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1. General Information

All reactions were carried out in oven-dried reaction vessel unless otherwise noted and solvents were dried
according to established procedures. Reactions were monitored by thin layer chromatography (TLC).
Purification of reaction product was carried out by flash chromatography using Qing Dao Sea Chemical
Reagent silica gel (200-300 mesh). 'H, '3C and "°F NMR spectra were recorded on Bruker 400 MHz or 500
MHz spectrometer in CDCl; unless otherwise noted. Chemical shifts in '"H NMR spectra are reported in parts
per million (ppm, 8) downfield from the internal standard Me,Si (TMS, & = 0 ppm). Chemical shifts in '*C NMR
spectra are reported relative to the central line of the chloroform signal (& = 77.0 ppm). Data are presented as
follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet) and
coupling constant in Hertz (Hz). HPLC analyses were conducted on an Agilent instrument using Daicel
Chiralpak IA, 1G, Chiralcel AD-H columns. High resolution mass spectra were obtained with a Shimadzu
LCMS-IT-TOF mass spectrometer. Substrates 1!'a and 2['®! were synthesized according to the literature

method.
2. Experimental Procedure and Characterization of Products

a. General Procedure to Prepare Racemic Products 3
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To a solution of a-(4-aminophenyl)propargylic alcohols 1 (0.10 mmol, 1.0 equiv.), and catalyst diphenyl
phosphate (0.01 mmol, 10 mol%) in DCM (1 mL) was added carbazoles 2 (0.12 mmol, 1.2 equiv.). The mixture
was stirred at room temperature until the reaction was completed (monitored by TLC analysis). The crude
product was purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate =

15:1~5:1) to give the desired racemic products 3.

b. General Procedure to Prepare Enantioenriched Products 3
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To a solution of a-(4-aminophenyl)propargylic alcohols 1 (0.05 mmol, 1.0 equiv.), 5A (25 mg), and catalyst
(R)-A4 (0.0025 mmol, 5 mol%) in DCM:Tol (v:v = 1:1, 1 mL) was added carbazoles 2 (0.06 mmol, 1.2 equiv.).
The mixture was stirred at room temperature until the reaction was completed (monitored by TLC analysis).
The crude product was purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl

acetate = 15:1~5:1) to give the desired enantioenriched products 3.

c. Analytical Data for Products 3

(R)-N-(4-(3-(6-bromo-9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)pivalamide (3a)
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white foam, 20 h, 92% yield, 94% ee, [al; =-82.13 (c = 0.33, MeOH). "H NMR (500 MHz, CDCl3) 5 8.25 (s,
1H), 8.14 (d, J= 1.8 Hz, 1H), 7.89 (s, 1H), 7.52 (d, J = 8.6 Hz, 2H), 7.43 (dd, J = 8.5, 1.9 Hz, 1H), 7.39 — 7.29 (m,
9H), 7.27 — 7.21 (m, 2H), 1.33 (s, 9H), 1.25 (s, 9H). *C NMR (126 MHz, CDCl;) & 203.43, 176.83, 139.01,
138.51, 137.79, 136.77, 133.96, 128.94, 128.86, 128.57, 128.49, 128.23, 126.95, 125.16, 123.19, 122.13,
120.97, 120.21, 118.94, 112.20, 110.35, 108.75, 39.75, 36.19, 29.97, 27.79. HRMS (ESI): m/z calcd. for
C36H3sBrN2O [M-H]: 589.1860; found: 589.1838. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min', A = 254 nm): tmajor = 12.4 min,

tminor = 16.0 min.

(R)-N-(4-(3-(6-iodo-9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)pivalamide (3b)

white foam, 20 h, 90% yield, 93% ee, [aI; =-137.33 (c = 0.15, MeOH). 'H NMR (500 MHz, CDCl3) & 8.35 (d, J
=1.5Hz, 1H), 8.20 (s, 1H), 7.89 (d, J = 1.2 Hz, 1H), 7.60 (dd, J = 8.5, 1.7 Hz, 1H), 7.52 (d, J = 8.6 Hz, 2H), 7.39
—7.30 (m, 9H), 7.27 — 7.23 (m, 1H), 7.15 (d, J = 8.4 Hz, 1H), 1.33 (s, 9H), 1.25 (s, 9H). '*C NMR (126 MHz,
CDCl3) d 203.42, 176.79, 139.01, 138.65, 137.80, 136.79, 134.14, 133.94, 129.32, 128.99, 128.95, 128.54,
128.49, 128.24, 126.95, 125.95, 121.88, 120.96, 120.18, 118.92, 112.77, 110.27, 108.77, 82.01, 39.76, 36.20,
29.98, 27.80. HRMS (ESI): m/z calcd. for C3sH3s5IN2O [M-H]: 637.1721; found: 637.1721. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1

mL-min", A = 254 nm): tmajor = 11.7 MiN, tminor = 16.0 Min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-phenyl-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)pivalamide (3c)

white foam, 20 h, 73% yield, 94% ee, [al} =-101.18 (c = 0.17, MeOH). 'H NMR (500 MHz, CDCls) & 8.27 (d, J
= 1.6 Hz, 1H), 8.13 (s, 1H), 8.01 (s, 1H), 7.71 (dd, J = 8.2, 1.1 Hz, 2H), 7.63 (dd, J = 8.4, 1.8 Hz, 1H), 7.51 (d, J
= 8.6 Hz, 2H), 7.48 — 7.41 (m, 3H), 7.41 — 7.30 (m, 10H), 7.26 — 7.23 (m, 1H), 1.32 (s, 9H), 1.27 (s, 9H). 1C
NMR (126 MHz, CDCls) 5 203.42, 176.73, 142.24, 139.41, 139.13, 137.94, 136.77, 134.04, 133.09, 128.99,
128.86, 128.64, 128.46, 128.27, 128.06, 127.48, 126.88, 126.57, 125.58, 123.95, 123.26, 120.94, 120.11,
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119.07, 119.03, 110.96, 110.25, 108.67, 39.75, 36.23, 30.01, 27.79. HRMS (ESI): m/z calcd. for Cs,H4oN2O
[M-H]: 587.3068; found: 587.3061. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak AD-H column (hexane/i-PrOH = 80/20, flow rate 1 mL-min', A = 254 nm): tmajor = 14.1 Min, tminor = 9.5

min.

(R)-N-(4-(3-(6-(4-fluorophenyl)-9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)pivalamide

JRs

Piv

white foam, 16 h, 68% yield, 95% ee, [l = -152.50 (c = 0.12, MeOH). 'H NMR (500 MHz, CDCl;) 5 8.21 (s,
1H), 8.17 (s, 1H), 8.01 (s, 1H), 7.65 (dd, J = 8.6, 5.4 Hz, 2H), 7.57 (dd, J = 8.4, 1.6 Hz, 1H), 7.53 (d, J = 8.5 Hz,
2H), 7.44 —7.33 (m, 10H), 7.29 — 7.24 (m, 1H), 7.15 (t, J = 8.7 Hz, 2H), 1.34 (s, 9H), 1.29 (s, 9H). 13C NMR (126
MHz, CDCls) & 203.41, 176.77, 162.17 (d, J = 245.1 Hz), 139.33, 139.14, 138.37 (d, J = 3.0 Hz), 137.92,
136.77, 134.03, 132.12, 128.99, 128.94, 128.88, 128.67, 128.46, 128.27, 128.12, 126.90, 125.40, 123.94,
123.15, 120.94, 120.13, 119.04, 118.91, 115.71, 115.54, 111.00, 110.27, 108.67, 39.75, 36.23, 30.00, 27.79. '°F
NMR (471 MHz, CDCls) 6 -117.20. HRMS (ESI): m/z calcd. for C42H39FN2O [M-H]: 605.2974; found: 605.2973.
HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column
(hexane/i-PrOH = 80/20, flow rate 1 mL-min*', A = 254 nm): fmajor = 23.6 MiN, tminor = 15.9 min.

(R)-N-(4-(3-(6-(4-(tert-butyl)phenyl)-9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)pivala
mide (3e)

H
N
t-Bu \\\ Q
m QD

PIV\N t-Bu

white foam, 12 h, 87% vyield, 92% ee, [aI; =-103.75 (c = 0.16, MeOH). "H NMR (500 MHz, CDCl5) 5 8.26 (d, J
= 1.6 Hz, 1H), 8.11 (s, 1H), 8.00 (s, 1H), 7.68 — 7.61 (m, 3H), 7.55 — 7.47 (m, 4H), 7.43 — 7.31 (m, 10H), 7.26 —
7.23 (m, 1H), 1.39 (s, 9H), 1.32 (s, 9H), 1.27 (s, 9H). °C NMR (126 MHz, CDCl;) & 203.44, 176.71, 149.51,
139.34, 139.27, 139.12, 137.94, 136.76, 134.04, 132.96, 128.98, 128.58, 128.46, 128.26, 127.97, 127.08,
126.88, 125.80, 125.50, 123.91, 123.28, 120.92, 120.11, 119.08, 118.86, 110.91, 110.22, 108.65, 39.74, 36.23,
34.62, 31.57, 30.01, 27.79. HRMS (ESI): m/z calcd. for C4eHsNoO [M+H]*: 645.3839; found: 645.3841. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH =

80/20, flow rate 1 mL-min-', A = 254 nm): tmajor = 21.1 MiN, tminor = 8.9 Min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-(p-tolyl)-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)pivalamide (3f)
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white foam, 16 h, 80% yield, 92% ee, []; = -87.89 (c = 0.19, MeOH). 'H NMR (500 MHz, CDCl3) 5 8.24 (s,
1H), 8.12 (s, 1H), 8.00 (s, 1H), 7.61 (dd, J = 10.7, 4.5 Hz, 3H), 7.51 (d, J = 8.5 Hz, 2H), 7.42 — 7.31 (m, 10H),
7.27 — 7.24 (m, 3H), 2.41 (s, 3H), 1.32 (s, 9H), 1.27 (s, 9H). 3C NMR (126 MHz, CDCl3) 5 203.43, 176.72,
139.36, 139.26, 139.13, 137.94, 136.76, 136.21, 134.05, 133.03, 129.58, 128.98, 128.57, 128.45, 128.27,
127.98, 127.29, 126.87, 125.46, 123.92, 123.27, 120.93, 120.11, 119.08, 118.76, 110.92, 110.22, 108.64, 39.74,
36.22, 30.01, 27.79, 21.21. HRMS (ESI): m/z calcd. for C43H42N2O [M+H]*: 603.3370; found: 603.3389. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH =
80/20, flow rate 1 mL-min~', A = 254 nm): tmajor = 28.1 min, tminor = 10.0 min.

(R)-N-(4-(3-(6-(4-methoxyphenyl)-9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)
pivalamide (3g)

H

N
t-Bu ‘s\\ Q
O
Piva,

OMe

Iz

white foam, 12 h, 68% yield, 92% ee, [al; = -90.77 (c = 0.13, MeOH). 'H NMR (500 MHz, CDCl3) 5 8.21 (s,
1H), 8.10 (s, 1H), 8.00 (s, 1H), 7.63 (d, J = 8.6 Hz, 2H), 7.59 (d, J = 8.3 Hz, 1H), 7.51 (d, J = 8.5 Hz, 2H), 7.43 -
7.31 (m, 10H), 7.26 — 7.23 (m, 1H), 7.01 (d, J = 8.6 Hz, 2H), 3.87 (s, 3H), 1.32 (s, 9H), 1.27 (s, 9H). 3C NMR
(126 MHz, CDCl3) 6 203.43, 176.71, 158.73, 139.13, 139.07, 137.95, 136.77, 134.93, 134.04, 132.82, 128.99,
128.58, 128.45, 128.27, 128.00, 126.88, 125.34, 123.96, 123.28, 120.95, 120.09, 119.08, 118.57, 114.33,
110.91, 110.20, 108.66, 55.53, 39.75, 36.24, 30.02, 27.80. HRMS (ESI): m/z calcd. for Cs3HsoN,O, [M+H]*:
619.3319; found: 619.3320. HPLC analysis: The enantiomeric excess was determined by HPLC with
Chiralpak AD-H column (hexane/i-PrOH = 70/30, flow rate 1 mL-min!, A = 254 nm): tmajor = 17.9 min, fminor = 8.5

min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-(o-tolyl)-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)pivalamide (3h)

H
N
t-Bu ‘\\\ Q
Ph  Me Q
Piva

white foam, 18 h, 76% yield, 92% ee, [al} = -104.74 (c = 0.19, MeOH). 'H NMR (500 MHz, CDCl3) 5 8.16 (s,
1H), 7.99 (s, 1H), 7.95 (s, 1H), 7.50 (d, J = 8.5 Hz, 2H), 7.41 — 7.22 (m, 16H), 2.31 (s, 3H), 1.32 (s, 9H), 1.26 (s,
9H). 13C NMR (126 MHz, CDCls) 5 203.49, 176.72, 142.84, 139.06, 138.89, 137.91, 136.75, 135.91, 134.02,

133.53, 130.49, 130.33, 128.96, 128.58, 128.44, 128.24, 127.91, 127.41, 127.00, 126.86, 125.80, 123.33,
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123.16, 120.93, 120.88, 120.12, 119.09, 110.20, 108.64, 39.73, 36.21, 30.01, 27.79, 20.85. HRMS (ESI): m/z
calcd. for Cas3HsoN20 [M+H]*: 603.3370; found: 603.3377. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 92/8, flow rate 1 mL-min', A = 254 nm): tmajor =
17.4 min, fminor = 22.2 min.

(R)-N-(4-(4,4-dimethyl-3-(6-(naphthalen-1-yl)-9H-carbazol-3-yl)-1-phenylpenta-1,2-dien-1-yl)phenyl)pivalamide

Ph

%

white foam, 15 h, 90% yield, 94% ee, [al; = -100.45 (c = 0.22, MeOH). 'H NMR (400 MHz, CDCl;) 5 8.25 (s,
1H), 8.19 (s, 1H), 8.00 (t, J = 3.9 Hz, 2H), 7.95 (d, J = 8.0 Hz, 1H), 7.89 (dd, J = 7.3, 1.9 Hz, 1H), 7.59 — 7.48 (m,
7H), 7.46 — 7.29 (m, 10H), 7.27 — 7.22 (m, 1H), 1.33 (s, 9H), 1.28 (s, 9H). 3C NMR (101 MHz, CDCl3) & 203.47,
176.71, 141.19, 139.24, 139.11, 137.87, 136.73, 134.00, 133.98, 132.38, 132.17, 128.95, 128.64, 128.44,
128.33, 128.25, 128.22, 128.02, 127.53, 127.32, 126.86, 126.58, 126.03, 125.77, 125.55, 123.49, 123.11,
121.85, 120.96, 120.13, 119.08, 110.40, 110.26, 108.65, 39.72, 36.21, 30.00, 27.77. HRMS (ESI): m/z calcd.
for C4sHa2N20 [M+H]*: 639.3370; found: 639.3379. HPLC analysis: The enantiomeric excess was determined
by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 90/10, flow rate 1 mL-min-', A = 254 nm): tmajor = 15.7

min, fminor = 18.3 min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H-carbazol-3-yl)penta-1,2-
dien-1-yl)phenyl)pivalamide (3j)

Ph o]
Piv\N

H
white foam, 16 h, 90% yield, 96% ee, [al} = -107.92 (c = 0.24, MeOH). 'H NMR (400 MHz, CDCl;) & 8.56 (s,
1H), 8.28 (s, 1H), 8.03 (s, 1H), 7.85 (d, J = 8.1 Hz, 1H), 7.52 (d, J = 8.5 Hz, 2H), 7.40 — 7.29 (m, 10H), 7.24 (t, J
= 7.1 Hz, 1H), 1.39 (s, 12H), 1.32 (s, 9H), 1.25 (s, 9H). *C NMR (101 MHz, CDCls) 5 203.34, 176.69, 142.16,
138.59, 137.88, 136.73, 134.01, 132.45, 128.96, 128.73, 128.46, 128.23, 128.00, 127.85, 126.84, 123.18,
123.13, 121.11, 120.13, 119.02, 110.20, 110.12, 108.66, 83.75, 39.73, 36.21, 29.95, 27.79, 25.07. HRMS (ESI):
m/z calcd. for C42Hs7N20O3B [M-H]: 637.3614; found: 637.3597. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak |G column (hexane/i-PrOH = 90/10, flow rate 1 mL-min!, A = 254 nm): tmajor

= 9.3 min, tminor = 19.6 min.

(R)-N-(4-(3-(6-ethyl-9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)pivalamide (3k)
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white foam, 12 h, 65% yield, 97% ee, [al; = -121.93 (c = 0.19, MeOH). 'H NMR (500 MHz, CDCl5) 5 7.97 (s,
1H), 7.95 (s, 1H), 7.89 (s, 1H), 7.54 — 7.50 (m, 2H), 7.41 — 7.31 (m, 10H), 7.27 — 7.24 (m, 2H), 2.82 (4, J = 7.6
Hz, 2H), 1.36 — 1.32 (m, 12H), 1.27 (s, 9H). "*C NMR (126 MHz, CDCI;) & 203.46, 176.68, 139.00, 138.33,
138.01, 136.76, 135.64, 134.08, 129.00, 128.43, 128.28, 127.65, 126.84, 126.32, 123.56, 123.13, 120.85,
120.04, 119.24, 119.15, 110.49, 110.02, 108.57, 39.76, 36.23, 30.03, 29.12, 27.81, 16.71. HRMS (ESI): m/z
calcd. for CsgHaoN2O [M-H]: 539.3068; found: 539.3048. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 90/10, flow rate 1 mL-min™", A = 254 nm):

tmajor = 16.8 min, tminor = 30.4 min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-propyl-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)pivalamide (3I)

Piva

white foam, 12 h, 89% yield, 94% ee, [al} = -120.92 (c = 0.11, MeOH). "H NMR (500 MHz, CDCl3) & 7.98 (s,
1H), 7.95 (s, 1H), 7.87 (s, 1H), 7.54 — 7.50 (m, 2H), 7.42 — 7.30 (m, 10H), 7.27 — 7.25 (m, 1H), 7.23 (dd, J = 8.2,
1.6 Hz, 1H), 2.80 — 2.72 (m, 2H), 1.78 — 1.70 (m, 2H), 1.34 (s, 9H), 1.28 (s, 9H), 0.99 (t, J = 7.3 Hz, 3H). °C
NMR (126 MHz, CDCls) 6 203.46, 176.68, 138.98, 138.36, 138.01, 136.75, 134.09, 133.98, 129.00, 128.43,
128.28, 128.25, 127.64, 126.84, 123.50, 123.11, 120.83, 120.04, 119.90, 119.15, 110.37, 110.01, 108.56, 39.75,
38.30, 36.23, 30.03, 27.80, 25.54, 14.05. HRMS (ESI): m/z calcd. for CagHa2NoO [M+H]*: 555.3370; found:
555.3385. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column
(hexane/i-PrOH = 85/15, flow rate 1 mL-min™", A = 254 nm): tmajor = 8.1 MIN, tminor = 13.4 min.

(R)-N-(4-(3-(6-cyclohexyl-9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)pivalamide (3m)

H

N
FBuU W O Q
(O

Piva

Iz

white foam, 18 h, 78% yield, 95% ee, [al} = -147.00 (c = 0.10, MeOH). "H NMR (500 MHz, CDCls) 5 7.96 (s,
1H), 7.94 (s, 1H), 7.89 (s, 1H), 7.51 (d, J = 8.5 Hz, 2H), 7.40 — 7.29 (m, 10H), 7.26 — 7.23 (m, 2H), 2.66 (t, J =
11.8 Hz, 1H), 1.97 (d, J = 12.5 Hz, 2H), 1.88 (d, J = 12.6 Hz, 2H), 1.77 (d, J = 12.1 Hz, 1H), 1.56 — 1.50 (m, 2H),
1.48 — 1.39 (m, 3H), 1.32 (s, 9H), 1.26 (s, 9H). "*C NMR (126 MHz, CDCls) & 203.43, 176.69, 139.68, 139.02,
138.44, 138.03, 136.75, 134.11, 129.01, 128.43, 128.29, 128.21, 127.63, 126.82, 125.38, 123.44, 123.23,

120.77, 120.05, 119.16, 118.11, 110.43, 110.01, 108.54, 44.86, 39.75, 36.24, 35.39, 35.36, 30.03, 27.80, 27.28,
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26.43. HRMS (ESI): m/z calcd. for CaHisN2O [M+H]*: 595.3683 found: 595.3704. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 85/15, flow rate

1 mL-min", A = 254 nm): tmajor = 7.8 MIN, tminor = 16.6 min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-(phenylethynyl)-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)pivalamide
(3n)

Piv< Ph

Iz

white foam, 20 h, 86% yield, 95% ee, [al}; = -107.93 (c = 0.19, MeOH). 'H NMR (500 MHz, CDCl5) & 8.30 (s,
1H), 8.30 (s, 1H), 7.99 (s, 1H), 7.61 —7.53 (m, 5H), 7.43 — 7.33 (m, 13H), 7.29 — 7.25 (m, 1H), 1.34 (s, 9H), 1.28
(s, 9H). *C NMR (126 MHz, CDCl3) 5 203.45, 176.79, 139.61, 138.98, 137.83, 136.77, 133.98, 131.60, 129.58,
128.97, 128.95, 128.48, 128.46, 128.28, 128.24, 127.91, 126.93, 124.19, 124.02, 123.45, 122.68, 121.02,
120.18, 118.99, 113.97, 110.85, 110.33, 108.75, 90.93, 87.71, 39.74, 36.21, 29.98, 27.79. HRMS (ESI): m/z
calcd. for CasH4oN20 [M-H]: 611.3068; found: 611.3068. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 85/15, flow rate 1 mL-min™', A = 254 nm):

tmajor = 15.6 min, tminor = 8.1 min.

(R)-N-(4-(3-(6-(3,3-dimethylbut-1-yn-1-yl)-9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)p

ivalamide (30)

Piv< t-Bu

Iz

white foam, 15 h, 82% vyield, 92% ee, [aI; =-111.05 (c = 0.19, MeOH). "H NMR (500 MHz, CDCl3) 5 8.18 (s,
1H), 8.13 (s, 1H), 7.94 (s, 1H), 7.51 (d, J = 8.6 Hz, 2H), 7.42 (dd, J = 8.3, 1.5 Hz, 1H), 7.40 — 7.30 (m, 9H), 7.29
—7.23 (m, 2H), 1.36 (s, 9H), 1.32 (s, 9H), 1.25 (s, 9H). 13C NMR (126 MHz, CDCls) 5 203.41, 176.75, 139.11,
138.94, 137.87, 136.75, 134.00, 129.64, 128.95, 128.74, 128.46, 128.25, 128.13, 126.89, 123.92, 123.33,
122.77, 120.97, 120.14, 118.99, 114.89, 110.57, 110.21, 108.70, 96.45, 79.97, 39.74, 36.20, 31.41, 29.96,
28.11, 27.79. HRMS (ESI): m/z calcd. for C42HasN20O [M-H]: 591.3381; found: 591.3366. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 95/5, flow rate 1

mL-min!, A = 254 nm): tmajor = 30.2 min, tminor = 25.4 min.

(R)-N-(4-(3-(7H-benzo[c]carbazol-10-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)pivalamide (3p)
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H
N

e
w

Piv\N
H

white foam, 18 h, 56% yield, 92% ee, [al} =-73.81 (c = 0.21, MeOH). 'H NMR (500 MHz, CDCl3) 5 8.65 (d, J =
8.3 Hz, 1H), 8.51 (s, 1H), 8.46 (s, 1H), 7.98 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.7 Hz, 1H), 7.71 (t, J= 7.6 Hz, 1H),
7.58 (d, J = 8.7 Hz, 1H), 7.54 (d, J = 8.6 Hz, 2H), 7.49 — 7.35 (m, 10H), 7.28 (t, J = 7.3 Hz, 1H), 1.35 (s, 9H),
1.34 (s, 9H). '°C NMR (126 MHz, CDCl;) & 203.92, 176.73, 138.02, 137.63, 137.56, 136.80, 134.07, 130.03,
129.41, 129.35, 129.32, 129.00, 128.49, 128.33, 127.55, 127.06, 126.91, 126.08, 123.88, 123.25, 123.06,
122.86, 120.11, 119.53, 115.46, 112.76, 110.54, 108.66, 39.76, 36.22, 30.21, 27.80. HRMS (ESI): m/z calcd. for
CaoH3sN20 [M-H]: 561.2911; found: 561.2897. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak AD-H column (hexane/i-PrOH = 85/15, flow rate 1 mL-min™", A = 254 nm): tmajor = 10.4 min,

tminor = 9.3 min.

(R)-N-(4-(3-(9H-carbazol-3-yl)-4,4-dimethyl-1-phenylpenta-1,2-dien-1-yl)phenyl)pivalamide (3q)

H

Ph

Piv\N
H

white foam, 12 h, 72% yield, 93% ee, [al; = -131.67 (c = 0.18, MeOH). 'H NMR (500 MHz, CDCl;) 5 8.14 (s,
1H), 8.07 (d, J = 7.8 Hz, 1H), 7.99 (s, 1H), 7.54 (d, J = 8.6 Hz, 2H), 7.42 — 7.33 (m, 11H), 7.28 — 7.25 (m, 1H),
7.24 —7.21 (m, 1H), 1.34 (s, 9H), 1.29 (s, 9H). "*C NMR (126 MHz, CDCl3) & 203.50, 176.73, 139.93, 138.65,
137.95, 136.76, 134.05, 128.98, 128.48, 128.44, 128.26, 127.76, 126.86, 125.96, 123.38, 123.12, 120.93,
120.48, 120.09, 119.48, 119.13, 110.75, 110.07, 108.60, 39.74, 36.20, 30.03, 27.79. HRMS (ESI): m/z calcd. for
Cs6H3sN20 [M+H]*: 513.2900; found: 513.2912. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak AD-H column (hexane/i-PrOH = 85/15, flow rate 1 mL-min™", A = 254 nm): tmajor = 16.0 min,

tminor = 10.9 min.
(R)-N-(4-(3-(6-bromo-9H-carbazol-3-yl)-1-phenyl-3-(trimethylsilyl)propa-1,2-dien-1-yl)phenyl)pivalamide (3r)

H
N
™S \\\\ Q

Br

Piv\N
H

white foam, 24 h, 93% yield, 90% ee, [¢]; = -65.60 (c = 0.25, MeOH). 'H NMR (500 MHz, CDCl3) 5 8.37 (s,
1H), 8.12 (s, 1H), 7.97 (s, 1H), 7.52 (d, J = 7.3 Hz, 2H), 7.48 (d, J = 8.4 Hz, 1H), 7.44 — 7.35 (m, 6H), 7.35 —
7.27 (m, 3H), 7.26 — 7.19 (m, 2H), 1.31 (s, 9H), 0.34 (s, 9H). '*C NMR (126 MHz, CDCl3) & 209.37, 176.90,
138.99, 138.57, 137.04, 136.70, 133.22, 128.71, 128.64, 128.59, 128.10, 128.00, 127.06, 126.91, 125.06,
123.03, 122.75, 120.46, 119.29, 112.31, 112.19, 111.28, 106.21, 104.10, 39.72, 27.77, 0.22. HRMS (ESI): m/z
calcd. for C3sHssBrN,OSi [M+H]*: 607.1775; found: 607.1736. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 90/10, flow rate 1 mL-min-', A = 254 nm): tmajor
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=11.2 min, tminor = 17.4 min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-(phenylethynyl)-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)benzamide
(3s)

white foam, 18 h, 80% yield, 96% ee, [al} = -129.44 (c = 0.21, MeOH). 'H NMR (500 MHz, CDCl5) & 8.30 (s,
1H), 8.25 (s, 1H), 8.00 (s, 1H), 7.93 (s, 1H), 7.88 (d, J = 7.4 Hz, 2H), 7.65 (d, J = 8.5 Hz, 2H), 7.59 — 7.52 (m,
4H),7.48 (t, J=7.6 Hz, 2H), 7.43 (d, J= 7.5 Hz, 4H), 7.40 — 7.31 (m, 8H), 7.28 (t, J = 7.3 Hz, 1H), 1.30 (s, 9H).
13C NMR (126 MHz, CDCls) 5 203.51, 165.97, 139.59, 138.98, 137.79, 136.67, 135.10, 134.32, 131.99, 131.59,
129.59, 129.00, 128.94, 128.51, 128.45, 128.31, 127.91, 127.15, 126.98, 124.20, 124.00, 123.46, 122.70,
121.02, 120.39, 119.08, 114.00, 110.84, 110.35, 108.77, 90.91, 87.74, 36.23, 30.01. HRMS (ESI): m/z calcd. for
CusH3sN20 [M-H]: 631.2755; found: 631.2725. HPLC analysis: The enantiomeric excess was determined by
HPLC with Chiralpak IG column (hexane/i-PrOH = 80/20, flow rate 1 mL-min', A = 254 nm): fmajor = 15.9 min,

tminor = 11.6 min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-(phenylethynyl)-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)adamantane

-1-carboxamide (3t)

H
tBu \\\ Q
o /@lPh A\
@L” Ph

white foam, 16 h, 82% yield, 96% ee, [al} = -108.07 (c = 0.25, MeOH). 'H NMR (500 MHz, CDCl5) & 8.35 (s,
1H), 8.29 (s, 1H), 7.99 (s, 1H), 7.62 — 7.52 (m, 5H), 7.43 — 7.31 (m, 13H), 7.28 — 7.25 (m, 1H), 2.11 (s, 3H), 2.00
(s, 6H), 1.77 (q, J = 12.4 Hz, 6H), 1.67 (s, 1H), 1.28 (s, 9H). 3C NMR (126 MHz, CDCl3) d 203.45, 176.30,
139.63, 138.99, 137.85, 136.79, 133.88, 131.59, 129.56, 128.96, 128.93, 128.47, 128.45, 128.28, 128.25,
127.90, 126.91, 124.18, 124.02, 123.45, 122.68, 121.01, 120.17, 118.97, 113.94, 110.85, 110.34, 108.76, 90.95,
87.70, 41.63, 39.42, 36.55, 36.20, 29.98, 28.25. HRMS (ESI): m/z calcd. for CsoHsN2O [M+H]*: 691.3683;
found: 691.3678. HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H

column (hexane/i-PrOH = 85/15, flow rate 1 mL-min', A = 254 nm): tmajor = 12.5 MIN, tminor = 19.8 min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-(phenylethynyl)-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)acetamide
(3u)

white foam, 16 h, 68% yield, 91% ee, [aly = -89.21 (c = 0.18, MeOH). 'H NMR (500 MHz, CDCls) & 8.29 (s,

1H), 8.19 (s, 1H), 7.98 (s, 1H), 7.60-7.55 (m, 3H), 7.48 (d, J = 8.4 Hz, 2H), 7.41-7.32 (m, 14H), 7.27 (s, 1H),
s11



2.18 (s, 3H), 1.28 (s, 9H). 3C NMR (126 MHz, CDCl;) & 203.36, 168.36, 139.47, 138.85, 137.69, 136.50,
133.90, 131.49, 130.31, 129.49, 128.92, 128.79, 128.37, 128.35, 128.19, 127.82, 127.18, 126.84, 124.10,
123.89, 123.37, 122.60, 120.92, 119.90, 118.91, 113.95, 110.71, 110.20, 108.64, 99.75, 90.75, 87.63, 36.10,
30.95, 29.89, 24.61. HRMS (ESI): m/z calcd. for C41HasN2O [M+H]*: 571.2744; found: 571.2733. HPLC
analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH =

85/15, flow rate 1 mL-min~', A = 254 nm): tmajor = 12.7 MiN, tminor = 8.3 Min.

(R)-N-(4-(4,4-dimethyl-1-phenyl-3-(6-(phenylethynyl)-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)-4-methylbe

nzenesulfonamide (3v)

Ts<
SN Ph
H

white foam, 18 h, 65% yield, 70% ee, [al} = -49.78 (c = 0.12, MeOH). 'H NMR (500 MHz, CDCls) & 8.31 (s,
1H), 8.19 (s, 1H), 7.98 (s, 1H), 7.72 (d, J = 8.3 Hz, 2H), 7.64 — 7.56 (m, 3H), 7.42 — 7.33 (m, 10H), 7.31 - 7.28
(m, 3H), 7.24 (d, J = 8.2 Hz, 2H), 7.07 (d, J = 8.5 Hz, 2H), 6.88 (s, 1H), 2.36 (s, 3H), 1.29 (s, 9H). 13C NMR (126
MHz, CDCIls) & 203.32, 143.94, 139.44, 138.84, 137.45, 136.19, 135.05, 134.96, 131.47, 129.69, 129.56,
128.94, 128.74, 128.40, 128.37, 128.21, 128.11, 127.86, 127.28, 126.94, 124.05, 123.83, 123.33, 122.61,
121.60, 120.89, 119.07, 114.02, 110.75, 110.22, 108.40, 90.69, 87.72, 36.11, 29.86, 21.53. HRMS (ESI): m/z
calcd. for CyeH3sN202S [M+H]": 683.2727; found: 683.2736. HPLC analysis: The enantiomeric excess was
determined by HPLC with Chiralpak AD-H column (hexane/i-PrOH = 80/20, flow rate 1 mL-min™', A = 254 nm):

tmajor =17.4 min, tminor = 14.2 min.

tert-butyl (R)-(4-(4,4-dimethyl-1-phenyl-3-(6-(phenylethynyl)-9H-carbazol-3-yl)penta-1,2-dien-1-yl)phenyl)

carbamate (3w)

Boc<
ocN Ph
H

light brown foam, 20 h, 90% yield, 80% ee, [4]5 = -124.08 (c = 0.21, MeOH). 'H NMR (400 MHz, CDCl;) &
8.28 (s, 1H), 8.12 (s, 1H), 7.97 (s, 1H), 7.57 (d, J = 6.1 Hz, 3H), 7.46 — 7.28 (m, 15H), 6.50 (s, 1H), 1.52 (s, 9H),
1.26 (s, 9H). *C NMR (101 MHz, CDCl3) 8 203.3, 152.9, 139.5, 138.8, 137.8, 137.0, 132.6, 131.5, 129.5, 129.1,
128.9, 128.3, 128.3, 128.2, 127.8, 126.8, 124.1, 123.9, 123.4, 122.6, 120.9, 118.8, 118.6, 114.0, 110.7, 110.2,
108.7, 90.8, 87.6, 36.1, 29.9, 28.4. HRMS (ESI): m/z calcd. for C4sH4oN202 [M+H]*: 629.3163; found: 629.3176.
HPLC analysis: The enantiomeric excess was determined by HPLC with Chiralpak AD-H column

(hexane/i-PrOH = 80/20, flow rate 1 mL-min™', A = 254 nm): tmajor = 9.9 MIN, tminor = 5.6 Min.
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3. The scale-up experiment and transformation of 3a

a. The scale-up experiment of 3a

8
t-Bu O
EBU
\\ OH O O (R) -A4 (5 mol%) Q
DCM Tol=1:1 Br

Pivs 5A (1.2 g) it

Iz

\2N

Iz

1a 2a 3a
3.0 mmol 3.6 mmol 1.58 g, 89%, 94% ee

To a solution of a-(4-aminophenyl)propargylic alcohol 1a (3.0 mmol, 1.0 equiv.), 5A (1.2 g), and catalyst
(R)-A4 (0.15 mmol, 5 mol%) in DCM:Tol (v:v = 1:1, 50 mL) was added 2a (3.6 mmol, 1.2 equiv.). The mixture
was stirred at room temperature until the reaction was completed (monitored by TLC analysis). The crude
product was purified directly by flash column chromatography on silica gel (petroleum ether/ ethyl acetate =

15:1~5:1) to give the desired chiral product 3a.

b. The transformation of 3a to compound 4

H
I
tBu Q NIS (2.0 eq.)

CHCl3, tt, 6 h

Br
Ph

Piv\N
H 3a, 94% ee 4,35%, 94% ee

To a solution of (R)-3a (0.1 mmol, 1.0 equiv) in CHCI; (1 mL) was slowly added the CHCI; (1.5 mL) solution
of NIS (0.2 mmol, 2.0 equiv) using a syringe. The mixture was stirred at room temperature until the reaction
was completed (monitored by TLC analysis). The crude product was purified directly by flash column

chromatography on silica gel (petroleum ether/ ethyl acetate = 10:1) to give the desired chiral product 4.

(S)-N-(4-(9-bromo-3-(tert-butyl)-2-iodo-1-phenyl-1,6-dihydrocyclopenta[c]carbazol-1-yl)phenyl)pivalamide (4)

White solid, 6 h, 35% yield, 94% ee, [a]5 = -209.35 (c =0.12, MeOH). 'H NMR (400 MHz, CDCl3) : 8.39 (s,
H), 8.23 (s, 1H), 8.02 (s, 1H), 7.47 (d, J = 8.7 Hz, 2H), 7.26 (s, 1H), 7.22 (t, J = 6.5 Hz, 1H), 7.17 — 7.07 (m
5H), 6.88 (d, J = 8.6 Hz, 2H), 6.42 (s, 1H), 6.35 (d, J = 8.6 Hz, 1H), 1.78 (s, 9H), 1.26 (s, 9H). *C NMR (101
MHz, CDCl3) 5 177.0, 154.7, 150.8, 142.4, 138.4, 138.2, 137.8, 137.5, 136.9, 130.5, 129.0, 128.4, 128.3, 128.2,
128.2, 126.9, 123.9, 123.0, 119.4, 118.2, 115.2, 114.2, 110.5, 108.5, 106.6, 100.0, 77.2, 70.7, 39.8, 35.9, 31.4,
27.7. HRMS (ESI): m/z calcd. for C3gH34BrIN,O [M+H]*: 717.0972; found: 717.0979. HPLC analysis: The
enantiomeric excess was determined by HPLC with Chiralpak IA column (hexane/i-PrOH = 80/20, flow rate 0.8

mL-min', A = 254 nm): tmajor = 5.2 MiN, tminor = 6.2 Min.
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13C NMR of compound 3f (in CDCl5)
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13C NMR of compound 3i (in CDCls)
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13C NMR of compound 3l (in CDCls)
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13C NMR of compound 3p (in CDCl5)
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13C NMR of compound 3q (in CDCl5)
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13C NMR of compound 3t (in CDCl5)
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13C NMR of compound 3u (in CDCl5)
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13C NMR of compound 3v (in CDCls)
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13C NMR of compound 4 (in CDCl5)
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5. Copies of HPLC Spectra

HPLC spectrum of the racemate 3a

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-912-XIAQ-1.D)

mAU
250
200
150
100
92 @
8 g
o w
50 p
e
0 - —— -— =t —
- B . . . —
25 5 75 10 125 15 175 20 mir

{§%5 1: DAD1 D, Sig=254,16 Ref=360, 100

U PREFER) SR TR Lediapist e 1y e T A
#  [min] [min]  [mAU*s] [mAU] %

1 12.345 MM R 0.8162 2726.29736 55.66949 50.3186
2 15.483 MM R 0.8497 2691.77832 52.79777 49.6814

HPLC spectrum of the enantioenriched compound 3a

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-912-CPA3(5%)-TOL-5A.D)
mAU

800

~=-12.399

116.008

{%%5 1: DAD1 D, Sig=254,16 Ref=360,100

W PREFESIR] R &R LESTOE DA [[E-3=1 LEJINE
# [min] [min] [mAU*s] [mAL] %
] e | === ]=====-- |- |-mmmmee- |-mmmmmo-
1 12.399 MM R 0.7923 1.01067e4 212.60239 96.9976
2 16.008 MM R 0.6355 312.83896 8.20505 3.0024
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HPLC spectrum of the racemate 3b

DAD1 D, Sig=254,16 Ref=360,100 (2W R\ZW R-D-920-31-XIAQ-IAS0.D)
mAU ]

600
500 1
400 |
300

200

>11.722
15,596

{55 1: DAD1 D, Sig=254,16 Ref=360, 100

W REFETE] A e U T A U i ESTOE 2|
# [min] [min] [mAU*s | [mAU | %

1 11.722 MM R 0.8183 7395.21045 150.61432 50.2253
2 15.596 MM R 0.8459 7328.86084 144 .39667 49.7747

HPLC spectrum of the enantioenriched compound 3b

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-920-31-CPA3-1A90.D)
mAU ]
800
700
600
500

400 -|

300

511699

200

100 | §
) 2

25 5 15 10 125 15 175 20 min

{&% 1. DAD1 D, Sig=254,16 Ref=360,100

W {REFES A R g e T L=t e TP SAL
it [min] [min] [mAU*s] [mAU] %

1 11.699 MM R 0.8240 1.08796e4 220.05493 96.5101
2 16.000 MM R 0.6301 393.41727 10.40657 3.4899
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HPLC spectrum of the racemate 3c

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-921-3PH-XIAQ-AD80.0}
mAU

1750

750

500

59373

14139

250

‘25. T 5 ' 15 ) ‘|.l] o 12..5.
{5% 1: DAD1 D, Sig=254,16 Ref=360, 100

e LRERTIA] SR LR e THT A
it [min] [min] [mAU*s]

e 5

1 9.373 MM R 0.6664 2.15328e4 538.53131
2 14.139 MM R 0.9936 Z.14611e4 359.99542

BE 4.29939e4 898 .52673

HPLC spectrum of the enantioenriched compound 3c

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-921-3PH-CPA3-ADS0.D)

mAU

1750

214083

19.465

5% 1: DAD1 D, Sig=254,16 Ref=360,100

g {REEmS ] e UgEEE U THT AR
# [min] [min] [mAU*s |

1 9.465 MM R 0.5104 646.12103

U v

21.09683

2 14.093 MM R 1.0286 2.01817e4 327.02151

S41

50.0834
49.9166

3.1022
96.8978



HPLC spectrum of the racemate 3d

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-922-3-4FPH-XIAO-AD80.D)

mAU

15818

)23.579

{5%5 1: DADI D, Sig=254,16 Ref=360, 100

W PRETET ] Y TR ETEE A U U T
# [min] [min] [mAU*s] [mAU] %
e B == | = ee oo oo e |
1 15.818 BB 1.2200 7168.81152 88.22604 50.0186
2 23.579 BB 1.5919 7163.47217 64 .29466 49.9814

HPLC spectrum of the enantioenriched compound 3d

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-922-3-4FPH-CPA3-ADB0.0)
mAU

800
600

400

) 23585

200

15.852

1% 1: DADL D, Sig=254,16 Ref=360, 100

W PREFEIE] A U LESTOR DA U IESTAE A
# [min] [min] [mAU*s] [mAU | %
e e P R |- | -m-mn--- |
1 15.852 MM R 1.0561 556.96808 8.78939 2.4608
2 23.585 MM R 1.9150 2.20767e4 192.13411 97.5392

S42



HPLC spectrum of the racemate 3e

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-923-3-4TBUPH-XIAC.D)
mAU

500 -
400

300 -

8865

200

100

120,946

{%% 1: DAD1 D, Sig=254,16 Ref=360,100

W fREERTR M I T LEJTETREA 0% 5y LELTTE oA
# [min] [min] [mAU*s] [mAU] %

1 8.865 BB 0.8117 1.18183e4 221.77623 50.2360
2 20.946 BB 2.6526 1.17073e4 51.68651 49.7640

HPLC spectrum of the enantioenriched compound 3e

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-923-3-4TBUPH-CPA3.D)
mAU

600
500
400 -
300

200

)21.089

100

8943
/

{5%5 1: DAD1 D, Sig=254,16 Ref=360,100

I PREERSR] 2ERY TR LESTIE A [IE 3 U TH] R
i [min| [min] [mAU*s] [mALU ] %
e e - |- |- |

1 8.943 MM R 0.8110 1219.50500 25.06153 3.9611
2 21.080 MM R 4.1147 2.95679%e4 119.76389 96.0389
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HPLC spectrum of the racemate 3f

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-942-3-4MEPH-XIAO-ADE0.D)

mAU

500

300

200

TR

100

128432

{85 1: DAD1 D, Sig=254,16 Ref=360,100

W REFEIE A e LESTOR VA [[E5=t IESTOE
# [min] [min| [mAU*s] [mAU | %

o e |=mmmmmm- |=mmmmmm- |=mmm-
1 10.101 MM R 0.8947 8196.48242 152.69258 49.9930

2 28.432 MM R 3.1938 8198.78516 42.78503 50.0070

HPLC spectrum of the enantioenriched compound 3f

DAD1 D, 5ig=254,16 Ref=360,100 (ZW R\ZW R-D.342.3.4MEPH.CPA3.ADB0.D)

400

300

200

H
100+ N
ol S ~
5 'wo”' w's"“z'o ) 2'5”' 36 ) '3'=.""mm'

{85 1: DAD1 D, Sig=254,16 Ref=360, 100
e PREFES ) ZE7 DGR U 117 A U oy LESIEGE

# [min] [min] [mAU*s] [mAU] %

1 10.035 MM R 0.8107 894.79352 18.39662 3.9787
2 28.084 MM R 3.1464 2.15950e4 114.39114 96.0213

s44



HPLC spectrum of the racemate 3g

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-944-3-40MEPH-XIAQ-ADT70.D)

mAU
800

600

58,444

17.934

{%% 1: DADI D, Sig=254,16 Ref=360,100

e {REERTR] T I EE e TR A e 5y ETiTEA
# [min] [min] [mAU*s] [mAU] %

1 8.444 MM R 0.8858 5319.47559 100.08861 50.1623
2 17.934 MM R 2.3618 5285.06299 37.29597 49 .8377

HPLC spectrum of the enantioenriched compound 3g

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\WR-D-344-3-40MEPH-CPA3-AD70.0)
mAU

800
600

400

8
‘25 5 ' ‘75‘ ' |In ) 12'5‘ o ‘15‘ ' 1';,5 ' ‘207 ' 2é5 ' ‘min
155 1: DADI D, Sig=254,16 Ref=360,100
g fRETES ) SR 0 EE LETR A LE=n LESTIE A
# [min] [min] [mAU*s] [mAU] %

e |- i | == mm e | --—-mo—- —
1 8.461 MM R 0.7891 538.50171 11.37434 3.7275

2 17.887 MM R 2.4067 1.39084e4 96.31864 96.2725
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HPLC spectrum of the racemate 3h

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-943-3-2ME PH-XIAQ-1AS2.D)
mAU |

1400~
1000 —
Eﬂﬂr
0]
400-
o _J -
0 5 1b 15 20 25 min
{&i%F 1: DAD1 D, Sig=254,16 Ref=360,100
U {REFI R 257 IgewE ESTTE A I 1y EATOE A
it [min] [min] [mAU*s ] [mAU ] %
abil bbb el Rttt |-—mmm - |- - |-~ |
1 17.250 BV 0.9455 1.22690e4  186.49519 49.5496
2 21.364 MF R 1.3389 1.2492le4  155.50197 50.4504

HPLC spectrum of the enantioenriched compound 3h

DAD] D, Sig=254,16 Ref=360,100 (ZW R\ZW R-D-943-3-2MEPH-CPA3-1A92.0)
mAU

800

600

400

200

17.376

5% 1: DAD1 D, Sig=254,16 Ref=360,100

g TREERTE] A IR U THT AR eyt
it [min] [min] [mAU*s ] [mAU]

1 17.376 MM R 1.0615 1.03213e4 162.05214
2 22.212 MM R 1.0024 424.66708 7.06088
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HPLC spectrum of the racemate 3i

DAD1 D, Sig=254,16 Ref=3560,100 (ZWR\ZW R-D-924-3-INAQI-XIAQ-AD30.D)
mAU

1400;
120(!:
1COCI?
|
-
00|

200

15714
718,231

T T - T . ' - . . . . . —
0 25 5 1.5 10 125 15 115 20

{5% 1: DAD1 D, Sig=254,16 Ref=360,100

U CREFESA] T TR LESTOE A L=t e T
# [min] [min] [mAU*s] [mAU ] %

e | === | --mmmmm - [E— [E— |
1 15.714 MM R 1.0022 8046.00586 133.80852 50.18954

2 18.231 MM R 1.1546 7983.36865 115.24272 49.8046
HPLC spectrum of the enantioenriched compound 3i

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-924-3-1NAQI-CPA3-AD90.0)

mAL
800 |
600
400+
=
200 b
2
\ 2
&
{ AN @
0 +
— . = —
[ 25 5 15 10 125 15 175 20 min

1% 1: DAD1 D, Sig=254,16 Ref=360, 100

g {REEm R 25 IgETE U THT AR (k= IETE
# [min] [min]| [mAU*s] [mAU | %

1 15.727 BB 0.9155 9071.80371 149.17780 97.3699
2 18.298 BBA 0.6428 245.03918 4.51755 2.6301
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HPLC spectrum of the racemate5;j

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-825-PENG-XIAQ-1GS0-1.0)

mAU

8
_9.559

119.787

(1] 5 0 15 20 min

{55 1: DADI D, Sig=254,16 Ref=360,100

W (RS SR TR U THT A k=1 WA THI A
# [min] [min] [mAU*s ] [mAU | %

e R i e |-mmmm e |-ommee- |
1 9.559 MM R 1.0395 9775.65918 156.73065 50.1107

2 19.787 MM R 3.1321 9732.48145 51.78964 49.8893

HPLC spectrum of the enantioenriched compound 3;j

DAD1 D, Sig=254,16 Ref-360,100 (ZWR\ZW R-D-925-PENG-CPA3-1G90-1.0)
mAU |

2500 |
2000 |

1500

= 9.260

1000+

500

19.636

©
o
24
3
n

0 min
{5 1: DADl D, Sig=254,16 Ref=360,100

W CRETNS ) A TR ESTHE 2 e =0 e 1] A
ft [min] [min] [mAU*s] [mAU] %

1 9.260 MM R 0.9774 8.23653e4 1404.48572 97.9211
2 19.636 MM R 2.2634 1748.64319 12.87595 2.0789
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HPLC spectrum of the racemate 3k

DADT D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-826-3ET-XIAO-AD30.D)
mAL

800
600
400

200

= 16.801

2089

T T
5 10 15 20 25 30

{85 1: DAD1 D, Sig=254,16 Ref=360, 100

U REEE A I e T A W IESTAE
it [min] [min] [mAU*s] [mAU ] %

e | === ] ==m - |==mmmmmme- |===mmmmme |-==mm- |
1 16.801 MM R 0.9949 1.24915e4 209.26178 50.1044

2 29.891 MM R 1.5005 1.24394e4 138.17143 49.8956

HPLC spectrum of the enantioenriched compound 3k

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D.926-3ET-CPA3-AD90.D)

mAL

800

600

16814

200

— - - -
5 10 15 20 25 30 min

5% 1: DAD1 D, Sig=254,16 Ref=360,100

g fREEATIA] A LR EE THT R U 1y WE THT AR
it [min] [min] [mAU*s] [mAU] %

1 16.814 MM R 1.0046 1.96239e4 325.55090 98.7777
2 30.360 MM R 1.0900 242.82753 3.71294 1.2223
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HPLC spectrum of the racemate 3l

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-927-XIAO-ADB5.D)

mAU |
1400
1200
1000+
800 |
600
400 8
| =
. Q
]
1 B
200 | e
ot SIS
T T T T T
] 2 4 6 8 10 12 14 % min

1% 1: DAD1 D, Sig=254,16 Ref=360, 100

U PREFESfa) 2%/ ugEEE UEE THT A I 5y WAE THT A4
i [min] [min] [mAU*s] [mAU] %

1 8.081 BB 0.3824 8527.17480 322.61490 50.6081
2 13.229 MM R 0.7651 8321.91992 181.27296 49.3909

HPLC spectrum of the enantioenriched compound 3I

DAD1 D, Sig=254,16 Ref-350,100 (ZWR\ZW R-D-027-CPA3-ADBS5.D)
mAU ]
1750 1
1500 -{

1250

1000 |

8.069

YSUE
500
250‘:
o o . A
o 2 4 " s 8 10 12 u 16 "min

1% 1: DAD1 D, Sig=254,16 Ref=360, 100

U PREFESA) 2SR/ U EE W THT A4 U U THT A
i [min] [min] [mAU*s] [mAU] %

1 8.069 MM R 0.4159 1.8538%9e4 742 .87463 97.2351
2 13.350 MM R 0.6677 b527.16162 13.15801 2.7649
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HPLC spectrum of the racemate 3m
DAD1 D, Siq 254,16 Ref=360,100 (ZWR\ZW R-D-929-XIAO-AD85.D)

mAU

500 -

300

7.824

100

) 16.592

{f8% 1: DADl D, Sig=254,16 Ref=360, 100

W fREENS A 5 R e 1 R U iy LESTTREA
i [min] [min] [mAU*s] [mAU] %

1 7.824 BB 0.3919 5106.71387 194.79382 49.8529
2 16.592 BB 1.1066 5136.85498 68.99612 50.1471

HPLC spectrum of the enantioenriched compound 3m

DAD1 D, Sig=254,16 Ref=360,100 (ZW R\ZW R-D-829-CPA3-ADB5.D)
mAU
1400

800

7.807

600
400 |

200

16,622

{&*5 1: DAD1 D, Sig=254,16 Ref=360,100

i fREZHTIE] A IR LR =0 W [ AR
i [min] [min] [mAU*s] [mAU] %
e | === -m e |--ommemmee |- |- |
1 7.807 MM R 0.4434 1.69528e4 637 .25336 97.6997
2 16.622 MM R 1.0415 399.15536 6.38722 2.3003
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HPLC spectrum of the racemate 3n

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-930-3PHQUE-XIAQ-ADB5.D)
mAU

800~
700~
o0
500 —
00 —
00|

200

> 8.036

00 |

15568

0 P J —— Iy — R

[ . o [ I R roo o -
0 25 5 15 10 125 15 175 20

{55 1: DAD1 D, Sig=254,16 Ref=360.100

e PREFHTIE] T LR W T FH = e T FH
i [min] [min] [mAU*s] [mAU] %

e R e | =mmmmmm e |-mmmmmee- R |
1 8.036 MM R 0.5655 6125.90674 180.54611 50.1726

2 15.568 MM R 1.3001 6083.75635 T7.99060 49.8274

HPLC spectrum of the enantioenriched compound 3n

DAD1 D, Sig=252,16 Ref=360,100 (ZWR\ZWR-D-330-3PHQUE-CPA3-ADBS5.D)
mAU '
800 —
700
600 ]
500
400
00
200

100

) 15.570

8.096

0 - - o = —

{#% 1: DAD1 D, Sig=254,16 Ref=360,100

[ =i N I i R LESTNE N W W T L
# [min] [min] [mAU*s] [mAU] %

1 8.096 MM R 0.4449 171.90125 6.43991 2.454

5]
2 15.570 MM R 1.3666 6831.61133 83.31934 97 .5455
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HPLC spectrum of the racemate 30

DAD1 D, Sig=264,16 Ref=360,100 (ZWR\ZW R-D-936-XIAO-AD5.D)
mAU ]

o I\ P
o 5 10 15 20 2‘5 30 35
155 1: DADl D, Sig=254,16 Ref=360, 100
U FREFMS (A S TR LE TR A e iy
# [min] [min] [mAU*s] [mAU]

1 25.378 MM R 1.7382 3736.89331 35.83047
2 30.530 MM R 2.3548 3741.56787 26.48165

49 . 9687
50.0313

HPLC spectrum of the enantioenriched compound 3o

DAD1 D, Sig-254,16 Ref=360,100 (ZWR\ZWR-D-936-CPA3-AD95.D)
mAU ]

500
400 -

300

530171

200

25.410

{55 1: DAD1 D, Sig=254,16 Ref=360, 100

U REEE A AR I LESINE A U i
i [min] [min] [mAU*s] [mAU]
e B | === ==mm-- R |- . |
1 25.410 BB 1.1581 1367.13123 13.91653

2 30.171 BB 2.0758 3.30717e4 230.52086
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HPLC spectrum of the racemate 3p

DADI1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-831-BENJI-XIAOQ-AD85.0)
mAU ]
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{55 1: DAD1 D, Sig=254,16 Ref=360.100

WE LREFET(A] ZEMY R W TH] AR I W THT R
# [min] [min] [mAU*s] [mAU] %

1 9.182 MM R 0.4817 6853.86377 237.15517 49.8190
Z 10.396 MM R 0.5274 6903.67139 Z218.15767 50.1810

HPLC spectrum of the enantioenriched compound 3p

DAD]1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-931-CPA3-AD85.D)
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155 1: DAD1 D, Sig=254,16 Ref=360, 100
W PREFES A ST TR W T AL I 1y U TR
# [min] [min] [mAU*s] [mAU] %

1 9.262 MM R 0.3931 522.28040 22.14271 3.7794
2 10.379 MF R 0.5511 1.32970e4 402.15225 96.2206
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HPLC spectrum of the racemate 3q

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-933-KAZUO-XIAO-ADB5 D)
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{&% 1: DAD1 D, Sig=254, 16 Ref=360,100

I {REERSR] 22 IR IE-FINE 2 (k3= IE IR
# [min] [min]| [mAU*s] [mAU | %

1 10.778 MM R 0.6322 5236.23242 138.03337 50.2364
2 15.681 MM R 0.8125 5186.95020 106.40298 49.7636

HPLC spectrum of the enantioenriched compound 3q

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-933-KAZUO-CPA3-ADE5.D)
mAU |

~15.598

10.877

{55 1: DAD1 D, Sig=254,16 Ref=360, 100

g CREFESA] BT g LTI [ W THT A
# [min] [min] [mAU*s] [mAU] %

1 10.877 MM R 0.5687 363.67001 10.65861 3.4178
2 15.598 MM R 0.8717 1.02767e4 196.48283 96.5822
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HPLC spectrum of the racemate 3r

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-917-TMS-XIAQ-1A.D}
mAU |
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5 17.409

{%% 1: DADI D, Sig=254,16 Ref=360, 100

e LREFES R ZEAY IR LESIOEGE ey

# [min] [min] [mAU*s] [mAU ]

U 17

%

e R e |=mmmmee- |- R |
1 11.378 MM R 0.6378 1.49779e4 391.41553 49.8456

2 17.409 MM R 1.0638 1.50706e4 236.11235

50.154

HPLC spectrum of the enantioenriched compound 3r

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-817-TMS-CPA3(5%)- DCM-TOL-1-1-5A.0)
mAU ]
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5% 1: DAD1 D, Sig=254,16 Ref=360, 100

I fREINS (a] R IR LESTETRA W =
i [min] [min] [mAU*s] [mAU]

1 11.175 MM R 0.6555 1.59427e4d 405.33401
2 17.392 MM R 0.6182 784.73370 21.15584
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HPLC spectrum of the racemate 3s

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-946-PH-CPA3-1GB0.D)
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5 10 15 Z‘l} Z‘ﬁ 30 35 40 45
{55 1: DAD1 D, Sig=254,16 Ref=360,100

e PREFIE) T W LESTOE A W 5y T 75
# [min] [min] [mAU*s] [mAU] %

1 11.674 BB 1.2583 4446 .56543 50.94206 50.8206
2 16.359 MM R 6.3079 4302.96533 11.36920 49.1794

HPLC spectrum of the enantioenriched compound 3s

DAD1 D, Sig=254,16 Rel=360,100 (ZWR\ZW R-D-946-PH-CPA3-1GB0-CPA3.D)
mAU ]
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{55 1: DAD1 D, Sig=254,16 Ref=360, 100

W PREFES (A ST U i Fj A4 I = LEJTES)
# [min] [min] [mAU*s] [mAU] %

1 11.607 MM R 1.2758 308.58264 4.03111 1.9134
2 15.863 MM R 6.6298 1.58191e4 39.76742 958.0866
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HPLC spectrum of the racemate 3t

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-0-347-JG-XIAO-AD85 D)

112746
119.830

{55 1: DAD1 D, Sig=254,16 Ref=360.100

g LREGES(A] S0 TR WAE THT A k= e THT A
# [min] [min] [mAU*s] [mAU] %

1 12.746 MM R 3.0199 4143.35938 22.86679 50.5550
2 19.830 MM R 1.9212 4052 .38818 35.15425 49.4450

HPLC spectrum of the enantioenriched compound 3t

DADT D, Sig-254,16 Ref=360,100 (ZWRZWR-D-847-G-CPA3-ADE5.D)
mAU ]
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a 5 10 15 20 25 min

{55 1: DAD1 D, Sig=254,16 Ref=360, 100

W fREF A M g T A Ui g T A
# [min] [min] [mAU*s] [mAU] %

1 12.508 MM R 2.3942 1.36060e4 94 .71665 98.1559
2 19.744 MM R 1.3940 255.61588 3.05617 1.8441
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HPLC spectrum of the racemate 3u

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-850-JIAX-XIAO-AD85.D)
mAL
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5% 1: DADI D, Sig=254,16 Ref=360,100

W PREGMTE] 2R TR W TH] A & 3= W TH] R
i [min] [min| [mAU*s] [mAU ] %
e — e |- | -mmm e | -—mmm - |
1 8.317 BB 0.8533 3373.16260 56.60118 49.8272
2 12.751 MM R 2.0031 3396.55322 28.26086 50.1728

HPLC spectrum of the enantioenriched compound 3u

DAD1 D, Sig-254,16 Ref=360,100 (ZWRIZWR-D-850-JIAX-CPA3-AD85.D)
mAU ]
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{&% 1: DADL D, Sig=254,16 Ref=360, 100

W CREGMS A 2Ry WETE W TH] R [k 3= LIEJTETE 2
# [min| [min] [mAU*s] [mAU ] %

1 8.310 MM R 0.8063 308.35788 6.37408 4.3169
2 12.666 BB 1.4785 6834 .68701 63.26110 95.6831
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HPLC spectrum of the racemate 3v

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZW R-D-949-TS-XIAQ-AD80.D)

mAU
600 |
500
400 |
300
200
I g
100 = )
= =
o -
0 s 10 15 20

1§ 1. DAD1 D, Sig=254,16 Ref=360,100

W CREFRS R 2T TR g TR A &=
# [min] [min] [mAU*s] [mAU]
S — [ p— |==mmmmm - | =mmmmmmeee o |
1 14.144 MM R 1.2607 3893.13623 51
2 17.340 BB 1.2626 3898.37598 45.45398

HPLC spectrum of the enantioenriched compound 3v

DAD1 D, Sig=254,16 Ref=360,100 (ZWR\ZWR-D-949-TS-CPA3-AD80.D)
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1% 1: DAD1 D, Sig=254,16 Ref=360, 100

U CREIRSIA] R TR U THIT A k=)
# [min] [min] [mAU*s] [mAU ]

U THTRH
%

1 14.206 MM R 1.1596 1184.48694 17.02378
2 17.393 MM R 1.7580 6490.08691 61.53027
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HPLC spectrum of the racemate 3w

DAD1 D, Sig=254,16 Ref=360,100 (ZWR-T\ZWR-D-1012-XIAQ-AD80.D)

mAU

40
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T
5 6 7 8 9 10 n mir|

1§%5 1: DAD1 D, Sig=254,16 Ref=360, 100

W PREERTE] 227 I TR W TH] R k3= g TH] R
# [min] [min]| [mAU*s] [mAL | %

1 5.634 MM R 0.4248 452.45154 17.75208 49.9719
& 9.884 MM R 1.1426 452.96094 6.60711 50.0281

HPLC spectrum of the enantioenriched compound 3w

DAD D, Sig=254,16 Ref=360,100 (ZWR-T\ZWR-D-1012-CPA3-AD80-1.0)
mAU |
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{55 1: DAD! D, Sig=254,16 Ref=360,100
W REFR A 2 TR e TF A e 7y e [fi A
i [min] [min] [mAU*s] [mAU] %

1 5.637 MM R 0.4038 680.04626 28.06696 10.9564
2 9.871 MM R 1.1533 5526.77148 79.86871 89.0436
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HPLC spectrum of the racemate 4

DAD1 D, Sig=254,16 Ref=360,100 (ZWR-HJ\HJ-4-XIAD-IA-80.D)
mAU ]
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[1] 1 2 3 4 5 [ 7 8 8 min

5% 1: DAD1 D, Sig=254,16 Ref=360,100

=]

W CREFRSE] ZERY WETE W T R &= W AT R
# [min]| [min| [mAU*s] [mAU | %

1 5.199 VV 0.1912 1.40113e4 1081.12573 50.1921
2 6.125 MF R 0.4263 1.39040e4 543.63312 49 .8079
HPLC spectrum of the enantioenriched compound 4

DAD1 D, Sig=254,16 Ref=360,100 (ZW R-HJ\HJ-4-CPA4-IA-80.D)
mAU

700~
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—5.235

{55 1: DADI D, Sig=254,16 Ref=360,100

g PREERS ] a0 e JTE 2 3= LESTAE A
i [min | [min] [mAU*s ] [mAU | %
momfmmmme- e e |- e |
1 5.235 MM R 0.2095 4963.60742 394.79053 97.6326
2 6.165 MM R 0.4976 120.36034 4.03110 2.3674
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6. Determination of the absolute configuration of 3a

The software Crest ! was used to explore the conformational space of potential structures within the
GFNO B 4 theoretical framework. The structure was optimized at the GFN2-xTB ¥ level with a 4 kcal/mol
energy threshold to exclude high-energy conformers. Geometry optimization and vibrational frequency
calculations for the conformer were performed at the B3LYP-D3(BJ)/TZVP (IEFPCM, MeOH)) level of theory.
Theoretical ECD spectrum were calculated by time-dependent density functional theory (TDDFT) at the
B3LYP/TZVP (IEFPCM, MeOH) level. The ECD spectrum of compound 3a was generated by Boltzmann
averaging based on Gibbs free energy and simulated using SpecDis V1.71 B, with a sigma/gamma value of
0.35 eV. All calculations were carried out using the Gaussian 09 © software package.

Compound 3a was dissolved in methanol at a concentration of 0.01352 mM, and circular dichroism (CD)
measurement was conducted in a 10 mm pathlength quartz cuvette. The UV and CD spectra were recorded
using a JASCO J-1500 spectrophotometer with the following parameters: scanning range of 400—190 nm, step
size of 0.2 nm, bandwidth of 4 nm, 2 s data integration time per point, and a scanning rate of 100 nm/min. A
single spectral scan was performed for the sample, and the spectrum was smoothed to enhance data stability
and accuracy.

The calculated spectrum of (R)-3a exhibited excellent agreement with the experimental data, thereby

unequivocally confirming the absolute R-configuration of compound 3a. (Fig. S1).

409 Exptl. ECD of 3a
Caled. ECD of (R)-3a
204
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250 300 350 400
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Fig. S1. Comparison of the calculated ECD of (R)-3a with the experimental one of 3a.
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Atomic coordinates (A) of 3a obtained at the B3LYP-D3BJ/TZVP level of theory
in methanol.

(R)-3a

delta G = 0.0000 kcal/mol
population = 30.95 %

C 4.589064 0.644095 -1.153225
C 5.238161 -0.152486 -0.206020
C 4.590165 -0.422732 1.006656
C 3.332320 0.089203 1.264687

C 2.667841 0.888044 0.325872
C 3.324630 1.151336 -0.878707
C 1.296307 1.394236 0.586770

N 6.515885 -0.709959 -0.387412
C 0.842831 2.675894 -0.022118
C 0.468167 0.723748 1.357306

C -0.370204 0.060014 2.099047
C -1.273929 -0.927466 1.422086
C -2.501520 -0.518086 0.911696
C -3.323706 -1.445329 0.272754
C -2.897935 -2.792222 0.147861
C -1.667920 -3.212505 0.646126
C -0.871474 -2.268941 1.278728
C -4.623806 -1.364091 -0.355673
C -4.928382 -2.666486 -0.832346
N -3.877964 -3.506039 -0.518368
C -5.533094 -0.323529 -0.549128
C -6.713681 -0.613547 -1.210723
C -7.018409 -1.894915 -1.682555
C -6.121720 -2.938410 -1.495509

Br-7.995681 0.798528 -1.495367
S64



C -0.470356 0.256511 3.621855
C -0.461145 2.806540 -0.510661
C -0.906372 4.014107 -1.035127
C -0.052987 5.113217 -1.084273
C 1.248418 4.992968 -0.604331
C 1.693745 3.784753 -0.080483
C -1.906427 0.669988 3.985619
C -0.128929 -1.065202 4.330027
C 0.498632 1.348715 4.086265
C 7.376245 -0.596755 -1.444435
C 8.707759 -1.357472 -1.271389
0 7.114135 0.057516 -2.446284
C 9.474733 -0.788195 -0.062421
C 8.432415 -2.859104 -1.064785
C 9.549797 -1.169346 -2.536426
H 5.071018 0.857304 -2.092245
H 5.084905 -1.032724 1.753635
H 2.853825 -0.130244 2.209836
H 2.837793 1.759237 -1.629435
H 6.834675 -1.272910 0.385581
H -2.810788 0.514502 1.010382
H -1.339176 -4.238269 0.540941
H 0.093448 -2.567298 1.666615
H -3.832425 -4.486244 -0.741987
H -5.322532 0.675707 -0.194022
H -7.953431 -2.074302 -2.193892
H -6.351925 -3.931285 -1.858734
H -1.122534 1.950052 -0.480394

H -1.918376 4.095070 -1.412273
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H -0.397667 6.053672 -1.495323
H 1.918545 5.843201 -0.634782
H 2.705412 3.701752 0.294731
H -2.627635 -0.094559 3.695833
H -1.985210 0.818115 5.064926
H -2.180666 1.604400 3.491725
H -0.197868 -0.933620 5.412308
H 0.885927 -1.387723 4.088858
H -0.818072 -1.859727 4.042341
H 1.534022 1.082832 3.868010
H 0.284363 2.299468 3.595179
H 0.406218 1.491963 5.164561
H 9.643061 0.284283 -0.175936

H 8.949991 -0.951158 0.880362

H 10.446985 -1.278402 0.014020

H 7.897361 -3.064537 -0.136147
H 9.380397 -3.398321 -1.021390

H 7.846965 -3.267072 -1.890734

H 10.495491 -1.702079 -2.422896

H 9.036623 -1.560894 -3.414842

H 9.766185 -0.116119 -2.714358
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