 137.7,
136.9, 135.3,135.1, 134.9, 134.4, 134.2, 134.0, 133.1, 132.6, 132.4, 132.1, 131.3, 131.0,
130.9, 130.7, 130.5, 129.8, 129.6, 129.4, 129.1, 129.0, 128.8, 128.5, 128.2, 128.1, 128.0,
127.2,126.4,123.7,123.4,122.4,122.3,117.8, 117.6,61.5, 61.5, 61.0, 60.4, 60.0, 59.7,
37.4,36.6,34.7,33.1, 32.9, 26.9, 26.8. IR (KBr) v 3059, 2932, 2821, 1647, 1579, 1461,
1268, 1219, 1089, 1018, 766, 757 cm™*. HRMS (ESI) m/z calcd. for C3gH350s* [M+H]*
583.24790; Found: 583.24884.

HPLC: ID column, Hexane : i-PrOH=80: 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t1 = 38.7 min (minor), t2 = 41.7 min (major). [a]o?’ = +718 (c = 2.0, CHCl5)
for 93% ee.

(1%,18,32, 52-tetrabutoxy-1°H-1(2,7)-fluorena-3,5(1,3)-dibenzenacyclohexaphane-
14-yl)(m-tolyl)methanone (3f)

S24



Chemical Formula: Cs2HsoOs; Molecular Weight: 765.0470.

General procedure A: 21.8 mg, 57% yield, 90% ee; General procedure B:19.1 mg,
50% vyield, 92% ee. Yellow solid. m.p. = 34-36 °C. 'H NMR (400 MHz, CDCls, 298
K) 6 7.34-7.31 (m, 1H), 7.26-7.20 (m, 2H), 7.09-7.05 (m, 1H), 6.99 (t, J = 7.6 Hz, 1H),
6.88-6.77 (m, 3H), 6.74 (s, 1H), 6.63 (t, J = 7.5 Hz, 1H), 6.47 (d, J = 8.3 Hz, 1H), 6.35
(d,J=8.4 Hz, 1H), 6.24 (d, J = 7.5 Hz, 1H), 4.41 (d, J = 13.0 Hz, 1H), 4.35 (d, J = 12.6
Hz, 1H), 4.32-4.27 (m, 1H), 4.22 (d, J = 13.0 Hz, 1H), 4.14 (dt, J = 9.4, 6.4 Hz, 1H),
4.05 (dt, J = 10.0, 6.5 Hz, 1H), 4.02-3.93 (m, 3H), 3.91 (d, J = 19.3 Hz, 1H), 3.87 (d, J
=19.3 Hz, 1H), 3.56-3.45 (m, 2H), 3.24 (d, J = 13.0 Hz, 1H). 3.23 (d, J = 12.6 Hz, 1H),
3.00 (d, J = 13.0 Hz, 1H), 2.33 (s, 3H), 2.14-1.76 (m, 8H), 1.72-1.58 (m, 4H), 1.46-1.32
(m, 4H), 1.10-0.96 (m, 12H). 3C NMR (100 MHz, CDCls;, 298 K) ¢ 197.1, 159.9,
156.9, 156.3, 156.0, 145.4, 143.6, 138.7, 138.6, 138.5, 138.33, 138.27, 137.9, 135.2,
134.1,133.0,132.9, 130.4, 130.0, 129.7, 129.6, 129.3, 128.8, 128.6, 128.0, 127.9, 127.1,
123.3, 122.9, 117.4, 75.3, 75.2, 73.9, 73.6, 34.5, 33.4, 33.1, 32.74, 32.69, 32.3, 32.2,
26.2,21.5,19.7,19.6, 19.3, 14.4, 14.2, 14.1. IR (KBr) v 3361, 3060, 2958, 2930, 2871,
1651, 1584, 1454, 1274, 1206, 1090, 763 cm™. HRMS (ESI) m/z calcd. for Cs;He105"
[M+H]* 765.45135; Found: 765.45148.

HPLC: ID column, Hexane:i-PrOH= 80 : 20 , 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t; = 18.9 min (minor), t2 = 26.2 min (major). [a]o?’ = +540 (c = 2.0, CHCly)
for 92% ee.

(3-methoxyphenyl)(11,18,32,52-tetrabutoxy-1°H-1(2,7)-fluorena-3,5(1,3)-

dibenzenacyclohexaphane-14-yl)methanone (3g)
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Chemical Formula: Cs2HsoOs; Molecular Weight: 781.0460.

General procedure A: 20.3 mg, 52% yield, 87% ee; General procedure B: 18 mg,
46% vyield, 89% ee. Yellow solid. m.p. = 42-45°C. 'H NMR (400 MHz, CDCls, 298
K) § 7.32-7.29 (m, 1H), 7.21 (dd, J = 7.3, 2.0 Hz, 1H), 7.07 (dd, J = 7.8, 1.3 Hz, 1H),
7.02-6.92 (m, 2H), 6.90-6.76 (m, 4H), 6.64 (t, J = 7.6 Hz, 1H), 6.43 (d, J = 8.3 Hz, 1H),
6.34 (d, J = 8.4 Hz, 1H), 4.41 (d, J = 12.9 Hz, 1H), 4.35 (d, J = 12.6 Hz, 1H), 4.31 (dl,
J=9.7,6.4 Hz, 1H), 4.22 (d, J = 13.0 Hz, 1H), 4.15 (dt, J = 9.6, 6.5 Hz, 1H), 4.06 (dt,
J=9.7,6.4 Hz, 1H), 4.02-3.93 (m, 3H), 3.92 (d, J = 19.2 Hz, 1H), 3.88 (d, J = 19.2 Hz,
1H), 3.82 (s, 3H), 3.55-4.55 (m, 2H), 3.27 (d, J = 12.3 Hz, 1H). 3.24 (d, J = 11.9 Hz,
1H), 3.00 (d, J = 13.0 Hz, 1H), 2.17-1.77 (m, 8H), 1.71-1.59 (m, 4H), 1.46 -1.32 (m,
4H), 1.08-0.98 (m, 12H). 1*C NMR (100 MHz, CDCls, 298 K) ¢ 196.5, 159.9, 159.6,
157.0, 156.2, 156.0, 145.2, 143.5, 139.8, 138.6, 138.4, 138.3, 138.2, 135.0, 134.1, 133.0,
130.4, 129.7, 129.5, 129.1, 129.0, 128.9, 127.90, 127.85, 127.2, 1245, 123.3, 122.9,
119.4,117.6, 112.8, 75.22, 75.18, 73.9, 73.6, 55.5, 34.5, 33.4, 33.1, 32.73, 32.68, 32.2,
26.2,19.7,19.6,19.3,14.4,14.4,14.2, 14.1. IR (KBr) v 3362, 3057, 2957, 2931, 2872,
1651, 1556, 1463, 1454, 1252, 1206, 1090, 765 cm™. HRMS (ESI) m/z calcd. for
Cs2He106" [M+H]* 781.44627; Found: 781.44473.

HPLC: ID column, Hexane : i-PrOH= 80 : 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t1 = 22.6 min (minor), t, = 28.3 min (major). [a]o?’ = +530 (c = 1.0, CHCly)
for 89% ee.

(3-fluorophenyl)(1t,18,32,52-tetrabutoxy-1°H-1(2,7)-fluorena-3,5(1,3)-

dibenzenacyclohexaphane-1*-yl)methanone (3h)
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Chemical Formula: CsiHs7FOs; Molecular Weight: 769.0104.

General procedure A: 10 mg, 26% yield, 89% ee; General procedure C: 13.4 mg,
34% vyield, 89% ee. Yellow solid. m.p. = 30-33°C.*H NMR (400 MHz, CDCls, 298 K)
§7.21 (dd, J = 6.4, 2.6 Hz, 1H), 7.17-7.05 (m, 3H), 7.09-7.05 (m, 1H), 7.01-6.96 (m,
2H), 6.89-6.78 (m, 4H), 6.75 (s, 1H), 6.65 (t, J = 7.6 Hz, 1H), 6.51-6.43 (m, 1H), 6.42
(d, J = 8.4 Hz, 1H), 6.35 (d, J = 8.3 Hz, 1H), 4.40 (d, J = 13.0 Hz, 1H), 4.37-4.28 (m,
2H), 4.20 (d, J = 13.0 Hz, 1H), 4.14 (dt, J = 9.5, 6.5 Hz, 1H), 4.06 (dt, J = 9.6, 6.3 Hz,
1H), 4.02-3.92 (m, 3H), 3.91 (d, J = 19.1 Hz, 1H), 3.87 (d, J = 19.1 Hz, 1H), 3.56-3.44
(m, 2H), 3.26 (d, J = 13.0 Hz, 1H), 3.24 (d, J = 12.6 Hz, 1H), 2.99 (d, J = 13.0 Hz, 1H),
2.15-1.76 (m, 8H), 1.72-1.59 (m, 4H), 1.46-1.31 (m, 4H), 1.14-0.96 (m, 12H). °C
NMR (100 MHz, CDCls, 298 K) ¢ 195.2, 162.4 (d, J = 248.7 Hz), 160.2, 157.0, 156.2,
156.0, 145.4, 143.3, 140.7 (d, J = 6.1 Hz), 138.7, 138.5, 138.3, 138.2, 135.1, 134.1,
133.0, 130.5, 129.9, 129.8 (d, J = 7.6 Hz), 129.7, 129.0, 128.3, 127.9, 127.8, 127.3,
126.6 (d, J = 2.7 Hz), 123.5, 122.9, 119.1 (d, J = 21.3 Hz), 117.4, 116.5 (d, J = 21.8
Hz), 75.3, 75.2, 74.0, 73.6, 34.6, 33.4, 33.1, 32.73, 32.69, 32.3, 32.2, 26.1, 19.7, 19.6,
19.3, 14.38, 14.36, 14.2, 14.1. IR (KBr) v 3361, 3065, 2958, 2929, 2872, 1728, 1656,
1585, 1454, 1272, 1071, 766 cm™. HRMS (ESI) m/z calcd. for CsiHssOsF* [M+H]*
769.42628; Found: 769.42084.

HPLC: ID column, Hexane : i-PrOH= 80 : 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t1 = 16.3 min (minor), t2 = 22.9 min (major). [a]o?’ = +312 (¢ = 1.0, CHCl5)
for 89% ee.
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(11,18,32,5%-tetrabutoxy-1°H-1(2,7)-fluorena-3,5(1,3)-dibenzenacyclohexaphane-
1%-yl)(p-tolyl)methanone (3i)

Chemical Formula: Cs2HesoOs; Molecular Weight: 765.0470.

General procedure A: 21.4 mg, 56% vyield, 87% ee; General procedure B: 16.8 mg,
44% yield, 92% ee. Yellow solid. m.p. = 38-40 °C. 'H NMR (400 MHz, CDCls, 298
K) 5 7.24 (dd, J = 6.4, 2.9 Hz, 1H), 7.09 (dd, J = 7.7, 1.2 Hz, 1H), 7.03-6.97 (m, 2H),
6.91-6.84 (m, 4H), 6.79 (dd, J = 7.4, 1.5 Hz, 1H), 6.74 (s, 1H), 6.64 (t, J = 7.6 Hz, 1H),
6.42 (d, J = 8.3 Hz, 1H), 6.32 (d, J = 8.4 Hz, 1H), 4.41 (d, J = 12.9 Hz, 1H), 4.35 (d, J
= 12.8 Hz, 1H), 4.32-4.26 (m, 1H), 4.22 (d, J = 12.9 Hz, 1H), 4.14 (dt, J = 9.6, 6.5 Hz,
1H), 4.05 (dt, J = 9.7, 6.3 Hz, 1H), 4.01-3.93 (m, 3H), 3.91 (d, J = 19.2 Hz, 1H), 3.87
(d, J = 19.2 Hz, 1H), 3.57-3.44 (m, 2H), 3.26 (d, J = 12.8 Hz, 1H), 3.23 (d, J = 12.4 Hz,
1H), 3.00 (d, J = 13.0 Hz, 1H), 2.39 (s, 3H), 2.15-1.77 (m, 8H), 1.72-1.60 (m, 4H),
1.47-1.31 (m, 4H), 1.11-0.97 (m, 12H). 13C NMR (100 MHz, CDCls, 298 K) 6 196.5,
159.7, 157.0, 156.3, 156.0, 145.1, 143.6, 142.7, 138.7, 138.44, 138.39, 138.3, 135.8,
135.1, 134.1, 132.8, 130.7, 130.4, 129.6, 129.5, 129.3, 128.9, 128.8, 127.92, 127.87,
127.2,123.2,122.9,117.5,75.2,75.2,73.9, 73.6, 34.5,33.4,33.2,32.8,32.7,32.3, 32.2,
26.1, 21.8, 19.72, 19.65, 19.3, 14.4, 14.2, 14.1. IR (KBr) v 3360, 2957, 2928, 2871,
1649, 1453, 1273, 1208, 1090, 1076, 766 cm™. HRMS (ESI) m/z calcd. for Cs;Hs105"
[M+H]* 765.45135; Found: 765.45142.

HPLC: ID column, Hexane : i-PrOH=80 : 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t1 = 22.0 min (minor), t2 = 27.1 min (major). [a]o?’ = +495 (c = 2.0, CHCl5)
for 92% ee.
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(4-fluorophenyl)(1t,18,32,5%-tetrabutoxy-1°H-1(2,7)-fluorena-3,5(1,3)-

dibenzenacyclohexaphane-1*-yl)methanone (3j)

Chemical Formula: Cs1Hs7FOs; Molecular Weight: 769.0104

General procedure A: 1.6 mg, 4% vyield, 91% ee; General procedure B: 1.6 mg, 4%
yield, 89% ee. Yellow solid. m.p. = 120-123°C. 'H NMR (400 MHz, CDCls, 298 K)
§ 7.26-7.21 (m, 1H), 7.11-7.05 (m, 1H), 6.92-6.77 (m, 7H), 6.68-6.60 (m, 2H), 6.41-
6.30 (M, 2H), 4.41 (d, J = 13.0 Hz, 1H), 4.35 (d, J = 12.5 Hz, 1H), 4.31 (dt, J = 9.6, 6.4
Hz, 1H), 4.22 (d, J = 12.9 Hz, 1H), 4.14 (dt, J = 9.5, 6.5 Hz, 1H), 4.05 (dt, J = 9.6, 6.4
Hz, 1H), 4.05-3.90 (m, 3H), 3.91 (d, J = 19.3 Hz, 1H), 3.87 (d, J = 19.3 Hz, 1H), 3.57-
3.44 (m, 2H), 3.26 (d, J = 13.1 Hz, 1H), 3.24 (d, J = 12.6 Hz, 1H), 3.01 (d, J = 13.0 Hz,
1H), 2.16-1.78 (m, 8H), 1.72-1.59 (m, 4H), 1.48-1.29 (m, 4H), 1.10-0.96 (m, 12H). 13C
NMR (100 MHz, CDCl3, 298 K) ¢ 195.7, 165.2 (d, J = 253.2 Hz), 159.9, 156.9, 156.3,
155.9, 144.8, 143.2, 138.7, 138.54, 138.45, 138.3, 135.3, 134.6 (d, J = 2.7 Hz), 134.1,
133.1, 133.0, 132.6, 130.4, 129.8, 129.5, 128.9, 128.7, 127.89, 127.88, 127.2, 123.3,
122.9, 117.1, 115.3 (d, J = 21.6 Hz), 75.3, 75.2, 73.9, 73.6, 34.5, 33.4, 33.1, 32.72,
32.66, 32.3, 32.2, 26.1, 19.7, 19.6, 19.3, 14.38, 14.36, 14.2, 14.1. IR (KBr) v 3360,
2958, 2930, 2872, 1657, 1596, 1454, 1274, 1210, 1090, 771 cm™. HRMS (ESI) m/z
calcd. for Cs1Hss0sF" [M+H]* 769.42628; Found: 769.42786.

HPLC: ID column, Hexane : i-PrOH= 80 : 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t1 = 15.8 min (minor), t2 = 19.0 min (major). [a]o?’ = +448 (c = 0.25, CHCly)
for 91% ee.

(11,18,32,52-tetrabutoxy-1°H-1(2,7)-fluorena-3,5(1,3)-dibenzenacyclohexaphane-

14-yl)(o-tolyl)methanone (3k)
529



Chemical Formula: Cs2HsoOs; Molecular Weight: 765.0470

General procedure B: 21 mg, 55% yield, 62% ee. Yellow solid. m.p. = 165-168 °C.
IH NMR (400 MHz, CDCls, 298 K) & 7.30-7.24 (m, 1H), 7.20 (dd, J = 7.7, 1.4 Hz, 1H),
7.09-7.00 (m, 2H), 6.99-6.92 (m, 2H), 6.85 (dd, J = 7.4, 1.4 Hz, 1H), 6.83-6.78 (m, 1H),
6.76 (t, J = 7.5 Hz, 1H), 6.70-6.64 (m, 2H), 6.52-6.45 (m, 2H), 4.39 (d, J = 12.4 Hz,
1H), 4.36-4.28 (m, 2H), 4.19 (d, J = 12.9 Hz, 1H), 4.17-4.11 (m, 1H), 4.07-3.90 (m,
4H), 3.91 (d, J = 19.2 Hz, 1H), 3.88 (d, J = 19.2 Hz, 1H), 3.59-3.41 (m, 2H), 3.30 (d, J
=12.5 Hz, 1H), 3.13 (d, J = 13.2 Hz, 1H), 2.98 (d, J = 13.0 Hz, 1H), 2.17-1.76 (m, 8H),
1.73-1.57 (m, 4H), 1.47-1.30 (m, 4H), 1.10-0.95 (m, 12H), 0.91 (s, 3H). 3C NMR (100
MHz, CDCls, 298 K) ¢ 199.1, 160.8, 156.5, 155.9, 145.6, 143.7, 140.1, 139.04, 138.95,
138.3,138.2, 137.5, 135.1, 134.4, 133.7, 130.7, 130.6, 130.4, 130.1, 130.0, 129.2, 128.8,
127.9,127.8, 127.2, 125.3, 123.2, 122.8, 116.8, 75.3, 75.1, 74.0, 73.5, 34.6, 33.5, 32.8,
32.7,32.3,32.2,26.3,19.72, 19.70, 19.6, 19.30, 19.27, 14.4, 14.3, 14.2, 14.1. IR (KBr)
v 3428, 3061, 2957, 2930, 2871, 1651, 1550, 1454, 1272, 1213, 1090, 1075, 758 cm™.
HRMS (ESI) m/z calcd. for CspHe1O5" [M+H]" 765.45135; Found: 765.44962.

HPLC: ID column, Hexane : i-PrOH= 80 : 20, 24 °C, 0.5 mL/min flow rate, detection
at 365 nm, t1 = 21.9 min (minor), t. = 38.5 min (major). [a]o®’ = +292 (c = 1.0, CHCl5)
for 62% ee.
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7. Synthesis of 5

NaBH4 (5 eq)

THF/EtOH = 5:1
RT, 5h

3a, 94% ee 5, 75% yield, 94% ee, >20:1 d.r.

To a solution of 3a (20 mg, 0.026mmol, 1 equiv, 94% ee) in THF/EtOH (6 mL, 5/1,
v/v) was added NaBHa4 (5 mg, 0.13 mmol, 5 equiv) at room temperature. After stirred
for 5 h, starting material was completely consumed. The reaction was quenched by H-O,
concentrated in vacuo. The residue was dissolved and extracted with DCM (3 <20 mL).
The combined organic layers were washed with brine and dried over Na;SO4. Solvents
were removed in vacuo and the residue was purified by preparative TLC (PE : EA =
10 : 1) to give the pure product 5 (15 mg, 75% yield, 94% ee), colourless solid, m.p. =
49-51°C. H NMR (400 MHz, CDCl3, 298 K) 6 7.17-7.04 (m, 5H), 6.88-6.83 (m, 4H),
6.78 (t, J = 7.5 Hz, 1H), 6.74 (d, J = 8.3 Hz, 1H), 6.70 (t, J = 7.5 Hz, 1H), 6.63 (s, 1H),
6.36 (d, J = 8.3 Hz, 1H), 5.99 (s, 1H), 4.37 (d, J = 13.2 Hz, 1H), 4.36 (d, J = 13.2 Hz,
1H), 4.19 (d, J = 13.0 Hz, 1H), 4.15-4.11 (m, 2H), 4.01-3.93 (m, 5H), 3.94 (d, J = 19.4
Hz, 1H), 3.55-3.41 (m, 2H), 3.28 (d, J = 13.2 Hz, 1H), 3.27 (d, J = 13.2 Hz, 1H), 2.97
(d, J = 13.2 Hz, 1H), 2.17-1.78 (m, 8H), 1.72-1.60 (m, 4H), 1.43-1.32 (m, 4H), 1.09-
0.99 (m, 12H). 13C NMR (100 MHz, CDCls, 298 K) 6 157.4, 156.4, 156.0, 143.4, 143.0,
141.7,138.8, 138.42, 138.35, 138.2, 134.6, 134.4, 132.9, 129.7, 129.4, 128.94, 128.92,
128.8, 128.7, 128.2, 127.9, 127.8, 126.6, 123.1, 119.0, 75.3, 75.1, 73.9, 73.8, 73.09,
73.07, 34.0, 33.6, 33.4, 32.8, 32.7, 32.22, 32.15, 26.1, 19.7, 19.3, 14.4, 143, 14.2. IR
(KBr) v 3552, 3060, 2957, 2930, 2871, 1589, 1560, 1463, 1452, 1379, 1200, 1091, 763
cm™. HRMS (ESI) m/z calcd. for CsiHseOs™ [M-H]™ 751.43680; Found: 751.43860.
HPLC: IB column, Hexane : i-PrOH= 95 : 5, 24 °C, 0.5 mL/min flow rate, detection
at 330 nm, t1 = 12.2 min (minor), t. = 23.1 min (major). [a]o®’ = +180 (c = 2.0, CHCl5)
for 94% ee.
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8. Synthesis of 6

PhaPCHi (3.0 eq)
LIHMDS (4 eq) w
THF /
RT, 2h 0
n

3a, 94% ee 6, 71% yield, 94% ee

To a dry Schlenk tube was sequentially added CHsPPhsl (73 mg, 0.18 mmol, 3 equiv),
dry THF (1.2mL), and LIHMDS (0.12 ml, 2 M in THF, 4 equiv) under N». After stirred
for 0.5 h at room temperature, a solution of 3a (44 mg, 0.06 mmol, 1 equiv, 94% ee) in
THF (1.2 mL) was added. When the 3a was consumed by TLC analysis, the reaction
was quenched by H>O and extracted with DCM (3 <20 mL). The combined organic
layers were washed with brine and dried over Na2SOs. Solvents were removed in vacuo
and the residue was purified by preparative TLC (PE : EA = 40 : 1) to give the pure
product 6 (31.4 mg, 71% yield, 94% ee), colourless solid, m.p. = 30-31°C. 'H NMR
(400 MHz, CDCls, 298 K) § 7.19-7.13 (m, 3H), 6.99 (s, 1H), 7.01-6.96 (m, 2H), 6.82
(dd, J = 7.4, 1.4 Hz, 1H), 6.71-6.66 (m, 3H), 6.38 (br d, J = 7.0 Hz, 2H), 6.32 (d, J =
8.3 Hz, 1H), 6.30 (s, 1H), 5.52 (d, J = 1.6 Hz, 1H), 5.32 (s, 1H), 4.37 (d, J = 12.3 Hz,
1H), 4.33 (d, J = 12.3 Hz, 1H), 4.22 (d, J = 13.0 Hz, 1H), 4.23-4.14 (m, 2H), 4.04-3.93
(m, 4H), 3.92 (d, J = 19.3 Hz, 1H), 3.86 (d, J = 19.3 Hz, 1H), 3.54-3.45 (m, 2H), 3.26
(d,J =12.7 Hz, 1H), 3.17 (d, J = 12.8 Hz, 1H), 2.99 (d, J = 12.9 Hz, 1H), 2.14-1.79 (m,
8H), 1.71-1.62 (m, 8H), 1.42-1.33 (m, 8H), 1.08-0.99 (m, 12H). 13C NMR (100 MHz,
CDCls, 298 K) 0 157.1, 156.2, 156.1, 147.7, 144.7, 143.3, 140.9, 138.8, 138.5, 138.1,
134.8,134.4,132.9,131.1, 130.1, 129.3, 129.0, 128.7, 128.2, 127.9, 127.8, 127.0, 123.3,
122.8, 116.6, 116.0, 75.2, 75.1, 73.8, 34.0, 33.4, 33.2, 32.8, 32.24, 32.19, 26.1, 19.7,
19.3, 14.4, 14.2. IR (KBr) v 3189, 3058, 2957, 2926, 2871, 1659, 1463, 1454, 1266,
1090, 996, 763 cm™. HRMS (ESI) m/z calcd. for CsoHe104" [M+H]* 749.45644; Found:
749.45056. HPLC: ID column, Hexane : i-PrOH=98: 2, 24 °C, 0.5 mL/min flow rate,

S32



detection at 330 nm, t; = 8.3 min (minor), t2 = 8.8 min (major). [a]o?’ = +183 (c = 2.0,

CHCl5) for 94% ee.
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9. Synthesis of 7

P,05 (1.2 eq)

CCly, RT, 24 h

O-rBgy

3a, 94% ee 7, 29% yield, 94% ee

To adry round bottom flask was added 3a (20 mg, 0.026 mmol, 1 equiv, 94% ee), P>Os
(4.4 mg, 0.031mmol, 1.2 equiv), and CCls (6.5 mL). The reaction mixture was stirred
at room temperature for 24 h before a saturated solution of NaHCOs was added. The
reaction mixture was extracted with DCM (3 %20 mL). The combined organic layers
were washed with brine and dried over Na2SOa4. Solvents were removed in vacuo and
the crude product was purified by preparative TLC (PE : EA = 30 : 1) to give the pure
product 7 (5.8 mg, 29% yield, 94% ee), white solid, m.p. = 125-127°C. *H NMR (400
MHz, CDCl3, 298 K) ¢ 7.35 (dd, J = 7.4, 1.8 Hz, 1H), 7.28 (t, J = 7.5 Hz, 1H), 7.13-
7.09 (m, 2H), 7.02-6.92 (m, 4H), 6.74 (d, J = 8.2 Hz, 1H), 6.53 (s, 1H), 6.34-6.26 (m,
4H), 4.41 (d, J = 19.3 Hz, 1H), 4.29 (d, J = 14.4 Hz, 1H), 4.22-4.03 (m, 6H), 3.93 (d, J
= 22.3 Hz, 1H), 3.85 (d, J = 22.3 Hz, 1H), 3.73 (td, J = 9.5, 5.7 Hz, 1H), 3.54 (td, J =
9.5, 3.9 Hz, 1H), 3.36 (d, J = 14.4 Hz, 1H), 3.14 (d, J = 11.9 Hz, 1H), 2.87-2.81 (m,
1H), 2.52-2.46 (m, 1H), 1.91-1.79 (m, 4H), 1.69-1.51 (m, 5H), 1.30-1.21 (m, 3H), 1.08-
1.00 (m, 6H), 0.90 (t, J = 7.4 Hz, 3H), 0.89-0.79 (m, 3H), 0.70 (t, J = 7.4 Hz, 3H), 0.29-
0.17 (m, 1H). 13C NMR (100 MHz, CDCls, 298 K) 6 193.7, 158.1, 157.0, 156.4, 154.0,
144.8, 144.0, 139.9, 136.8, 136.7, 136.6, 136.4, 136.0, 132.2, 131.7, 131.6, 130.9, 130.8,
130.5, 130.2, 129.0, 128.4, 128.3, 128.2, 128.0, 127.2, 124.0, 122.7, 108.7, 75.2, 74.6,
74.4, 68.0, 41.7, 32.8, 32.7, 32.4, 32.1, 31.7, 31.0, 29.6, 19.6, 19.5, 19.2, 18.9, 14.2,
1412, 14.11, 14.0. IR (KBr) v 3359, 2957, 2922, 2852, 1642, 1556, 1455, 1262, 1207,
1091, 1021, 799 cm™. HRMS (ESI) m/z calcd. for CsiHseOs" [M+H]* 751.43570;
Found: 751.43707. HPLC: IB column, Hexane : i-PrOH=95: 5, 24 °C, 0.5 mL/min
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flow rate, detection at 330 nm, t; = 16.5 min (major), tz = 20.7 min (minor). [a]o?’ =

+606 (¢ = 0.5, CHCI3) for 94% ee.
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10. Copies of HPLC chromatograms
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11. Inversion barrier test of 3e

o Cl (0)
Dw WY Ow N\
| ] 150 °C, 24 h | ]
BN Pt
\ \
Me  Me Me Me Me Me Me Me
o,
3e, 93% ee 3e, 93% ee
mAU -
% PDA Multi 1
i 2
] | =
50 | }]
25 J “
| gl |
&
] 8 |
0 —. — T'/ \* A}
! T T o T — o
0 10 20 30 40 50 60
min
1 PDA Multi 1/365nm 4nm
PeakTable
PDA Ch1 365nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 38.685 144824 2562 3.650 4.033
2 41.690 3823113 60959 96.350 95.967
Total 3967937 63520 100.000 100.000
mAU
g PDA Multi 1
] (o
] i
50 J ‘
25+ I \\
1 2]
1 ~ 1 \
ﬂlf) | \.LL
0 - T
T T T T U T T L L B T T U U T T
0 5 10 15 20 25 30 35 40 45
min
1 PDA Multi 1/365nm 4nm
PeakTable
PDA Chl 365nm 4nm
Peak# Ret. Time Area Height Area % Height %
1 37.115 133229 2507 3.082 3.947
2 39.940 3485108 60994 96.318 96.053
Total 3618337 63501 100.000 100.000

S51



12. Crystallographic data of P-3a

Crystal data and X-ray molecular structures with their CCDC numbers are reported as
follows. CIFs and CheckCIFs are provided in separated files as Supplementary

Information. Following each Table of crystal data and structure refinement for

compounds.

Table S1. Crystal data and structure refinement for P-3a.

Identification code exp_3578
Empirical formula Cs1Hsg05
Formula weight 750.97
Temperature/K 100.2(5)
Crystal system triclinic

Space group P1

alA 10.6821(2)

b/A 12.08420(10)
c/A 17.0570(2)

a/° 93.1420(10)

/e 105.2290(10)
v/° 97.6850(10)
Volume/A3 2096.06(5)

z 2

pcalcg/Cm3 1.190

w/mm? 0.586

F(000) 808.0

Crystal size/mm? 0.5 x0.2 %0.05
Radiation CuKa (A =1.54184)

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c ()]
Final R indexes [all data]
Largest diff. peak/hole / e A’
Flack parameter

CcDC

7.414 t0 133.118

-12<h<12,-14<k<14,-20<1<20

36384

12156 [Rint = 00397, Rsigma = 00416]

12156/45/1044

1.085

R1 = 0.0541, wR = 0.1401
R1 = 0.0630, WR = 0.1667
0.70/-0.56

-0.01(10)

2216266
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Figure S1. X-ray molecular structures of P-3a. Oak ridge thermal ellipsoid plot

(ORTEP) diagram of P-3a. Thermal ellipsoids are shown at the 50% probability level.
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13. Crystallographic data of rac-7

14. Table S2. Crystal data and structure refinement for rac-7.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

z

pcalcglm'n?>

p/mm

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 [[>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A’
CCDC

ZX-Cp-rac_auto

Cs1H5605

748.95

172.99(10)

triclinic

P-1

9.35900(10)

12.70520(10)
18.77490(10)

80.2660(10)

79.8290(10)

76.8500(10)

2120.34(3)

2

1.173

0.579

804.0

0.2 x0.15 x0.1

Cu Ko (L= 1.54184)
4.826 to 155.582
-11<h<11,-15<k<16,-23<1<23
75676

8594 [Rint = 0.0357, Rsigma = 0.0147]
8594/0/528

1.078

R1=10.0620, wR2 = 0.1623
R1=0.0683, wR2 = 0.1663
0.79/-0.60

2216267
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Figure S2. X-ray molecular structures of rac-7. Oak ridge thermal ellipsoid plot
(ORTEP) diagram of rac-7. Thermal ellipsoids are shown at the 50% probability

level.
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15. Copies of UV-vis spectra of 3a-3k, 5, 6, and 7 in different solvents (CH3CN,
DCM, and toluene)
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Figure S3. UV-Vis spectrum of 3a in CH3CN at 25 °C, the concentration was ca.
3x10° M

——3bin CH,CN
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Figure S4. UV-Vis spectrum of 3b in CH3CN at 25 °C, the concentration was ca.

3x10° M
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Figure SS. UV-Vis spectrum of 3¢ in CH3CN at 25 °C, the concentration was ca.
3x10° M
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Figure S6. UV-Vis spectrum of 3d in CH3CN at 25 °C, the concentration was ca.

3x10° M
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Figure S7. UV-Vis spectrum of 3e in CH3CN at 25 °C, the concentration was ca.
3x10° M
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Figure S8. UV-Vis spectrum of 3f in CH3CN at 25 °C, the concentration was ca.

3x10° M
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Figure S9. UV-Vis spectrum of 3g in CH3CN at 25 °C, the concentration was ca.
3x10° M
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Figure S10. UV-Vis spectrum of 3h in CH3CN at 25 °C, the concentration was ca.

3x10° M
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Figure S11. UV-Vis spectrum of 3i in CH3CN at 25 °C, the concentration was ca.
3x10° M
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Figure S12. UV-Vis spectrum of 3j in CH3CN at 25 °C, the concentration was ca.
3x10° M
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Figure S13. UV-Vis spectrum of 3k in CH3CN at 25 °C, the concentration was ca.

3x10° M
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Figure S14. UV-Vis spectrum of 5 in CH3CN at 25 °C, the concentration was ca.

3x10° M
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Figure S15. UV-Vis spectrum of 6 in CH3CN at 25 °C, the concentration was ca.

3x10° M
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Figure S16. UV-Vis spectrum of 7 in CH3CN at 25 °C, the concentration was ca.

3x10° M
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Figure S17. Normalized UV-Vis spectra of 3a-3k, 5, 6, and 7 in CH3CN at 25 °C
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Figure S18. UV-Vis spectrum of 3a in DCM at 25 °C, the concentration was ca. 3x10°

M
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Figure S19. UV-Vis spectrum of 3b in DCM at 25 °C, the concentration was ca. 3x10°
M
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Figure S20. UV-Vis spectrum of 3¢ in DCM at 25 °C, the concentration was ca. 3x10°

M
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Figure S21. UV-Vis spectrum of 3d in DCM at 25 °C, the concentration was ca. 3x10°
M
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Figure S22. UV-Vis spectrum of 3e in DCM at 25 °C, the concentration was ca. 3x10°

M
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Figure S23. UV-Vis spectrum of 3f in DCM at 25 °C, the concentration was ca. 3x10°
M
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Figure S24. UV-Vis spectrum of 3g in DCM at 25 °C, the concentration was ca. 3x10°
M
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Figure S25. UV-Vis spectrum of 3h in DCM at 25 °C, the concentration was ca. 3x10°
M
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Figure S26. UV-Vis spectrum of 3i in DCM at 25 °C, the concentration was ca. 3x10°

M
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Figure S27. UV-Vis spectrum of 3j in DCM at 25 °C, the concentration was ca. 3x10°
M
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Figure S28. UV-Vis spectrum of 3k in DCM at 25 °C, the concentration was ca. 3x10°
M
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Figure S29. UV-Vis spectrum of 5 in DCM at 25 °C, the concentration was ca. 3107
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Figure S30. UV-Vis spectrum of 6 in DCM at 25 °C, the concentration was ca. 3x107

M
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Figure S31. UV-Vis spectrum of 7 in DCM at 25 °C, the concentration was ca. 3107
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Figure S32. Normalized UV-Vis spectra of 3a-3k, 5, 6, and 7 in DCM at 25 °C
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Figure S33. UV-Vis spectrum of 3a in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S34. UV-Vis spectrum of 3b in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S35. UV-Vis spectrum of 3c in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S36. UV-Vis spectrum of 3d in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S37. UV-Vis spectrum of 3e in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S38. UV-Vis spectrum of 3f in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S39. UV-Vis spectrum of 3g in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S40. UV-Vis spectrum of 3h in toluene at 25 °C, the concentration was ca.

3x10° M

S74



0.4

— 3i in toluene
0.3 4
0.2 1
<
0.1 4
0.0 A
T T T T T T T T T T
300 400 500 600 700 800

Wavelength (nm)

Figure S41. UV-Vis spectrum of 3i in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S42. UV-Vis spectrum of 3j in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S43. UV-Vis spectrum of 3k in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S44. UV-Vis spectrum of 5 in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S45. UV-Vis spectrum of 6 in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S46. UV-Vis spectrum of 7 in toluene at 25 °C, the concentration was ca.

3x10° M
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Figure S47. Normalized UV-Vis spectra of 3a-3Kk, 5, 6, and 7 in toluene at 25 °C
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16. Copies of fluorescence spectra of 3a-3k, 5, 6, and 7
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Figure S48. Fluorescence spectrum of 3a in CH3CN at 25 °C, the concentration was

ca. 2x10° M
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Figure S49. Fluorescence spectrum of 3b in CHsCN at 25 °C, the concentration was

ca. 2x10° M
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Figure S50. Fluorescence spectrum of 3c in CH3CN at 25 °C, the concentration was

ca. 2x10° M
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Figure S51. Fluorescence spectrum of 3d in CHsCN at 25 °C, the concentration was

ca. 2x10° M
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Figure S52. Fluorescence spectrum of 3e in CH3CN at 25 °C, the concentration was

ca. 2x10° M
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Figure S53. Fluorescence spectrum of 3f in CH3CN at 25 °C, the concentration was

ca. 2x10° M
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Figure S54. Fluorescence spectrum of 3g in CH3CN at 25 °C, the concentration was

ca. 2x10° M
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Figure S55. Fluorescence spectrum of 3h in CH3CN at 25 °C, the concentration was

ca. 2x10° M
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Figure S56. Fluorescence spectrum of 3i in CH3CN at 25 °C, the concentration was

ca. 2x10° M
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Figure S57. Fluorescence spectrum of 3j in CH3CN at 25 °C, the concentration was

ca. 2x10° M

S83



1000

ex-3Kk in CH,CN
em-3K in CH,CN
800
—
S
L 600+
>
=
c
o 400+
d—
c
200
0 - ~——
T T T T T T T T
300 400 500 600 700

Wavelength (nm)

Figure S58. Fluorescence spectrum of 3k in CH3CN at 25 °C, the concentration was

ca. 2x10° M
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Figure S59. Fluorescence spectrum of 5 in CH3sCN at 25 °C, the concentration was ca.

2x10° M
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Figure S60. Fluorescence spectrum of 6 in CH3CN at 25 °C, the concentration was ca.

2x10° M
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Figure S61. Fluorescence spectrum of 7 in CH3sCN at 25 °C, the concentration was ca.

2x10° M
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Figure S62. Normalized Fluorescence spectra of 3a-3k, 5, 6, and 7 in CH3CN at 25
°C.
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Figure S63. Fluorescence spectrum of 3a in DCM at 25 °C, the concentration was ca.
2x10° M
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Figure S64. Fluorescence spectrum of 3b in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S65. Fluorescence spectrum of 3¢ in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S66. Fluorescence spectrum of 3d in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S67. Fluorescence spectrum of 3e in DCM at 25 °C, the concentration was ca.

2x10° M
s88



1000

— ex-3f in DCM
em-3f in DCM
800
-
)
L 600+
>
=
C
o 400
e
£
200
0 —
T T T T T T T
300 400 500 600 700

Wavelength (nm)

Figure S68. Fluorescence spectrum of 3f in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S69. Fluorescence spectrum of 3g in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S70. Fluorescence spectrum of 3h in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S71. Fluorescence spectrum of 3i in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S72. Fluorescence spectrum of 3j in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S73. Fluorescence spectrum of 3k in DCM at 25 °C, the concentration was ca.

2x10° M

S91



800

— ex-5in DCM
em-5in DCM
—~ 600
>3
©
N
>
X 400
"
c
O
)
c
200
O L T T T T T T T
300 400 500 600

Wavelength (nm)

Figure S74. Fluorescence spectrum of § in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S75. Fluorescence spectrum of 6 in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S76. Fluorescence spectrum of 7 in DCM at 25 °C, the concentration was ca.

2x10° M
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Figure S77. Normalized Fluorescence spectra of 3a-3k, 5, 6, and 7 in DCM at 25 °C.
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Figure S78. Fluorescence spectrum of 3a in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S79. Fluorescence spectrum of 3b in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S80. Fluorescence spectrum of 3¢ in toluene at 25 °C, the concentration was

ca. 2x10° M

1000

— ex-3d in toluene
em-3d in toluene

800 -

600

400

Intensity (a.u.)

200

0 —

T T T T T T T T
300 400 500 600 700
Wavelength (nm)

Figure S81. Fluorescence spectrum of 3d in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S82. Fluorescence spectrum of 3e in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S83. Fluorescence spectrum of 3f in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S84. Fluorescence spectrum of 3g in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S85. Fluorescence spectrum of 3h in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S86. Fluorescence spectrum of 3i in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S87. Fluorescence spectrum of 3j in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S88. Fluorescence spectrum of 3k in toluene at 25 °C, the concentration was

ca. 2x10° M
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Figure S89. Fluorescence spectrum of 5 in toluene at 25 °C, the concentration was ca.

2x10° M
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Figure S90. Fluorescence spectrum of 6 in toluene at 25 °C, the concentration was ca.

2x10° M
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Figure S91. Fluorescence spectrum of 7 in toluene at 25 °C, the concentration was ca.

5x10° M
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Figure S92. Normalized Fluorescence spectra of 3a-3k, 5, 6, and 7 in toluene at 25

°C.
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17. Copies of CD spectra of 3a-3k, 5, 6, and 7
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Figure S93. CD spectra of P-3a and M-3a in CH3CN at 25 °C (ca. 5x10° M)
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Figure S94. CD spectrum of 3b in CHsCN at 25 °C (ca. 5x<10° M)
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Figure S95. CD spectrum of 3¢ in CH3CN at 25 °C (ca. 5x10° M)
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Figure S96. CD spectrum of 3d in CH3CN at 25 °C (ca. 5<10° M)
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Figure S97. CD spectrum of 3e in CH3CN at 25 °C (ca. 5x10° M)
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Figure S98. CD spectrum of 3f in CH3CN at 25 °C (ca. 5x10° M)
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Figure S99. CD spectrum of 3g in CH3CN at 25 °C (ca. 5<10™ M)
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Figure S100. CD spectrum of 3h in CH3CN at 25 °C (ca. 5x10° M)
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Figure S101. CD spectrum of 3i in CH3CN at 25 °C (ca. 5x<10° M)
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Figure S102. CD spectrum of 3j in CH3CN at 25 °C (ca. 5x10° M)
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Figure S103. CD spectrum of 3k in CH3CN at 25 °C (ca. 5x10° M)
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Figure S104. CD spectrum of 5 in CH3CN at 25 °C (ca. 5<10° M)
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Figure S105. CD spectrum of 6 in CH3CN at 25 °C (ca. 4x<10™ M)
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Figure S106. CD spectrum of 7 in CH3CN at 25 °C (ca. 4x<10™ M)
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Figure S107. CD spectra of 3a-3K, 5, 6, and 7 in CH3CN at 25 °C
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Figure S108. CD spectra of P-3a and M-3a in DCM at 25 °C (ca. 5x107° M)
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Figure S109. CD spectrum of 3b in DCM at 25 °C (ca. 5x107° M)
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Figure S110. CD spectrum of 3¢ in DCM at 25 °C (ca. 5x10”° M)
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Figure S111. CD spectrum of 3d in DCM at 25 °C (ca. 5x10° M)
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Figure S112. CD spectrum of 3e in DCM at 25 °C (ca. 5x10”° M)
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Figure S113. CD spectrum of 3f in DCM at 25 °C (ca. 5x10”° M)
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Figure S114. CD spectrum of 3g in DCM at 25 °C (ca. 5x10° M)
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Figure S115. CD spectrum of 3h in DCM at 25 °C (ca. 5107 M)
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Figure S116. CD spectrum of 3i in DCM at 25 °C (ca. 5x10° M)
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Figure S117. CD spectrum of 3j in DCM at 25 °C (ca. 5x10”° M)
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Figure S118. CD spectrum of 3k in DCM at 25 °C (ca. 510~ M)
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Figure S119. CD spectrum of 5 in DCM at 25 °C (ca. 5x10° M)
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Figure S120. CD spectrum of 6 in DCM at 25 °C (ca. 4x107° M)
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Figure S121. CD spectrum of 7 in DCM at 25 °C (ca. 4x107° M)
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Figure S122. CD spectra of 3a-3k, 5, 6, and 7 in DCM at 25 °C
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Figure S123. CD spectra of P-3a and M-3a in toluene at 25 °C (ca. 5x10”° M)
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Figure S124. CD spectrum of 3b in toluene at 25 °C (ca. 5107 M)
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Figure S125. CD spectrum of 3¢ in toluene at 25 °C (ca. 5107 M)
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Figure S126. CD spectrum of 3d in toluene at 25 °C (ca. 5x10° M)
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Figure S127. CD spectrum of 3e in toluene at 25 °C (ca. 5107 M)
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Figure S128. CD spectrum of 3h in toluene at 25 °C (ca. 5107 M)
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Figure S129. CD spectrum of 3g in toluene at 25 °C (ca. 5x10° M)
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Figure S130. CD spectrum of 3h in toluene at 25 °C (ca. 5x10° M)
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Figure S131. CD spectrum of 3i in toluene at 25 °C (ca. 5x10™ M)
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Figure S132. CD spectrum of 3j in toluene at 25 °C (ca. 5x10° M)
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Figure S133. CD spectrum of 3k in toluene at 25 °C (ca. 5107 M)
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Figure S134. CD spectrum of 5 in toluene at 25 °C (ca. 5x107° M)
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Figure S135. CD spectrum of 6 in toluene at 25 °C (ca. 4x107° M)
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Figure S136. CD spectrum of 7 in toluene at 25 °C (ca. 4x107° M)
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Figure S137. CD spectra of 3a-3Kk, 5, 6, and 7 in toluene at 25 °C
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18. Copies of CPL spectra of 3a-3k, 5, 6, and 7
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Figure S138. CPL spectra of P-3a and M-3a in CH3CN at 25 °C (ca. 5x10° M)
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Figure S139. CPL (gum) of P-3a and M-3a in CH3CN at 25 °C (ca. 5x10° M)
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Figure S140. CPL spectrum of 3b in CH3CN at 25 °C (ca. 510 M)
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Figure S141. CPL (gum) of 3b in CH3CN at 25 °C (ca. 5x10° M)
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Figure S142. CPL spectrum of 3¢ in CH3CN at 25 °C (ca. 5x<10° M)
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Figure S143. CPL (gum) of 3¢ in CH3CN at 25 °C (ca. 5x10° M)
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Figure S144. CPL spectrum of 3d in CH3CN at 25 °C (ca. 5x<10™ M)
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Figure S145. CPL (gium) of 3d in CH3CN at 25 °C (ca. 5x10° M)
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Figure S146. CPL spectrum of 3e in CH3CN at 25 °C (ca. 510 M)
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Figure S147. CPL (gwum) of 3e in CH3CN at 25 °C (ca. 5x10° M)
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Figure S148. CPL spectrum of 3f in CH3CN at 25 °C (ca. 510 M)
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Figure S149. CPL (gim) of 3f in CH3CN at 25 °C (ca. 5x<10° M)
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Figure S150. CPL spectrum of 3g in CH3CN at 25 °C (ca. 5x10° M)

gIum

0.010

\— 3g in CH3CN‘

0.0051 /_f"‘“‘“’"‘-—’*-*~\~J~.,~,,._\,.f\J\v”\/f*~

0.000 ~

-0.005

'0010 T T T T T T T T T
450 500 550 600 650 700
Wavelength (nm)

Figure S151. CPL (gwm) of 3g in CH3sCN at 25 °C (ca. 5x<10° M)
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Figure S152. CPL spectrum of 3h in CH3CN at 25 °C (ca. 5x<10™ M)

0.010
|——3hin CHCN|
0.0057 /\’MW\W
0.000 -
-0.005 4
-0.010 ——
450 500 550 600 650 700

Wavelength (nm)

Figure S153. CPL (gium) of 3h in CH3CN at 25 °C (ca. 5x10° M)
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Figure S154. CPL spectrum of 3i in CHsCN at 25 °C (ca. 5x10° M)
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Figure S155. CPL (gium) of 3i in CH3CN at 25 °C (ca. 5<10° M)
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Figure S156. CPL spectrum of 3j in CH3CN at 25 °C (ca. 510 M)
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Figure S157. CPL (gwm) of 3j in CH3CN at 25 °C (ca. 5x<10° M)
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Figure S158. CPL spectrum of 3k in CH3CN at 25 °C (ca. 510 M)
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Figure S159. CPL (gium) of 3k in CH3CN at 25 °C (ca. 5x10° M)
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Figure S160. CPL spectrum of 5 in CH3CN at 25 °C (ca. 5x10° M)
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Figure S161. CPL (gum) of 5 in CH3sCN at 25 °C (ca. 5x<10° M)
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Figure S162. CPL spectrum of 6 in CH3CN at 25 °C (ca. 5x10° M)
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Figure S163. CPL (gium) of 6 in CH3CN at 25 °C (ca. 5x<10° M)
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Figure S164. CPL spectrum of 7 in CH3CN at 25 °C (ca. 5x10° M)
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Figure S165. CPL (gium) of 7 in CH3sCN at 25 °C (ca. 5x<10° M)
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Figure S166. CPL spectra of 3a-3k, 5, 6, and 7 in CH3CN at 25 °C
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Figure S167. CPL spectra of P-3a and M-3a in DCM at 25 °C (ca. 5x10° M)
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Figure S168. CPL (guum) of P-3a and M-3a in DCM at 25 °C (ca. 5x107° M)
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Figure S169. CPL spectrum of 3b in DCM at 25 °C (ca. 5x10° M)

0.010
'—— 3b in DCM|
O.OOS_MM
0.000 A
-0.005 -
001004—m
450 500 550 600 650 700

Wavelength (nm)

Figure S170. CPL (gium) of 3b in DCM at 25 °C (ca. 5x105 M)
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Figure S171. CPL spectrum of 3¢ in DCM at 25 °C (ca. 5x10° M)

0.010
— 3c in DCM|
O.OOS_P/NMW
0.000 1
-0.005
00104—on——r
450 500 550 600 650 700

Wavelength (nm)

Figure S172. CPL (guum) of 3¢ in DCM at 25 °C (ca. 5x107° M)

S142



30 —— 3d in DCM

20 1

10+

CPL (mdeg)

-20 1

-30 1

T T T T T T T T T T T T T
400 450 500 550 600 650 700 750
Wavelength (nm)

Figure S173. CPL spectrum of 3d in DCM at 25 °C (ca. 5x10° M)
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Figure S174. CPL (gum) of 3d in DCM at 25 °C (ca. 5x107° M)
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Figure S175. CPL spectrum of 3e in DCM at 25 °C (ca. 5x10° M)
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Figure S176. CPL (guum) of 3¢ in DCM at 25 °C (ca. 5x107° M)
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Figure S177. CPL spectrum of 3f in DCM at 25 °C (ca. 5x10° M)
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Figure S178. CPL (gjum) of 3f in DCM at 25 °C (ca. 5x107> M)
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Figure S179. CPL spectrum of 3g in DCM at 25 °C (ca. 5x10° M)
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Figure S180. CPL (gum) of 3g in DCM at 25 °C (ca. 5x10° M)
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Figure S181. CPL spectrum of 3h in DCM at 25 °C (ca. 5x10° M)
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Figure S182. CPL (guum) of 3h in DCM at 25 °C (ca. 5x107° M)
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Figure S183. CPL spectrum of 3i in DCM at 25 °C (ca. 5x107° M)
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Figure S184. CPL (guum) of 3i in DCM at 25 °C (ca. 5x10° M)
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Figure S185. CPL spectrum of 3j in DCM at 25 °C (ca. 5x10° M)
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Figure S186. CPL (gjum) of 3j in DCM at 25 °C (ca. 5x107° M)
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Figure S187. CPL spectrum of 3k in DCM at 25 °C (ca. 5x10° M)
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Figure S188. CPL (guum) of 3k in DCM at 25 °C (ca. 5x107° M)

S150



——5in DCM
10+
> 07
[}
©
E o
(@)
)
-5
-10 4

T T T T T T
400 500 600 700
Wavelength (nm)

Figure S189. CPL spectrum of 5 in DCM at 25 °C (ca. 510 M)
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Figure S190. CPL (gum) of 5 in DCM at 25 °C (ca. 5107 M)
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Figure S191. CPL spectrum of 6 in DCM at 25 °C (ca. 510 M)
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Figure S192. CPL (gum) of 6 in DCM at 25 °C (ca. 5107 M)

S152



20 ——7in DCM
~~ 10 _
(@)
[}
o
E o
O
)

-10 1

_20 -

T T T T T T
400 500 600 700

Wavelength (nm)

Figure S193. CPL spectrum of 7 in DCM at 25 °C (ca. 510 M)
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Figure S194. CPL (gum) of 7 in DCM at 25 °C (ca. 5107 M)
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Figure S195. CPL spectra of 3a-3k, §, 6, and 7 in DCM at 25 °C
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Figure S196. CPL spectra of P-3a and M-3a in toluene at 25 °C (ca. 5x107° M)
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Figure S197. CPL (guum) of P-3a and M-3a in toluene at 25 °C (ca. 5x107° M)
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Figure S198. CPL spectrum of 3b in toluene at 25 °C (ca. 5107 M)
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Figure S199. CPL (gium) of 3b in toluene at 25 °C (ca. 5x107° M)
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Figure S200. CPL spectrum of 3¢ in toluene at 25 °C (ca. 5x10° M)
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Figure S201. CPL (guum) of 3¢ in toluene at 25 °C (ca. 5x10~ M)
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Figure S202. CPL spectrum of 3d in toluene at 25 °C (ca. 5107 M)
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Figure S203. CPL (gium) of 3d in toluene at 25 °C (ca. 5x107° M)
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Figure S204. CPL spectrum of 3e in toluene at 25 °C (ca. 5x10° M)
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Figure S205. CPL (guum) of 3e in toluene at 25 °C (ca. 5x10° M)
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Figure S206. CPL spectrum of 3f in toluene at 25 °C (ca. 5107 M)
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Figure S207. CPL (guum) of 3f in toluene at 25 °C (ca. 5x10° M)
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Figure S208. CPL spectrum of 3g in toluene at 25 °C (ca. 5x10™ M)
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Figure S209. CPL (guum) of 3g in toluene at 25 °C (ca. 5107 M)
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Figure S210. CPL spectrum of 3h in toluene at 25 °C (ca. 5107 M)
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Figure S211. CPL (gum) of 3h in toluene at 25 °C (ca. 5107 M)

S162



30

—— 3i in toluene

20

10~

04

CPL (mdeq)

-10 1

-20 1

'30 T T T T T T T T T T T T T
400 450 500 550 600 650 700 750
Wavelength (nm)

Figure S212. CPL spectrum of 3i in toluene at 25 °C (ca. 5x10° M)
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Figure S213. CPL (guum) of 3i in toluene at 25 °C (ca. 5x107° M)
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Figure S214. CPL spectrum of 3j in toluene at 25 °C (ca. 5107 M)
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Figure S215. CPL (gum) of 3j in toluene at 25 °C (ca. 5x10° M)
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Figure S216. CPL spectrum of 3k in toluene at 25 °C (ca. 5107 M)
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Figure S217. CPL (guum) of 3k in toluene at 25 °C (ca. 5x107° M)
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Figure S218. CPL spectrum of 5 in toluene at 25 °C (ca. 5x10”° M)
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Figure S219. CPL (guum) of 5 in toluene at 25 °C (ca. 5x107° M)
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Figure S220. CPL spectrum of 6 in toluene at 25 °C (ca. 5x107° M)
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Figure S221. CPL (gum) of 6 in toluene at 25 °C (ca. 5x107° M)
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Figure S222. CPL spectrum of 7 in toluene at 25 °C (ca. 5107 M)
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Figure S223. CPL spectrum of 3a-3k, 5, 6, and 7 in toluene at 25 °C
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19. Summary of Optical properties

Table S3. Photophysical properties of 3, 5, 6 and 7 in CH3CN

compd Amax €max Aex Aem @ﬂb Acp |gabs| AcpL |glum|
[nm]  [Micm®E  [nm] [nm] [nm]c 103 [nm]¢ 107

3a 388 2966 388 515 13.0% 391 6.4 510 5.0
3b 388 4157 389 512 16.1% 386 5.9 510 4.8
3c 388 5128 390 514 13.0% 388 6.1 508 4.9
3d 385 2161 390 514 10.7% 389 6.0 511 4.8
3e 384 3273 386 511 16.1% 386 5.9 510 4.6
3f 386 3454 389 514 16.3% 389 5.9 505 4.5
39 391 2593 392 517 10.1% 391 6.5 511 4.9
3h 391 2527 393 530 6.3% 394 5.6 527 4.4
3i 385 3256 385 508 22.7% 387 6.2 503 5.0
3j 386 3494 387 510 18.2% 389 5.3 509 4.5
3k 384 5202 385 493 27.5% 385 3.7 493 2.5
5 330 12719 333 383 10.7% 331 2.1 384 1.6
6 321 7138 325 443 18.3% 322 3.8 442 4.7
7 352 4472 355 467 0.8% 357 2.3 457 1.7

3Measured in dilute CH3CN solution (3.0 %105 M). *The quantum yield was determined using quinine sulfate as reference, ¢ = 0.577 in 0.1 M

H2S04, Aex = 350 nm. “The wavelength corresponding to the first Cotton effect. “Measured in dilute solution (5.0 <10 M).

Table S4. Photophysical properties of 3, 5, 6 and 7 in CH2Cl2

compd Amax Emax hex Aem d)ﬂb AcD |gabs| AcpL |glum|
[nm] [Miecm™]2 [nm] [nm] [nm]* 10° [nm]® 10%

3a 386 2773 385 511 19.8% 389 5.6 510 4.4
3b 387 4339 385 512 19.4% 387 5.3 511 4.2
3c 385 2381 387 511 20.7% 386 5.2 510 4.3
3d 387 2650 389 510 19.3% 387 5.5 510 4.4
3e 384 3456 385 510 21.1% 387 5.0 507 4.1
3f 387 4467 386 512 19.7% 389 5.2 506 3.9
39 388 5607 393 516 15.1% 391 5.6 510 4.3
3h 394 2603 395 531 10.3% 391 5.0 521 4.1
3i 385 2999 386 505 22.0% 384 5.5 501 4.4
3j 384 3319 385 509 21.6% 388 5.2 508 4.1
3k 386 4919 386 496 32.2% 382 3.2 492 25
5 332 9688 332 383 13.0% 332 1.5 385 1.5
6 322 6717 326 443 21.4% 322 34 443 4.9
7 352 3950 355 466 1.2% 358 2.1 466 1.8

aMeasured in dilute CH,ClI, solution (3.0 x10°° M). "The quantum yield was determined using quinine sulfate as reference, ¢ = 0.577 in 0.1 M

H2S04, Aex = 350 nm. °The wavelength corresponding to the first Cotton effect. “Measured in dilute solution (5.0 <10 M).
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Table S5. Photophysical properties of 3, 5, 6 and 7 in toluene

compd Amax Emax Aex Aem CDﬂb Acb |gabs| AcpL |glum|
[nm]  [Mlcm®F  [nm]  [nm] [nm]¢  10% [nm]¢ 103

3a 377 3360 377 476 14.8% 377 5.4 475 3.8
3b 377 4321 376 477 17.0% 375 4.7 479 3.9
3c 377 4164 378 477 17.3% 378 5.3 475 4.0
3d 377 3325 378 476 19.4% 378 5.0 475 3.7
3e 378 3735 378 476 18.5% 375 5.3 478 4.0
3f 377 3471 377 477 14.1% 380 4.8 475 3.4
39 378 5246 383 478 10.6% 380 5.1 479 3.7
3h 385 3499 385 488 12.2% 385 4.4 485 3.6
3i 376 2985 376 473 16.8% 375 5.4 476 3.9
3j 377 3654 375 477 22.8% 378 4.9 479 3.6
3k 379 5841 378 468 15.8% 376 3.4 472 2.3
5 332 14863 333 378 11.3% 331 1.4 379 1.3
6 321 8222 324 431 22.4% 322 3.3 434 4.8
7 350 4874 370 435 0.4% 358 2.6 455 1.3

aMeasured in dilute CH,Cl, solution (3.0 x10-° M). "The quantum yield was determined using quinine sulfate as reference, ¢ = 0.577 in 0.1 M

H2S04, Aex = 350 nm. “The wavelength corresponding to the first Cotton effect. “Measured in dilute solution (5.0 <10 M).

S170



20. References

1. R. Hodgkinson, A. D. Grosso, G. Clarkson, M. Will, Dalton Trans. 2016, 45, 3992-
4005.

2. T.R. Wu, L. Shen, J. M. Chong, Org. Lett. 2004, 6, 2701-2704.

3. H. Bao, X. Qi, U. K. Tambar, J. Am. Chem. Soc. 2011, 133, 1206-1208.

S171



'H NMR (400 MHz, 298 K) spectrum of L6 in CDCls
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13C NMR (100 MHz, 298 K) spectrum of L6 in CDCl3
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'H NMR (400 MHz, 298 K) spectrum of L10 in CDCl3
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13C NMR (100 MHz, 298 K) spectra of L10 in CDCls
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H NMR (400 MHz, 298 K) spectrum of 2a in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2a in CDCls
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'H NMR (400 MHz, 298 K) Spectra of 2b in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2b in CDCl3
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H NMR (400 MHz, 298 K) spectrum of 2¢ in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2¢ in CDCls
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!H NMR (400 MHz, 298 K) spectrum of 2d in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2d in CDCls3
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H NMR (400 MHz, 298 K) spectrum of 2e in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2e in CDCls3
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'H NMR (400 MHz, 298 K) spectrum of 2f in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2f in CDCls
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'H NMR (400 MHz, 298 K) spectrum of 2g in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2g in CDCls
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!H NMR (400 MHz, 298 K) spectrum of 2h in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2h in CDCl3
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!H NMR (400 MHz, 298 K) spectrum of 2i in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2i in CDCls
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'H NMR (400 MHz, 298 K) spectrum of 2j in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2j in CDCls
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!H NMR (400 MHz, 298 K) spectrum of 2k in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 2k in CDCl3
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13C NMR (100 MHz, 298 K) spectrum of 3a in CDCls

-0.11

-0.10

- 0. 09

- 0. 08

- 0. 07

- 0. 06

- 0. 05

- 0. 04

-—0.01

IT°
91~
A
6¢°
79 -
TL°
SR
€3¢
LG
69 -
VL
€r -
148
0G -

6G -
¢6 ”
0¢ -
S
78 -
91~

1€
€6 "
o€’
LT
68"
91~
LL-
A
€G°
VL
v
ve -
90~
G0 -
or-
8T°
62 °
vy
gL
8V -
91~
96 °
o€’
€6 "
88"

L6

961 T

180 170 160 150 140 130 120 100
1 (ppm)

190

20 210 200

-10

80 70 60 50 40 30 20 10

90

110

S199



!H NMR (400 MHz, 298 K) spectrum of 3b in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 3b in CDCl;3
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'H NMR (400 MHz, 298 K) spectrum of 3¢ in CDCl3
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13C NMR (100 MHz, 298 K) spectrum of 3¢ in CDCls3

- 0. 26

-0. 24

L2
g€
GL
9L
G0
90
X4
61
19
69
68
L8

6¢ °

Ie
ST
LY
(4]
G6
9¢
L€
ja%
78
91
8V

62 "L11 ¢
i
€21
221
L2117
821
821
621
621
621
0€l
o€l
zel
eel
el
Gel

‘8€T
‘8¢€1
‘8€T
‘8¢€1

. .\.
el
il \|

62
€1
68
ST
9L
el
1S
T
av
€3
(0]
[4¢
€T
0¢
8¢
1874
ev
89
o
91
€6 °
S
L6
06~

86

has
Ran
K44
K44
R4
€¢
‘9¢
‘8¢
‘8¢
‘8¢
‘68
‘62

7

0€
0€
€€
€€

Te

€L
L
5L
‘5L
‘927
L2
L2

-0.22
- 0. 20
-0.18
-0.16
0. 14
-0.12
-0.10
- 0. 08
- 0. 06
- 0. 04
0. 02

0. 00
-—0. 02

ity

-20

-10

S203

961 T

1 (ppm)

ek
T
T T T T T

it

220 210 200 190 180 170 160 150 140 130 120 110 100 90




!H NMR (400 MHz, 298 K) spectrum of 3d in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 3d in CDCl3
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'H NMR (400 MHz, 298 K) spectrum of 3e in CDCl3
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13C NMR (100 MHz, 298 K) spectrum of 3e in CDCls3

- 0. 030
- 0. 025
- 0. 020
-0.015
-0.010
- 0. 005
- 0. 000

92927

16 92

g8 "Z¢

AR

2L Ve

€9 '9¢

7 "2€

€L 65

66 "6S 1

1% 09 T

66 "09 T

o9t "19

2519

¥8 9L

91 "LL -

SV L.
29 °LT1 -
GLLTT
127221
eV "2zl
6€ "€21
19 °€21
8¢ "921
81 °L21 R =
86 "LZT
L0 821
L1°821
2S '8Z1

18 °821
16 821
60 "621
eV 621
6S 621
8L 621
67 "0€T
89 "0¢€T
68 "0€T
86 "0€T
TeT1eT
01 "2€1
ey "zel =
09 "2€T —
g1 gel - — —
L6 €€ B
02 "VET —
L€ Vel -
€6 V€T =
€1 "geT1 -
$€ 'GeT
98 "9¢T
0L °L€T -
6L °LET =
86 "LET
L0 "SE€T
ez "8e1 ]
@y "8el ]
€€ 681 ]
€8 eVl |
VS GiT ]
89 GVl
96 99T
L0 °LST
$€LST
G "LGT T
86 "8GT T

12 °09T 7
m@.ﬁwﬁu
69 "961

220 210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

S207



'H NMR (400 MHz, 298 K) spectrum of 3f in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 3f in CDCls
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(400 MHz, 298 K) spectrum of 3g in CDCl3
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13C NMR (100 MHz, 298 K) spectrum of 3g in CDCls
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!H NMR (400 MHz, 298 K) spectrum of 3h in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 3h in CDCI
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H NMR (400 MHz, 298 K) spectrum of 3i in CDCls

G66 -
€10 ”
020 °
ce0
6€0 °
LG0 "
9.0 "
gre”
go¢g -
€8¢ °
S6¢€ °
719 -
G€9”
169 °
0L9 "
618"
178"
968 °
€L8 "

88¢

686 °
120~

913
LVG
6.2

788 "
G68 -
G666 -
G96 -
1,6
616 °
686 °
S66 -
A
190 °

e€el
L0¢
6€3
683
€re
Iee
€9¢€
v6¢

L3V -

ore

Tee”
TV -
432
029’
6€9 °
LS9
ovL-
€8L°
L8L
c08 -
908 °
968 °
G98 -

9.8

G88 °
686 -
600 -

¢80

G80 -

10T
7oT1

G€g -
092 °

NN NNNNN GG OO QOO

S\ e

L.

////N/ I~

o S o W o Tl o W o Wl o B

-0.5

0.0

1 (ppm)

S214



13C NMR (100 MHz, 298 K) spectrum of 3i in CDCls
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'H NMR (400 MHz, 298 K) spectrum of 3j in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 3j in CDCls
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!H NMR (400 MHz, 298 K) spectrum of 3k in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 3k in CDCl3
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'H NMR (400 MHz, 298 K) spectrum of 5 in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 5 in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 6 in CDCls

0. 50

- 0. 45

- 0. 40

0. 35

0. 30

0. 25

0. 20

0. 15

-0. 10

0. 05

-—0. 05

8T
6¢
1€
VL
€1
61
Ve
8L
12
oV
10

S
14!
44
78
9T
8V
10
19

9TT
OTT

I
.4:/,
61
.mﬂk

‘9¢
ce
)
ceEN
€€
€€

ve

€L
"6
"G
‘927
L1
L1

™

S —

I's
9¢
10
08
16
LT
VL
10
0€
60
90
88
1874
08
Gl
6V
78
€6
1€
€L
T
80
ST
80

€21 ]
L2 ]
"L21 ]
"L2T
821 7
821 1
621 1
621
o€l
1e1
zel
el
el

‘8€T
‘8€T
‘8ET

OPT ™\
eVl T
Raat
VT

96T
96T .“W..

GG 1L

LSGT

220 210 200 190 180 170 160 150 140 130 120 110 100 90

80

60 50 40 30 20 10 0O -10 -20

70

1 (ppm)

S223



'H NMR (400 MHz, 298 K) spectrum of 7 in CDCls
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13C NMR (100 MHz, 298 K) spectrum of 7 in CDCls
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