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1. General Information

Ethyl acetate (ACS grade), hexanes (ACS grade), anhydrous "xylene (ACS grade) and
toluene (ACS grade) were obtained commercially and used without further purification.
Methylene chloride, tetrahydrofuran and diethyl ether were purified according to
standard methods unless otherwise noted. Commercially available reagents were used
without further purification. Reactions were monitored by thin layer chromatography
(TLC) using silicycle pre-coated silica gel plates. Flash column chromatography was
performed over silica gel (300-400 mesh). Infrared spectra were recorded on a Nicolet
iS50 FTIR Spectrometer as thin film and are reported in reciprocal centimeter (cm™).
Mass spectra were recorded with Agilent 6230 ESI-TOF mass spectrometer.

'H NMR spectra and *C NMR spectra were recorded on a Bruker AV-400
spectrometer, a Bruker AV-500 spectrometer or a Bruker AV-600 spectrometer in
chloroform-ds. For *H NMR spectra, chemical shifts are reported in ppm with the
internal TMS signal at 0.0 ppm as a standard. For 3C NMR spectra, chemical shifts are
reported in ppm with the internal chloroform signal at 77.0 ppm as a standard. The data
is being reported as (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet or
unresolved, coupling constant(s) in Hz, integration).

Enantiomeric excesses (ee) were determined by an UltiMate 3000 chiral HPLC. The
chiral columns used for the determination of enantiomeric excesses by chiral HPLC
were Chiralpak columns (1A, 1B, IC, IE, IF, IG, AD-H, AS-H, OD-H). The particle size

is 5 um and dimensions is 4.6 mm 1.D * 250 mm L.



2. More Substrate Scope and Mechanism Studies
2.1 More Substrate Scope Studies
Our attempts to extend the reaction to the following diynes lad, lae, lat—1law under

the optimal reaction conditions were unsuccessful (Supplementary Figure 1).
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Reaction conditions: 1 (0.1 mmol), Cu(MeCN)4PFg (0.01 mmol), NaBArF,4
(0.012 mmol), Mxylene (2 mL), 25 °C, 72 h, in Schlenk tubes.

Supplementary Figure 1. The reaction of other diynes under the optimal conditions.



2.2 Mechanism Studies
2.2.1 The reaction of (3-[D]*-1a under the standard conditions
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The reaction of ()-[D]*-1a under the standard reaction conditions resulted in (-)-[D]*-
2a in 50% vyield and (+)-[D]*-1a in 38% vyield. The deuterium atom was completely
retained in both product (-)-[D]*-2a and recovered substrate (+)-[D]*-1a

(Supplementary Figure 2).
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Supplementary Figure 2. *H NMR of compound (-)-[D]*-2a



2.2.2 Hydrogen/deuterium exchange experiments of ()-1a and (3-[D]-1a
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(¥-1a was subjected to the standard reaction conditions with 10 equiv of DO as
addictive. It was found that the product (-)-[D]-2a could be obtained in 35% yield, with

significant deuterium incorporation into the pyrrole ring (Supplementary Figure 3).
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Supplementary Figure 3. *H NMR of compound (-)-[D]-2a
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Meanwhile, the deuterium-labeled substrate (#-[D]-la was also subjected to the

standard reaction conditions with 10 equiv of H20 as addictive, but only 9% deuterium

was observed in the product (Supplementary Figure 4). These findings are in agreement

with our previous work®.
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Supplementary Figure 4. *H NMR of compound (-)-[D]-2a



2.2.3 KIE Experiments
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Supplementary Figure 5. KIE Experiments

The competitive reaction was performed with (3-1a (24.9 mg, 0.045 mmol), (-[D]*-

1a (30.5 mg, 0.055 mmol, 91% D), Cu(MeCN)4PFs (3.7 mg, 0.01 mmol), L10 (8.7 mg,

0.012 mmol), NaBAr"; (10.6 mg, 0.012 mmol) and ™xylene (2 mL) following the

general procedure. After corresponding reaction time, the reaction was analyzed by

crude *H NMR. The results (KIE = 1.1) suggest that the C(sp®)—H bond cleavage is not

involved in the rate-determining step (Supplementary Figure 6 and 7).
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Supplementary Figure 6. Crude *H NMR for the competitive reaction after 1 h
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3. Preparation of Starting Materials

N-propargyl ynamides 1 were prepared according to the following procedure! =3,
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Supplementary Figure 8. General procedure for the synthesis of substrate 1

To the solution of the substituted alcohol* (10 mmol) in DCM (50 mL) was added Dess-
Martin Periodinane (11 mmol, 4.66 g), and the reaction was stirred at room temperature
for 30 min. The progress of the reaction was monitored by TLC. Upon completion, the
reaction was quenched with aqueous NaHCOs and extracted with DCM (3 x 50 mL).
The combined organic layers was dried over anhydrous MgSO4 and concentrated under
vacuum. The crude product was purified by column chromatography on silica gel
(eluent: hexanes/EtOAC) to afford the desired substituted aldehyde (69-85% yield).
To a dry Schlenk tube were added the substituted aldehyde (5 mmol) and freshly
distilled THF (20 mL) under nitrogen atmosphere. Next, ethynyl magnesium bromide
(0.5 M, 6 mmol, 12 mL) was added slowly at room temperature and stirred at this
temperature for 1 h. The progress of the reaction was monitored by TLC. Upon
completion, the reaction was quenched with agueous NH4Cl. The resulting mixture was
extracted with DCM (3 x 50 mL). The combined organic layers was dried over
anhydrous MgSO4 and concentrated under vacuum. The crude propargy! alcohol was
directly used in the next step without further purification.

To the solution of crude propargyl alcohol (5 mmol), PGNHBoc (5.5 mmol) and PPh3
(12.5 mmol, 3.28 g) in THF (30 mL) was added DEAD (12.5 mmol, 2.0 mL) dropwise

at room temperature and stirred for additional 30 min. The progress of the reaction was



monitored by TLC. Upon completion, the solution was concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel (eluent:
hexanes/EtOAC) to give the desired product (53-78% yield, 2 steps).

To a solution of the above product (3 mmol) in DCM (3 mL) and EtsN (9 mL) were
added Pd(PPh3)>Cl> (0.03 mmol, 21.1 mg), Cul (0.06 mmol, 11.4 mg) and the
corresponding aryl iodide derivative (3 mmol). The reaction was stirred at 50 <C for 5
h and the progress of the reaction was monitored by TLC. Upon completion, the mixture
was concentrated under reduced pressure and purified by column chromatography on
silica gel (eluent: hexanes/EtOAc) to give the protected propargylamide (63-88%
yield).

To a solution of Boc-protected propargylamide (2 mmol) in MeOH (10 mL) was added
K2COs (20 mmol, 2.76 g). After stirring at 50 <C for 12 h, the mixture was filtered
through a pad of silica gel and the filtrate was concentrated under reduce pressure. The
obtained crude product was directly used in the next step without further purification.
To a solution of the above propargylamide (1 mmol) in toluene (5 mL) were added
copper bromide (0.5 mmol, 71.8 mg), DMEDA (1 mmol, 107 uL), K3sPO4 (4 mmol,
0.85 g) and corresponding alkynyl bromide (1.5 mmol)?3. The reaction was stirred at
room temperature for 5 h and the progress of the reaction was monitored by TLC. Upon
completion, the solution was filtered and concentrated under reduced pressure. The
residue was purified by column chromatography on silica gel (eluent: hexanes/EtOAc)

to give ynamide 1 (39-88% vyield, 2 steps).

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1a)
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Pale yellow oil (79%, 436.9 mg), (eluent: PE/EtOACc = 8/1). *H NMR (500 MHz,
CDCl3) 8 7.92 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.06 — 6.98 (m, 3H), 6.91
(d, J = 8.5 Hz, 2H), 6.50 (d, J = 9.0 Hz, 2H), 5.03 (dd, J = 9.0, 6.5 Hz, 1H), 2.92 (s,
6H), 2.39 (s, 6H), 2.34 (s, 3H), 2.00 — 1.89 (m, 2H) , 1.75 — 1.60 (m, 5H) , 1.34 — 1.20
(m, 4H) , 1.04 — 0.91 (m, 2H); 3C NMR (125 MHz, CDCls) & 150.0, 144.4, 139.8,
134.8, 132.6, 129.4, 128.2, 127.0, 126.5, 122.9, 111.4, 109.0, 88.1, 86.4, 82.9, 70.4,
51.6,42.1,40.1, 33.7, 33.2, 32.4, 26.4, 26.1, 26.0, 21.5, 21.2; IR (neat): 2923, 2851,
2230(s), 1609, 1522, 1447, 1367, 1187, 1169, 1090; HRESIMS Calcd for
[CasHa0KN202S]" (M + K*) 591.2442, found 591.2443.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methoxybenzenesulfonamide (1b)

1b

Pale yellow oil (86%, 489.3 mg), (eluent: PE/EtOAc = 5/1). *H NMR (500 MHz, CDCls)
§7.96 (d, J = 9.0 Hz, 2H), 7.08 — 6.97 (m, 3H), 6.93 (d, J = 8.5 Hz, 2H), 6.88 (d, J =
9.0 Hz, 2H), 6.48 (d, J = 8.5 Hz, 2H), 5.03 (dd, J = 9.0, 6.5 Hz, 1H), 3.71 (s, 3H), 2.90
(s, 6H), 2.40 (s, 6H), 2.02 — 1.86 (m, 2H), 1.81 — 1.59 (m, 6H), 1.35 — 1.14 (m, 3H),
1.05—0.90 (m, 2H); *C NMR (125 MHz, CDCls) § 163.5, 149.9, 139.7, 132.5, 130.3,
129.2,126.9, 126.4, 122.8, 113.9, 111.3, 108.9, 88.2, 86.4, 83.0, 70.3, 55.4, 51.4, 42.0,
40.0,33.7,33.2,32.3, 26.4, 26.0, 25.9, 21.2; IR (neat): 2923, 2850, 2229(s), 1609, 1522,
1446, 1365, 1186, 1162, 1091; HRESIMS Calcd for [CssHaoKN20sS]* (M + KY)
607.2391, found 607.2380.
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N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-

dimethylphenyl)ethynyl)benzenesulfonamide (1c)
SO,Ph
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Pale yellow oil (81%, 436.6 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§ 8.05 (d, J = 7.5 Hz, 2H), 7.58 — 7.53 (m, 1H), 7.51 — 7.43 (m, 2H), 7.07 — 6.98 (m,
3H), 6.93 (d, J = 9.0 Hz, 2H), 6.50 (d, J = 8.5 Hz, 2H), 5.07 (dd, J = 9.0, 6.5 Hz, 1H),
2.93 (s, 6H), 2.38 (s, 6H), 2.02 — 1.88 (m, 2H), 1.80 — 1.62 (m, 6H), 1.21 — 1.15 (m,
1H), 1.05 — 0.93 (m, 2H); *C NMR (125 MHz, CDCls) 5 150.0, 140.0, 137.8, 133.4,
132.7,128.8,128.2,127.1,126.5, 122.8, 111.4, 108.9, 87.8, 86.6, 82.9, 70.5,51.7,42.2,
40.1, 33.8,33.3,32.4, 26.5, 26.1, 26.0, 21.2; IR (neat): 2923, 2851, 2229(s), 1609, 1522,
1448, 1367, 1170, 1144, 1089; HRESIMS Calcd for [CssH3sN2NaO2S]* (M + Na*)

561.2546, found 561.2544.

4-bromo-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)benzenesulfonamide (1d)
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Pale yellow oil (71%, 438.8 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.90 (d, J = 8.5 Hz, 2H), 7.59 (d, J = 9.0 Hz, 2H), 7.10 — 6.98 (m, 3H), 6.90 (d, J =

8.5 Hz, 2H), 6.54 (d, J = 9.0 Hz, 2H), 5.03 (dd, J = 9.0, 6.5 Hz, 1H), 2.94 (s, 6H), 2.39
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(s, 6H), 2.03 — 1.88 (m, 2H), 1.79 — 1.61 (m, 6H), 1.39 — 1.22 (m, 3H), 1.04 — 0.92 (m,
2H); 13C NMR (125 MHz, CDClIs) § 150.1, 140.0, 136.6, 132.6, 132.0, 129.7, 128.8,
127.3, 126.5, 122.5, 111.6, 108.5, 87.5, 87.0, 82.6, 70.6, 51.9, 42.0, 40.1, 33.7, 33.2,
32.3, 26.4, 26.1, 25.9, 21.2; IR (neat): 2923, 2851, 2230(s), 1608, 1522, 1447, 1371,
1172, 1144, 1088; HRESIMS Calcd for [C3sH37BrN2NaO2S]* (M + Na*) 639.1651,
found 639.1644.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)methanesulfonamide (1e)
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Pale yellow oil (88%, 419.5 mg), (eluent: PE/EtOAc = 8/1). *H NMR (400 MHz, CDCls)
§7.26 (d, J = 8.8 Hz, 2H), 7.13 - 6.92 (m, 3H), 6.59 (d, J = 8.8 Hz, 2H), 4.99 (dd, J =
8.8, 6.4 Hz, 1H), 3.25 (s, 3H), 2.95 (s, 6H), 2.45 (s, 6H), 2.09 — 1.96 (m, 1H), 1.94 —
1.58 (m, 7H), 1.34 — 1.13 (m, 3H), 1.07 — 0.87 (m, 2H); 3C NMR (100 MHz, CDCl5)
0 150.3, 139.7, 132.8, 127.2, 126.6, 122.5, 111.6, 108.4, 87.6, 87.3, 83.2, 70.9, 51.5,
41.8,40.1, 37.9, 33.8, 33.2, 32.3, 26.4, 26.1, 25.9, 21.2; IR (neat): 2923, 2850, 2230(s),
1552, 1365, 1162; HRESIMS Calcd for [C29H3sN2NaO2S]* (M + Na*) 499.2390, found

499.2397.

N-(1-cyclohexyl-4-(4-(dibenzylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1f)
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Pale yellow oil (69%, 486.5 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.89 (d, J = 8.5 Hz, 2H), 7.35 — 7.24 (m, 6H), 7.22 — 7.17 (m, 6H), 7.07 — 7.02 (m,

1H), 7.02 — 6.97 (m, 2H), 6.84 (d, J = 8.5 Hz, 2H), 6.53 (d, J = 9.0 Hz, 2H), 5.01 (dd,

J=9.0, 6.5 Hz, 1H), 4.63 (s, 4H), 2.38 (s, 6H), 2.23 (s, 3H), 2.00 — 1.84 (m, 2H), 1.76

—1.58 (m, 6H), 1.29 — 1.12 (m, 3H), 1.03 — 0.91 (m, 2H); 13C NMR (125 MHz, CDCl3)

0 148.8, 144.4, 139.7, 137.8, 134.8, 132.8, 129.4, 128.7, 128.2, 127.1, 126.9, 126.5,

126.4,122.9,111.7,109.7, 88.2, 86.2, 83.1, 70.5,54.1, 51.6,42.1, 33.8, 33.2, 32.4, 26.5,
26.1, 26.0, 21.5, 21.2; IR (neat): 3061, 2920, 2851, 2228(s), 1607, 1519, 1361, 1168;

HRESIMS Calcd for [C47H49N202S]" (M + H*) 705.3509, found 705.3511.

N-(1-cyclohexyl-4-(4-(diethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1g)

N.
Et” "Et

19

Pale yellow oil (63%, 366.1 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 7.5 Hz, 2H), 7.09 — 7.02 (m, 1H), 7.01 — 6.96
(m, 2H), 6.88 (d, J = 9.0 Hz, 2H), 6.45 (d, J = 9.5 Hz, 2H), 5.03 (dd, J = 9.0, 6.5 Hz,
1H), 3.31 (g, J = 7.0 Hz, 4H), 2.40 (s, 6H), 2.33 (s, 3H), 2.01 — 1.86 (m, 2H), 1.80 —
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1.56 (m, 6H), 1.36 — 1.16 (m, 3H), 1.13 (t, J = 7.0 Hz, 6H), 1.05 — 0.89 (m, 2H); 13C
NMR (125 MHz, CDCls) § 147.4, 144.4, 139.8, 134.8, 132.8, 129.4, 128.1, 126.9, 126.5,
122.9,110.7, 107.8, 88.2, 86.6, 82.6, 51.6, 44.2, 42.1, 33.7, 33.2, 32.4, 26.4, 26.1, 26.0,
21.5,21.2, 12.4; IR (neat): 3044, 2922, 2851, 2230(s), 1609, 1520, 1361, 1306, 1186,
1090, 942; HRESIMS Calcd for [Ca7HasN202S]* (M + H*) 581.3196, found 581.3191.

N-(1-cyclohexyl-4-(4-(piperidin-1-yl)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1h)

)

1h

Pale yellow oil (72%, 423.1 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.91 (d, J = 8.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.07 — 7.01 (m, 1H), 7.01 - 6.95
(m, 2H), 6.91 (d, J = 9.0 Hz, 2H), 6.70 (d, J = 9.0 Hz, 2H), 5.03 (dd, J = 9.0, 6.5 Hz,
1H), 3.22 — 3.05 (m, 4H), 2.39 (s, 6H), 2.31 (s, 3H), 2.03 — 1.86 (m, 2H), 1.77 — 1.55
(m, 12H), 1.32 — 1.12 (m, 3H), 1.04 — 0.91 (m, 2H); *C NMR (125 MHz, CDCl5) 5
151.4,144.4,139.7,134.7,132.4,129.3, 128.1, 126.9, 126.4, 122.8, 114.8, 111.2, 88.0,
86.1, 83.2, 70.4, 51.4, 49.4, 42.0, 33.7, 33.2, 32.3, 26.4, 26.0, 25.9, 25.4, 24.1, 21.5,
21.1; IR (neat): 2924, 2851, 2229(s), 1604, 1514, 1449, 1369, 1237, 1169; HRESIMS
Calcd for [C3sHasN2NaO2S]™ (M + Na*) 615.3016, found 615.3021.

N-(1-cyclohexyl-4-(4-morpholinophenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1i)
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Pale yellow oil (83%, 493.9 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.91 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 7.06 — 7.02 (m, 1H), 7.01 — 6.97
(m, 2H), 6.95 (d, J = 9.0 Hz, 2H), 6.70 (d, J = 9.0 Hz, 2H), 5.04 (dd, J = 9.0, 6.5 Hz,
1H), 3.82 — 3.77 (m, 4H), 3.14 — 3.07 (m, 4H), 2.39 (s, 6H), 2.32 (s, 3H), 2.01 — 1.87
(m, 2H), 1.83 — 1.49 (m, 7H), 1.26 — 1.12 (m, 2H), 1.04 — 0.90 (m, 2H); 3C NMR (125
MHz, CDCIs) 6 150.7, 144.4, 139.6, 134.6, 132.5, 129.3, 128.0, 126.9, 126.4, 122.7,
114.3,112.5, 87.9, 85.7, 83.6, 70.3, 66.5, 51.3, 48.2, 41.9, 33.6, 33.1, 32.2, 26.3, 26.0,
25.8, 21.4, 21.1; IR (neat): 2923, 2851, 2230(s), 1606, 1514, 1367, 1168, 1089;
HRESIMS Calcd for [C37H42N2NaOsS]* (M + Na*) 617.2808, found 617.28009.

N-(1-cyclohexyl-4-(4-(dimethylamino)-2-methylphenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1j)

N
CK
It

/N\

1j
Pale yellow oil (79%, 447.8 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 9.0 Hz, 2H), 7.07 — 7.02 (m, 1H), 7.01 — 6.97
(m, 2H), 6.86 (d, J = 8.5 Hz, 1H), 6.42 — 6.39 (m, 1H), 6.37 (dd, J = 8.5, 2.5 Hz, 1H),

5.10 (dd, J = 9.0, 7.0 Hz, 1H), 2.92 (s, 6H), 2.37 (s, 6H), 2.33 (s, 3H), 2.08 (s, 3H), 2.01
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—1.52(m, 10H), 1.21— 1.14 (m, 1H), 1.06 — 0.92 (M, 2H); *C NMR (125 MHz, CDCls)
5 150.2, 144.4, 141.0, 139.7, 135.0, 132.9, 129.4, 128.1, 126.9, 126.5, 122.9, 112.6,
109.4, 109.2, 88.1, 86.7, 85.5, 70.7, 51.7, 42.4, 40.2, 33.9, 33.2, 32.6, 26.5, 26.1, 26.0,
215, 21.2, 20.9; IR (neat): 2922, 2851, 2230(s), 1608, 1510, 1471, 1366, 1000, 800;
HRESIMS Calcd for [CasHa2N2NaO2S]* (M + Na*) 589.2859, found 589.2866.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-(mesitylethynyl)-

4-methylbenzenesulfonamide (1k)

N
o
||

_N

1k

~

Pale yellow oil (84%, 476.2 mg), (eluent: PE/EtOAc = 8/1). *H NMR (400 MHz, CDCls)
§7.90 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.79 (s,

2H), 6.45 (d, J = 8.8 Hz, 2H), 5.04 (dd, J = 8.8, 6.4 Hz, 1H), 2.85 (s, 6H), 2.35 (s, 6H),

2.28 (s, 3H), 2.21 (s, 3H), 2.01 — 1.89 (m, 2H), 1.80 — 1.60 (m, 6H), 1.32 — 1.12 (m,

3H), 1.06 — 0.91 (m, 2H); 13C NMR (100 MHz, CDCls) 5 149.8, 144.2, 139.6, 136.8,

134.6,132.4,129.2,127.9,127.3,119.6, 111.2, 108.7, 87.1, 86.4, 82.8, 70.1,51.4, 42.0,

39.7, 33.6, 33.1, 32.2, 26.3, 26.0, 25.8, 21.3, 21.0, 20.9; IR (neat): 2922, 2850, 2229(s),

1608, 1522, 1446, 1365, 1167, 1089, 815; HRESIMS Calcd for [C3sH22N2NaO.S]* (M

+ Na*) 589.2859, found 589.2854.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((4-fluoro-2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (11)
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1l

Pale yellow oil (81%, 462.4 mg), (eluent: PE/EtOAc = 8/1).*H NMR (500 MHz, CDCls)
§7.91(d, J = 8.5 Hz, 2H), 7.27 (d, J = 7.0 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 6.72 (d, J
= 9.0 Hz, 2H), 6.51 (d, J = 9.0 Hz, 2H), 5.02 (dd, J = 9.0, 6.5 Hz, 1H), 2.95 (s, 6H),
2.36 (s, 9H), 1.99 — 1.87 (m, 2H), 1.78 — 1.64 (m, 6H), 1.36 — 1.17 (m, 2H), 1.17 — 1.13
(m, 1H), 1.06 — 0.90 (M, 2H); 23C NMR (150 MHz, CDCls) 5 161.5 (d, J = 247.4 Hz),
150.0, 144.5, 142.6 (d, J = 8.6 Hz), 134.8, 132.6, 129.4, 128.2, 118.8 (d, J = 2.8 Hz),
113.5(d, J=21.7 Hz), 111.4, 109.0, 87.5, 86.5, 82.9, 69.3, 51.6, 42.2, 40.1, 33.8, 33.3,
32.4,26.4,26.1, 26.0, 21.6, 21.3 (d, J = 1.3 Hz); °F NMR (376 MHz, CDCls3) § -113.6
—-113.9 (m); IR (neat): 2923, 2850, 2229(s), 1609, 1523, 1370, 1165; HRESIMS Calcd
for [CasH3sFN2NaO2S]* (M + Na*) 593.2608, found 593.2611.

N-((4-chloro-2,6-dimethylphenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide (1m)

N
Z
o]
Cl

N

PN

1m
Pale yellow oil (81%, 475.5 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.90 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.5 Hz, 2H), 6.99 (s, 2H), 6.91 (d, J = 9.0 Hz,
2H), 6.50 (d, J = 9.0 Hz, 2H), 5.03 (dd, J = 9.0, 6.5 Hz, 1H), 2.93 (s, 6H), 2.35 (s, 3H),
2.34 (s, 6H), 1.97 — 1.85 (m, 2H), 1.81 — 1.54 (m, 6H), 1.35 — 1.23 (m, 2H), 1.22 - 1.10
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(m, 1H), 1.05—0.91 (m, 2H); 3C NMR (125 MHz, CDCls) § 150.0, 144.6, 141.5, 134.7,
132.6,132.4,129.4,128.1,126.5, 121.5, 111.4, 108.9, 88.8, 86.5, 82.8, 69.6, 51.7, 42.2,
40.1,33.8,33.2,32.4, 26.4, 26.1, 25.9, 21.6, 21.1; IR (neat): 2922, 2851, 2230(s), 1608,
1522, 1362, 1293, 1186, 1019, 815; HRESIMS Calcd for [CasHaoCIN2NaO2S]* (M +
Na*) 609.2313, found 609.2319.

N-((4-bromo-2,6-dimethylphenyl)ethynyl)-N-(1-cyclohexyl-4-(4-

(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide (1n)

Ts

N
Z
o
Br

_N

1n

~

Pale yellow oil (80%, 505.2 mg), (eluent: PE/EtOAC = 8/1). *H NMR (400 MHz, CDCls)
§7.90 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.15 (s, 2H), 6.91 (d, J = 8.4 Hz,
2H), 6.50 (d, J = 8.4 Hz, 2H), 5.11 — 4.95 (m, 1H), 2.92 (s, 6H), 2.35 (s, 9H), 2.02 —
1.84 (m, 2H), 1.78 — 1.59 (m, 6H), 1.30 — 1.16 (m, 3H), 1.07 — 0.90 (m, 2H); 3C NMR
(100 MHz, CDCI3) 6 150.0, 144.6, 141.6, 134.7, 132.6, 129.4, 129.4, 128.1, 122.0,
120.7,111.4,108.8, 89.1, 86.6, 82.8, 69.8,51.7,42.2, 40.1, 33.8, 33.2, 32.4, 26.4, 26.1,
25.9, 21.5, 21.0; IR (neat): 2923, 2850, 2229(s), 1609, 1521, 1367, 1315, 1190, 1001,
815; HRESIMS Calcd for [CasH39BrN2NaO2S]* (M + Na*) 653.1808, found 653.1811.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((3,5-dimethyl-
[1,1'-biphenyl]-4-yl)ethynyl)-4-methylbenzenesulfonamide (10)
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1o

Pale yellow oil (84%, 528.4 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.93 (d, J = 8.5 Hz, 2H), 7.59 — 7.50 (m, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.34 — 7.28 (m,
1H), 7.26 — 7.20 (m, 4H), 6.92 (d, J = 9.0 Hz, 2H), 6.50 (d, J = 9.0 Hz, 2H), 5.05 (dd,
J=9.0, 6.5 Hz, 1H), 2.92 (s, 6H), 2.45 (s, 6H), 2.34 (s, 3H), 2.03 — 1.88 (m, 2H), 1.81
— 159 (m, 6H), 1.33 — 1.23 (m, 2H), 1.21 — 1.12 (m, 1H), 1.06 — 0.90 (m, 2H); 3C
NMR (125 MHz, CDCIs) 6 150.0, 144.4, 140.8, 140.2, 139.8, 134.8, 132.6, 129.4, 128.7,
128.2,127.2,127.0, 125.3, 122.0, 111.4, 109.0, 88.7, 86.5, 82.9, 70.4, 51.7, 42.2, 40.1,
33.8,33.3,32.4,26.5,26.1, 26.0, 21.6, 21.4; IR (neat): 2925, 2851, 2231(s), 1596, 1504,
1489, 1443, 1214, 1170, 814; HRESIMS Calcd for [CaiHasN2NaO,S]* (M + Na)
651.3016, found 651.3021.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-dimethyl-4-
((trimethylsilyl)ethynyl)phenyl)ethynyl)-4-methylbenzenesulfonamide (1p)

TMS

1p
Pale yellow oil (77%, 499.3 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.90 (d, J = 8.0 Hz, 2H), 7.27 — 7.22 (m, 2H), 7.12 (s, 2H), 6.91 (d, J = 8.5 Hz, 2H),
6.49 (d, J = 9.0 Hz, 2H), 5.03 (dd, J = 9.0, 6.5 Hz, 1H), 2.92 (s, 6H), 2.34 (s, 6H), 2.33
(s, 3H), 1.98 — 1.84 (m, 2H), 1.80 — 1.59 (m, 6H), 1.30 — 1.14 (m, 3H), 1.06 — 0.90 (m,
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2H), 0.23 (s, 9H); °C NMR (125 MHz, CDCls) & 150.0, 144.5, 139.4, 134.7, 132.6,
129.9,129.4,128.1, 123.5,121.2,111.4, 108.8, 105.2, 94.6, 89.8, 86.6, 70.6, 51.7, 42.2,
40.1, 33.7,33.2,32.4, 26.4, 26.1, 25.9, 21.5, 20.9, -0.1; IR (neat): 2925, 2851, 2231(s),
1596, 1450, 1371, 1187, 1170, 1109, 816; HRESIMS Calcd for [C40H4sKN202SSi]* (M
+ K") 687.2837, found 687.2834.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethoxyphenyl)ethynyl)-4-methylbenzenesulfonamide (1q)

1q

Pale yellow oil (80%, 467.8 mg), (eluent: PE/EtOAC = 4/1).*"H NMR (400 MHz, CDCls)
§ 8.04 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.12 (t, J = 8.4 Hz, 1H), 6.88 (d, J
= 8.8 Hz, 2H), 6.52 — 6.38 (M, 4H), 5.14 — 4.87 (m, 1H), 3.78 (s, 6H), 2.88 (s, 6H), 2.30
(s, 3H), 2.09 — 1.86 (m, 2H), 1.82 — 1.57 (m, 6H), 1.32 — 1.14 (m, 3H), 1.06 — 0.88 (m,
2H); 1*C NMR (100 MHz, CDCl3) & 161.0, 149.8, 143.9, 135.0, 132.5, 129.0, 128.6,
128.3, 111.2, 109.2, 103.6, 101.8, 87.5, 86.1, 83.0, 65.3, 55.8, 51.2, 41.6, 40.0, 33.5,
33.1, 32.3, 26.4, 26.0, 25.9, 21.4; IR (neat): 2923, 2850, 2242, 1608, 1582, 1474, 1359,
1255, 1112; HRESIMS Calcd for [CasHiaoN2NaO4S]* (M + Na™) 607.2601, found
607.2607.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-4-methyl-N-(o-

tolylethynyl)benzenesulfonamide (1r)
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/N\

1r
Pale yellow oil (77%, 415.0 mg), (eluent: PE/EtOAc = 8/1). *H NMR (400 MHz, CDCls)
§7.91 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 7.6 Hz, 1H), 7.26 (d, J = 6.0 Hz, 2H), 7.20 —
7.06 (m, 3H), 6.92 (d, J = 8.8 Hz, 2H), 6.51 (d, J = 8.8 Hz, 2H), 5.01 (dd, J = 8.8, 6.4
Hz, 1H), 2.94 (s, 6H), 2.35 (s, 6H), 1.98 — 1.83 (m, 2H), 1.80 — 1.58 (m, 6H), 1.33 —
1.14 (m, 3H), 1.08 — 0.89 (m, 2H); 3C NMR (100 MHz, CDCl3)  150.0, 144.4, 140.0,
134.8, 132.6, 131.7, 129.4, 129.2, 128.3, 127.6, 125.4, 122.9, 111.4, 109.1, 86.5, 83.8,
82.9, 71.6, 51.6, 42.2, 40.2, 33.8, 33.2, 32.5, 26.5, 26.1, 26.0, 21.6, 20.9; IR (neat):
2923, 2850, 2229(s), 1608, 1522, 1149, 1367, 1174; HRESIMS Calcd for

[CasH3sN2NaO2S]* (M + Na*) 561.2546, found 561.2541.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2-
fluorophenyl)ethynyl)-4-methylbenzenesulfonamide (1s)

1s
Pale yellow oil (79%, 428.1 mg), (eluent: PE/EtOAc = 8/1). *H NMR (400 MHz, CDCls)
§7.93 (d, J = 8.2 Hz, 2H), 7.43 — 7.35 (m, 1H), 7.27 — 7.21 (m, 3H), 7.09 — 7.00 (m,
2H), 6.95 (d, J = 8.8 Hz, 2H), 6.51 (d, J = 8.8 Hz, 2H), 5.15 — 4.81 (m, 1H), 2.94 (s,
6H), 2.34 (s, 3H), 1.99 — 1.82 (m, 2H), 1.82 — 1.58 (m, 7H), 1.25 — 1.09 (m, 2H), 1.05
—0.91 (m, 2H); *C NMR (100 MHz, CDCls) § 162.6 (d, J = 250.0 Hz), 150.0, 144.5,
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134.7,133.2,132.7,129.4, 129.2 (d, J = 8.0 Hz), 128.3, 123.7 (d, J = 4.0 Hz), 115.3 (d,
J =20.0 Hz), 111.8 (d, J = 16.0 Hz), 111.4, 109.1, 86.6, 84.9, 82.7, 66.5, 51.6, 42.0,
40.2, 33.8, 33.2, 32.5, 26.5, 26.1, 26.0, 21.6;'°F NMR (376 MHz, CDCl3) & -109.5 — -
109.9 (m); IR (neat): 2925, 2851, 2230(s), 1610, 1549, 1371, 1166, 817; HRESIMS
Calcd for [C33H3sFN2NaO2S]* (M + Na*) 565.2295, found 565.2291.

N-((2-chlorophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-
yn-2-yl)-4-methylbenzenesulfonamide (1t)

1t

Pale yellow oil (66%, 369.1 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.95 (d, J = 8.5 Hz, 2H), 7.47 — 7.39 (m, 1H), 7.36 — 7.31 (m, 1H), 7.25 (d, J = 8.0

Hz, 2H), 7.19 — 7.13 (m, 2H), 6.95 (d, J = 9.0 Hz, 2H), 6.50 (d, J = 9.0 Hz, 2H), 5.01

(dd, J = 9.0, 6.5 Hz, 1H), 2.92 (s, 6H), 2.33 (s, 3H), 2.05 — 1.94 (m, 1H), 1.92 — 1.84

(m, 1H), 1.82 — 1.57 (m, 7H), 1.25 — 1.10 (m, 2H), 1.05 — 0.93 (m, 2H); 3C NMR (125

MHz, CDCIs) 6 150.0, 144.5, 135.3, 134.7, 132.7, 129.4, 129.1, 128.4, 128.3, 126.2,

123.2,111.4,109.1, 86.6, 85.2,82.7, 70.2,51.7,42.0, 40.1, 33.8, 33.2, 32.4, 26.5, 26.1,

26.0, 21.6; IR (neat): 2924, 2853, 2233(s), 1605, 1521, 1360, 1294, 1117, 1017;

HRESIMS Calcd for [C3sHasCIN2KO2S]* (M + K*) 597.1739, found 597.1728.

N-((2-bromophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-

yn-2-yl)-4-methylbenzenesulfonamide (1u)
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1u

Pale yellow oil (39%, 235.7 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.95 (d, J = 8.5 Hz, 2H), 7.52 (dd, J = 8.0, 1.0 Hz, 1H), 7.41 (dd, J = 7.5, 1.5 Hz, 1H),
7.25 (d, J = 8.0 Hz, 2H), 7.23 — 7.18 (m, 1H), 7.11 — 7.05 (m, 1H), 6.95 (d, J = 9.0 Hz,
2H), 6.50 (d, J = 9.0 Hz, 2H), 5.01 (dd, J = 9.0, 6.5 Hz, 1H), 2.92 (s, 6H), 2.33 (s, 3H),
2.03 - 1.96 (m, 1H), 1.92 — 1.85 (m, 1H), 1.84 — 1.60 (m, 6H), 1.28 — 1.22 (m, 2H),
1.21 - 1.11 (m, 1H), 1.05—0.90 (m, 2H); 3C NMR (125 MHz, CDCl3) § 150.0, 144.5,
134.7,132.8,132.7,132.2,129.4, 128.5, 128.3, 126.8, 125.5, 124.8, 111.4, 109.1, 86.6,
84.6, 82.8, 71.9, 51.7, 42.0, 40.1, 33.7, 33.2, 32.4, 26.4, 26.1, 26.0, 21.6; IR (neat):
2923, 2850, 2230(s), 1611, 1519, 1368, 1319, 1190, 1013, 817; HRESIMS Calcd for
[Ca3H3sBrN2NaO,S]* (M + Na*) 625.1495, found 625.1499.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-4-methyl-N-(m-

tolylethynyl)benzenesulfonamide (1v)

Me

/N\
1v
Pale yellow oil (82%, 442.0 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.90 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.21 — 7.12 (m, 3H), 7.07 (d, J =
7.5 Hz, 1H), 6.95 (d, J = 9.0 Hz, 2H), 6.51 (d, J = 9.0 Hz, 2H), 4.98 (dd, J = 8.5, 6.5

Hz, 1H), 2.92 (s, 6H), 2.33 (s, 3H), 2.29 (s, 3H), 1.95 — 1.84 (m, 2H), 1.81 — 1.59 (m,
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6H), 1.29 — 1.08 (m, 3H), 1.06 — 0.87 (m, 2H); 3C NMR (125 MHz, CDCls)  150.0,
144.4,137.7,134.7,132.6, 132.1, 129.3, 128.6, 128.5, 128.2, 128.0, 122.8, 111.4, 109.1,
86.5, 82.8, 79.7, 72.9,51.6, 42.1, 40.1, 33.8, 33.1, 32.5, 26.4, 26.1, 26.0, 21.5, 21.1; IR
(neat): 2920, 2849, 2228(s), 1605, 1525, 1457, 1366, 1168, 1013, 815: HRESIMS
Calcd for [C34H3sN2NaO2S]" (M + Na*) 561.2546, found 561.2544.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((3-
fluorophenyl)ethynyl)-4-methylbenzenesulfonamide (1w)

1w

Pale yellow oil (82%, 445.3 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.89 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 7.23 — 7.19 (m, 1H), 7.16 (d, J =
8.0 Hz, 1H), 7.09 — 7.03 (m, 1H), 6.97 — 6.93 (m, 3H), 6.52 (d, J = 9.0 Hz, 2H), 4.99
(dd, J = 8.5, 6.5 Hz, 1H), 2.93 (s, 6H), 2.35 (s, 3H), 1.92 — 1.84 (m, 2H), 1.80 — 1.50
(m, 7H), 1.26 — 1.10 (m, 2H), 1.05 — 0.89 (m, 2H); 3C NMR (125 MHz, CDCls) &
162.3 (d, J = 245.0 Hz), 150.1, 144.6, 134.6, 132.6, 129.7 (d, J = 8.8 Hz), 129.4, 128.1,
127.2 (d, J = 3.0 Hz), 124.9 (d, J = 9.7 Hz), 118.0 (d, J = 22.7 Hz), 114.8 (d, J = 21.2
Hz), 111.4, 108.8, 86.7, 82.6, 81.2, 71.9 (d, J = 3.4 Hz), 51.6, 42.2, 40.1, 33.8, 33.1,
32.5, 26.4, 26.1, 25.9, 21.5; °F NMR (376 MHz, CDCl3) & -113.2 — -113.4 (m); IR
(neat): 2920, 2850, 2230(s), 1609, 1523, 1370, 1165, 1113, 815; HRESIMS Calcd for
[C33H35FN2NaO2S]* (M + Na*) 565.2295, found 565.2288.

N-((3-chlorophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-

yn-2-yl)-4-methylbenzenesulfonamide (1x)
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Cl

/N\
1x
Pale yellow oil (76%, 424.8 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.89 (d, J = 8.0 Hz, 2H), 7.34 (s, 1H), 7.30 — 7.18 (m, 5H), 6.95 (d, J = 9.0 Hz, 2H),
6.51 (d, J = 8.5 Hz, 2H), 4.99 (dd, J = 8.5, 7.0 Hz, 1H), 2.92 (s, 6H), 2.34 (s, 3H), 1.94
—1.83 (m, 2H), 1.81 — 1.46 (m, 6H), 1.27 — 1.09 (m, 3H), 1.06 — 0.88 (m, 2H); 3C
NMR (125 MHz, CDClz3) 6 150.0, 144.6, 134.6, 133.9, 132.6, 131.0, 129.4, 129.4, 129 .4,
128.1, 127.8, 124.8, 111.4, 108.8, 86.7, 82.5, 81.5, 71.7, 51.7, 42.2, 40.0, 33.8, 33.1,
32.5, 26.4, 26.0, 25.9, 21.5; IR (neat): 2922, 2850, 2231(s), 1609, 1520, 1363, 1293,
1186, 1019, 815; HRESIMS Calcd for [C33H3sCIN2KO2S]* (M + K*) 597.1739, found

597.1732.

N-((3-bromophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-
yn-2-yl)-4-methylbenzenesulfonamide (1y)

Br

/N\

ly
Pale yellow oil (66%, 398.6 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.89 (d, J = 8.0 Hz, 2H), 7.51 — 7.49 (m, 1H), 7.38 (d, J = 8.0 Hz, 1H), 7.32 — 7.25
(m, 3H), 7.16 — 7.11 (m, 1H), 6.96 (d, J = 9.0 Hz, 2H), 6.52 (d, J = 9.0 Hz, 2H), 4.98
(dd, J = 8.5, 6.5 Hz, 1H), 2.93 (s, 6H), 2.35 (s, 3H), 1.93 — 1.83 (m, 2H), 1.80 — 1.58
(m, 6H), 1.27 — 1.10 (m, 3H), 1.07 — 0.90 (m, 2H); 3C NMR (125 MHz, CDCls) &
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150.1, 144.6, 134.6, 134.0, 132.6, 130.7, 129.9, 129.6, 129.5, 128.1, 125.1, 122.0, 111.5,
108.9, 86.8, 82.6, 81.6, 71.6, 51.7, 42.2, 40.1, 33.8, 33.1, 32.5, 26.4, 26.1, 26.0, 21.6;
IR (neat): 2925, 2850, 2230(s), 1608, 1519, 1364, 1315, 1188, 815; HRESIMS Calcd
for [CasHssBrN2NaO2S]* (M + Na*) 625.1495, found 625.1501.

N-((4-chlorophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-
yn-2-yI)-4-methylbenzenesulfonamide (1z)

1z

Pale yellow oil (80%, 447.2 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.89 (d, J = 8.5 Hz, 2H), 7.31 — 7.22 (m, 6H), 6.94 (d, J = 9.0 Hz, 2H), 6.52 (d, J =
9.0 Hz, 2H), 4.98 (dd, J = 8.5, 6.5 Hz, 1H), 2.94 (s, 6H), 2.35 (s, 3H), 1.94 — 1.82 (m,
2H), 1.78 — 1.56 (m, 6H), 1.28 — 1.09 (m, 3H), 1.05 — 0.91 (m, 2H); 3C NMR (125
MHz, CDCIs) 6 150.1, 144.5, 134.6, 133.6, 132.7, 132.6, 129.4, 128.5, 128.2, 121.6,
111.4,108.9, 86.7, 82.7,81.1, 71.8,51.7, 42.2, 40.1, 33.8, 33.1, 32.5, 26.4, 26.1, 26.0,
21.6; IR (neat): 2922, 2850, 2229(s), 1610, 1521, 1291, 1188, 1014, 817; HRESIMS
Calcd for [CasHssCIKN202S]" (M + K*) 597.1739, found 597.1731.

N-((4-bromophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-

yn-2-yl)-4-methylbenzenesulfonamide (1aa)

Ts

N

Z
I
Br

27



laa
Pale yellow oil (75%, 453.2 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.88 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.28 — 7.21 (m, 4H), 6.94 (d, J =
8.5 Hz, 2H), 6.51 (d, J = 8.5 Hz, 2H), 4.98 (dd, J = 8.5, 6.5 Hz, 1H), 2.93 (s, 6H), 2.35
(s, 3H), 1.93 — 1.83 (m, 2H), 1.80 — 1.45 (m, 7H), 1.26 — 1.11 (m, 2H), 1.05 — 0.87 (m,
2H); 13C NMR (125 MHz, CDClIs) § 150.1, 144.6, 134.6, 132.9, 132.6, 131.4, 129.4,
128.1, 122.2, 121.7, 111.4, 108.9, 86.7, 82.6, 81.3, 71.9, 51.7, 42.2, 40.1, 33.8, 33.1,
32.5, 26.4, 26.1, 26.0, 21.6; IR (neat): 2924, 2849, 2228(s), 1610, 1521, 1316, 1190,
815; HRESIMS Calcd for [C33H3sBrN2NaO.S]* (M + Na*) 625.1495, found 625.1499.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-4-methyl-N-((4-

(trifluoromethyl)phenyl)ethynyl)benzenesulfonamide (1ab)

Ts

N

Z
f

_N

lab

~

Pale yellow oil (84%, 498.3 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.90 (d, J = 8.0 Hz, 2H), 7.52 (d, J = 8.5 Hz, 2H), 7.46 (d, J = 8.5 Hz, 2H), 7.27 (d, J
= 8.0 Hz, 2H), 6.95 (d, J = 9.0 Hz, 2H), 6.52 (d, J = 9.0 Hz, 2H), 5.00 (dd, J = 8.5, 6.5
Hz, 1H), 2.94 (s, 6H), 2.35 (s, 3H), 1.96 — 1.82 (m, 2H), 1.79 — 1.57 (m, 6H), 1.31 —
1.11 (m, 3H), 1.06 — 0.87 (m, 2H); *C NMR (125 MHz, CDCls) & 150.1, 144.7, 134.6,
132.6, 131.2,129.5, 128.2, 126.0 (q, J = 252.7 Hz), 125.1 (q, J = 3.6 Hz), 111.4, 108.8,
86.8,82.9,82.5,72.2,51.8,42.3,40.1, 33.8, 33.1, 32.5, 26.4, 26.1 26.0, 21.6; 1°F NMR
(376 MHz, CDCls) § -62.7 (5); IR (neat): 2924, 2851, 2224(s), 1609, 1522, 1405, 1187,
1168, 1104, 815; HRESIMS Calcd for [CsaHasF3N2NaO,S]* (M + Na*) 615.2264,
found 615.2261.
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N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-(hex-1-yn-1-yl)-4-

methylbenzenesulfonamide (1ac)

/N\

lac
Pale yellow oil (53%, 267.6 mg), (eluent: PE/EtOAc = 10/1). *H NMR (500 MHz,
CDCl3) & 7.86 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 9.0 Hz, 2H),
6.52 (d, J = 9.0 Hz, 2H), 4.89 (dd, J = 9.0, 6.5 Hz, 1H), 2.94 (s, 6H), 2.35 (s, 3H), 2.30
(t, J = 7.0 Hz, 2H), 1.92 — 1.78 (m, 2H), 1.76 — 1.62 (m, 5H), 1.58 — 1.50 (m, 1H), 1.48
—1.34 (m, 4H), 1.31 — 1.22 (m, 2H), 1.20 — 1.11 (m, 1H), 1.04 — 0.88 (m, 2H), 0.84 (t,
J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCls) § 145.0, 144.0, 134.8, 132.6, 129.1,
128.2,111.4,109.3, 86.1, 83.1, 72.3, 70.5, 51.0, 41.9, 40.1, 33.7, 33.2, 32.4, 31.0, 26.5,
26.1, 26.0, 21.6, 21.5, 18.2, 13.5; IR (neat): 2925, 2852, 2251, 2220(s), 1609, 1521,
1363, 1187, 1167, 1091, 814; HRESIMS Calcd for [CaiHaoN2NaO,S]* (M + Na*)

527.2703, found 527.2692.

N-(1-cyclohexyl-4-(4-methoxyphenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1ad)

Ts

N
=

OMe
lad

Pale yellow oil (85%, 459.2 mg), (eluent: PE/EtOAc = 5/1). *H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.09 — 7.03 (m, 1H), 7.03 — 6.99
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(m, 2H), 6.97 (d, J = 8.5 Hz, 2H), 6.73 (d, J = 9.0 Hz, 2H), 5.03 (dd, J = 9.0, 6.5 Hz,
1H), 3.76 (s, 3H), 2.39 (s, 6H), 2.32 (s, 3H), 2.02 — 1.86 (M, 2H), 1.80 — 1.60 (m, 6H),
1.34—1.13 (m, 3H), 1.07 — 0.90 (M, 2H); 3C NMR (125 MHz, CDCls) § 159.5, 144.5,
139.8, 134.7, 132.9, 129.4, 128.2, 127.1, 126.5, 122.8, 114.2, 113.6, 87.9, 85.3, 83.9,
70.4, 55.2, 51.3, 41.9, 33.7, 33.2, 32.3, 26.4, 26.1, 25.9, 21.5, 21.2; IR (neat): 2930,
2855, 2230(s), 1609, 1520, 1366, 1189, 1165, 1087, 815; HRESIMS Calcd for
[Ca:Hs7NNaOsS]* (M + Na*) 562.2386, found 562.2379.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-4-methyl-N-
((triisopropylsilyl)ethynyl)benzenesulfonamide (1ae)

N
Ipr\Si%
S

/N\

lae

Pale yellow oil (50%, 302.5 mg), (eluent: PE/EtOAc = 10/1). 'H NMR (600 MHz,
CDCls) § 7.87 (d, J = 7.8 Hz, 2H), 7.21 (d, J = 7.8 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H),
6.51 (d, J = 9.0 Hz, 2H), 4.90 (dd, J = 9.6, 6.0 Hz, 1H), 2.95 (s, 6H), 2.33 (s, 3H), 1.94
—1.81 (m, 2H), 1.75 — 1.62 (m, 5H), 1.58 — 1.50 (m, 1H), 1.34 — 1.22 (m, 3H), 1.19 —
1.12 (m, 1H), 1.04 (s, 18H), 1.03 — 0.79 (m, 4H); 3C NMR (150 MHz, CDCl3) § 149.9,
144.3, 134.6, 132.6, 129.2, 128.3, 111.4, 109.3, 93.8, 86.3, 82.8, 71.5,51.1, 41.9, 40.2,
33.6, 33.3, 32.2, 26.5, 26.1, 25.9, 21.5, 18.6(0), 18.5(9), 11.3: IR (neat): 2930, 2855,
2229(s), 1609, 1520, 1365, 1130, 816, 583; HRESIMS Calcd for [CasHs2KN202SSi]*
(M + K*) 643.3150, found 643.3158.

N-(1-cyclopentyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1af)
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/N\
laf
Pale yellow oil (88%, 474.3 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.07 — 6.98 (m, 3H), 6.91 (d, J =
9.0 Hz, 2H), 6.50 (d, J = 9.0 Hz, 2H), 4.95 (dd, J = 8.5, 6.0 Hz, 1H), 2.93 (s, 6H), 2.39
(s, 6H), 2.34 (s, 3H), 2.16 — 2.05 (m, 2H), 1.99 — 1.83 (m, 3H), 1.67 — 1.54 (m, 4H),
1.23—1.13 (m, 2H); 13C NMR (125 MHz, CDCls) § 150.0, 144.4, 139.8, 134.8, 132.6,
129.4,128.1, 127.0, 126.5, 122.9, 111.4, 109.0, 88.2, 86.5, 82.9, 70.4, 53.3, 41.0, 40.1,
36.5,32.5,32.1, 25.1, 25.0, 21.5, 21.2; IR (neat): 2948, 2864, 2229(s), 1609, 1521,1468,
1367, 1226, 1170, 1069; HRESIMS Calcd for [C3sH3sN2NaO2S]* (M + Na*) 561.2546,

found 561.2551.

N-(1-cycloheptyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1ag)

N
éf
I

/N\
lag
Pale yellow oil (80%, 453.4 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.10 — 6.96 (m, 3H), 6.91 (d, J =
9.0 Hz, 2H), 6.50 (d, J = 9.0 Hz, 2H), 5.00 (dd, J = 9.0, 6.0 Hz, 1H), 2.93 (s, 6H), 2.39
(s, 6H), 2.34 (s, 3H), 2.04 — 1.93 (m, 1H), 1.90 — 1.78 (m, 3H), 1.74 — 1.54 (m, 5H),

1.52 — 1.43 (m, 4H), 1.33 — 1.22 (m, 2H); 3C NMR (125MHz, CDCls) & 150.0, 144.4,
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139.8, 134.8, 132.6, 129.4, 128.1, 127.0, 126.5, 122.9, 111.4, 109.0, 88.1, 86.5, 82.9,
70.3, 52.2, 42.6, 40.1, 35.1, 34.6, 33.6, 28.6, 28.5, 26.2, 26.0, 21.5, 21.2; IR (neat):
2921, 2853, 2231(s), 1609, 1522, 1461, 1445, 1364, 1187, 1168; HRESIMS Calcd for
[CseH42N2NaO2S]* (M + Na*) 589.2859, found 589.2851.

N-(1-cyclooctyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1ah)

/N\

lah
Pale yellow oil (82%, 476.3 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.93 (d, J = 8.5 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.08 — 7.02 (m, 1H), 6.99 (d, J =
7.5 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 6.50 (d, J = 8.5 Hz, 2H), 5.01 (dd, J = 9.0, 6.5
Hz, 1H), 2.93 (s, 6H), 2.38 (s, 6H), 2.34 (s, 3H), 1.99 — 1.74 (m, 4H), 1.71 — 1.47 (m,
11H), 1.41 — 1.31 (m, 2H); **C NMR (125 MHz, CDClIs) & 150.0, 144.4, 139.9, 134.9,
132.6,129.4,128.2,127.0, 126.5, 122.9, 111.4,109.1, 88.2, 86.5, 82.9, 70.3,52.2, 42.4,
40.1, 33.3, 32.2, 31.1, 27.3(4), 27.2(5), 26.3, 25.1, 21.6, 21.2; IR (neat): 2918, 2853,
2229(s), 1608, 1522, 1468, 1445, 1364, 1187, 1168; HRESIMS Calcd for

[Ca7HasN2Na0,S]* (M + Na*) 603.3016, found 603.3024.

N-(1-cyclododecyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1ai)
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/N\
lai
Pale yellow oil (73%, 465.3 mg), (eluent: PE/EtOAc = 8/1). *H NMR (400 MHz, CDCls)
§7.93 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H), 7.08 — 6.97 (m, 3H), 6.92 (d, J =
8.8 Hz, 2H), 6.51 (d, J = 8.8 Hz, 2H), 5.02 (dd, J = 8.4, 6.4 Hz, 1H), 2.94 (s, 6H), 2.38
(s, 6H), 2.36 (s, 3H), 1.92 — 1.82 (m, 2H), 1.45 — 1.26 (m, 23H); 3C NMR (100 MHz,
CDCIs) 6 150.0, 144.4, 139.9, 134.9, 132.6, 129.4, 128.2, 126.9, 126.5, 122.9, 111.4,
109.1, 88.2, 86.6, 82.9, 77.3, 70.4, 52.3, 40.2, 39.8, 30.4, 29.0, 28.5, 24.6(4), 24.6(2),
24.1,23.4,23.3(1), 23.2(7), 23.1, 21.7, 21.6, 21.4, 21.2; IR (neat): 2930, 2859, 2229(s),
1608, 1522, 1470, 1445, 1363, 1186, 1168; HRESIMS Calcd for [Ca1H52N2NaO2S]*

(M + Na*) 659.3642, found 659.3647.

N-(1-cyclopentadecyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1aj)

N
é(
Il

/N\
1aj
Pale yellow oil (79%, 536.4 mg), (eluent: PE/EtOAc = 8/1). *H NMR (400 MHz, CDCls)
§7.92 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.09 — 6.95 (m, 3H), 6.92 (d, J =
9.2 Hz, 2H), 6.50 (d, J = 8.8 Hz, 2H), 5.01 (dd, J = 8.4, 7.2 Hz, 1H), 2.92 (s, 6H), 2.39
(s, 6H), 2.34 (s, 3H), 2.00 — 1.80 (m, 2H), 1.79 — 1.64 (m, 1H), 1.41 — 1.25 (m, 28H);

13C NMR (100 MHz, CDCls) § 150.0, 144.4, 139.8, 134.9, 132.6, 129.4, 128.2, 126.9,
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126.4,122.9, 111.4, 109.1, 88.2, 86.6, 82.9, 70.4, 52.3, 40.1, 32.9, 32.3, 31.6, 27.5(3),
27.4(8), 27.0, 26.9, 26.8, 26.7, 26.6, 26.5, 24.4, 24.2, 21.5, 21.2; IR (neat): 2931, 2860,
2230(s), 1610, 1521, 1474, 1450, 1362, 1181, 1166, 816; HRESIMS Calcd for
[Ca4HssN2NaO,S]* (M + Na*) 701.4111, found 701.4108.

N-(4-(4-(dimethylamino)phenyl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)but-3-yn-2-yl)-
N-((2,6-dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1ak)

/N\

lak
Pale yellow oil (75%, 458.2 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 7.5 Hz, 2H), 7.11 — 7.03 (m, 1H), 7.00 (d, J =
7.5 Hz, 2H), 6.91 (d, J = 9.0 Hz, 2H), 6.50 (d, J = 9.0 Hz, 2H), 5.01 (dd, J = 9.0, 6.0
Hz, 1H), 3.93 (s, 4H), 2.93 (s, 6H), 2.39 (s, 6H), 2.34 (s, 3H), 2.09 — 1.91 (m, 2H), 1.89
—1.48 (m, 7TH), 1.42 — 1.27 (m, 2H); 3C NMR (125 MHz, CDCls) 5 150.0, 144.5, 139.8,
134.7, 132.6, 129.4, 128.1, 127.0, 126.5, 122.8, 111.4, 108.8, 87.9, 86.6, 82.7, 70.5,
64.2,51.9,41.0, 40.1, 34.3, 34.2, 32.5, 30.2, 29.2, 21.5, 21.2; IR (neat): 2927, 2229(s),
1608, 1522, 1467, 1446, 1363, 1187, 1169, 816; HRESIMS Calcd for

[CarHa2N2Na04S]* (M + Na*) 633.2757, found 633.2761.

N-(4-(4-(dimethylamino)phenyl)-1-(4,4-dimethylcyclohexyl)but-3-yn-2-yl)-N-
((2,6-dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1al)
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/N\

lal
Pale yellow oil (80%, 464.0 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 9.0 Hz, 2H), 7.08 — 6.96 (m, 3H), 6.91 (d, J =
8.5 Hz, 2H), 6.50 (d, J = 9.0 Hz, 2H), 5.03 (dd, J = 9.0, 6.0 Hz, 1H), 2.93 (s, 6H), 2.39
(s, 6H), 2.34 (s, 3H), 2.04 — 1.96 (m, 1H), 1.84 — 1.68 (m, 2H), 1.60 — 1.09 (m, 10H),
0.90 (s, 3H), 0.87 (s, 3H); *C NMR (125 MHz, CDCl3) & 150.0, 144.4, 139.9, 134.8,
132.6,129.4,128.2,127.0, 126.5, 122.9, 111.4, 109.0, 88.1, 86.4, 82.9, 70.4,51.8, 41.8,
40.1, 38.9, 38.7, 33.7, 32.6, 30.0, 29.0, 28.1, 24.5, 21.6, 21.2; IR (neat): 2917, 2850,
2231(s), 1609, 1522, 1467, 1446, 1363, 1187, 1170; HRESIMS Calcd for

[Ca7HsN20,S]* (M + H*) 581.3196, found 581.3199.

N-(1-((1R,3S,5r,7r)-adamantan-2-yl)-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-
N-((2,6-dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1am)

N
é(
I

/N\
lam
Pale yellow oil (74%, 447.6 mg), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCls)
§7.92 (d, J = 6.5 Hz, 2H), 7.25 (d, J = 7.5 Hz, 2H), 7.10 — 6.97 (m, 3H), 6.93 (d, J =
7.0 Hz, 2H), 6.51 (d, J = 7.5 Hz, 2H), 5.00 — 4.91 (m, 1H), 2.94 (s, 6H), 2.39 (s, 6H),
2.35 (s, 3H), 2.17 — 2.08 (m, 2H), 2.06 — 1.98 (m, 1H), 1.91 — 1.73 (m, 12H), 1.58 —

1.53 (m, 2H); 3C NMR (125 MHz, CDCl3)  150.0, 144.4, 139.9, 134.9, 132.6, 129.4,
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128.2, 127.0, 126.5, 122.9, 111.4, 109.1, 88.2, 86.5, 83.1, 70.5, 52.4, 40.4, 40.1, 39.0,
38.9, 38.3, 37.8, 32.2, 31.9, 31.7, 31.0, 28.1, 27.9, 21.6, 21.2; IR (neat): 2906, 2851,
2230(s), 1608, 1522, 1470, 1445, 1366, 1187, 1167, HRESIMS Calcd for
[CasHasN2NaO,S]* (M + Na*) 627.3016, found 627.3020.

N-(1-(4-(dimethylamino)phenyl)-5-methylhex-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1an)

N
éf
It

/N\
lan
Pale yellow oil (87%, 446.3 mg), (eluent: PE/EtOAc = 8/1).*H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.0 Hz, 2H), 7.26 — 7.22 (m, 2H), 7.09 — 7.02 (m, 1H), 6.99 (d, J = 7.5
Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H), 6.49 (d, J = 9.0 Hz, 2H), 5.01 (dd, J = 9.0, 6.5 Hz,
1H), 2.92 (s, 6H), 2.39 (s, 6H), 2.33 (s, 3H), 2.06 — 1.88 (m, 2H), 1.80 — 1.70 (m, 1H),
1.03 (d, J = 6.0 Hz, 3H), 0.99 (d, J = 6.0 Hz, 3H); 13C NMR (125 MHz, CDCls) § 150.0,
144.4,139.9, 134.7, 132.6, 129.4, 128.2, 127.0, 126.5, 122.8, 111.4, 108.9, 88.1, 86.5,
82.7,70.3,52.2,43.5,40.1, 24.5, 22.6, 21.7, 21.5, 21.2; IR (neat): 2923, 2850, 2230(s),
1608, 1522, 1446, 1372, 1170; HRESIMS Calcd for [Ca:H3sN2NaO2S]* (M + Na*)

535.2390, found 535.2385.

N-(1-(4-(dimethylamino)phenyl)-5-ethylhept-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1a0)
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/N\
lao
Pale yellow oil (87%, 470.6 mg), (eluent: PE/EtOAc = 8/1).'H NMR (400 MHz, CDCls)
§7.92 (d,J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.09 — 6.95 (m, 3H), 6.92 (d, J =
8.4 Hz, 2H), 6.49 (d, J = 8.8 Hz, 2H), 5.11 — 4.89 (m, 1H), 2.92 (s, 6H), 2.39 (s, 6H),
2.34 (s, 3H), 2.04 — 1.79 (m, 2H), 1.64 — 1.55 (m, 1H), 1.53 — 1.31 (m, 4H), 1.00 — 0.78
(m, 6H); 13C NMR (100 MHz, CDCl3) § 150.0, 144.4, 139.8,134.9, 132.6, 129.4, 128.1,
126.9, 126.4, 122.9, 111.4, 109.0, 88.2, 86.6, 82.9, 70.4, 52.3, 40.1, 38.2, 36.5, 25.3,
24.7, 21.5, 21.2, 10.7, 10.3; IR (neat): 2922, 2850, 2230(s), 1609, 1522, 1445, 1372,
1170, 819; HRESIMS Calcd for [C3sHi0N2NaO2S]* (M + Na*) 563.2703, found

563.2710.

N-(1-(4-(dimethylamino)phenyl)-5-propyloct-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1ap)

/N\

lap
Pale yellow oil (85%, 482.3 mg), (eluent: PE/EtOAc = 8/1).*H NMR (400 MHz, CDCls)
§7.92 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.08 — 6.96 (m, 3H), 6.92 (d, J =
9.2 Hz, 2H), 6.50 (d, J = 8.8 Hz, 2H), 5.08 — 4.93 (m, 1H), 2.92 (s, 6H), 2.38 (s, 6H),
2.34 (s, 3H), 2.02 — 1.81 (m, 2H), 1.76 — 1.67 (m, 1H), 1.40 — 1.29 (m, 8H), 0.98 — 0.86

(m, 6H); 3C NMR (100 MHz, CDCl3) § 150.0, 144.4, 139.8, 134.9, 132.6, 129.4, 128.2,
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126.9, 126.4, 122.9, 111.4, 109.0, 88.2, 86.6, 82.9, 70.5, 52.4, 40.1, 39.1, 35.8, 35.3,
335, 21.5, 21.2, 19.6, 19.3, 14.4; IR (neat): 2923, 2851, 2230(s), 1609, 1522, 1444,
1372, 1170, 815; HRESIMS Calcd for [CasHasN2NaO2S]* (M + Na*) 591.3016, found
591.3021.

N-(1-(4-(dimethylamino)phenyl)-5,5-diphenylpent-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1aq)

N Ph

/N\
laq
Pale yellow oil (81%, 515.6 mg), (eluent: PE/EtOAc = 8/1).*H NMR (500 MHz, CDCls)
§7.83 (d, J = 8.5 Hz, 2H), 7.35 — 7.27 (m, 8H), 7.22 — 7.18 (m, 4H), 7.06 — 7.01 (m,
1H), 7.00 — 6.90 (m, 4H), 6.51 (d, J = 9.0 Hz, 2H), 4.77 (dd, J = 8.0, 6.5 Hz, 1H), 4.32
(t, 3 = 7.5 Hz, 1H), 2.93 (s, 6H), 2.83 — 2.59 (m, 2H), 2.34 (s, 6H), 2.31 (s, 3H); 3C
NMR (125 MHz, CDCls) 6 150.1, 144.5, 143.5, 143.2, 140.0, 134.6, 132.7, 129.4,
128.5(9), 128.5(7), 128.2(1), 128.1(8), 127.8, 127.1, 126.6, 126.4(7), 126.4(5), 122.7,
111.4,108.8, 88.0, 87.4, 82.3, 70.6, 52.4, 47.2, 40.7, 40.1, 21.5, 21.2; IR (neat): 2923,
2850, 2230(s), 1609, 1523, 1444, 1362, 1113, 815; HRESIMS Calcd for

[Ca2HaoN2Na0,S]* (M + Na*) 659.2703, found 659.2710.

N-(1-(4-(dimethylamino)phenyl)-5,7-dimethyloct-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1ar)
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/N\

lar
Prepared as a pale yellow oil (79%, 438.5 mg) with 1:1 dr (determined by *H NMR
analysis), (eluent: PE/EtOAc = 8/1). *H NMR (500 MHz, CDCl3) § 7.92 (d, J = 8.5 Hz,
2H), 7.27 — 7.22 (m, 2H), 7.07 — 7.02 (m, 1H), 7.01 — 6.96 (m, 2H), 6.91 (t, J = 9.0 Hz,
2H), 6.54 — 6.46 (M, 2H), 5.08 — 4.97 (m, 1H), 2.92 (s, 6H), 2.39 (s, 6H), 2.36 — 2.30
(m, 3H), 2.20 — 1.92 (m, 1H), 1.85 — 1.58 (m, 2H), 1.56 — 1.22 (m, 3H), 1.06 — 0.93 (m,
3H), 0.91—0.87 (m, 3H), 0.87 — 0.80 (m, 3H); 3C NMR (125 MHz, CDCls) & 149.9(9),
149.9(6), 144.4, 139.9, 139.7, 134.8, 134.8, 132.5(9), 132.5(5), 129.4, 129.3, 128.2,
128.1,127.0,126.9, 126.5, 122.9, 122.8, 111.4, 108.9, 88.3, 87.9, 86.7, 86.4, 83.0, 82.6,
70.5,70.2,52.4,51.9, 41.8 40.1 36.0, 35.8, 34.6, 34.0, 29.7, 29.2, 28.2, 28.1, 22.7(1),
22.6(7), 22.5(4), 22.4(6), 21.5, 21.2, 19.7, 19.0; IR (neat): 2925, 2850, 2231(s), 1609,
1522, 1447, 1372, 1168, 815; HRESIMS Calcd for [CasHaN2NaO2S]* (M + Na*)
577.2859, found 577.2866.

N-(1-(4-(dimethylamino)phenyl)-5-phenylpent-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1as)

N Ph
Z

/N\

las
Pale yellow oil (80%, 448.8 mg), (eluent: PE/EtOAc = 10/1). *H NMR (400 MHz,
CDCl3) & 7.90 (d, J = 8.4 Hz, 2H), 7.31 — 7.17 (m, 7H), 7.09 — 7.02 (m, 1H), 7.01 —
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6.96 (m, 2H), 6.93 (d, J = 8.8 Hz, 2H), 6.50 (d, J = 8.8 Hz, 2H), 4.93 (dd, J = 8.4, 6.8
Hz, 1H), 2.98 — 2.77 (m, 8H), 2.39 (s, 6H), 2.33 (s, 3H), 2.28 — 2.11 (m, 2H); 13C NMR
(100 MHz, CDCls) & 150.1, 144.5, 140.6, 139.9, 134.7, 132.6, 129.4, 128.6, 128.4,
128.2,127.1, 126.5, 126.1, 122.8, 111.4, 108.8, 87.9, 87.1, 82.4, 70.5, 53.4, 40.1, 36.5,
32.0, 21.5, 21.2; IR (neat): 2922, 2851, 2230(s), 1608, 1510, 1446, 1366, 1168, 815;
HRESIMS Calcd for [C3sH3sN2NaO2S]" (M + Na*) 583.2390, found 583.2379.

N-(1-(4-(dimethylamino)phenyl)hept-1-yn-3-yl)-N-((2,6-dimethylphenyl)ethynyl)-

4-methylbenzenesulfonamide (1at)

N
o
Il

/N\
lat
Pale yellow oil (82%, 420.1 mg), (eluent: PE/EtOAc = 8/1).'H NMR (400 MHz, CDCls)
3791 (d, J =8.4 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.06 — 6.96 (m, 3H), 6.93 (d, J =
8.8 Hz, 2H), 6.49 (d, J = 8.8 Hz, 2H), 4.91 (dd, J = 8.0, 6.8 Hz, 1H), 2.91 (s, 6H), 2.39
(s, 6H), 2.33 (s, 3H), 2.08 — 1.85 (m, 2H), 1.59 — 1.47 (m, 2H), 1.44 — 1.32 (m, 2H),
0.93 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCl3) § 150.0, 144.4, 139.8, 134.8,
132.6,129.4,128.1,126.9, 126.4,122.8, 111.4, 108.9, 88.1, 86.6, 82.7, 70.4, 53.8, 40.0,
345, 27.9, 22.0, 21.5, 21.1, 13.9; IR (neat): 2923, 2851, 2229(s), 1608, 1522, 1447,
1365, 1263, 1186, 815; HRESIMS Calcd for [C32H3sN2NaO2S]* (M + Na*) 535.2390,

found 535.2395.

N-(1-cyclohexyl-3-(4-(dimethylamino)phenyl)prop-2-yn-1-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1au)
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lau

Pale yellow oil (63%, 339.5 mg), (eluent: PE/EtOAC = 8/1). 'H NMR (500 MHz, CDCls)
§7.91 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.07 — 6.95 (m, 3H), 6.92 (d, J =
8.5 Hz, 2H), 6.49 (d, J = 8.5 Hz, 2H), 4.61 (d, J = 10.0 Hz, 1H), 2.92 (s, 6H), 2.37 (s,
6H), 2.34 (s, 3H), 2.18 — 2.07 (m, 2H), 1.96 — 1.62 (m, 4H), 1.32 — 1.08 (m, 5H); 13C
NMR (125 MHz, CDCl3) 6 150.0, 144.3,139.9, 134.9, 132.6, 129.4, 128.1, 127.0, 126.4,
122.9,111.4,109.1, 88.4,87.4,82.0, 70.1, 59.3, 41.4, 40.1, 29.9, 29.6, 26.2, 25.9, 25.6,
21.5, 21.2; IR (neat): 2923, 2851, 2236(s), 1608, 1521, 1447, 1363, 1229, 1169, 815;
HRESIMS Calcd for [C3sH3sN2NaO,S]* (M + Na*) 561.2546, found 561.2552.

N-(5-cyclohexyl-1-(4-(dimethylamino)phenyl)pent-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (1av)

Ts

N
@(
Il

/N\

lav
Pale yellow oil (87%, 493.2 mg), (eluent: PE/EtOAc = 8/1).*H NMR (500 MHz, CDCls)
§7.91 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 7.08 — 7.02 (m, 1H), 7.02 — 6.97
(m, 2H), 6.93 (d, J = 9.0 Hz, 2H), 6.51 (d, J = 8.5 Hz, 2H), 4.86 (dd, J = 8.0, 7.0 Hz,
1H), 2.94 (s, 6H), 2.38 (s, 6H), 2.35 (s, 3H), 2.07 — 1.90 (m, 2H), 1.74 — 1.61 (m, 5H),
1.48 — 1.36 (m, 2H), 1.25 — 1.08 (m, 4H), 0.95 — 0.85 (m, 2H); 3C NMR (125 MHz,

CDCls) 6 150.1, 144.4, 139.9, 134.9, 132.7, 129.4, 128.2, 127.0, 126.5, 123.0, 111.4,
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109.1, 88.1, 86.6, 82.9, 70.4, 54.3, 40.1, 37.2, 33.4, 33.3, 33.2, 32.4, 26.6, 26.3, 21.6,
21.2; IR (neat): 2924, 2852, 2230(s), 1609, 1522, 1446, 1363, 1187, 1168, 815;
HRESIMS Calcd for [CasHaaN2NaO2S]* (M + Na*) 589.2859, found 589.2868.

N-(5-(benzyloxy)-1-(4-(dimethylamino)phenyl)pent-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide (law)

Ts

N OBn
=

/N\
law
Pale yellow oil (82%, 484.4 mg), (eluent: PE/EtOAc = 8/1).*H NMR (500 MHz, CDCls)
§7.92 (d, J = 8.5 Hz, 2H), 7.44 — 7.38 (m, 2H), 7.36 — 7.31 (m, 2H), 7.29 — 7.21 (m,
3H), 7.08 — 7.01 (m, 1H), 7.00 — 6.95 (m, 2H), 6.91 (d, J = 9.0 Hz, 2H), 6.49 (d, J = 9.0
Hz, 2H), 5.26 (dd, J = 8.5, 6.5 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 4.51 (d, J = 12.0 Hz,
1H), 3.68 (t, J = 5.5 Hz, 2H), 2.91 (s, 6H), 2.37 (s, 6H), 2.33 (s, 3H), 2.32 — 2.15 (m,
2H); *C NMR (125 MHz, CDCl3) § 150.0, 144.5, 139.8, 138.2, 134.7, 132.6, 129.4,
128.3, 128.1, 127.7, 127.5, 127.0, 126.5, 122.7, 111.3, 108.8, 88.0, 86.8, 82.2, 73.2,
70.5, 65.9, 51.1, 40.0, 35.1, 21.5, 21.2; IR (neat): 2930, 2851, 2230(s), 1609, 1521,
1447, 1368, 1229, 1165, 819; HRESIMS Calcd for [CazH3sN2NaOsS]* (M + Na*)

613.2495, found 613.2488.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl-2-d)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((3-[D]*-1a)
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(H-[D]*-1a

Compound (3-[D]*-1a was prepared from 2-(cyclohexyl-1-d)ethan-1-ol* according to
the general procedure. Pale yellow oil (78%, 431.4 mg), (eluent: PE/EtOAc = 8/1). H
NMR (500 MHz, CDCl3) § 7.92 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.09 —
6.95 (m, 3H), 6.91 (d, J = 9.0 Hz, 2H), 6.49 (d, J = 9.0 Hz, 2H), 5.03 (dd, J = 9.0, 6.5
Hz, 1H), 2.92 (s, 6H), 2.39 (s, 6H), 2.33 (s, 3H), 2.00 — 1.86 (m, 2H), 1.78 — 1.64 (m,
5H), 1.30 — 1.10 (m, 3H), 1.06 — 0.89 (m, 2H); 13C NMR (125 MHz, CDCls) & 150.0,
144.4,139.8, 134.8, 132.6, 129.4, 128.2, 127.0, 126.5, 122.9, 111.4, 109.0, 88.1, 86.4,
82.9, 70.4, 51.6, 42.0, 40.1, 33.1, 32.2, 26.4, 26.1, 25.9, 21.5, 21.2; IR (neat): 2924,
2852, 2230(s), 1610, 1522, 1450, 1367, 1188, 1088; HRESIMS Calcd for
[CasH39DN2NaO2S]* (M + Na*) 576.2765, found 576.2773.

N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl-2-d)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((5-[D]-1a)

(5-[D]-1a
Compound (H-[D]-1a was prepared according to the known procedure®. Pale yellow
oil (81%, 448.1 mg), (eluent: PE/EtOAc = 8/1).*H NMR (400 MHz, CDCls3) § 7.92 (d,
J=8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 7.10 — 6.94 (m, 3H), 6.91 (d, J = 9.2 Hz, 2H),
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6.49 (d, J = 9.2 Hz, 2H), 2.91 (s, 6H), 2.39 (s, 6H), 2.33 (s, 3H), 2.02 — 1.85 (m, 2H),
1.80 — 1.57 (m, 6H), 1.35 — 1.11 (m, 3H), 1.05 — 0.86 (m, 2H); 3C NMR (100 MHz,
CDCI3) 6 149.9, 144.4, 139.8, 134.7, 132.6, 129.3, 128.1, 126.9, 126.4, 122.8, 111.3,
108.9, 88.1, 86.4, 82.8, 70.3, 42.0, 40.0, 33.7, 33.2, 32.3, 26.4, 26.1, 25.9, 21.5, 21.2;
IR (neat): 2923, 2850, 2230(s), 1610, 1522, 1447, 1187, 1169, 1090, 816; HRESIMS
Calcd for [C35H40DN202S]" (M + H*) 554.2946, found 554.2951.

Synthesis of chiral substrate (-)-1an

To confirm the absolute configuration of (+)-1 obtained through copper-catalyzed
kinetic resolution, chiral substrate (-)-1an was prepared from a chiral starting material
L-Valinol. We compared the optical rotation of (-)-1an and (+)-1, and assigned the

absolute configuration of (+)-1 to be R.

(1) TsCl (1.1 equiv) O O o
OH EtsN (2 equiv) _0 )J\,(Piow.e Il
] DCM, rt,12 h ) N, (1.5 equiv)
& pr > & ipr O ipy
HN (2) DMP (1.2 equiv)  TSHN KoCO3 (2 equiv)  TsHN'
L-Valinol DCM. rt, 30 min 550, 2 steps MeOH, rt, 12 h 83%
(one chromatography) (one chromatography)
Ts
[ =
Boc,O (1.1 equiv) Z
(S) i -
Ts o Pr | |
DMAP (10 mol %) ",‘ 3 steps
EtsN (2 equiv) Boc known procedure
DCM, rt, 1 h
(one chromatography) 92%

NMez
(-)-1an, 49%, 3 steps

To the solution of L-Valinol (10 mmol, 1.1 mL) in DCM (50 mL) were added TsCI (11
mmol, 2.10 g) and EtsN (20 mmol, 2.8 mL), and the reaction was stirred at room
temperature for 12 h. The progress of the reaction was monitored by TLC. Upon
completion, the reaction was diluted with water and extracted with DCM (3 x 50 mL).

The combined organic layers was dried over anhydrous MgSO4 and concentrated under
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vacuum. The crude Ts-protected L-Valinol was directly used in the next step without
further purification.

To the solution of the crude Ts-protected L-Valinol (10 mmol) in DCM (50 mL) was
added Dess Martin Periodinane (12 mmol, 5.09 g), and the reaction was stirred at room
temperature for 30 min. The progress of the reaction was monitored by TLC. Upon
completion, the reaction was quenched with aqueous NaHCO3 and extracted with DCM
(3 x 50 mL). The combined organic layer was dried over anhydrous MgSO4 and
concentrated under vacuum. The residue was purified by column chromatography on
silica gel (eluent: hexanes/EtOAC) to afford the desired aldehyde (55%, 2 steps).

To the solution of the above aldehyde (5.5 mmol, 1.48 g), K.COz (11 mmol, 1.52 g) in
MeOH (30 mL) was added dimethyl (1-diazo-2-oxopropyl)phosphonate (8.5 mmol, 1.3
mL) dropwise at room temperature and stirred for additional 12 h. The progress of the
reaction was monitored by TLC. Upon completion, the mixture was filtered through a
pad of silica gel and the filtrate was concentrated under reduce pressure. The residue
was purified by column chromatography on silica gel (eluent: hexanes/EtOAC) to give
the desired alkyne (83% yield).

To the solution of the above alkyne (4.6 mmol, 1.21 g), DMAP (0.46 mmol, 55.8 mg)
and EtsN (9.2 mmol, 1.3 mL) in DCM (30 mL) was added Boc.O (5 mmol, 1.2 mL)
dropwise at room temperature and stirred for additional 1 h. The progress of the reaction
was monitored by TLC. Upon completion, the reaction was quenched with HCI (1 M).
The resulting mixture was extracted with DCM (3 x 50 mL). The combined organic
layers was dried over anhydrous MgSOs and concentrated under vacuum. The residue
was purified by column chromatography on silica gel (eluent: hexanes/EtOAC) to give
the desired Boc-protected propargylamide (92% vyield).

Fuether transformation of the Boc-protected propargylamide according to the general
procedure for the preparation of ynamide 1 afforded (-)-1an in 49% yield (3 steps) as a
pale yellow oil. [0]p?® = -36.5¢ = 1.0, CHCls). The optical rotation of (-)-1an revealed

the absolute configuration of (+)-1 to be R.
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4. General Procedure for the Copper-Catalyzed Kinetic Resolution

PG PG
N Cu(MeCN),PF¢ (10 mol %) N N
o~ AN S
| | L10 (12 mol %) | | . 4
Ar H Ar

NaBAr", (12 mol %)
Ar Mxylene, 0 °C

(#)-1 ()1 (-)-2
The powered Cu(MeCN)4PF¢ (0.02 mmol, 7.5 mg), L10 (0.024 mmol, 17.4 mg), and
NaBArf; (0.024 mmol, 21.3 mg) were introduced into an oven-dried Schlenk tube
under argon atmosphere. After "xylene (2 mL) was injected into the Schlenk tube, the
solution was stirred at rt under the argon atmosphere for 2 h. Then the reaction was
cooled to 0 <C, and N-propargyl ynamide 1 (0.2 mmol) in ™xylene (2 mL) was
introduced into the system dropwise. The resulting mixture was stirred at indicating
temperature and the progress of the reaction was monitored by TLC or HPLC. After
concentration in vacuo, the residue was purified by flash chromatography on silica gel

(eluent: hexanes/EA or hexanes/DCM) to give the final product (+)-1 and (-)-2.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1a)

N_
s RS
I

/N\
(+)-1a
Compound (+)-1a was prepared in 42% yield (46.4 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o? = +106.39c = 1.0, CHClIs).
95% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 16.73 min (minor), 18.42 min (major)).
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(R)-4-(3'-(2,6-dimethylphenyl)-1-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2a)

PN

(-)-2a

Compound (-)-2a was prepared in 40% vyield (44.2 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -46.59(c = 1.0, CHCl5).
94% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 10.23 min (minor), 11.65 min (major)). *H NMR (500 MHz, CDCls) &
7.75 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.98 — 6.89 (m, 2H), 6.87 (s, 1H),
6.78 (d, J = 7.5 Hz, 1H), 6.45 (d, J = 8.0 Hz, 2H), 6.38 (d, J = 8.5 Hz, 2H), 3.22 (s, 1H),
2.90 (d, J = 16.0 Hz, 1H), 2.82 (s, 6H), 2.71 (d, J = 16.0 Hz, 1H), 2.45 (s, 3H), 1.95 (s,
3H), 1.64 (s, 3H), 1.59 — 1.33 (m, 6H), 1.23 — 1.12 (m, 2H), 1.09 — 1.01 (m, 1H), 0.96
—0.82 (m, 1H); 3C NMR (125 MHz, CDCls) § 149.0, 144.5, 137.1, 136.9(8), 136.9(5),
136.4(0), 136.3(7), 133.0, 129.7, 129.0, 128.7, 126.8, 126.8, 126.5, 126.5, 125.3, 121.6,
111.9, 55.7, 53.9, 40.7, 38.9, 36.8, 35.1, 26.0, 23.3(0), 23.2(9), 21.6, 20.5, 20.3; IR
(neat): 2924, 2851, 1614, 1519, 1449, 1370, 1186, 1175, 1124, 1102; HRESIMS Calcd
for [CasHaoKN202S]* (M + K*) 591.2442, found 591.2444.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methoxybenzenesulfonamide ((+)-1b)
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(+)-1b
Compound (+)-1b was prepared in 41% yield (46.7 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 1/1). [a]o®® = +84.39c = 1.0, CHCl5).
99% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 10.72 min (minor), 11.49 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1'-((4-methoxyphenyl)sulfonyl)-4*,6*-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2b)

PN

(-)-2b

Compound (-)-2b was prepared in 43% vyield (48.8 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 1/1). [a]p? = -27.69(c = 1.0, CHCl5).
95% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 7.29 min (minor), 8.24 min (major)). *H NMR (500 MHz,
CDCl3) § 7.81 (d, J = 9.0 Hz, 2H), 7.02 — 6.89 (m, 4H), 6.86 (s, 1H), 6.78 (d, J = 7.0
Hz, 1H), 6.50 — 6.35 (m, 4H), 3.88 (s, 3H), 3.22 (s, 1H), 2.91 (d, J = 16.0 Hz, 1H), 2.82
(s, 6H), 2.71 (d, J = 16.0 Hz, 1H), 1.96 (s, 3H), 1.64 (s, 3H), 1.62 — 1.43 (m, 4H), 1.43
—1.29 (M, 2H), 1.25 — 1.14 (m, 2H), 1.08 — 0.87 (M, 2H); 3C NMR (125 MHz, CDCl5)
0 163.6, 149.0, 137.1, 137.0, 136.4, 133.0, 130.9, 129.0, 128.8, 126.9, 126.8, 126.5,
125.2,121.5, 114.2, 111.9, 55.7, 53.9, 40.7, 38.9, 36.9, 35.2, 26.0, 23.3, 20.6, 20.4; IR
(neat): 2925, 2850, 1614, 1595, 1519, 1497, 1368, 1262, 1186, 1167; HRESIMS Calcd
for [CasHaoKN203S]* (M + K*) 607.2391, found 607.2385.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)benzenesulfonamide ((+)-1c)
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Compound (+)-1c was prepared in 44% yield (47.3 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +56.29¢ = 1.0, CHCl5).

95% ee (determined by HPLC: Chiralpak IE Column, 3/97 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 17.08 min (minor), 18.53 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1'-(phenylsulfonyl)-4',6'-dihydro-1"H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2c)

SO,Ph

AN
(-)-2c
Compound (-)-2c was prepared in 43% yield (46.3 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -18.79(c = 1.0, CHCl5).
96% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 8.98 min (minor), 10.42 min (major)). *H NMR (500 MHz, CDCls) §
7.87 (d, J = 7.5 Hz, 2H), 7.63 (t, J = 7.5 Hz, 1H), 7.57 — 7.50 (m, 2H), 6.97 — 6.89 (m,
2H), 6.88 (s, 1H), 6.78 (d, J = 7.5 Hz, 1H), 6.47 (d, J = 8.5 Hz, 2H), 6.40 (d, J = 9.0 Hz,
2H), 3.22 (s, 1H), 2.92 (d, J = 16.0 Hz, 1H), 2.82 (s, 6H), 2.74 (d, J = 16.0 Hz, 1H),
1.94 (s, 3H), 1.63 (s, 3H), 1.59 — 1.35 (m, 6H), 1.22 — 1.12 (m, 2H), 1.10 — 1.02 (m,
1H), 0.96 — 0.88 (m, 1H); *C NMR (125 MHz, CDCls) & 149.0, 139.3, 137.2, 137.0,
136.9, 136.6, 133.5, 132.9, 129.1, 129.0, 128.7, 126.9, 126.8, 126.5, 125.5, 121.6, 112.0,
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55.7, 53.9, 40.7, 38.9, 36.9, 35.1, 26.0, 23.3, 20.5, 20.3; IR (neat): 2924, 2851, 1614,
1519, 1448, 1370, 1183, 1124, 1100, 735; HRESIMS Calcd for [C34H39N202S]" (M +
H*) 539.2727, found 539.2721.

(R)-4-bromo-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)benzenesulfonamide ((+)-1d)

N_
s RS
Il

/N\
(+)-1d
Compound (+)-1d was prepared in 42% vyield (52.0 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p? = +128.499c = 1.0, CHCls).
98% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 9.44 min (minor), 10.41 min (major)).

(R)-4-(1'-((4-bromophenyl)sulfonyl)-3'-(2,6-dimethylphenyl)-4',6'-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2d)

PN

(-)-2d

Compound (-)-2d was prepared in 43% vyield (53.0 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -33.49(c = 1.0, CHCl5).
96% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 7.26 min (minor), 8.27 min (major)). *H NMR (500 MHz, CDCls) § 7.74
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(d, J = 8.5 Hz, 2H), 7.68 (d, J = 9.0 Hz, 2H), 6.99 — 6.89 (m, 2H), 6.86 (s, 1H), 6.79 (d,
J=7.0 Hz, 1H), 6.44 — 6.31 (m, 4H), 3.22 (s, 1H), 2.90 (d, J = 16.0 Hz, 1H), 2.83 (s,
6H), 2.68 (d, J = 16.0 Hz, 1H), 1.97 (s, 3H), 1.61 (s, 3H), 1.59 — 1.34 (m, 6H), 1.22 —
1.11 (m, 2H), 1.10 — 1.01 (m, 1H), 0.97 — 0.89 (m, 1H); 3C NMR (125 MHz, CDCl3)
0 149.1, 138.2, 137.3, 137.2, 136.9, 132.6, 132.4, 128.9, 128.6, 128.3, 128.0, 127.0,
126.9, 126.6, 126.1, 121.6, 111.9, 55.6, 54.0, 40.7, 38.9, 37.0, 35.2, 26.0, 23.3(1),
23.2(8), 20.6, 20.3; IR (neat): 2924, 2851, 1614, 1574, 1519, 1471, 1448, 1374, 1184,
1122; HRESIMS Calcd for [C3sH37BrN202SK]* (M + K*) 655.1391, found 655.1399.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)methanesulfonamide ((+)-1e)

N_
s RS
I

/N\
(+)-1e
Compound (+)-1e was prepared in 41% yield (39.0 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +23.39¢ = 1.0, CHCl5).
87% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 11.05 min (minor), 12.90 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1'-(methylsulfonyl)-4',6'-dihydro-1"H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2e)
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(-)-2e

Compound (-)-2e was prepared in 49% yield (46.6 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -16.79(c = 1.0, CHCl5).
91% ee (determined by HPLC: Chiralpak ODH Column, 5/95 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 9.02 min (minor), 10.17 min (major)). *H NMR (500 MHz,
CDCl3) 6 7.01 — 6.91 (m, 2H), 6.81 (d, J = 7.0 Hz, 1H), 6.79 (s, 1H), 6.66 (d, J = 9.0
Hz, 2H), 6.48 (d, J = 8.5 Hz, 2H), 3.38 (s, 1H), 3.16 (s, 3H), 2.92 (d, J = 16.0 Hz, 1H),
2.87 — 2.79 (m, 7H), 2.10 (s, 3H), 1.86 — 1.78 (m, 1H), 1.76 (s, 3H), 1.68 — 1.49 (m,
5H), 1.25 — 1.13 (m, 3H), 1.03 — 0.93 (m, 1H); 13C NMR (125 MHz, CDCls) & 149.1,
137.0(1), 136.9(8), 136.4, 135.5, 132.9, 129.1, 128.8, 126.9(1), 126.8(7), 126.5, 124.6,
120.6, 112.1, 55.8, 54.0, 42.3, 40.7, 39.3, 37.0, 35.2, 26.0, 23.4, 23.3, 20.7, 20.5; IR
(neat): 2925, 2852, 1614, 1519, 1447, 1365, 1176, 1130, 958, 766; HRESIMS Calcd
for [C2oH37N20,S]* (M + H*) 477.2570, found 477.2569.

(R)-N-(1-cyclohexyl-4-(4-(dibenzylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1f)

1|'s
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(+)-1f
Compound (+)-1f was prepared in 41% vyield (57.8 mg) according to the general
procedure at 30 <. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +71.79c = 1.0,
CHCIs). 98% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane,
1.0 mL/min, 254 nm; TR = 7.59 min (minor), 13.35 min (major)).

(R)-N,N-dibenzyl-4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)aniline ((-)-2f)
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Compound (-)-2f was prepared in 39% vyield (55.1 mg) according to the general
procedure at 30 <T. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -123.59c = 1.0,
CHCI3). 98% ee (determined by HPLC: Chiralpak ODH Column, 3/97 i-PrOH/hexane,
1.0 mL/min, 254 nm; TR = 12.39 min (major), 14.61 min (minor)). *H NMR (500 MHz,
CDCls) 6 7.70 (d, J = 8.5 Hz, 2H), 7.31 — 7.26 (m, 4H), 7.25 — 7.22 (m, 4H), 7.15 (d, J
= 7.0 Hz, 4H), 6.99 — 6.95 (m, 1H), 6.90 (d, J = 7.5 Hz, 1H), 6.84 (s, 1H), 6.80 (d, J =
7.5 Hz, 1H), 6.41 — 6.24 (m, 4H), 4.49 (q, J = 17.0 Hz, 4H), 3.19 (s, 1H), 2.89 (d, J =
16.5 Hz, 1H), 2.69 (d, J = 16.5 Hz, 1H), 2.30 (s, 3H), 1.94 (s, 3H), 1.67 — 1.59 (m, 1H),
1.56 (s, 3H), 1.53 — 1.31 (m, 5H), 1.23 — 1.10 (m, 3H), 1.01 — 0.91 (m, 1H); 1*C NMR
(125 MHz, CDCl3) & 147.4, 144.5, 138.8, 137.0, 137.0, 136.9, 136.8, 136.3, 132.9,
129.6, 129.2, 128.8, 128.4, 126.7(9), 126.7(6), 126.7(4), 126.5, 126.4, 125.2, 121.6,
111.9, 55.7, 54.1, 53.7, 39.0, 37.1, 35.0, 30.3, 26.0, 23.3(1), 23.2(9), 21.4, 20.5, 20.2;
IR (neat): 2925, 2852, 1612, 1518, 1494, 1370, 1174, 1101, 730; HRESIMS Calcd for
[Ca7H4sN20,SNa]* (M + Na*) 727.3329, found 727.3320.

(R)-N-(1-cyclohexyl-4-(4-(diethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-19)
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(+)-19
Compound (+)-1g was prepared in 40% vyield (46.4 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o®® = +41.39c = 1.0, CHCl5).
79% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 6.86 min (minor), 15.43 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-diethylaniline ((-)-29)

Compound (-)-2g was prepared in 39% vyield (45.3 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o? = -56.39(c = 1.0, CHCl5).
82% ee (determined by HPLC: Chiralpak IE Column, 2/98 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 8.31 min (minor), 9.13 min (major)). *H NMR (500 MHz, CDCls) § 7.75
(d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.97 — 6.88 (m, 2H), 6.86 (s, 1H), 6.78 (d,
J=7.5Hz, 1H), 6.40 (d, J = 8.0 Hz, 2H), 6.32 (d, J = 9.0 Hz, 2H), 3.30 — 3.13 (m, 5H),
2.90 (d, J = 16.0 Hz, 1H), 2.72 (d, J = 16.0 Hz, 1H), 2.45 (s, 3H), 1.95 (s, 3H), 1.63 (s,
3H), 1.62 — 1.38 (m, 6H), 1.21 — 1.09 (m, 3H), 1.06 (t, J = 7.0 Hz, 6H), 1.00 — 0.91 (m,
1H); 3C NMR (125 MHz, CDCl3) § 146.2, 144.5, 137.1, 137.0, 136.7, 136.4, 133.0,
129.7, 129.2, 127.7, 126.8(0), 126.7(8), 126.6, 126.4, 125.3, 121.6, 111.8, 55.7, 53.8,
44.4, 38.9, 36.9, 35.1, 26.0, 23.3, 21.6, 20.6, 20.3, 12.4; IR (neat): 2926, 2851, 1612,
1558, 1371, 1175, 1121, 1003, 813; HRESIMS Calcd for [C37H45N20.S]* (M + HY)
581.3196, found 581.3186.
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(R)-N-(1-cyclohexyl-4-(4-(piperidin-1-yl)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1h)

Ts
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(+)-1h
Compound (+)-1h was prepared in 47% vyield (55.8 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +68.8c = 1.0, CHCl5).
90% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 8.35 min (minor), 12.86 min (major)).

(R)-3'-(2,6-dimethylphenyl)-4'-(4-(piperidin-1-yl)phenyl)-1'-tosyl-4",6'-dihydro-
1'H-spiro[cyclohexane-1,5"-cyclopenta[b]pyrrole] ((-)-2h)

(-)-2h

Compound (-)-2h was prepared in 46% vyield (54.6 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -63.89(c = 1.0, CHCl5).
90% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 4.64 min (major), 6.04 min (minor)). *H NMR (500 MHz,
CDCl3) § 7.74 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 7.5 Hz, 2H), 7.06 — 6.82 (m, 3H), 6.77
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(d, J=7.0 Hz, 1H), 6.57 (d, J = 8.5 Hz, 2H), 6.46 (d, J = 8.0 Hz, 2H), 3.23 (s, 1H), 3.09
—2.95 (m, 4H), 2.90 (d, J = 16.0 Hz, 1H), 2.72 (d, J = 16.0 Hz, 1H), 2.45 (s, 3H), 1.94
(s, 3H), 1.68 — 1.58 (m, 8H), 1.57 — 1.50 (m, 4H), 1.44 — 1.33 (m, 2H), 1.23 — 0.77 (m,
5H); 2*C NMR (125 MHz, CDCl3) § 150.5, 144.5, 137.2, 137.0, 136.9, 136.4, 136.3,
132.9, 131.4, 129.7, 128.9, 126.9, 126.8, 126.5(4), 126.4(7), 125.2, 121.6, 115.7, 55.8,
53.9, 50.9, 39.0, 36.9, 35.1, 26.0, 25.9, 24.2, 23.3, 21.6, 20.5, 20.3; IR (neat): 2930,
2852, 1610, 1594, 1512, 1371, 1174, 1102, 1051, 811; HRESIMS Calcd for
[CasHasN20,S]* (M + H*) 593.3196, found 593.3192.

(R)-N-(1-cyclohexyl-4-(4-morpholinophenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1i)
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Compound (+)-1i was prepared in 38% vyield (45.2 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +23.19c = 1.0, CHCl5).

98% ee (determined by HPLC: Chiralpak ADH Column, 20/80 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 6.98 min (minor), 9.72 min (major)).

(R)-4-(4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4',6’-dihydro-1"H-spiro[cyclohexane-
1,5'-cyclopenta[b]pyrrol]-4'-yl)phenyl)morpholine ((-)-2i)
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(-)-2i
Compound (-)-2i was prepared in 37% yield (44.0 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p? = -29.69(c = 1.0, CHCl5).
97% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 6.89 min (minor), 7.95 min (major)). *H NMR (500 MHz,
CDCl3) 8 7.75 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.96 — 6.92 (m, 1H), 6.90
(d, J = 7.0 Hz, 1H), 6.87 (s, 1H), 6.78 (d, J = 7.5 Hz, 1H), 6.61 — 6.46 (m, 4H), 3.89 —
3.72 (m, 4H), 3.25 (s, 1H), 3.08 — 2.95 (m, 4H), 2.91 (d, J = 16.0 Hz, 1H), 2.73 (d, J =
16.0 Hz, 1H), 2.45 (s, 3H), 1.94 (s, 3H), 1.64 (s, 3H), 1.60 — 1.30 (m, 6H), 1.22 — 1.10
(m, 2H), 1.09 — 1.01 (m, 1H), 0.95 — 0.81 (m, 1H); 1*C NMR (125 MHz, CDCl3) & 149.4
1445, 137.2,136.9(3), 136.8(6), 136.4, 136.0, 132.9, 132.2, 129.7, 129.1, 126.8, 126.5,
125.0,121.6, 114.8, 66.9, 55.8, 53.9, 49.5, 38.9, 36.8, 35.1, 26.0, 23.3, 21.6, 20.5, 20.3;
IR (neat): 2925, 2853, 1611, 1513, 1407, 1303, 1174, 1104, 814; HRESIMS Calcd for
[Cs7H42N203SNa]* (M + Na") 633.2548, found 633.2554.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)-2-methylphenyl)but-3-yn-2-yl)-N-
((2,6-dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1j)
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Compound (+)-1j was prepared in 42% vyield (47.7 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +53.39¢ = 1.0, CHCl5).
97% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 9.64 min (minor), 10.58 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N,3-trimethylaniline ((-)-2j)

(-)-2i
Compound (-)-2j was prepared in 44% vyield (49.7 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o? = -41.59(c = 1.0, CHCl5).
95% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 7.53 min (minor), 8.89 min (major)). *H NMR (400 MHz,
CDCl3) 8 7.74 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.98 — 6.89 (m, 2H), 6.87
(s, 1H), 6.79 (d, J = 7.2 Hz, 1H), 6.42 (d, J = 8.0 Hz, 2H), 6.27 (d, J = 8.8 Hz, 2H), 3.21
(s, 1H), 2.90 (d, J = 16.4 Hz, 1H), 2.77 — 2.67 (m, 4H), 2.45 (s, 3H), 1.95 (s, 3H), 1.65
(s, 3H), 1.63 — 1.38 (m, 6H), 1.21 — 1.11 (m, 2H), 1.10 — 1.00 (m, 1H), 0.94 — 0.84 (m,
1H); *C NMR (100 MHz, CDCls) & 147.5, 144.5, 137.1, 137.0, 136.5, 136.3, 133.0,
129.7, 129.4, 129.2, 126.9, 126.8, 126.6, 126.5, 125.2, 121.6, 111.6, 55.8, 53.9, 39.0,
36.9, 35.1, 30.8, 26.0, 23.3, 21.6, 20.5, 20.4; IR (neat): 2925, 2853, 1615, 1519, 1488,
1369, 1174, 1125, 1102, 1005, 673; HRESIMS Calcd for [CasHa3N202S]* (M + H")
567.3040, found 567.3050.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-
(mesitylethynyl)-4-methylbenzenesulfonamide ((+)-1Kk)
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Compound (+)-1k was prepared in 42% vyield (47.6 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +32.8c = 1.0, CHCl5).
93% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 17.47 min (minor), 18.78 min (major)).

(R)-4-(3'-mesityl-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2k)

PN

(-)-2k

Compound (-)-2k was prepared in 40% vyield (45.3 mg) according to the general
procedure. Pale yellow solid (mp 163-164 °C) , (eluent: PE/DCM = 2/1). [o]p®® = -
58.39(c = 1.0, CHCI3). 95% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 10.34 min (minor), 11.63 min (major)). H
NMR (500 MHz, CDCls) § 7.74 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.85 (s,
1H), 6.73 (s, 1H), 6.61 (s, 1H), 6.46 (d, J = 8.0 Hz, 2H), 6.39 (d, J = 8.5 Hz, 2H), 3.22
(s, 1H), 2.90 (d, J = 16.0 Hz, 1H), 2.83 (s, 6H), 2.69 (d, J = 16.0 Hz, 1H), 2.45 (s, 3H),
2.17 (s, 3H), 1.91 (s, 3H), 1.65 — 1.43 (m, 9H), 1.21 — 1.11 (m, 2H), 1.05 — 0.88 (m,
2H); C NMR (125 MHz, CDCl3) 5 149.0, 144.5, 137.2, 136.8, 136.5, 136.4, 136.2,
130.0, 129.7, 129.0, 128.8, 127.7, 127.3, 126.5, 125.3, 121.8, 111.9, 55.7, 53.9, 40.7,
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38.9, 36.8, 35.2, 26.0, 23.3(3), 23.2(9), 21.6, 20.9, 20.5, 20.2; IR (neat): 2924, 2852,
1613, 1519, 1369, 1186, 1117, 1125, 1010; HRESIMS Calcd for [C3ssHi2N2NaO2S]*
(M + Na*) 589.2859, found 589.2849.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((4-fluoro-2,6-

dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-11)

Ts

N
o
F

/N\
(+)-1l
Compound (+)-11 was prepared in 42% vyield (48.0 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +43.29c = 1.0, CHCl5).
94% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 10.10 min (minor), 11.41 min (major)).

(R)-4-(3'-(4-fluoro-2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-21)

PN
(-)-2l
Compound (-)-21 was prepared in 40% vyield (45.6 mg) according to the general

procedure. Pale yellow oli, (eluent: PE/DCM = 2/1). [a]p?® = -14.29(c = 1.0, CHCl5).
96% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 9.47 min (minor), 10.30 min (major)). *H NMR (500 MHz, CDCls) &
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7.75 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.85 (s, 1H), 6.64 — 6.58 (m, 1H),
6.51 — 6.47 (m, 1H), 6.45 (d, J = 8.0 Hz, 2H), 6.39 (d, J = 8.5 Hz, 2H), 3.21 (s, 1H),
2.90 (d, J = 16.0 Hz, 1H), 2.83 (s, 6H), 2.73 (d, J = 16.0 Hz, 1H), 2.46 (s, 3H), 1.93 (s,
3H), 1.62 (s, 3H), 1.61 — 1.47 (m, 4H), 1.42 — 1.34 (m, 2H), 1.21 — 1.12 (m, 2H), 1.10
—1.03 (m, 1H), 0.94 — 0.86 (M, 1H); 3C NMR (150 MHz, CDCl3) 5 161.4 (d, J = 243.9
Hz), 149.0, 144.6, 139.3 (d, J = 8.2 Hz), 139.2 (d, J = 8.1 Hz), 137.2, 136.3(4), 136.2(8),
129.7,129.0, 128.7 (d, J = 2.8 Hz), 128.5, 126.5, 124.3, 121. 8, 113.3 (d, J = 20.7 Hz),
113.1 (d, J =20.8 Hz), 111.9, 55.7, 53.9, 40.7, 38.9, 36.9, 35.1, 26.0, 23.3, 23.2, 21.6,
20.6 (d, J = 1.1 Hz), 20.5 (d, J = 0.9 Hz); *°F NMR (376 MHz, CDCls) § -117.1 (s); IR
(neat): 2925, 2852, 1681, 1612, 1519, 1449, 1370, 1303, 1186, 1174; HRESIMS Calcd
for [CasH3sFN2NaO2S]" (M + Na*) 593.2608, found 593.2615.

(R)-N-((4-chloro-2,6-dimethylphenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide ((+)-1m)

N_ o
o7
Cl

/N\
(+)-Im
Compound (+)-1m was prepared in 40% yield (47.0 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +22.39c = 1.0, CHCl5).
98% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 13.96 min (minor), 15.40 min (major)).

(R)-4-(3'-(4-chloro-2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1"H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2m)
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/N\

(-)-2m

Compound (-)-2m was prepared in 39% yield (45.8 mg) according to the general
procedure. Pale yellow solid (mp 188-189 °C) , (eluent: PE/DCM = 2/1). [o]p®® = -
21.29c = 1.0, CHCIz3). 97% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 9.12 min (minor), 10.04 min (major)). H
NMR (600 MHz, CDCl3) § 7.75 (d, J = 7.8 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 6.90 (s,
1H), 6.85 (s, 1H), 6.78 (s, 1H), 6.45 (d, J = 7.2 Hz, 2H), 6.39 (d, J = 8.4 Hz, 2H), 3.20
(s, 1H), 2.90 (d, J = 16.2 Hz, 1H), 2.83 (s, 6H), 2.72 (d, J = 16.2 Hz, 1H), 2.46 (s, 3H),
1.92 (s, 3H), 1.61 (s, 3H), 1.60 — 1.37 (m, 6H), 1.21 — 1.11 (m, 2H), 1.08 — 1.02 (m,
1H), 0.94 — 0.86 (m, 1H); 3C NMR (150 MHz, CDCls) & 149.0, 144.6, 138.8(9),
138.8(7), 137.3, 136.3, 136.1, 132.1, 131.6, 129.7, 129.0, 128.5, 126.7, 126.6, 126.4,
124.0, 121.6, 111.9, 55.7, 53.9, 40.7, 38.9, 36.8, 35.1, 26.0, 23.3, 21.6, 20.4, 20.2; IR
(neat): 2926, 2854, 1611, 1518, 1447, 1369, 1303, 1173, 1101, 1006, 811; HRESIMS
Calcd for [C3sH39CIN2NaO2S]" (M + Na*) 609.2313, found 609.2292.

(R)-N-((4-bromo-2,6-dimethylphenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide ((+)-1n)

Ts

N_
sl
Br

PN

(+)-1n
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Compound (+)-1n was prepared in 40% yield (50.6 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +43.29c = 1.0, CHCl5).
98% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 10.16 min (minor), 11.15 min (major)).

(R)-4-(3'-(4-bromo-2,6-dimethylphenyl)-1'-tosyl-4",6'-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2n)

PN

(-)-2n

Compound (-)-2n was prepared in 39% vyield (49.3 mg) according to the general
procedure. Pale yellow solid (mp 195-196 °C) , (eluent: PE/DCM = 2/1). [a]p®® = -
32.39(c = 1.0, CHCI3). 95% ee (determined by HPLC: Chiralpak IC Column, 5/95 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.78 min (minor), 10.08 min (major)). *H
NMR (400 MHz, CDCl3) § 7.75 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.05 (s,
1H), 6.93 (s, 1H), 6.85 (s, 1H), 6.45 (d, J = 8.4 Hz, 2H), 6.39 (d, J = 8.8 Hz, 2H), 3.20
(s, 1H), 2.90 (d, J = 16.0 Hz, 1H), 2.83 (s, 6H), 2.71 (d, J = 16.0 Hz, 1H), 2.45 (s, 3H),
1.92 (s, 3H), 1.61 (s, 3H), 1.59 — 1.34 (m, 6H), 1.21 — 0.86 (m, 4H); 1*C NMR (100
MHz, CDCIs) 6 149.1, 144.6, 139.2, 137.3, 136.4, 136.0, 132.1, 129.7, 129.6, 129.3,
129.0, 128.4, 126.6, 124.0, 121.5, 120.5, 111.9, 55.7, 53.9, 40.7, 39.0, 36.9, 35.1, 26.0,
23.3,21.6,20.3,20.2; IR (neat): 2925, 2853, 1615, 1516, 1488, 1450, 1369, 1269, 1174,
1102, 673; HRESIMS Calcd for [CasHz9BrN2NaO,S]* (M + Na*) 653.1808, found
653.1800.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((3,5-
dimethyl-[1,1'-biphenyl]-4-yl)ethynyl)-4-methylbenzenesulfonamide ((+)-10)
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Compound (+)-10 was prepared in 40% vyield (50.3 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p? = +100.8c = 1.0, CHCls).
97% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 7.49 min (minor), 10.38 min (major)).

(R)-4-(3'-(3,5-dimethyl-[1,1'-biphenyl]-4-yl)-1'-tosyl-4',6'-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-20)

PN

(-)-20

Compound (-)-20 was prepared in 42% vyield (52.8 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -100.69(c = 1.0, CHCl5).
95% ee (determined by HPLC: Chiralpak IC Column, 5/95 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 4.05 min (major), 8.67 min (minor)). *H NMR (850 MHz, CDCl3) § 7.76
(d, J = 7.7 Hz, 2H), 7.51 (d, J = 7.7 Hz, 2H), 7.38 — 7.35 (m, 2H), 7.33 (d, J = 7.7 Hz,
2H), 7.30 — 7.29 (m, 1H), 7.15 (s, 1H), 7.03 (s, 1H), 6.91 (s, 1H), 6.48 (d, J = 6.8 Hz,
2H), 6.40 (d, J = 8.5 Hz, 2H), 3.27 (s, 1H), 2.92 (d, J = 16.2 Hz, 1H), 2.82 (s, 6H), 2.72
(d, J = 16.2 Hz, 1H), 2.47 (s, 3H), 2.02 (s, 3H), 1.72 (s, 3H), 1.66 — 1.47 (m, 5H), 1.45
—1.37 (m, 2H), 1.19 — 1.16 (m, 1H), 1.10 — 1.02 (m, 1H), 0.95 — 0.90 (m, 1H); *C
NMR (213 MHz, CDCl3) 5 149.0, 144.6, 141.1, 139.5, 137.4, 137.3, 136.3(9), 136.3(5),
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132.2,129.7,129.1, 128.6, 128.5, 126.9(3), 126.9(1), 126.6, 125.7, 125.3, 125.0, 121.7,
111.9, 55.8, 54.0, 40.7, 38.9, 36.7, 35.1, 26.0, 23.3, 21.6, 20.7, 20.6; IR (neat): 2930,
2852, 1610, 1506, 1464, 1371, 1265, 1128, 1102, 672, 588, HRESIMS Calcd for
[C41H44N2NaO2S]* (M + Na*) 651.3016, found 651.3020.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethyl-4-((trimethylsilyl)ethynyl)phenyl)ethynyl)-4-

methylbenzenesulfonamide ((+)-1p)

N
=) O
||

AN

TMS

(+)-1p
Compound (+)-1p was prepared in 42% vyield (54.5 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +27.59¢ = 1.0, CHCl5).
97% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 5.21 min (major), 6.66 min (minor)).

(R)-4-(3'-(2,6-dimethyl-4-((trimethylsilyl)ethynyl)phenyl)-1'-tosyl-4',6'-dihydro-
1'H-spiro[cyclohexane-1,5"-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-
2p)
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Compound (-)-2p was prepared in 42% vyield (54.5 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -16.59(c = 1.0, CHCl5).
95% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 4.02 min (major), 9.18 min (minor)). *H NMR (500 MHz,
CDCl3) 6 7.75 (d, J = 8.5 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.04 (s, 1H), 6.92 (s, 1H),
6.86 (s, 1H), 6.42 (d, J = 8.0 Hz, 2H), 6.37 (d, J = 8.5 Hz, 2H), 3.19 (s, 1H), 2.89 (d, J
= 16.5 Hz, 1H), 2.83 (s, 6H), 2.71 (d, J = 16.5 Hz, 1H), 2.46 (s, 3H), 1.92 (s, 3H), 1.61
(s, 3H), 1.60 — 1.38 (m, 6H), 1.21 — 1.01 (m, 3H), 0.92 — 0.81 (m, 1H), 0.21 (s, 9H);
13C NMR (125 MHz, CDCls) § 149.0, 144.6, 137.2, 137.1, 137.1, 136.4, 136.1, 133.9,
130.4, 130.0, 129.7, 129.0, 128.5, 126.6, 124.5, 121.5, 121.1, 111.9, 105.5, 93.2, 55.8,
53.9, 40.7, 39.0, 36.9, 35.1, 26.0, 23.3, 21.6, 20.3, 20.2, 0.0; IR (neat): 2927, 2851,
2150(s), 1614, 1519, 1372, 1174, 843, 813; HRESIMS Calcd for [CaoH4sKN202SSi]"
(M + K*) 687.2837, found 687.2820.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yI)-N-((2,6-
dimethoxyphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1q)

Ts

OMe N W\
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(+)-1q
Compound (+)-1g was prepared in 46% yield (53.8 mg) according to the general
procedure except at 30 <C. Pale yellow oil, (eluent: PE/EtOAc = 10/1). [a]p® = +27.2°
(c = 1.0, CHCI3). 54% ee (determined by HPLC: Chiralpak IE Column, 20/80 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 22.91 min (major), 28.79 min (minor)).

(R)-4-(3'-(2,6-dimethoxyphenyl)-1'-tosyl-4",6’-dihydro-1"H-spiro[cyclohexane-
1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2q)
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PN
(-)-29
Compound (-)-2q was prepared in 42% vyield (49.0 mg) according to the general

procedure except at 30 <T. Pale yellow oil, (eluent: PE/EtOAc = 10/1). [a]p®® = -6.8¢
= 1.0, CHCI3). 60% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 12.29 min (major), 17.84 min (minor)). *H
NMR (850 MHz, CDCls) § 7.79 (d, J = 8.5 Hz, 2H), 7.33 — 7.28 (m, 3H), 6.97 (t, J =
7.7 Hz, 1H), 6.67 — 6.44 (m, 2H), 6.42 — 6.33 (m, 2H), 6.32 (d, J = 8.5 Hz, 2H), 3.67
(s, 1H), 3.57 (s, 6H), 2.84 (d, J = 15.3 Hz, 1H), 2.79 (s, 6H), 2.75 (d, J = 15.3 Hz, 1H),
2.43 (s, 3H), 1.79 — 1.74 (m, 1H), 1.60 — 1.38 (m, 6H), 1.06 — 0.91 (m, 2H), 0.63 — 0.51
(m, 1H); 13C NMR (214 MHz, CDCl3) § 157.5, 148.8, 144.2, 136.8, 135.8, 134.7, 129.7,
129.1, 128.6, 127.9, 126.7, 124.2, 117.0, 111.8, 111.6, 103.7, 57.6, 55.6, 53.9, 40.9,
38.4, 36.3, 33.8, 26.0, 23.7, 23.0, 21.6; IR (neat): 2926, 2851, 1597, 1519, 1473, 1366,
1246, 1173, 1112, 813; HRESIMS Calcd for [CasH4N2NaO4S]* (M + Na*) 607.2601,
found 607.2620.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-4-methyl-N-(o-

tolylethynyl)benzenesulfonamide ((+)-1r)
N o
sl S
PN

(+)-1r
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Compound (+)-1r was prepared in 36% yield (38.7 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o? = +105.69c = 1.0, CHClIs).
97% ee (determined by HPLC: Chiralpak ODH Column, 3/97 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 7.72 min (major), 8.74 min (minor)).

(R)-N,N-dimethyl-4-(3'-(o-tolyl)-1'-tosyl-4",6'-dihydro-1"H-spiro[cyclohexane-
1,5'-cyclopenta[b]pyrrol]-4'-yDaniline ((-)-2r)

PN

(-)-2r

Compound (-)-2r was prepared in 35% yield (37.7 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = -78.39(c = 1.0, CHCl5).
92% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 10.04 min (minor), 12.59 min (major)). *H NMR (500 MHz,
CDCl3) § 7.77 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.09 (s, 1H), 7.05 (d, J =
7.5 Hz, 1H), 7.03 — 6.96 (m, 1H), 6.93 — 6.86 (M, 1H), 6.86 — 6.80 (m, 1H), 6.56 (d, J
= 7.0 Hz, 2H), 6.45 (d, J = 9.0 Hz, 2H), 3.53 (s, 1H), 2.88 (d, J = 16.0 Hz, 1H), 2.84 (s,
6H), 2.71 (d, J = 16.0 Hz, 1H), 2.44 (s, 3H), 2.21 (s, 3H), 1.69 — 1.39 (m, 7H), 1.20 —
1.15 (m, 1H), 1.06 — 0.97 (m, 1H), 0.90 — 0.85 (M, 1H); 3C NMR (150 MHz, CDCl5)
0 148.9, 144.6, 136.9, 136.3, 135.4, 134.6, 133.1, 130.1, 129.8, 129.5, 129.1, 128.9,
126.6(2), 126.5(7), 125.9, 125.3, 121.9, 112.1, 56.4, 53.9, 40.7, 38.9, 36.3, 35.3, 26.0,
23.4,23.3,21.6,21.1; IR (neat): 2925, 2852, 1679, 1612, 1519, 1449, 1370, 1186, 1174,
1133; HRESIMS Calcd for [C34H3sN2NaO2S]" (M + Na*) 561.2546, found 561.2556.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2-
fluorophenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1s)
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(+)-1s

Compound (+)-1s was prepared in 39% yield (42.4 mg) according to the general

procedure employing L8. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +44.19c

= 1.0, CHCI3). 86% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 11.54 min (major), 17.18 min (minor)).

(R)-4-(3'-(2-fluorophenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2s)

PN

(-)-2s

Compound (-)-2s was prepared in 40% vyield (43.4 mg) according to the general
procedure employing L8. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p%® = -66.5C =
1.0, CHCI3). 84% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 11.99 min (major), 14.84 min (minor)). *H
NMR (500 MHz, CDCls) & 7.78 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 3.0 Hz, 1H), 7.32 (d,
J=8.0 Hz, 2H), 7.16 — 7.14 (m, 1H), 7.05 — 6.98 (m, 1H), 6.98 — 6.93 (m, 1H), 7.86 —
7.80 (M, 1H), 6.79 — 6.60 (M, 2H), 6.57 — 6.49 (M, 2H), 3.71 (s, 1H), 2.90 (d, J = 16.0
Hz, 1H), 2.85 (s, 6H), 2.67 (d, J = 16.0 Hz, 1H), 2.42 (s, 3H), 1.65 — 1.43 (m, 6H), 1.22
—1.14 (m, 2H), 0.99 — 0.81 (m, 2H); 13C NMR (100 MHz, CDCl3) § 159.7 (d, J = 249.2
Hz), 149.1, 144.7, 137.3, 136.2, 132.7, 129.9, 129.1 (d, J = 3.9 Hz), 128.5, 127.4 (d, J
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= 8.5 Hz), 126.7, 123.8 (d, J = 3.2 Hz), 123.2 (d, J = 15.4 Hz), 121.3 (d, J = 12.7 Hz),
119.4 (d, J = 1.5 Hz), 115.5 (d, J = 22.7 Hz), 112.2, 57.2, 53.7, 40.6, 39.1, 36.0, 35.8,
26.0, 23.4, 23.3, 21.6; 1°F NMR (376 MHz, CDCl3) & -111.9 — -112.2 (m); IR (neat):
2925, 2853, 1615, 1519, 1488, 1369, 1174, 1102, 1005, 673; HRESIMS Calcd for
[CasHasFN2NaO,S]* (M + Na*) 565.2295, found 565.2289.

(R)-N-((2-chlorophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide ((+)-1t)

Ts

Cl N o
&7 O
I

/N\
(+)-1t
Compound (+)-1t was prepared in 37% vyield (41.4 mg) according to the general
procedure employing L8. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +24.19c
= 1.0, CHCIl3). 95% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-

PrOH/hexane, 1.0 mL/min, 254 nm; TR = 15.44 min (major), 15.99 min (minor)).

(R)-4-(3'-(2-chlorophenyl)-1'-tosyl-4',6'-dihydro-1'H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2t)

PRI

(-)-2t

Compound (-)-2t was prepared in 44% vyield (49.2 mg) according to the general
procedure employing L8. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = -19.59c =
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1.0, CHCI3). 86% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 10.27 min (minor), 11.77 min (major)). H
NMR (600 MHz, CDCl3) § 7.78 (d, J = 8.4 Hz, 2H), 7.45 (dd, J = 7.8, 0.6 Hz, 1H), 7.40
(s, 1H), 7.33 (d, J = 8.4 Hz, 2H), 6.99 — 6.96 (m, 1H), 6.96 — 6.90 (m, 1H), 6.88 (dd, J
= 7.8, 1.8 Hz, 1H), 6.68 — 6.50 (m, 2H), 6.45 (d, J = 8.4 Hz, 2H), 3.63 (s, 1H), 2.86 —
2.81 (m, 7H), 2.73 (d, J = 15.6 Hz, 1H), 2.44 (s, 3H), 1.66 — 1.49 (m, 4H), 1.48 — 1.40
(m, 2H), 1.23 - 1.09 (m, 2H), 1.03 — 0.97 (m, 1H), 0.89 — 0.83 (m, 1H); 3C NMR (150
MHz, CDCIs) 6 149.0, 144.7, 136.8, 136.3, 134.5, 134.1, 133.0, 131.1, 129.9, 129.2,
128.7,127.9,126.8,126.7,124.9, 122.9, 122.5, 112.0, 56.4, 54.0, 40.6, 38.8, 36.4, 35.1,
26.0,23.4,23.3, 21.6; IR (neat): 2925, 2853, 1611, 1514, 1450, 1370, 1303, 1174, 1122,
931; HRESIMS Calcd for [C3sH35CIN2KO,S]* (M + K*) 597.1739, found 597.1733.

(R)-N-((2-bromophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide ((+)-1u)

Ts
Br N_ o
©/ I
/N\
(+)-1u

Compound (+)-1u was prepared in 37% yield (44.7 mg) according to the general
procedure employing L8. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = +152.39c
= 1.0, CHCI3). 98% ee (determined by HPLC: Chiralpak ADH Column, 5/95 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 11.54 min (minor), 20.50 min (major)).

(R)-4-(3'-(2-bromophenyl)-1'-tosyl-4',6'-dihydro-1'H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2u)
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PRI

(-)-2u

Compound (-)-2u was prepared in 40% vyield (48.3 mg) according to the general
procedure employing L8. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p®® = -55.39C =
1.0, CHCI3). 90% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 10.35 min (minor), 12.24 min (major)). H
NMR (500 MHz, CDCls) & 7.78 (d, J = 8.5 Hz, 2H), 7.44 (dd, J = 8.0, 1.0 Hz, 1H), 7.40
(s, 1H), 7.32 (d, J = 8.0 Hz, 2H), 6.97 (t, J = 9.0 Hz, 1H), 6.94 — 6.85 (m, 2H), 6.67 —
6.51 (m, 2H), 6.45 (d, J = 9.0 Hz, 2H), 3.63 (s, 1H), 2.91 — 2.85 (m, 1H), 2.84 (s, 6H),
2.73 (d, J = 16.0 Hz, 1H), 2.43 (s, 3H), 1.67 — 1.39 (m, 6H), 1.23 — 1.11 (m, 2H), 1.04
—0.96 (M, 1H), 0.92 - 0.84 (M, 1H); 3C NMR (125 MHz, CDCl3) § 149.0, 144.7, 136.8,
136.3,134.5,134.1, 133.0, 131.1, 129.9, 129.2, 128.7, 127.9, 126.8, 126.7, 124.9, 122.9,
122.5, 112.0, 56.4, 54.0, 40.6, 38.8, 36.4, 35.1, 26.0, 23.4, 23.3, 21.6; IR (neat): 2930,
2852, 1610, 1558, 1512, 1372, 1265, 1109, 1051, 811; HRESIMS Calcd for
[CasH3sBrN2NaO2S]™ (M + Na*) 625.1495, found 625.1488.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-4-methyl-N-(m-

tolylethynyl)benzenesulfonamide ((+)-1v)

N_ o
=0
Il

Me

PN

(+)-1v
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Compound (+)-1v was prepared in 33% vyield (35.6 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +76.69¢ = 1.0, CHCl5).
91% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 5.06 min (minor), 9.31 min (major)).

(R)-N,N-dimethyl-4-(3'-(m-tolyl)-1'-tosyl-4",6'-dihydro-1"H-spiro[cyclohexane-
1,5'-cyclopenta[b]pyrrol]-4*-yDaniline ((-)-2v)

PN

(-)-2v

Compound (-)-2v was prepared in 31% vyield (33.4 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]po® = -11. 29(c = 1.0, CHCl5).
91% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 17.34 min (major), 21.14 min (minor)). *H NMR (500 MHz,
CDCl3) & 7.76 (d, J = 8.5 Hz, 2H), 7.37 (s, 1H), 7.31 (d, J = 8.0 Hz, 2H), 7.04 — 6.98
(m, 3H), 6.91 — 6.86 (M, 1H), 6.84 — 6.39 (M, 4H), 3.68 (s, 1H), 2.89 (d, J = 16.5 Hz,
1H), 2.86 (s, 6H), 2.65 (d, J = 16.0 Hz, 1H), 2.43 (s, 3H), 2.16 (s, 3H), 1.63 — 1.43 (m,
6H), 1.22 — 1.15 (m, 2H), 1.08 — 0.94 (m, 2H); 3C NMR (150 MHz, CDCl3) & 149.1,
144.7,137.8, 137.8, 136.3, 133.3(1), 132.9(7), 129.9, 128.3, 127.1, 127.0, 126.7, 126.1,
123.0, 119.6, 112.3, 56.7, 53.7, 40.7, 39.2, 36.3, 35.9, 26.0, 23.5, 23.3, 21.6, 21.3; IR
(neat): 2929, 2852, 1610, 1558, 1512, 1371, 1265, 1051, 1026, 768; HRESIMS Calcd
for [C34H3sN2NaO2S]" (M + Na*) 561.2546, found 561.2546.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((3-

fluorophenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1w)
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N o\
Il

/N\
(+)-1w
Compound (+)-1w was prepared in 39% yield (42.4 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +17.59¢ = 1.0, CHCl5).
82% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 5.97 min (minor), 8.86 min (major)).

(R)-4-(3'-(3-fluorophenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2w)

PN

(-)-2w

Compound (-)-2w was prepared in 41% vyield (44.5 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -11.79(c = 1.0, CHCl5).
82% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 6.10 min (major), 10.73 min (minor)). *H NMR (500 MHz,
CDCls) & 7.78 (d, J = 8.5 Hz, 2H), 7.39 (s, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.11 — 7.05
(m, 1H), 7.00 (d, J = 8.0 Hz, 1H), 6.93 — 6.87 (M, 1H), 6.87 — 6.25 (m, 5H), 3.67 (s,
1H), 2.94 — 2.84 (m, 7H), 2.65 (d, J = 16.0 Hz, 1H), 2.43 (s, 3H), 1.69 — 1.40 (m, 7H),
1.19 — 0.96 (m, 3H); 3C NMR (100 MHz, CDCls) & 162.9 (d, J = 244.6 Hz), 149.2,
144.9, 138.1, 136.2, 135.8 (d, J = 8.3 Hz), 132.5, 130.0, 129.7 (d, J = 8.5 Hz), 129.2,
128.5,126.7,124.9 (d, J = 2.5 Hz), 121.6 (d, J = 2.7 Hz), 120.0, 113.1 (d, J = 19.9 Hz),
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112.9 (d, J = 21.1 Hz), 112.3, 56.6, 53.8, 40.6, 39.2, 36.3, 35.8, 26.0, 23.5, 23.3, 21.6;
19F NMR (376 MHz, CDCl3) § -113.3 — -113.5 (m); IR (neat): 2925, 2853, 1611, 1513,
1370, 1303, 1174, 1122, 1051, 672; HRESIMS Calcd for [CasHasFN2NaO2S]* (M +
Na*) 565.2295, found 565.2287.

(R)-N-((3-chlorophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide ((+)-1x)

N_ o
=0
Il
Cl

/N\
(+)-1x
Compound (+)-1x was prepared in 40% vyield (44.7 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = +8.39(c = 1.0, CHCl5).
95% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 6.15 min (minor), 8.97 min (major)).

(R)-4-(3'-(3-chlorophenyl)-1'-tosyl-4',6'-dihydro-1'H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2x)

PN

(-)-2x

Compound (-)-2x was prepared in 42% vyield (47.0 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [0]p® = -19.39(c = 1.0, CHCl5).
90% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0
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mL/min, 254 nm; TR = 5.75 min (major), 9.71 min (minor)). *H NMR (400 MHz,
CDCls) & 7.77 (d, J = 8.4 Hz, 2H), 7.37 (s, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.21 — 7.15
(m, 1H), 7.12 — 6.95 (m, 3H), 6.94 — 6.35 (m, 4H), 3.67 (s, 1H), 2.90 (d, J = 16.4 Hz,
1H), 2.87 (s, 6H), 2.67 (d, J = 16.4 Hz, 1H), 2.44 (s, 3H), 1.64 — 1.44 (m, 6H), 1.24 —
1.15 (m, 2H), 1.06 — 0.90 (m, 2H); *C NMR (100 MHz, CDCls) § 149.3, 144.9, 138.1,
136.2,135.4,134.2, 132.6, 130.0, 129.5, 129.3, 128.6, 126.8, 126.3, 126.2, 124.6, 124.1,
120.0, 112.3, 56.6, 53.8, 40.6, 39.2, 36.4, 35.8, 26.0, 23.5, 23.3, 21.6; IR (neat): 2925,
2854, 1615, 1519, 1488, 1369, 1174, 1124, 1005; HRESIMS Calcd for
[Ca3sH3sCIN2KO2S]* (M + K*) 597.1739, found 597.1742.

(R)-N-((3-bromophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide ((+)-1y)

Ts

N RS
Il
Br

/N\

(+)-1y
Compound (+)-1y was prepared in 39% vyield (47.1 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +19.69c = 1.0, CHCl5).
96% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 6.41 min (minor), 9.27 min (major)).

(R)-4-(3'-(3-bromophenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4*-yl)-N,N-dimethylaniline ((-)-2y)
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PN
(-)-2y
Compound (-)-2y was prepared in 42% vyield (50.7 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -24.79(c = 1.0, CHCl5).
88% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 5.92 min (major), 9.60 min (minor)). *H NMR (600 MHz,
CDCl3) § 7.77 (d, J = 8.4 Hz, 2H), 7.42 — 7.29 (m, 4H), 7.17 (dd, J = 7.8, 0.6 Hz, 1H),
7.12 (d, J = 7.8 Hz, 1H), 7.00 — 6.95 (m, 1H), 6.95 — 6.15 (m, 4H), 3.67 (s, 1H), 2.90
(d, J = 16.2 Hz, 1H), 2.87 (s, 6H), 2.67 (d, J = 16.2 Hz, 1H), 2.44 (s, 3H), 1.66 — 1.42
(m, 7H), 1.10 — 1.02 (m, 1H), 1.02 — 0.92 (m, 1H), 0.91 — 0.81 (m, 1H). 3C NMR (150
MHz, CDCIs) 6 149.2, 144.9, 138.0, 136.1, 135.6, 132.5, 130.0, 129.8, 129.2, 129.0,
128.5,126.7, 124.5, 124.4, 122.5, 120.0, 112.3, 56.6, 53.7, 40.6, 39.2, 36.4, 35.8, 26.0,
23.4, 23.3, 21.6; IR (neat): 2924, 2852, 1614, 1519, 1369, 1187, 1125, 1100, 673;
HRESIMS Calcd for [CasHasBrN2NaO,S]* (M + Na*) 625.1495, found 625.1499.

(R)-N-((4-chlorophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide ((+)-1z)

Ts

N RS
Q/ I
Cl

/N\
(+)-1z
Compound (+)-1z was prepared in 42% yield (47.0 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +16.49c = 1.0, CHCl5).
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82% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 7.80 min (minor), 10.27 min (major)).

(R)-4-(3'-(4-chlorophenyl)-1'-tosyl-4',6"-dihydro-1'H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2z)

PN

(-)-2z

Compound (-)-2z was prepared in 48% yield (53.4 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -11.39(c = 1.0, CHCl5).
75% ee (determined by HPLC: Chiralpak 1G Column, 50/50 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 6.69 min (major), 15.05 min (minor)). *H NMR (500 MHz,
CDCl3) & 7.77 (d, J = 8.5 Hz, 2H), 7.36 (s, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.15 — 7.07
(m, 4H), 6.99 — 6.83 (M, 1H), 6.82 — 6.32 (M, 4H), 3.65 (d, J = 1.0 Hz, 1H), 2.90 (d, J
= 16.0 Hz, 1H), 2.87 (s, 6H), 2.65 (d, J = 16.0 Hz, 1H), 2.43 (s, 3H), 1.69 — 1.44 (m,
6H), 1.23 — 1.16 (m, 2H), 1.07 — 0.92 (m, 2H); 3C NMR (125 MHz, CDCl3) 5 149.2,
144.8,138.1, 136.2, 132.4, 132.0(3), 132.0(1), 130.0, 128.5(3), 128.4(7), 127.2, 126.7,
124.8, 119.6, 112.2, 56.7, 53.8, 40.5, 39.2, 36.3, 35.8, 26.0, 23.4, 23.3, 21.6; IR (neat):
2926, 2851, 1610, 1558, 1397, 1371, 1175, 1103, 1003, 813; HRESIMS Calcd for
[C33HasCIKN202S]* (M + K*) 597.1739, found 597.1731.

(R)-N-((4-bromophenyl)ethynyl)-N-(1-cyclohexyl-4-(4-
(dimethylamino)phenyl)but-3-yn-2-yl)-4-methylbenzenesulfonamide ((+)-1aa)
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(+)-1laa
Compound (+)-1laa was prepared in 39% yield (47.1 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p®® = +5.99(c = 1.0, CHClI5).
78% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 8.12 min (minor), 11.29 min (major)).

(R)-4-(3'-(4-bromophenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5"-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2aa)

PN

(-)-2aa
Compound (-)-2aa was prepared in 41% yield (49.5 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -41.29(c = 1.0, CHCl5).
80% ee (determined by HPLC: Chiralpak ADH Column, 40/60 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 6.01 min (major), 19.19 min (minor)). *H NMR (500 MHz,
CDCls) & 7.77 (d, J = 8.5 Hz, 2H), 7.37 (s, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.24 (d, J =
9.0 Hz, 2H), 7.06 (d, J = 8.5 Hz, 2H), 6.98 — 6.16 (m, 4H), 3.65 (s, 1H), 2.90 (d, J =
16.0 Hz, 1H), 2.87 (s, 6H), 2.65 (d, J = 16.0 Hz, 1H), 2.43 (s, 3H), 1.65 — 1.41 (m, 6H),
1.23 - 1.15 (m, 2H), 1.03 — 0.86 (m, 2H); 3C NMR (150 MHz, CDCl3) § 149.1, 144.9,
138.1, 136.1, 132.5, 132.3, 131.4, 130.0, 128.5, 127.6, 126.7, 124.8, 120.1, 119.6, 112.2,
56.7, 53.8, 40.5, 39.2, 36.2, 35.8, 26.0, 23.4, 23.3, 21.6; IR (neat): 2924, 2854, 1620,
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1519, 1369, 1174, 1124, 1102, 1005, 816; HRESIMS Calcd for [CasHasBrN2NaO,S]*
(M + Na*) 625.1495, found 625.1489.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-4-methyl-N-((4-

(trifluoromethyl)phenyl)ethynyl)benzenesulfonamide ((+)-1ab)

Ts

N_ o
=10
Q/II
FaC

/N\
(+)-1ab
Compound (+)-1ab was prepared in 41% vyield (48.6 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = +21.7c = 1.0, CHCl3).74%
ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 6.39 min (minor), 9.16 min (major)).

(R)-N,N-dimethyl-4-(1'-tosyl-3'-(4-(trifluoromethyl)phenyl)-4',6'-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)aniline ((-)-2ab)

/N\

(-)-2ab
Compound (-)-2ab was prepared in 42% yield (49.7 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o? = -16.49(c = 1.0, CHCl5).
74% ee (determined by HPLC: Chiralpak ADH Column, 40/60 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 4.52 min (major), 19.14 min (minor)). *H NMR (500 MHz,
CDCls) & 7.79 (d, J = 8.5 Hz, 2H), 7.45 (s, 1H), 7.41 — 7.32 (m, 4H), 7.30 (d, J = 8.0
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Hz, 2H), 7.11 - 6.17 (m, 4H), 3.68 (s, 1H), 2.91 (d, J = 16.0 Hz, 1H), 2.88 (s, 6H), 2.66
(d, J=16.0 Hz, 1H), 2.44 (s, 3H), 1.65 — 1.43 (m, 6H), 1.24 — 1.16 (m, 2H), 1.05 - 0.91
(m, 2H); 2*C NMR (150 MHz, CDCl3) § 149.2, 145.0, 138.3, 137.1, 136.1, 132.4, 130.0,
128.1 (g, J = 32.2 Hz), 126.8, 126.0, 125.3 (g, J = 3.8 Hz), 125.1, 124.5, 123.3, 120.4,
112.2, 56.7, 53.9, 40.5, 39.2, 36.2, 35.8, 26.0, 23.4, 23.3, 21.7; *°F NMR (376 MHz,
CDCls) § -62.5 (s); IR (neat): 2923, 2850, 1614, 1518, 1447, 1325, 1174, 1125, 1068,
814; HRESIMS Calcd for [CasHasFsN2NaO2S]* (M + Na*) 615.2264, found 615.2254.

(R)-N-(1-cyclohexyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-(hex-1-yn-1-

yl)-4-methylbenzenesulfonamide ((+)-1ac)
Ts

’\Il K
"Bu | |

/N\

(+)-1ac
Compound (+)-1lac was prepared in 46% yield (46.5 mg) according to the general
procedure at 15 <. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +28.8(c = 1.0,
CHCI3). 97% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane,

1.0 mL/min, 254 nm; TR =5.25 min (minor), 8.12 min (major)).

(R)-4-(3'-butyl-1'-tosyl-4',6'-dihydro-1'H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2ac)

Ts

N

\ /)
"Bu H
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/N\
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Compound (-)-2ac was prepared in 49% vyield (49.5 mg) according to the general
procedure at 15 <C. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -90.69(c = 1.0,
CHCl3). 90% ee (determined by HPLC: Chiralpak IE Column, 2/98 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 7.18 min (minor), 9.15 min (major)). *H NMR (500 MHz,
CDCl3) § 7.70 (d, J = 8.5 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.79 (s, 1H), 6.78 — 6.24
(m, 4H), 3.47 (s, 1H), 2.89 (s, 6H), 2.79 (d, J = 16.0 Hz, 1H), 2.69 (d, J = 16.5 Hz, 1H),
2.43 (s, 3H), 2.06 — 1.92 (m, 2H), 1.65 — 1.38 (m, 7H), 1.22 — 1.05 (m, 6H), 0.85 — 0.76
(m, 1H), 0.70 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCls) § 149.1, 144.2, 136.6(3),
136.6(2), 134.2, 129.7, 129.3, 128.9, 126.8, 126.5, 120.4, 112.1, 55.8, 53.5, 40.7, 39.2,
37.0, 35.1, 30.9, 25.9, 25.3, 23.5, 23.3, 22.0, 21.6, 13.7; IR (neat): 2927, 2853, 1615,
1519, 1447, 1368, 1187, 1173, 1126, 814; HRESIMS Calcd for [C31H10N2NaO,S]* (M
+ Na*) 527.2703, found 527.2712.

(R)-N-(1-cyclopentyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1af)

N_ o
s
I

/N\
(+)-1af
Compound (+)-1af was prepared in 41% yield (44.1 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p? = +129.99c = 1.0, CHClI5).
95% ee (determined by HPL.C: Chiralpak IE Column, 3/97 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 22.62 min (minor), 24.46 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4’,6'-dihydro-1"H-spiro[cyclopentane-
1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2af)
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NMez

(-)-2af

Compound (-)-2af was prepared in 42% yield (45.2 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -144.09(c = 1.0, CHCl5).
93% ee (determined by HPLC: Chiralpak IE Column, 3/97 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 13.88 min (minor), 15.98 min (major)). *H NMR (400 MHz, CDCls) &
7.74 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 6.99 — 6.91 (m, 2H), 6.87 (s, 1H),
6.79 (d, J = 6.8 Hz, 1H), 6.45 (d, J = 8.8 Hz, 2H), 6.40 (d, J = 8.8 Hz, 2H), 3.27 (s, 1H),
2.91 (d, J = 16.0 Hz, 1H), 2.83 (s, 6H), 2.77 (d, J = 15.6 Hz, 1H), 2.46 (s, 3H), 1.96 (s,
3H), 1.72 — 1.62 (m, 4H), 1.61 (s, 3H), 1.55 — 1.46 (m, 2H), 1.20 — 1.11 (m, 2H); 3C
NMR (100 MHz, CDCls) & 149.0, 144.5, 137.2, 137.1, 137.0(4), 136.9(8), 136.4, 133.0,
130.1, 129.7, 128.5, 126.9, 126.5(3), 126.4(7), 125.0, 121.6, 112.1, 62.4, 53.8, 42.0,
40.8, 39.3, 35.0, 23.6, 23.2, 21.6, 20.5, 20.3; IR (neat): 2950, 2857, 1614, 1519, 1445,
1406, 1369, 1186, 1174, 1098; HRESIMS Calcd for [CssH3sN2NaO2S]" (M + Na*)
561.2546, found 561.2555.

(R)-N-(1-cycloheptyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1ag)

N_ o

~1 O
@( I
PN

(+)-lag
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Compound (+)-1ag was prepared in 42% yield (47.5 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +59.49c = 1.0, CHCl5).
96% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 11.44 min (minor), 12.43 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cycloheptane-
1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2ag)

NM92

(-)-2ag
Compound (-)-2ag was prepared in 44% yield (49.8 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p? = -53.59(c = 1.0, CHCl5).
91% ee (determined by HPLC: Chiralpak IE Column, 2/98 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR =7.96 min (minor), 9.34 min (major)). *H NMR (500 MHz, CDCls) § 7.75
(d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.99 — 6.89 (m, 2H), 6.87 (s, 1H), 6.78 (d,
J=7.0Hz, 1H), 6.51 — 6.34 (m, 4H), 3.25 (s, 1H), 2.83 (s, 6H), 2.81 — 2.77 (m, 1H),
2.72 (d, J = 16.0 Hz, 1H), 2.46 (s, 3H), 1.96 (s, 3H), 1.77 — 1.70 (m, 1H), 1.64 (s, 3H),
1.63 — 1.53 (m, 2H), 1.51 — 1.40 (m, 5H), 1.27 — 1.13 (m, 4H); 3C NMR (125 MHz,
CDCIs) 6 148.9, 144.5, 137.1(2), 137.0(5), 137.0, 136.9, 136.4, 133.0, 129.7, 129.3,
129.0, 126.9, 126.8, 126.6, 126.5, 125.3, 121.5, 112.0, 57.6, 56.2, 42.9, 40.7, 39.9, 36.9,
30.2, 29.9, 23.5, 23.4, 21.6, 20.6, 20.4; IR (neat): 2921, 2852, 1614, 1519, 1462, 1370,
1265, 1186, 1175, 1101; HRESIMS Calcd for [CasHa2N2NaO2S]* (M + Na*) 589.2859,
found 589.2848.

(R)-N-(1-cyclooctyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1ah)
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(+)-1ah
Compound (+)-1ah was prepared in 41% vyield (47.6 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +24.8c = 1.0, CHCl5).
94% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 11.28 min (minor), 12.41 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclooctane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2ah)

NMe2

(-)-2ah
Compound (-)-2ah was prepared in 42% vyield (48.8 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -87.29(c = 1.0, CHCl5).
90% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 7.84 min (minor), 9.21 min (major)). *H NMR (400 MHz,
CDCl3) 8 7.74 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.97 — 6.90 (m, 2H), 6.86
(s, 1H), 6.76 (d, J = 6.4 Hz, 1H), 6.46 — 6.36 (M, 4H), 3.28 (s, 1H), 2.83 (s, 6H), 2.79
(d, J = 16.0 Hz, 1H), 2.71 (d, J = 16.0 Hz, 1H), 2.46 (s, 3H), 1.96 (s, 3H), 1.79 — 1.62
(m, 3H), 1.61 (s, 3H), 1.60 — 1.39 (m, 9H), 1.36 — 1.26 (m, 2H); 3C NMR (100 MHz,
CDCls) 6 148.9, 144.5, 137.2, 137.1, 136.9, 136.7, 136.5, 133.0, 129.7, 129.4, 129.2,
126.9, 126.8, 126.5, 126.4, 125.4, 121.5, 112.0, 57.5, 54.3, 40.7, 39.3, 36.5, 32.3, 28.6,
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28.5, 25.1, 23.6, 23.4, 21.6, 20.5, 20.3; IR (neat): 2919, 2851, 1614, 1519, 1464, 1445,
1370, 1266, 1186, 1174; HRESIMS Calcd for [C37H44N2NaO,>S]" (M + Na*) 603.3016,
found 603.3021.

(R)-N-(1-cyclododecyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1ai)

N R
@K |
I

/N\

(+)-1ai
Compound (+)-1ai was prepared in 48% yield (61.0 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +30.49c = 1.0, CHCl5).
92% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 9.39 min (minor), 10.11 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclododecane-
1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2ai)

NMe2

(-)-2ai
Compound (-)-2ai was prepared in 46% yield (58.5 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p? = -66.59(c = 1.0, CHCl5).
96% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 7.94 min (minor), 9.18 min (major)). *H NMR (400 MHz,
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CDCls) 5 7.74 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.01 — 6.90 (m, 2H), 6.86
(s, 1H), 6.77 (d, J = 6.8 Hz, 1H), 6.40 (s, 4H), 3.35 (s, 1H), 2.83 (s, 6H), 2.78 (d, J =
16.0 Hz, 1H), 2.60 (d, J = 16.0 Hz, 1H), 2.46 (s, 3H), 1.99 (s, 3H), 1.57 (s, 3H), 1.46 —
0.97 (m, 22H); *C NMR (100 MHz, CDCl3) § 148.9, 144.5, 137.3,137.2, 137.1, 136.9,
136.4,133.0,129.7,129.5, 129.1, 126.8(4), 126.8(1), 126.6, 126.5, 125.3, 121.5, 112.2,
56.8, 51.9, 40.8, 38.7, 34.7, 31.4, 26.9(1), 26.8(6), 26.1, 22.8(0), 22.7(8), 22.5, 22.4,
21.6, 20.5, 20.2, 20.1, 19.9; IR (neat): 2934, 2859, 1614, 1519, 1470, 1444, 1370, 1265,
1122, 1101; HRESIMS Calcd for [Ca1Hs2N2NaO-S]]" (M + Na*) 659.3642, found
659.3644.

(R)-N-(1-cyclopentadecyl-4-(4-(dimethylamino)phenyl)but-3-yn-2-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1aj)

N R
@f |
I

/N\

(+)-1aj
Compound (+)-1aj was prepared in 44% yield (59.8 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +52.49c = 1.0, CHCl5).
94% ee (determined by HPLC: Chiralpak IE Column, 2/98 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 18.59 min (minor), 20.16 min (major)).
(R)-4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4",6’-dihydro-1'H-

spiro[cyclopentadecane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-
2aj)
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NM82
(-)-2aj
Compound (-)-2aj was prepared in 44% yield (59.8 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p? = -79.29(c = 1.0, CHCl5).
93% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 8.47 min (minor), 9.82 min (major)). *H NMR (400 MHz, CDCl3) § 7.74
(d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.02 — 6.90 (m, 2H), 6.86 (s, 1H), 6.77 (d,
J = 6.4 Hz, 1H), 6.53 — 6.30 (m, 4H), 3.29 (s, 1H), 2.83 (s, 6H), 2.78 — 2.64 (m, 2H),
2.46 (s, 3H), 1.97 (s, 3H), 1.58 (s, 3H), 1.38 — 1.02 (m, 28H); 1*C NMR (100 MHz,
CDCl3) 6 149.0, 144.5, 137.3, 137.2, 137.1, 136.9, 136.5, 133.0, 129.7, 129.3, 129.1,
126.9, 126.8, 126.6, 126.5, 125.4, 121.5, 112.2, 56.5, 53.0, 40.8, 39.2, 38.8, 34.8, 28.0,
27.9, 26.9(3), 26.8(5), 26.7(7), 26.6, 25.9, 22.6, 22.5, 21.6, 20.5, 20.3; IR (neat): 2931,
2860, 1614, 1515, 1471, 1445, 1370, 1266, 1122, 1103, 815; HRESIMS Calcd for
[CasHssN2NaO,S]* (M + Na*) 701.4111, found 701.4119.

(R)-N-(4-(4-(dimethylamino)phenyl)-1-(1,4-dioxaspiro[4.5]decan-8-yl)but-3-yn-2-
yl)-N-((2,6-dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1ak)

Ts
/ N o
= \Q/O
sl BSs

/N\
(+)-1lak
Compound (+)-1lak was prepared in 44% vyield (53.7 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +66.49c = 1.0, CHCl5).
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94% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 15.71 min (minor), 18.91 min (major)).

(R)-4-(3-(2,6-dimethylphenyl)-1-tosyl-4,6-dihydro-1H-
dispiro[cyclopenta[b]pyrrole-5,1'-cyclohexane-4',2"'-[1,3]dioxolan]-4-yl)-N,N-
dimethylaniline ((-)-2ak)

NMez

(-)-2ak

Compound (-)-2ak was prepared in 44% vyield (53.7 mg) according to the general
procedure. Pale yellow solid (mp 121-122 °C) , (eluent: PE/DCM = 2/1). [o]p®® = -
53.89c = 1.0, CHCI5). 94% ee (determined by HPLC: Chiralpak IE Column, 30/70 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.41 min (minor), 9.11 min (major)). *H
NMR (500 MHz, CDCl3) § 7.75 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.99 —
6.90 (m, 2H), 6.89 (s, 1H), 6.78 (d, J = 7.0 Hz, 1H), 6.47 (d, J = 8.0 Hz, 2H), 6.39 (d, J
= 9.0 Hz, 2H), 3.96 — 3.84 (m, 4H), 3.26 (s, 1H), 2.92 (d, J = 16.0 Hz, 1H), 2.83 (s, 6H),
2.76 (d, J = 16.0 Hz, 1H), 2.46 (s, 3H), 1.95 (s, 3H), 1.78 — 1.65 (m, 4H), 1.63 (s, 3H),
1.62—1.56 (m, 1H), 1.53 — 1.40 (m, 2H), 1.27 — 1.19 (m, 2H), 1.16 — 1.09 (m, 1H); 13C
NMR (125 MHz, CDClz3) 6 149.1, 144.6,137.1,136.9, 136.7, 136.4, 132.8, 129.7, 128.9,
128.6, 126.9(0), 126.8(8), 126.6, 126.5, 125.1, 121.8, 112.0, 108.7, 64.2, 64.1, 54.4,
52.9, 40.7, 36.3, 36.0, 32.2, 32.0, 31.9, 21.6, 20.5, 20.3; IR (neat): 2923, 1612, 1519,
1444, 1369, 1269, 1174, 1098, 814; HRESIMS Calcd for [Ca7H42N2NaO4S]* (M + Na*)
633.2757, found 633.2766.

(R)-N-(4-(4-(dimethylamino)phenyl)-1-(4,4-dimethylcyclohexyl)but-3-yn-2-yl)-N-
((2,6-dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1al)
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(+)-1al
Compound (+)-1al was prepared in 45% yield (52.5 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +40.99c = 1.0, CHCl5).
96% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,

254 nm; TR = 14.95 min (minor), 16.39 min (major)).

(R)-4-(3'-(2,6-dimethylphenyl)-4,4-dimethyl-1'-tosyl-4',6'-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2al)

NMe2

(-)-2al
Compound (-)-2al was prepared in 45% yield (52.2 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -84.29(c = 1.0, CHCl5).
96% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 8.63 min (minor), 9.63 min (major)). *H NMR (500 MHz, CDCls3) § 7.75
(d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.98 — 6.88 (m, 2H), 6.86 (s, 1H), 6.78 (d,
J =75 Hz, 1H), 6.45 (d, J = 8.0 Hz, 2H), 6.39 (d, J = 8.5 Hz, 2H), 3.23 (s, 1H), 2.92
(d, J = 16.0 Hz, 1H), 2.82 (s, 6H), 2.68 (d, J = 16.0 Hz, 1H), 2.46 (s, 3H), 1.95 (s, 3H),
1.63 (s, 3H), 1.57 — 1.52 (m, 2H), 1.43 — 1.37 (m, 1H), 1.31 — 1.23 (m, 2H), 1.14 — 0.99
(m, 3H), 0.89 (s, 3H), 0.81 (s, 3H); 3C NMR (125 MHz, CDCl3) § 149.0, 144.5,137.1,
137.0, 136.9, 136.4, 132.9, 129.7, 129.0, 126.8(5), 126.8(2), 126.5(3), 126.4(7), 125.3,
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121.6, 112.0, 53.7, 40.7, 36.2, 36.1, 34.9, 31.0, 29.6, 21.6, 20.5, 20.3; IR (neat): 2920,
2851, 1614, 1519, 1463, 1370, 1187, 1175, 1128, 1101; HRESIMS Calcd for
[Ca7HasN202S]* (M + H*) 581.3196, found 581.3201.

(R)-N-(1-((1R,3S,5r,7r)-adamantan-2-yl)-4-(4-(dimethylamino)phenyl)but-3-yn-2-
yl)-N-((2,6-dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1am)

No o
@f e
I

/N\

(+)-1am
Compound (+)-1am was prepared in 45% yield (54.4 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +72.39c = 1.0, CHCl5).
99.9% ee (determined by HPLC: Chiralpak IE Column, 3/97 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 20.93 min (minor), 21.67 min (major)).

4-((1R,2S,4'S,55)-3'-(2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1"H-
spiro[adamantane-2,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((-)-2am)

NM62

(-)-2am
Compound (-)-2am was prepared in 45% yield (54.4 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = -144.39c = 1.0, CHCl5).
98% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 8.24 min (minor), 10.37 min (major)). *H NMR (500 MHz,
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CDCls) § 7.73 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 7.02 — 6.93 (m, 2H), 6.78
(s, 1H), 6.75 (d, J = 7.0 Hz, 1H), 6.51 (d, J = 8.5 Hz, 2H), 6.37 (d, J = 8.5 Hz, 2H), 3.67
(s, 1H), 3.39 (d, J = 16.5 Hz, 1H), 2.87 — 2.79 (m, 7H), 2.45 (s, 3H), 2.20 — 2.08 (m,
2H), 1.93 (s, 3H), 1.86 — 1.81 (m, 2H), 1.74 — 1.66 (m, 3H), 1.63 — 1.48 (m, 6H), 1.28
(s, 3H), 1.16 — 1.08 (m, 1H); 3C NMR (125 MHz, CDCls) § 148.8, 144.4, 138.6, 137.6,
136.8, 136.4, 136.1, 132.9, 129.6, 129.5, 126.8, 126.6, 126.5, 126.3, 125.1, 121.1, 112.0,
59.9, 51.0, 40.8, 38.7, 37.4, 35.0, 34.8, 34.7, 34.5, 33.9, 33.0, 27.3(2), 27.2(7), 21.6,
205, 19.6; IR (neat):2911, 2856, 1614, 1519, 1457, 1369, 1266, 1187, 1174, 1093;
HRESIMS Calcd for [CasHasN2NaO2S]* (M + Na*) 627.3016, found 627.3020.

(R)-N-(1-(4-(dimethylamino)phenyl)-5-methylhex-1-yn-3-yl)-N-((2,6-

dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1an)

Ts

N
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(+)-1an
Compound (+)-1an was prepared in 38% vyield (38.9 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o®® = +40.49c = 1.0, CHCl5).
90% ee (determined by HPLC: Chiralpak ODH Column, 1/99 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 12.54 min (major), 15.36 min (minor)).

(R)-4-(3-(2,6-dimethylphenyl)-5,5-dimethyl-1-tosyl-1,4,5,6-
tetrahydrocyclopenta[b]pyrrol-4-yl)-N,N-dimethylaniline ((-)-2an)
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(-)-2an

Compound (-)-2an was prepared in 37% vyield (37.9 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -13.29(c = 1.0, CHCl5).
90% ee (determined by HPLC: Chiralpak IC Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 6.39 min (minor), 7.50 min (major)). *H NMR (500 MHz,
CDCl3) § 7.75 (d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.98 — 6.87 (m, 3H), 6.80
(d,J=7.5Hz, 1H), 6.46 (d, J = 8.5 Hz, 2H), 6.40 (d, J = 9.0 Hz, 2H), 3.24 (s, 1H), 2.82
(s, 6H), 2.80 (d, J = 16.0 Hz, 1H), 2.68 (d, J = 16.0 Hz, 1H), 2.46 (s, 3H), 1.96 (s, 3H),
1.74 (s, 3H), 1.20 (s, 3H), 0.66 (s, 3H); 3C NMR (125 MHz, CDCls) § 144.5, 137.0(4),
137.0(2), 136.85, 136.5, 136.0, 133.0, 129.7, 128.7, 126.9, 126.8, 126.6, 126.5, 125.2,
121.7,112.1,55.7,50.1, 41.2, 40.8, 31.2, 25.9, 21.6, 20.5; IR (neat): 2961, 2919, 1613,
1519, 1458, 1369, 1265, 1186, 1174, 1097; HRESIMS Calcd for [C32H3sN2NaO2S]*
(M + Na*) 535.2390, found 535.2388.

(R)-N-(1-(4-(dimethylamino)phenyl)-5-ethylhept-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1ao0)

N_ o
Il

/N\
(+)-1ao
Compound (+)-1ao was prepared in 39% yield (42.1 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +33.59¢ = 1.0, CHCl5).
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91% ee (determined by HPLC: Chiralpak ODH Column, 1/99 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 9.95 min (major), 12.65 min (minor)).

(R)-4-(3-(2,6-dimethylphenyl)-5,5-diethyl-1-tosyl-1,4,5,6-
tetrahydrocyclopenta[b]pyrrol-4-yl)-N,N-dimethylaniline ((-)-2a0)

NMeg

(-)-2a0

Compound (-)-2ao was prepared in 40% yield (43.2 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -11.39(c = 1.0, CHCl5).
93% ee (determined by HPLC: Chiralpak IC Column, 2/98 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 13.56 min (minor), 17.01 min (major)). *H NMR (400 MHz, CDCls) &
7.74 (d, J = 7.2 Hz, 2H), 7.32 (d, J = 7.6 Hz, 2H), 6.98 — 6.89 (m, 2H), 6.86 (s, 1H),
6.76 (d, J = 6.8 Hz, 1H), 6.45 (d, J = 7.6 Hz, 2H), 6.39 (d, J = 8.0 Hz, 2H), 3.35 (s, 1H),
2.83 (s, 6H), 2.72 (g, J = 16.0 Hz, 2H), 2.45 (s, 3H), 1.97 (s, 3H), 1.61 (s, 3H), 1.55 —
1.46 (m, 2H), 1.11 - 0.89 (m, 2H), 0.82 (t, J = 7.2 Hz, 3H), 0.64 (t, J = 7.2 Hz, 3H); 13C
NMR (100 MHz, CDCls) 6 148.9, 144.5,137.2,137.0, 136.9, 136.7, 136.4, 133.0, 129.7,
129.3, 129.2, 126.9, 126.8, 126.6, 126.5, 125.1, 121.6, 112.0, 56.6, 52.1, 40.7, 38.4,
30.6, 27.7, 21.6, 20.6, 20.3, 8.9, 8.7; IR (neat): 2961, 2920, 1610, 1519, 1460, 1366,
1188, 1175, 1005; HRESIMS Calcd for [C3sHaoN2NaO2S]* (M + Na*) 563.2703, found
563.2708.

(R)-N-(1-(4-(dimethylamino)phenyl)-5-propyloct-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1ap)
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/N\

(+)-1ap
Compound (+)-1lap was prepared in 43% vyield (48.9 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +54.99c = 1.0, CHCl5).
91% ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0
mL/min, 254 nm; TR = 8.21 min (minor), 9.37 min (major)).

(R)-4-(3-(2,6-dimethylphenyl)-5,5-dipropyl-1-tosyl-1,4,5,6-
tetrahydrocyclopenta[b]pyrrol-4-yl)-N,N-dimethylaniline ((-)-2ap)

NMez

(-)-2ap
Compound (-)-2ap was prepared in 41% vyield (46.6 mg) according to the general

procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p® = -9.69(c = 1.0, CHCl5).
91% ee (determined by HPLC: Chiralpak IE Column, 2/98 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 8.13 min (minor), 9.73 min (major)). *H NMR (500 MHz, CDCl3) § 7.74
(d, J = 8.5 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.98 — 6.90 (M, 2H), 6.87 (s, 1H), 6.77 (d,
J=7.0 Hz, 1H), 6.44 (d, J = 9.0 Hz, 2H), 6.40 (d, J = 9.0 Hz, 2H), 3.31 (d, J = 1.0 Hz,
1H), 2.83 (s, 6H), 2.75 (d, J = 16.5 Hz, 1H), 2.67 (d, J = 16.5 Hz, 1H), 2.46 (s, 3H),
1.98 (s, 3H), 1.59 (s, 3H), 1.42 — 1.36 (m, 2H), 1.22 — 1.01 (m, 4H), 0.98 — 0.87 (m,
2H), 0.81 (t, J = 7.0 Hz, 3H), 0.62 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCls) 5
149.0, 144.5, 137.2, 137.1, 136.9, 136.4, 133.0, 129.7, 129.3, 129.1, 126.9, 126.8, 126.6,
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126.5,125.1, 121.6, 112.2, 56.4, 52.9, 41.8, 40.8, 38.9, 38.1, 21.6, 20.5, 20.3, 17.8, 17.7,
14.9, 14.8; IR (neat): 2925, 2853, 1610, 1522, 1369, 1277, 1185, 1105, 1097, 815;
HRESIMS Calcd for [CasHasN2NaO2S]* (M + Na*) 591.3016, found 591.3028.

(R)-N-(1-(4-(dimethylamino)phenyl)-5,5-diphenylpent-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1aq)

N Ph
Z T
| | Ph

/N\

(+)-laq
Compound (+)-1aq was prepared in 40% vyield (50.9 mg) according to the general
procedure at -20 <T. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +21.39c = 1.0,
CHCIs). 66% ee (determined by HPLC: Chiralpak ADH Column, 20/80 i-PrOH/hexane,
1.0 mL/min, 254 nm; TR = 4.95 min (major), 11.43 min (minor)).

(S)-4-(3-(2,6-dimethylphenyl)-5,5-diphenyl-1-tosyl-1,4,5,6-
tetrahydrocyclopenta[b]pyrrol-4-yl)-N,N-dimethylaniline ((-)-2aq)

NMe2

(-)-2aq
Compound (-)-2aq was prepared in 38% vyield (48.2 mg) according to the general

procedure at -20 <C. Pale yellow solid (mp 174-175 <C), (eluent: PE/DCM = 2/1).
[0]p?® = -45.79c = 1.0, CHCIs). 71% ee (determined by HPLC: Chiralpak IE Column,
20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 7.37 min (major), 14.40 min (minor)).
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IH NMR (500 MHz, CDCls) & 7.46 (d, J = 8.5 Hz, 2H), 7.19 — 7.15 (m, 2H), 7.13 —
7.06 (m, 5H), 7.01 — 6.92 (m, 5H), 6.91 — 6.87 (M, 2H), 6.85 (s, 1H), 6.77 (d, J= 7.0
Hz, 1H), 6.34 (d, J = 9.0 Hz, 2H), 6.20 (d, J = 9.0 Hz, 2H), 4.44 (s, 1H), 4.24 (d, J =
16.0 Hz, 1H), 3.45 (d, J = 16.0 Hz, 1H), 2.72 (s, 6H), 2.39 (s, 3H), 1.97 (s, 3H), 1.38
(s, 3H); 13C NMR (125 MHz, CDCls) 5 150.9, 149.0, 145.0, 144.3, 138.1, 137.7, 136.9,
136.2, 135.2, 132.6, 129.7, 129.4, 128.9, 127.6, 127.5, 127.3, 127.1, 126.8, 126.5, 126.3,
1255, 125.4, 124.7, 122.1, 112.2, 66.6, 54.0, 40.8, 40.5, 21.6, 20.6, 20.0; IR (neat):
2925, 2851, 1610, 1593, 1527, 1371, 1175, 1115, 818; HRESIMS Calcd for
[Ca2Ha0N2Na0,S]* (M + Na*) 659.2703, found 659.2713.

(R)-N-(1-(4-(dimethylamino)phenyl)-5,7-dimethyloct-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1ar)

N_
I

/N\

(+)-1ar
Compound (+)-1lar was prepared in 41% vyield (45.5 mg, 1:1 dr) according to the
general procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]p?® = +106.39c = 1.0,
CHCIs). 99% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane,
1.0 mL/min, 254 nm; TR = 15.27 min (major), 16.85 min (minor)). 99% ee (determined
by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR =

18.00 min (minor), 19.46 min (major)).

4-((4R)-3-(2,6-dimethylphenyl)-5-isobutyl-5-methyl-1-tosyl-1,4,5,6-
tetrahydrocyclopenta[b]pyrrol-4-yl)-N,N-dimethylaniline ((-)-2ar)

97



NMe2

(-)-2ar

Compound (-)-2ar was prepared in 45% yield (50.0 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). dr = 1:1.2 (determined by *H NMR
analysis of the reaction mixture). [a]p® = -74.92(c = 1.0, CHCI3). 90%, 92% ee
(determined by HPLC: Chiralpak IE Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 254
nm; TR1 =7.97 min (minor), 9.06 min (major); TRz =8.39 min (minor), 9.07 min
(major)). *H NMR (600 MHz, CDCls) § 7.79 — 7.70 (m, 2H), 7.34 — 7.29 (m, 2H), 6.98
—6.84 (m, 3H), 6.83 —6.74 (m, 1H), 6.51 (d, J = 8.4 Hz, 1H), 6.45 — 6.34 (m, 3H), 3.37
(s, 0.5H), 3.17 (s, 0.5H), 2.82 (s, 6H), 2.81 — 2.78 (m, 0.5H), 2.73 (s, 1H), 2.62 (d, J =
15.6 Hz, 0.5H), 2.45 (d, J = 7.8 Hz, 3H), 1.96 (d, J = 4.2 Hz, 3H), 1.77 (s, 1.5H), 1.57
(s, 1.5H), 1.46 — 1.40 (m, 1H), 1.14 (s, 1.5H), 1.04 — 0.96 (m, 2H), 0.84 — 0.79 (m, 3H),
0.69 (d, J = 6.6 Hz, 1.5H), 0.62 (d, J = 6.6 Hz, 1.5H), 0.60 (s, 1.5H); 3C NMR (150
MHz, CDCl3) & 149.1, 149.0, 144.6, 144.5, 137.2, 136.9(9), 136.9(5), 136.9(3),
136.9(1), 136.8(5), 136.4, 135.7, 132.9(8), 132.9(6), 129.7(4), 129.7(0), 128.9, 126.9,
126.8(3), 126.8(0), 126.6, 126.5(3), 126.5(0), 126.4, 125.3, 124.9, 121.7, 121.5, 112.3,
112.0, 55.6, 53.7, 53.2, 53.1, 41.2, 40.9, 40.7, 39.9, 39.5, 36.2, 34.0, 33.9, 28.7, 28.5
28.124.1,22.7(1), 22.6(7), 22.5, 22.3, 21.6, 21.6, 20.6(0), 20.5(7), 20.2; IR (neat): 2926,
2850, 1611, 1556, 1527, 1377, 1175, 1111, 815; HRESIMS Calcd for
[CasH42N2NaO,S]* (M + Na*) 577.2859, found 577.2851.

(R)-N-(1-(4-(dimethylamino)phenyl)-5-phenylpent-1-yn-3-yl)-N-((2,6-
dimethylphenyl)ethynyl)-4-methylbenzenesulfonamide ((+)-1as)
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[

/N\
(+)-1las
Compound (+)-1las was prepared in 35% yield (39.3 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). [a]o® = +88.1c = 1.0, CHCl5).
94% ee (determined by HPLC: Chiralpak IE Column, 10/90 i-PrOH/hexane, 1.0

mL/min, 254 nm; TR = 10.66 min (minor), 12.42 min (major)).

4-((4R)-3-(2,6-dimethylphenyl)-5-phenyl-1-tosyl-1,4,5,6-
tetrahydrocyclopenta[b]pyrrol-4-yl)-N,N-dimethylaniline ((-)-2as)

NMe2

(-)-2as
Compound (-)-2as was prepared in 41% yield (45.9 mg) according to the general
procedure. Pale yellow oil, (eluent: PE/DCM = 2/1). dr = 1:1.3 (determined by *H NMR
analysis of the reaction mixture). [o]p?® = -65.32(c = 1.0, CHCI3). 88% ee, 81% ee
(determined by HPLC: Chiralpak IG Column, 3/97 i-PrOH/hexane, 1.0 mL/min, 254
nm; TR = 16.84 min, 18.96 min, 21.01 min, 23.09 min). *H NMR (600 MHz, CDCls)
§7.86 —7.70 (m, 2H), 7.41 — 7.29 (m, 2H), 7.19 — 6.76 (m, 9H), 6.65 — 6.37 (M, 2H),
6.27 — 6.08 (m, 2H), 4.31 — 4.22 (m, 0.5H), 3.93 (d, J = 7.2 Hz, 0.5H), 3.79 — 3.68 (m,
1H), 3.63 — 3.54 (m, 0.5H), 3.33 — 3.15 (m, 1H), 3.07 — 2.95 (m, 0.5H), 2.86 — 2.68 (m,
6H), 2.48 (s, 3H), 2.07 — 1.93 (m, 3H), 1.78 — 1.69 (m, 3H); 3C NMR (150 MHz,
CDCls) & 149.3, 149.0, 146.5, 144.7, 140.4, 137.1(2), 137.0(5), 136.9, 136.3(3),
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136.2(5), 135.9, 135.8, 132.9, 132.6, 132.1, 129.9, 128.8, 128.5, 128.4, 128.0, 127.5,
127.4,127.1,126.9, 126.8, 126.7(1), 126.7(0), 126.6, 126.5, 126.4, 126.3, 125.9, 124.5,
124.3, 122.4, 121.8, 112.6, 112.1, 58.9, 56.0, 53.7, 49.6, 40.8, 40.8, 35.0, 31.3, 21.7,
20.6, 20.4; IR (neat): 2930, 2853, 1615, 1590, 1375, 1160, 1015, 815; HRESIMS Calcd
for [CasH3sN2NaO.S]* (M + Na*) 583.2390, found 583.2382.
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5. Synthetic Transformations
(S)-4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline ((+)-2a)

Aoy
Ts N - S
N Cu(MeCN)4PFg (10 mol %)
NMe, DCM, rt, 30 min
NM62
(+)-1a, 96% ee (+)-2a, 81%, 96% ee

The powered Cu(MeCN)4PF¢ (0.01 mmol, 3.8 mg) was introduced into an oven-dried
Schlenk tube under N2 atmosphere. After DCM (1 mL) was injected into the Schlenk
tube, N-propargyl ynamide (+)-1a (0.1 mmol, 55.3 mg, 96% ee) in DCM (1 mL) was
added into the system. The resulting mixture was stirred at room temperature and the
progress of the reaction was monitored by TLC. After concentration in vacuo, the
residue was purified by column chromatography on silica gel (eluent: hexanes/EtOAc)
to give the final product (+)-2a in 81% yield (44.7 mg). Pale yellow oil, (eluent:
PE/DCM = 2/1). [a]p® = +47.39(c = 1.0, CHCI3). 96% ee (determined by HPLC:
Chiralpak IE Column, 2/98 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 9.93 min

(major), 11.36 min (minor)).
(R)-4-(3'-(2,6-dimethylphenyl)-4",6'-dihydro-1'H-spiro[cyclohexane-1,5'-

cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline (3aa)

KOH (5 equiv)

THF:MeOH =1:1,80 °C, 8 h

NMe, NMe,
(-)-2a, 94% ee 3aa, 78%, 94% ee
Compound 3aa was prepared in 78% yield (0.1 mmol scale, 31.1 mg) according to the

known procedure?. To a solution of the compound (-)-2a (0.1 mmol, 55.3 mg) in THF
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(2 mL) and MeOH (1 mL) was added KOH (0.5 mmol, 28.1 mg), and the reaction was
stirred at 80 °C for 8 hours. The progress of the reaction was monitored by TLC. Upon
completion, the reaction was quenched with water and extracted with DCM (3 x 5 mL).
The combined organic layers were dried over anhydrous MgSO4 and concentrated
under vacuum. The crude product was purified by column chromatography on silica gel
(eluent: PE/EtOAc = 5/1) to afford the desired product 3aa. Colourless oil. [o]p?® = -
33.69(c = 1.0, CHCI5). 94% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 10.11 min (minor), 11.64 min (major)). *H
NMR (400 MHz, CDCl3) § 7.85 (s, 1H), 6.92 (d, J = 4.0 Hz, 2H), 6.85 — 6.80 (m, 1H),
6.71(d, J = 8.4 Hz, 2H), 6.48 (d, J = 8.8 Hz, 2H), 6.42 (d, J = 2.4 Hz, 1H), 3.41 (s, 1H),
2.82 (s, 6H), 2.67 (s, 2H), 2.11 (s, 3H), 1.84 (s, 3H), 1.63 — 1.39 (m, 6H), 1.21 — 1.11
(m, 3H), 0.99 —0.90 (m, 1H); 23C NMR (100 MHz, CDCl3) § 148.8, 137.8, 137.5, 136.0,
134.3, 131.3, 129.2, 129.1, 126.6, 126.3, 125.8, 118.9, 117.4, 112.0, 56.3, 54.5, 40.9,
39.2, 35.7, 35.5, 26.2, 23.7, 23.6, 20.9; IR (neat): 2920, 2850, 1616, 1595, 1515, 1255,
1149, 1118, 815, 617; HRESIMS Calcd for [C2sH3sN2]" (M + H*) 399.2795, found
399.2795.

4-((4'R,6a'R)-3'-(2,6-dimethylphenyl)-1'-tosyl-2',4',6',6a’-tetrahydro-1"H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)-N,N-dimethylaniline (3ab)

Ts
N H

NaBH;CN (5 equiv)

DCM:TFA =10:1,0°C, 1 h

NMe2 NMez

(-)-2a, 94% ee 3ab, 95%, 95% ee
>20:1 dr

Compound 3ab was prepared in 95% yield (0.1 mmol scale, 52.7 mg) with >20:1 dr
according to the known procedure®. To a solution of the compound (-)-2a (0.1 mmol,
55.3 mg) in DCM (1 mL) and TFA (0.1 mL) was added NaBH3CN (0.5 mmol, 31.4

mQ), and the reaction was stirred at 0 °C for 1 hours. The progress of the reaction was
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monitored by TLC. Upon completion, the reaction was quenched with aqueous
NaHCO3 and extracted with DCM (3 x 5 mL). The combined organic layers were dried
over anhydrous MgSOs and concentrated under vacuum. The crude product was
purified by column chromatography on silica gel (eluent: PE/EtOAc = 5/1) to afford
the desired product 3ab. Colourless oil. [a]p?® = -86.42(c = 1.0, CHCIs). 95% ee
(determined by HPLC: Chiralpak ADH Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 254
nm; TR = 5.82 min (minor), 7.36 min (major)).*H NMR (500 MHz, CDCls) § 7.76 (d,
J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 6.82 — 6.73 (M, 2H), 6.64 — 6.52 (M, 3H),
6.21 (d, J = 8.5 Hz, 2H), 4.55 — 4.37 (m, 2H), 3.98 (dt, J = 12.0, 3.5 Hz, 1H), 2.99 (d, J
= 3.5 Hz, 1H), 2.73 (s, 6H), 2.45 (s, 3H), 2.43 — 2.37 (m, 1H), 2.32 (s, 3H), 1.92 — 1.82
(m, 1H), 1.74 (s, 3H), 1.57 — 1.26 (m, 8H), 1.06 — 0.83 (M, 2H); 3C NMR (125 MHz,
CDCIs) 6 148.9, 145.6, 143.5, 136.4, 135.6, 132.9, 131.8, 130.3, 129.7, 128.1, 127.2,
127.1, 126.6, 125.1, 124.7, 111.4, 68.6, 61.8, 55.1, 50.1, 42.0, 40.8, 39.3, 36.5, 25.6,
23.4,22.3,21.5, 20.4, 20.3; IR (neat): 2926, 2851, 1617, 1521, 1446, 1348, 1164, 1069,
812, 763; HRESIMS Calcd for [CasHs2N2NaO.S]* (M + Na) 577.2859, found
577.2868.

dimethyl (1'R,6'S)-1'-(4-(dimethylamino)phenyl)-7'-(2,6-dimethylphenyl)-8'-
tosyl-1',6'-dihydro-3'H-spiro[cyclohexane-1,2'-[3a,6]epiminoindene]-4",5'-
dicarboxylate (3ac)

MeOOC
MeOOC—=—=—COOMe

(10 equiv)

toluene, 100 °C, 12 h

NMe2

(-)-2a, 94% ee 3ac, 83%, 95% ee
>20:1 dr

Compound 3ac was prepared in 83% yield (0.1 mmol scale, 57.7 mg) with >20:1 dr
according to the known procedure®. To a solution of the compound (-)-2a (0.1 mmol,

55.3 mg) in toluene (1 mL) was added dimethyl acetylenedicarboxylate (1 mmol, 123
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uL), and the reaction was stirred at 100 °C for 12 hours. The progress of the reaction
was monitored by TLC. Upon completion, the reaction was concentrated under vacuum.
The crude product was purified by column chromatography on silica gel (eluent:
PE/EtOAcC = 3/1) to afford the desired product 3ac. Colourless solid (mp 188-189 <C).
[0]p?® = -44.99c = 1.0, CHCI3). 95% ee (determined by HPLC: Chiralpak IE Column,
30/70 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.29 min (minor), 9.71 min (major)).
IH NMR (500 MHz, CDCls) & 7.63 (d, J = 8.0 Hz, 2H), 7.29 — 7.26 (m, 2H), 7.00 (d, J
= 7.5 Hz, 1H), 6.90 — 6.86 (M, 1H), 6.61 — 6.43 (m, 3H), 6.22 (d, J = 8.5 Hz, 2H), 5.52
(s, 1H), 3.72 (s, 3H), 3.56 (s, 3H), 3.39 (s, 1H), 3.23 (d, J = 15.5 Hz, 1H), 2.76 (s, 6H),
2.50 (s, 3H), 2.42 (s, 3H), 2.04 (dd, J = 15.5, 1.5 Hz, 1H), 1.73 — 1.66 (m, 1H), 1.59 —
1.47 (m, 6H), 1.45 (s, 3H), 0.92 — 0.79 (m, 3H); 13C NMR (100 MHz, CDCl3) § 164.9,
162.0,161.5, 154.1, 149.2, 146.7, 143.6, 141.8, 136.4, 135.8, 135.5, 132.2, 130.6, 129.8,
128.5,127.4,127.2, 126.9, 121.7, 111.0, 86.8, 76.2, 57.9, 52.9, 51.9(3), 51.8(8), 40.6,
37.3, 30.8, 30.1, 25.6, 23.5, 21.9, 21.5, 20.6, 19.7; IR (neat): 2925, 2850, 1636, 1517,
1453, 1349, 1159, 1106, 650; HRESIMS Calcd for [Ca1HisN2NaOsS]* (M + Na®)
717.2969, found 717.2960.

(R)-4'-([1,1'-biphenyl]-4-yl)-3'-(2,6-dimethylphenyl)-1'-tosyl-4",6*-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrole] (3ad)

PhMgBr (1.2 equiv)

Pd(PPh3),Cl, (5 mol %)
THF, rt, 30 min

NMez
(-)-2a, 94% ee 3ad, 94%, 95% ee

Compound 3ad was prepared in 94% yield (0.1 mmol scale, 55.1 mg) according to the
known procedure®. To a dry Schlenk tube were added the compound (-)-2a (0.1 mmol,
55.3 mg), Pd(PPh3).Cl> (0.005 mmol, 3.5 mg) and freshly distilled THF (1 mL) under
nitrogen atmosphere. Next, phenyl magnesium bromide (1 M, 0.12 mmol, 120 pL) was

added slowly at room temperature and stirred at this temperature for 30 min. The
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progress of the reaction was monitored by TLC. Upon completion, the reaction was
quenched with aqueous NH4ClI. The resulting mixture was extracted with DCM (3 x 5
mL). The combined organic layers were dried over anhydrous MgSO. and concentrated
under vacuum. The crude product was purified by column chromatography on silica gel
(eluent: PE/EtOAc = 8/1) to afford the desired product 3ad. Colourless oil. [o]p?® = -
54.69(c = 1.0, CHCI3). 95% ee (determined by HPLC: Chiralpak IE Column, 5/95 i-
PrOH/hexane, 1.0 mL/min, 254 nm; TR = 8.50 min (major), 9.58 min (minor)). *H
NMR (400 MHz, CDCl3) & 7.77 (d, J = 8.4 Hz, 2H), 7.53 — 7.45 (m, 2H), 7.39 — 7.23
(m, 7H), 6.99 — 6.86 (m, 3H), 6.76 (d, J = 6.8 Hz, 1H), 6.67 (d, J = 8.0 Hz, 2H), 3.36
(s, 1H), 2.97 (d, J = 16.4 Hz, 1H), 2.79 (d, J = 16.4 Hz, 1H), 2.46 (s, 3H), 1.97 (s, 3H),
1.74 —1.64 (m, 1H), 1.61 (s, 3H), 1.59 — 1.42 (m, 4H), 1.30 — 1.08 (m, 4H), 1.02 — 0.90
(m, 1H); 2C NMR (100 MHz, CDCls) & 144.7, 140.9, 139.7, 138.7, 137.3, 136.9, 136.8,
136.4,135.9, 132.7,129.7, 128.9, 128.6, 126.9(3), 126.8(8), 126.8, 126.7, 126.0, 125.0,
121.7, 56.2, 54.0, 39.1, 37.1, 35.1, 25.9, 23.3, 21.6, 20.6, 20.2; IR (neat): 2925, 2852,
1646, 1597, 1487, 1415, 1304, 1269, 1051, 812; HRESIMS Calcd for
[C3oH39NNaO2S]* (M + Na*) 608.2594, found 608.2598.

(R)-4-(3'-(2,6-dimethylphenyl)-1-tosyl-4',6'-dihydro-1"H-spiro[cyclohexane-1,5'-
cyclopenta[b]pyrrol]-4'-yDaniline (3fa)

Pd/C (10 % wiw)

H, (1 atm)
EtOH:EA =111
NBn, 80°C,5h NH,
(-)-2f, 95% ee 3fa, 90%, 95% ee

Compound 3fa was prepared in 90% yield (0.1 mmol scale, 47.3 mg) according to the
known procedure®. To a solution of the compound (-)-2f (0.1 mmol, 70.5 mg) in MeOH
(1 mL) and EtOAc (1 mL) was added Pd/C (10% w/w, 7.1 mg), and the reaction was
stirred at 80 °C under H (1 atm) for 5 hours. The progress of the reaction was monitored

by TLC. Upon completion, the reaction was concentrated under vacuum. The crude
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product was purified by column chromatography on silica gel (eluent: PE/EtOAc = 4/1)
to afford the desired product 3fa. Colourless oil. [a]p? = -88.19(c = 1.0, CHClIs3). 95%
ee (determined by HPLC: Chiralpak ADH Column, 10/90 i-PrOH/hexane, 1.0 mL/min,
254 nm; TR = 14.33 min (major), 16.44 min (minor)). 'H NMR (600 MHz, CDCls) §
7.74 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H), 6.95 (t, J = 7.2 Hz, 1H), 6.90 (d, J =
7.2 Hz, 1H), 6.87 (s, 1H), 6.79 (d, J = 7.2 Hz, 1H), 6.39 (d, J = 7.8 Hz, 2H), 6.34 (d, J
= 9.0 Hz, 2H), 3.43 (s, 2H), 3.21 (s, 1H), 2.90 (d, J = 16.2 Hz, 1H), 2.71 (d, J = 16.2
Hz, 1H), 2.45 (s, 3H), 1.94 (s, 3H), 1.65 (s, 3H), 1.63 — 1.36 (m, 6H), 1.22 — 1.11 (m,
2H), 1.09 — 1.02 (m, 1H), 0.95 — 0.86 (m, 1H); 3C NMR (150 MHz, CDCls) & 144.5,
144.2,137.1, 136.9, 136.9, 136.4, 136.2, 132.9, 130.7, 129.7, 129.2, 126.8(4), 126.8(3),
126.5(0), 126.4(7), 125.1, 121.6, 114.4, 55.8, 53.8, 38.9, 36.9, 35.1, 26.0, 23.3, 21.6,
20.5, 20.3; IR (neat): 3440, 2925, 2851, 1620, 1610, 1596, 1530, 1343, 1267, 1101, 815;
HRESIMS Calcd for [CasH37N202S]* (M + H*) 525.2570, found 525.2577.

(R)-4-bromo-N-(4-(3'-(2,6-dimethylphenyl)-1'-tosyl-4',6'-dihydro-1'H-
spiro[cyclohexane-1,5'-cyclopenta[b]pyrrol]-4'-yl)phenyl)benzamide (3fb)

p-BrCgH,COCI (1.5 equiv)

Et3N (2 equiv)
DCM, rt, 2 h

0]
3fa, 95% ee 3fb, 81%, 96% ee

To the solution of the 3fa (0.1 mmol, 52.5 mg) and EtsN (0.2 mmol, 28 uL) in DCM (3
mL) was added p-BrCe¢HsCOCI (0.15 mmol, 38.3 mg) at room temperature and stirred
for additional 2 h. The progress of the reaction was monitored by TLC. Upon
completion, the reaction was quenched with water. The resulting mixture was extracted
with DCM (3 x 5 mL). The combined organic layers was dried over anhydrous MgSQOa4
and concentrated under vacuum. The residue was purified by column chromatography

on silica gel (eluent: PE/EtOAc = 8/1) to give the desired product 3fb in 81% vyield
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(57.3 mg). Colourless solid (mp 144-145 <T). [0]p?® = -62.29¢c = 1.0, CHCl3). 96% ee
(determined by HPLC: Chiralpak ODH Column, 5/95 i-PrOH/hexane, 1.0 mL/min, 254
nm; TR = 14.35 min (major), 15.05 min (minor)). *H NMR (600 MHz, CDClz) § 7.86
(s, 1H), 7.74 (d, = 8.4 Hz, 2H), 7.65 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H), 7.33
(d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 6.97 — 6.86 (m, 3H), 6.77 (d, J = 7.2 Hz,
1H), 6.61 (d, J = 7.8 Hz, 2H), 3.33 (s, 1H), 2.93 (d, J = 16.2 Hz, 1H), 2.74 (d, J = 16.2
Hz, 1H), 2.47 (s, 3H), 1.96 (s, 3H), 1.73 — 1.61 (m, 5H), 1.60 — 1.31 (m, 6H), 1.06 —
1.01 (m, 1H), 0.90 — 0.86 (M, 1H); 13C NMR (150 MHz, CDCls) & 164.6, 144.9, 137.3,
137.0, 136.9, 136.6, 136.2, 135.8, 135.4, 133.8, 132.7, 131.8, 129.8, 129.0, 128.6,
126.9(4), 126.9(1), 126.6, 126.5, 126.3, 124.9, 121.7,119.2,56.1, 54.1, 38.9, 36.8, 35.1,
25.9, 23.2(1), 23.1(9), 21.6, 20.5, 20.4; IR (neat): 2924, 2853, 1615, 1519, 1488, 1370,
1124, 1102, 816; HRESIMS Calcd for [CaoHaoBrN203S]* (M + H*) 707.1938, found
707.1946.

dimethyl (1'R,6'S)-1'-(4-(dibenzylamino)phenyl)-7'-(2,6-dimethylphenyl)-8'-
tosyl-1",6"-dihydro-3'H-spiro[cyclohexane-1,2'-[3a,6]epiminoindene]-4,5'-
dicarboxylate (3fc)

MeOOC
MeOOC—==—COOMe ﬁ

(10 equiv)

toluene, 100 °C, 12 h

NBn2

0, o,
(_)_Zf’ 95% ee 3fc, 87%, 96% ee

>20:1 dr

Compound 3fc was prepared in 87% yield (0.1 mmol scale, 73.6 mg) with >20/1 dr
according to the known procedure®. To a solution of the compound (-)-2f (0.1 mmol,
70.5 mg) in toluene (1 mL) was added dimethyl acetylenedicarboxylate (1 mmol, 123
uL), and the reaction was stirred at 100 °C for 12 hours. The progress of the reaction
was monitored by TLC. Upon completion, the reaction was concentrated under vacuum.

The crude product was purified by column chromatography on silica gel (eluent:
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PE/EtOAc = 3/1) to afford the desired product 3ac. Colourless solid (mp 177-178 <C).
[0]p?® =-120.59¢ = 1.0, CHClI3). 96% ee (determined by HPLC: Chiralpak IE Column,
20/80 i-PrOH/hexane, 1.0 mL/min, 254 nm; TR = 12.37 min (minor), 15.20 min
(major)). *H NMR (400 MHz, CDCls) 6 7.63 (d, J = 8.4 Hz, 2H), 7.32 — 7.22 (m, 8H),
7.09 (d, J = 7.2 Hz, 4H), 6.94 — 6.77 (m, 2H), 6.58 (d, J = 7.2 Hz, 1H), 6.49 (d, J = 8.0
Hz, 2H), 6.21 (d, J = 8.4 Hz, 2H), 5.52 (s, 1H), 4.41 (g, J = 16.8 Hz, 4H), 3.71 (s, 3H),
3.56 (s, 3H), 3.34 (s, 1H), 3.22 (d, J = 14.8 Hz, 1H), 2.43 (s, 3H), 2.42 (s, 3H), 2.04 (d,
J =152 Hz, 1H), 1.72 — 1.49 (m, 6H), 1.45 (s, 3H), 1.39 — 1.31 (m, 2H), 1.01 — 0.86
(m, 2H); 13C NMR (150 MHz, CDCl3) § 171.1, 164.9, 162.0, 161.9, 154.1, 147.7, 146.7,
143.6, 141.7,138.7, 136.5, 135.9, 135.4, 132.1, 130.9, 129.8, 128.5, 128.4, 127.4, 127 .2,
126.8, 126.7, 126.5, 121.7, 110.7, 86.7, 76.1, 60.4, 57.9, 53.7, 52.8, 52.0, 51.9, 37.3,
30.8, 30.2, 25.6, 23.5, 21.9, 21.5, 21.0, 20.5, 19.8, 14.2; IR (neat): 2924, 2851, 1626,
1518, 1453, 1350, 1243, 1157, 1106, 815; HRESIMS Calcd for [Cs3HssN206S]* (M +
Na*) 847.3775, found 847.3784.
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6. Crystal Data

- NOMGVE FORCED gggg =Y
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o

Z 44  exp 8528 cute P -1 R = 0.04 RES= 0 -39 X NMe,
Bond precision: C—-C = 0.0018 A Wavelength=1.54184
Cell: 2=10.9798(2) b=11.0505(2) c=12.7508 (1)

alpha=86.375(1) beta=83.639(1) gamma=Eg2.282 (2)
Temperature: 111 K
Calculated Reported

volume 15321.79(4) 1521.79(4)
Space group P -1 P -1
Hall group -F 1 -F 1

Moiety formula
Sum formumla
Mr

Dx,g cm—3

Z

Mu (mm-1}
FOOD

FoO0f

h, k, lmax
Href

Tmin, Tmax
Tmin'

Correction method= # Reported T Limits:
MUOLTI-SCAN

AbaCorr =

Data completensss= 0.951

Ri{reflections)= 0.0352(

5 = 1.066

C35 H40 W2 03 5
C35 H40 W2 03 5

C35 H40 M2 03 5
C35 H40 M2 03 5

568,75 568,75
1.241 1.241

2 2

1.235 1.235

608.0 608.0
610.27

13,13, 15 13,13, 15
6275 5965
0.976,0.976 0.886,1.000
0.976

Tmin=0.886 Tmax=1.000

Theta (max)= 75.148

wR2 ({reflections)=

5575
] 0.0951( 5965)

Npar= 375

Supplementary Figure 9. Crystal data and structure refinement for (3)-2b.

CCDC Number = 2270341.
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FLATON=-Jun 5 18:00:35 2073

Z -103 exp_13891 _auto

WOMOVE FORCED

F12]1

R =0.10

Prob = 50
Temp = 100

Br

RES= 0 -B2 X o)

Bond precision:

Cell:

Temperature:

Volume
Space group
Hall group
Moiety formula
Sum formula
Mr

Dx,g cm—3

Z

Mu (mm—1)
Fooo

Fooor

h,k, lmax
Nref

Tmin, Tmax
Tmin”

Correction method= # Reported T Limits:

C-C = 0.0138 A

a2=18.2120(2)
alpha=90
100 K

Calculated
10351.22(18)

P 21

P 2yb

C40 H39 Br N2 03 S
C40 H39 Br N2 03 5
707.69

1.362

1z

2.510

4416.0

4422.53

21,12,65

36976 19604]
0.817,0.778

0.741

AbsCorr = MULTI-SCAN

Data completeness= 1.88/1.00

b=10.4169 (1)
beta=91.514(1)

Wavelength=1.54184

c=54.5817 (5)
gamma=20

Feported
10351.22(18)
P1211

P 2yb

C40 H39 Br N2 03 S
C40 H39 Br N2 03 S
707.70

1.362

12

2.510

4416.0

21,112,865
368953
0.725,1.000

Tmin=0.725 Tmax=1.000

Theta (max)= 67.079

wR2 (reflections) =

R{reflections)= 0.0955( 33929) 0.2990( 36953)

5 =1.123 Npar= 2309
Supplementary Figure 10. Crystal data and structure refinement for (-)-3fb.

CCDC Number =2270342.
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NOMOVE FORCED Prob = 50
Temp = 233

4y

PLATON-Moy 6 02:45:38 2023 - (281122)

Z -12] exp_18768_auto P -1 R = 0.06 RES= 0 -43 X
Bond precision: C—C = 0.0050 A Wavelength=1.54184
Cell: a=14.0153(3) b=14.7720(3) c=14.8716(3)

alpha=104.309(2) beta=104.247 (2) gamma=112.7%5(2)
Temperature: 233 K

Calculated Reported
volums 2541.03(12) 2541.02(10})
Space group P -1 P -1
Hall group -F 1 -F 1
Moiety formula C53 HS4 W2 06 5 [+ sclwvent] ©53 HS54 W2 06 5
Sum formula C53 H54 M2 06 5 [+ sclwvent] C53 HS54 M2 06 S
Mr 247.04 247.04
DX,g cm—3 1.107 1.107
A 2 2
Mu (mm-—1} 0.940 0.940
FOO0 900.0 900.0
FOO0O* 903.18
h,k,lmax 17,18,18 17,158,148
Nref 10667 10427
Tmin, Tmax 0.8159,1.000

Tmin*

Correction method= & Reported T Limits: Tmin=0.819 Tmax=1.000
AbsCorr = MULTI-SCAN

Data completeness= 0.978 Theta (max)= 76. 394

WRZ2 (reflections)=

Rireflections)= 0.0627( B8056) 0.1844( 10427)

5 = 1.087 Hpar= 56&4

Supplementary Figure 11. Crystal data and structure refinement for (8-3fc.

CCDC Number = 2270343.
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7. Computational Studies

All calculations were performed using Gaussian16 package®. Geometry optimizations
and vibration frequencies were calculated by using B3LYP-D3 level of theory”® with
the LANL2DZ basis set>!? and pseudopotential for the Cu atom, and the 6-31G(d,p)
basis set!! for C, H, O, N and S atom. All the electronic energies were recomputed at
PBEOQ-D3'/Def2-TZVP*2 level of theory. All local minimums were confirmed with no
imaginary frequency and all transition states had only one imaginary frequency. And
every transition state was checked by intrinsic reaction coordinate (IRC). The SMD
solvation mode!* with ™xylene was used for all calculations. The ball stick models of

molecules were drawn by VMD?®.

L =MeCN . (#)TSy
[Cu] = CuL10

T 10.7 Te i
s s
e - \

Ar' = 4-NMe,CgHy & N o N
Ar = 2,6-dimethylphenyl (:w“—% K ® ; [Cul—

N\ - H N -3

A +)-1a -)-1a S
Ar? " !
( P

+)-TS,

OH,
T,y *
@ N~
w20
A2 A H
(+)-TSc.

(+)-TS¢
29.6

1,4-H migration, demetallation C-H inser tion Nucleophilic cyclization Nucleophilic cyclization C-H insertion 1,4-H migration, demetallation
and product liberation and product liberation

Supplementary Figure 12. Plausible reaction mechanism. Relative free energies (AG,
in kcal/mol) of all the transition states and intermediates were computed at the
SMD(solvent = ™xylene)-PBE0-D3/Def2-TZVP//SMD(solvent = ™Mxylene)-B3LYP-
D3/6-31G(d,p) level of theory
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(-)-C
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(-)-2a
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[Cu] = CuL10
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€]
CuL10L
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\ /
Ar?
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Supplementary Figure 13. Barrier-heights of the rate-determining step affording (-)-

2a and (-)-2ad. Relative free energies (AG, in kcal/mol) of all the transition states and

intermediates were computed at the SMD(solvent

"xylene)-PBEO-D3/Def2-

TZVP/ISMD(solvent = "xylene)-B3LYP-D3/6-31G(d,p) level of theory.
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8. HPLC Chromatograms
(+)-1a: IE, i-PrOH/hexane = 5/95, v =1.0 mL/min, A = 254 nm

Ts < N S
NMe 2
Chromatogram
GOO
500
400
— | 1-16.808
ju)
<
.E, 12-18.452
g 200-|
e
£
5
2
< 200
100
0 T
=30 T T T T T T T T 1
14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00
Time [min]
|integration |
No Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 16.808 164.035 360612 49.97 5345 na
2 18.492 164.247 314.045 50.03 46.55 n.a
Total: 328.282 674.657 100.00 100.00
Chrom: -am
400
350
300
250
2
E
§ 2004
g
2 1501 2-18.420
<
1004
S04
. , I IS.TIE‘B \
-20 r T T T T T T T 1
14.00 15.00 16.00 1700 18.00 19.00 2000 21.00 2200
Time [min]
Integration k
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 16.733 2092 4783 248 310 na.
2 18.420 82.248 149.589 97.52 96.90 na.
Total: 84.339 154.372 100.00 100.00

Supplementary Figure 14. HPLC spectrum for compound (+)-1a
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(-)-2a: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NMe 2
Chroi am
400
3250
3004
250
<
£
1 2004
< |1-10.383
£
o
2 150
Ed
100
504
0 1 T
-20 I T T T T T T 1
8.00 9.00 10.00 11.00 12.00 13.00 1400 15.00
Time [min]
Integration k
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 10.383 61.722 178.438 50.13 53.07 na.
2 12.202 61.410 157.843 49.87 46.93 na.
Total: 123133 336.341 100.00 100.00
Chromatogram
E00
500
400
5
E
@ 300
£
£
=
ki
< 200
100
11-12.230
04 = T - —
-30 I T T T T T T 1
800 .00 1000 11.00 12.00 1300 14.00 1500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.230 1.832 7.160 313 3.m na.
2 11.645 56.797 230.858 96.87 96.99 n.a.
Total: 58.629 238.018 100.00 100.00

Supplementary Figure 15. HPLC spectrum for compound (-)-2a
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(+)-1b: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, A =254 nm

Mbs N S
NM (53]
Chromatogram
400 - “7 1 #18 [manually integrated] LZY-1-68-1E-Rac UV_VIS_1 WVL:254 nm
350
300
250
= ]
T ]
= ] 11-10.690
§200i 12-11.487
3 ]
5 ]
2 150
< ]
100
50
0] L ;
-20- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.01
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 10.690 52.776 201.365 50.02 52.14 n.a.
2 11.487 52.731 184.812 49.98 47.88 n.a.
Total: 105.507 386.177 100.00 100.00
Chromatogram
3002
2504
12114390
il
2004 i
— Il
= /'
E
% 150 | l‘
8 |
& | |
2 |
2 |
< 100 |
.
|
‘ |
.
504 o
[\
| \
/
o et A .
-15 r T T T T T T T T T 1
6.0 70 a.0 5.0 0.0 10 1200 130 140 15.0 16.0)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 10.717 0.337 1423 0.54 0.66 na
2 11.490 62.206 214 446 99.46 99.34 na
Total: 62.543 215870 100.00 100.00

Supplementary Figure 16. HPLC spectrum for compound (+)-1b
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(-)-2b: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, A = 254 nm
I\I/Ibs

N M82
500 11 1 #20 [manually integrated] LZY-1-72 [E-Rac UV VIS 1 WVL:254 nm
400
= 300
<
B ]
g [1-T272 2-8.217
=2
5 200
ki
2 ]
1004
04
7257\ T T T T T T 1
4.00 5.00 .00 7.00 8.00 §.00 10.00 11.00 12.00)|
Time [min]
Integration Results
No. |[Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
4 7.272 54.539 236.289 50.27 50.77 na
2 8.217 53.963 229 118 4973 49.23 na
Total: 108.502 465.407 100.00 100.00
Chromatogram
4002
3504
3007
|2 - 823
2504 fi
=) ] a
OE: b I
% 200 ] ‘l ‘I
5 ]
Z [
5 ] |
£ 150] |
< ] [
] ‘ |
100 | ||
: [
|
| \
] 17230 | |
0] — e . T/ N : e .
-20 7. T T T T T T T T T T T T T T T T T T T T T T T T T T 1
4.00 500 B.00 7.00 a.00 .00 1000 11.00 12.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 7.290 1.600 7365 254 276 na.
2 8.237 61.383 259.033 97 .46 97.24 n.a.
Total: 62.984 266.398 100.00 100.00

Supplementary Figure 17. HPLC spectrum for compound (-)-2b
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(+)-1c: IE, i-PrOH/hexane = 3/97, v = 1.0 mL/min, A = 254 nm

PhO,S.
N

Vi

NMe 2
Chromatogram
200 [T 13 241 [manually integrated] Cy302Ph-5-|E-Rac L WIS _ 1 WWL254 nm
._5._
1804
759
Z -HI S TATE
[ E. )
o Il |2 - 18.935
I f
£ [ I
|
5 75 I [
& | ||
| ||
- | |
0 o
| | | )
| || | |
251 . [
/ III { \
. NG N |
19
0 140 50 I 20.0 220 240 290
Tirne [min]
Integration Results
MNo.  |Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mAL"min mAL L] %% na
1 17.175 51.734 116.200 50.06 54.18 na.
2 18.035 51.818 08.224 40.04 45.81 n.a.
Total: 103.352 214.433 100.00 100.00
Chromatogram
200 [T 13 240 Jmanually integraud] CYB-12-97-1E-5-Criral U _WI5_1 WL 234 nm
75
1504
1253
=3
=
= |2- 713523
|"|I
H
2 I
F l I|
& [
[
=04
: I
-
2] ( l".
AN
1- 17.083 —
0 1 _fjxr i — -
i
T e - I 200 220 240 | 250
Tim [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mAL % % na.
1 17.083 1.3682 4.056 257 378 na.
2 18.533 52.678 102.278 o742 08.23 n.a.
Tetal: 54.07T0 107.333 100.00 100.00

Supplementary Figure 18. HPLC spectrum for compound (+)-1c
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(-)-2c: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm
SOzPh

NM €
Chromatogram
250
200
|- 9.5dE (2077
j I"I I
£ | | 1
PRE | I
E [ N
E || [
T 1 and | | | l
[ |
II | |
R [l ||
II | |
{ I| ,'I
L
[y | S— . e I_j A j -
15
50 50 70 2o 50 100 120 130 o 150
Tirne [rin]
Integration Results
No.  [Peak Name Retention Time Area Height Relstive Area Relative Height | Amount
min mAL"min mAL % e na
1 0.248 52.800 185.257 50.04 50.20 na.
2 10.778 52.734 183.050 40.06 48.70 n.a.
Total: 105.543 368307 100.00 100.00
Chromatogram
- 1§ 13235 manually integrated] CYB-1 VWIS 1 WWLEES nm
280
2004
=)
=
=,
3 1804
3
= 100
=04
LR - e
iE,
= 0 E) F) B 140 150
Tirne [min]
Integration Results
Mao. Peszk Name Retention Time Ares Height Relative Area Relative Height Amount
min AL min mAL % % na
1 8.975 1.000 3543 203 210 na.
2 10.422 48.250 165.218 787 87.80 na.
Total: 49 250 168.760 100.00 10:0.00

Supplementary Figure 19. HPLC spectrum for compound (-)-2c

119




(+)-1d: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Bs.

Y4

NMe2

Chromatogram

500 21 #14 [manually integrated] LZY-1-48-IE-Rac UV_VIS_1 WVL 254 nm
500+
400+
=
<T
E
% 300
e
&
K
3
K
<< 200
100
o
-30 T T T T T T T T T T 1
5.0 6.0 7.0 8.0 2.0 10.0 1.0 12.0 13.0 14.0 15.0]
Time [min]
|Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAUmin mAU % % na
1 9412 108.548 375989 49.78 51.10 na
2 10.492 109.495 359.772 50.22 48.80 na
Total: 218.043 735.762 100.00 100.00
Chromatogram
200 7 13 #32 [manually integrated] CYB-13-65-1E-s-Chiral UV_VIS_1 WWVL:254 nm
250+
12-10.410
200-]
=
<
£
g 150
2
=
5
2
< 100
50
11-9.443
T T
15
50 50 70 ) 30 0o o 120 130 4o 180
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 9443 0.535 2129 090 095 na
2 10410 59.000 221.542 99.10 99.05 na
Total: 59.535 223.671 100.00 100.00

Supplementary Figure 20. HPLC spectrum for compound (+)-1d
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(-)-2d: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NM es
Chromatogram
500 7 1 #15 [manually integrated] LZY-1- UV _WIS_1 \WVL:254 nmi
500
400
— j1erzrs 208288
< \'1| I
E i il
% 300 I I
£
3 I ‘l |
2 [ \
2 [ I
< 200 | | | |
I |
[ [
| | |
100 i i
B
P
| /
odl—— — LS I/’ \\,1_ — — — _—
-30 T T T T T T T T T T 1
3.0 4.0 5.0 .0 70 a.0 2.0 100 110 12.0 13.0)
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relafive Height | Amount
min mAU*min mAU % % na.
1 7.275 94 869 361295 4887 4962 na.
2 8.285 99.260 366.876 5 1) 50.38 n.a.
Total: 194.128 728171 100.00 100.00
Chromatogram
-0p 2 13 %28 [manually integrated] CYB-12-85-IE-p-Chiral UV_VIS_1 WVL 254 nm
G004
zn0d
aé' 400 128270
3 I
- I
2 300 I
32 I
2 |
< |
200 I‘ ||
I
I
100 {
[
| \
[ | S —L.rﬂ/l \_7 —
T
-35 r T T T T T T T T T
3.0 4.0 5.0 6.0 7.0 a0 20 10.0 11.0 12.0 1200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 7.260 2.116 7873 192 2.03 na.
2 8.270 107.985 379.134 98.08 97.97 n.a.
Total: 110.101 387.007 100.00 100.00

Supplementary Figure 21. HPLC spectrum for compound (-)-2d
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(+)-1e: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Ms N S
NM (2]

Chromatogram |
100 T 13 #163 [manually integrated] CY0-13-Ms-Rac UV VIS 1 WWL:254 nm
350
300

11-10638

| 250]

=)

<

=

k] 2004

&

H 2-12.502

5

3 150]

<
1004

504
o N
20 T T T T T T T T 1
50 6.0 80 10.0 120 14.0 16.0 18.0 20.0)
Time [min]
gration I

No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount

min mAU*min mAU % % na

i 10.855 92 395 272624 50.39 63.07 na

2 12.592 90.971 159.632 49.61 36.93 na.

Total: 183.365 432.256 100.00 100.00

Chromatogram
200 E 12 #22 [manually integrated] CYB-13-75-5-1E-Chiral UV WIS 1 WWL.254 nm

175
150

125

= 12 -12.902

E f

%100 ] I

5 I
2 [
Z - I
o e |
= [
|
50 I‘ |
‘l |
[
25] [
11145 | \
A\ /"I \
27 N 1_% - —
10 r T T T . T T T T 1
4.0 3.0 a.0 0.0 120 14.0 16.0 180 20.0)
Time [min]

Integration Results

No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount

min mAUmin mAU % % na.

1 11.045 4804 16.985 6.56 1247 na.

2 12.902 68.415 119.168 93.44 87.53 na.

Total: 73.219 136.153 100.00 100.00

Supplementary Figure 22. HPLC spectrum for compound (+)-1e
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(-)-2e: ODH, i-PrOH/hexane = 5/95, v =1.0 mL/min, A = 254 nm

NM es
Chromatogram
1Rl
&
40
B
=
L 100
..
o 1- 8352
£
3 204 / 1‘.
] [ 25482
5 \
< ol | ."A\
[ {
II I||I I,' I\l,
40 | \ | Y
| | | \
/L Y
204 | '\ | \
2- __|__--‘—\-|—__~__,___'_
sto 500 700 T 500 Voo on 200 1300
Tirmg [min]
Integration Results
MNo. |Peak Mame Retenfion Time Area Height Relative Area Relative Height Amount
min mALU"min mALl % % na.
1 B.252 4N B88.011 5040 58.26 n.a.
2 0.482 36.835 56.865 40.60 43.74 n.a.
Total: T4.268 152.87¢ 100.00 100.00
Chrom ram
40,0 1313 220 sl integrated] CYB-13-75-p-Q0H-Chiral U WIS 1T WWLEES nm
200
2004
= 100
E
= |2 - 10157
o
£ iy
K
2
2 100
2004
2004 1-80%
T
400
560 ] Tt EE) ) 000 o 700 300
Tirne [min]
Integration
Mo.  |Peak Mame Retention Time Area Height Relative Area | Relative Height | Amount
min mALI“min mAL % k. n.a.
1 a.n1a 0.864 2392 449 611 na.
2 10167 20484 36.728 8551 83.88 n.a
Total: 21.457 33120 10000 100.00

Supplementary Figure 23. HPLC spectrum for compound (-)-2e
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(+)-1f: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, A = 254 nm

Ts < N S
NBn 2
Chrom: am
200 1 13 #52 [manually infegrated] NEn2-s-IE-Rac L
175]
&0
117853
125
=)
ks
E
B 100
E
2 751
E4
50
251
0 T
-10 r T T T T T T T T T 1
65 70 ] ] 100 10 120 110 140 150 180 185
Time [min]
Integration L
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.853 28.158 137.506 50.53 68.39 na.
2 13.963 27 566 63.546 49.47 31.61 na.
Total: 55.723 201.052 100.00 100.00
Chromatogram
180 [# 17 #74 [manually integrated] CYB-17-45-5-70/30/10-254-1E-Chiral UV_VIS_1 WVL:254 nm
1604
12-13.383
140
120
2
E 100+
8
= 50
2
K
< 604
40
204
11-7.588
o—t T
o
a5 70 ) 90 100 o 120 130 140 180 180 185
Time [min]
No. Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 7.588 0.571 2341 0.89 1.54 na.
2 13.353 63.188 149.655 99.11 98.46 na
Total: 63.759 151.996 100.00 100.00

Supplementary Figure 24. HPLC spectrum for compound (+)-1f
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(-)-2f: ODH, i-PrOH/hexane = 3/97, v = 1.0 mL/min, A = 254 nm

NBn 2
Chromatogram
100 o 218 #57 [manually integrated) NEnZ p-ODH-Rac UV _VIS_1 WL 254 nm
&7 54
75.0]
] |1-12728
62 5] N\
= ] [ 12-15.178
< ] i N
o 5007 [ [
2 1 |" |I ‘II '|‘
S ] | | | \
L G754 | | | \
B ] / | { \
] i \ | \
| | i
250] [ | | \
1 / \ / \
] / |
12 55 \ ;’f \
0 T — —_
5ol
50 30 100 120 140 180 180 200 220
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 12.728 63.026 64 499 50.33 5346 na.
2 15.178 62.210 56.156 49.67 46.54 n.a.
Total: 125.236 120.654 100.00 100.00
Chromatogram
a0 g
00
T
(- 12380
i)
[
1
|
I
L
| II
|I \
| |
200 .
1
| i
| \
0.0 ||II K
T S N — A —
w0 - - - - - ; -
Gn G0 [ 120 10 160 140 200 22
Tirne [imin]
Integration Results
Mo.  [Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL"min mALl % % na.
1 12.380 41.505 58430 e0.03 80.04 na.
2 14613 0.407 0563 0.87 0.96 na.
Total: 4132 5B.993 100.00 100.00

Supplementary Figure 25. HPLC spectrum for compound (-)-2f
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(+)-1g: ADH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Ts N S
NEt,
Chromatogram
120 § 17 #18 [manually integrated] CYB-16-244-95/5/10-254-ADH-Rac UV VIS 1 WWL:254 nm
140
120]
i 11-6.555
100-]
= ]
= ]
£ 80
o ]
g ]
&
K ]
g 60 12-15.445
2 ]
< ]
40
20
Oi -
0’0 2’5 50 75 100 125 50 175 280 230
Time [min]
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na.
1 6.855 37.578 110.403 50.41 65.93 na.
2 15.445 36.970 57.042 49.59 34.07 n.a.
Total: 74.547 167.445 100.00 100.00
Chromatogram
120 & 17 #19 [manually integrated] CYB-17-8-5-95/5/10-254-ADH-Chiral UV VIS 1 WVL:254 nm
140]
120+
100-]
= ]
= ]
£ 80
[ 4 12-15.428
g ]
&
K ]
5 604
2 i
< ]
40
20+ 116,85
o: 4/\,__,_IJ\> .
0’0 2’5 5% 75 100 125 150 175 280 230
Time [min]
Integration I
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 6.858 5766 16.236 10.58 18.12 na
2 15.428 48717 73.350 89.42 81.88 n.a
Total: 54.483 89.586 100.00 100.00

Supplementary Figure 26. HPLC spectrum for compound (+)-1g
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(-)-29: IE, i-PrOH/hexane = 2/98, v = 1.0 mL/min, A =254 nm

NEt,
Chromatogram
ey BT #07 [manually integrated] VBTSRRI 0254 IE-Rar UV WIS 1 WYL 234 nm
1401
120
amd 1-8.308 2 - 3150
o ."I" 3 o
= I
< i1
=, A0 jd
i
E |
7 o] |'
o |
T ||
<0 |
|
II
70 ."I
R /) |
& - - -
(L] 700 a0a bl 11.00 1700
Integration Results
MNao. Peak Mame Retention Time Area Height Relative Area Relative Haight Amount
min mAL"min mAU % % na.
1 8.308 27444 88.512 50.04 50.08 na.
2 0150 27.305 88.196 40,06 40892 na
Total: 54 839 196.709 100.00 100.00
Chromatogram
1604 E]
140+
120-]
100-]
= ]
< ]
.E. 80
8 B 12-9.127
5 ]
S 60
2 4
< ]
0]
20-]
i \1-8.305
o] | |
>8:\ T T T T T T T T T T T T T T 1
6.00 7.00 8.00 9.00 10.00 11.00 12.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
d 8.305 2.331 7.090 8.68 9.02 n.a.
2 9.127 24.526 71.541 91.32 90.98 n.a.
Total: 26.857 78.631 100.00 100.00

Supplementary Figure 27. HPLC spectrum for compound (-)-29
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(+)-1h: ADH, i-PrOH/hexane = 5/95, v =1.0 mL/min, A = 254 nm

Ts< N S
Chromatogram
1 500+ 17 16424 [manually integrated) CYB-15-26-5-86/6/10-ADI I-Rac UV _VIS_1 WYL284 nm
1.4004
1.2004
1.0004
=
<
= 8004
8
2 |1-8.387
H
S 6004
Ed 12 12,957
400
2004
0 T T
775-| T T T T T T T 1
7.00 8.00 9.00 0.00 1.00 12.00 3.00 14.00 5.00
Time [min]
Integration
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 8.387 264 687 675.029 49.94 57.59 na
2 12.967 265311 497.060 50.06 4241 na
Total: 529.998 1172.089 100.00 100.00
Chromatogram
200 7 16 #26 [manually inte CYB-16-33-855M0-AD! |-Chiral-2 UV_VIS_1 WVL:254 nm
754
150
— 1257
=)
<
=
g 1004
H 2-12855
o
2 754
<
504
254
|1-8.350
04 : — T
-10 I T T T T T T T 1
7.00 8.00 4.00 10.00 1.00 12.00 3.00 14.00 5.00)
Time [min]
|Integration |
No Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU min mAU % % n.a.
1 8.350 2307 7331 5.08 789 na
2 12.855 43124 85.632 94.92 9211 na
Total: 45.430 92.963 100.00 100.00

Supplementary Figure 28. HPLC spectrum for compound (+)-1h
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(-)-2h: ADH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Chromatogram
+ 200 16 #23 [manualy inegrared] CYR-18-284 UV,
1,000
{00
Z
]_5_ |1 4542
s 600 /'\
B [ 25220
5 JE A
B / | \
Z .. / \ \
=400 / \ \
/ | \
|JII II‘I II"l
200 / \ \
/ I\I |
04 ! - \7_ T
-504 I T T T T T 1
250 300 360 400 450 6.00 6.50 7.00 750
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 4642 255623 632699 4991 5483 na
2 6.220 256 545 521.308 50.09 45 17 na
Total: 512.168 1154.007 100.00 100.00
Chromatogram
400 7 16 #25 [manually integrated] CYB-16-33-95/5/10-ADH-Chiral UV_VIS_1WVL:254 nm
3504
3004
250.] 14637
=3
<
£
22004
2
o
2 150
<
1004
50+
12-6.042
0 - e
720 r T T T T T T T T T 1
250 300 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50]
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na.
1 4.637 93.570 246.495 95.04 95.75 na.
2 6.042 4.879 10.954 4.96 4.25 na.
Total: 98.449 257.449 100.00 100.00

Supplementary Figure 29. HPLC spectrum for compound (-)-2h
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(+)-1i: ADH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, A = 254 nm

Ts

74

P!

Chromatogram

1000 # 17 #24 [manually integrated] CYB-17-13-80/20M10-254-ADH-Rac UV_VIS_1 WVL:254 nm
875
750
1 -7.028
_ e25]
= ]
H ]
.E ]
500
E bl 12-9.837
3 ]
5 ]
2 a7s |
< ]
250
125
0] T ! T
-50 T T T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 2.0 14.0 16.0
Time [min]
|Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 7.028 167.051 656.326 49.64 59.14 na
2 9.837 169.450 453514 50.36 40.86 n.a.
Total: 336.501 1109.841 100.00 100.00
Chromatogram
200 E 17 #55 [manually integrated] CYB-17-20-5-80/20/10-254-ADH-Chiral UW_ WIS _1 WWL 254 nmi
2504
|2-9723
200] |ﬁ‘
5 I
o |
E |
% 150 [
5
2 |
5
2 |
< 1004 |
| |I
|
504 | ﬂ
[
] I\
B WL S N
-18 r T T T T T T T 1
0.0 2.0 4.0 6.0 a.0 100 12.0 14.0 16.0)
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.983 0.744 2745 0.95 17 na.
2 9733 77.508 209.891 99.05 98.71 n.a.
Total: 78.252 212.636 100.00 100.00

Supplementary Figure 30. HPLC spectrum for compound (+)-1i
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(-)-2i: ADH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Chromatogram

150 1§ 17 #26 [manually integrated] CYB-17-18-95/5/10-254-ADH-Rac. UV_VIS_1 WVL:254 nm
140+
1204
100+
=
< |1-6.9202-7.080
£ 80+
8
£
&
2
s 60
o
<
ELE
204
0
-7 T T T T T T T T 1
0.0 2.0 4.0 6.0 8.0 10,0 2.0 14.0 16.0]
Time [min]
Integration
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 6.920 34359 81.042 50.08 5013 na
2 7.990 34.245 80.605 49.92 49.87 n.a.
Total: 68.605 161.647 100.00 100.00
Chromatogram
100 0 B 17 #7 [manually integrated] CYE-17-20-p-05/6/10-254-ADH-Chiral UW_VIS_1 WL 254 nm
87.54
7504
— 8254
Ed
E
& 5004
3
5
£ 3754
=
25.04
12.54
b |
1-5f885
0ol N /'x_|// . —
-s'n_l T T T T T T T 1
0o 20 4.0 .0 3.0 100 120 140 16.0)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU Y % na.
1 6.885 0.575 1728 148 1.79 na.
2 7.945 38.269 94713 98.52 98.21 na.
Total: 38.844 96.441 100.00 100.00

Supplementary Figure 31. HPLC spectrum for compound (-)-2i
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(+)-1j: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts <

Chromatogram

Me

7

NMez

15 #1840 [manually integrated]

200 CYE-15-2 #-5-9001 01 OIE -Rag UV _VIS_1 W/L:254 nm
5004
400
§ \1-9.702 2040
E. | \
& 300 [ [
& ' [
E=3 | { 1
2 ( \ | \
Es ! \ | i
< 2004 | | | |
T
| | | |
| 1 | !
| | / \
1004 | \ | |
| \ [ \
/ \ / \\
/ /
ol I S [ A— \-\-/ — S _ |
Rl r T T T T T T 1
600 a0 200 8.00 10.00 11.00 12.00 13.00]
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mAU % % na.
1 9702 143.148 349 601 49.97 51.08 na
2 10.650 143.339 334.797 50.03 48.92 na.
Total: 286.487 684.398 100.00 100.00
Chromatogram
250 ?_ 16 #2 [manually infegrated] CYB-16-2-p 0010 10-IE-Chiral W _VIS_1 WWLI254 nm
|2 - 10.582
i
| \
I
2004 I
I
| II
|
= 150 |
Z |
£ |
g [
= |
2 ||
2 100 |
2 |
E |
| |
| |
Food
50 ! |
| |
[ |
| \
\ 9637 / 4
- N S
J— — L 'r'—/ —\._’____ —
18- I T T T T 1
300 .00 1000 11.00 1200 12.00|
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 9637 1.150 4617 157 1.92 na
2 10.582 72036 236.232 9843 98.08 na
Total: 73.186 240.850 100.00 100.00

Supplementary Figure 32. HPLC spectrum for compound (+)-1j
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(-)-2j: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram

1000 E 15 #1583 [manually integrated)] CYB-156-242-p-90/1011ME-Rac UV _VIS_1WWLI254 nm
87.54
. 62.5]
=
=
.E.
g 500 \1-7.503 128807
2 a \
7 275 [ I
<< [ [
{ | I‘ |
) 1
2504 II‘ ||‘ |‘I III
[ [
1254 .‘I I‘. |l| \
0o] ,,/7 _\_’_ 1S _\ — e e _}—*—L«M‘V‘
5.0
560 780 aho B 1000 100 1200 13'00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 7.503 13.590 44721 51.05 4925 na
2 8907 13.031 46.087 48.95 50.75 na
Total: 26.621 90.808 100.00 100.00
Chromatogram
e B 16 #2 [manually infegrated] CYB-16-2-p.5-001010-IE-Chiral UV_VIS_1 WVLi284 nm
] f
] i
|
200 [
I
J |
4 | |
1 |
= 150 | |
z ] |
z |
P [
5 ] -
£ 1 | |
2 100 |
ER |
Eq |
] | |
B | |
] | \
50 ! I|I
q | |
] { |
| |
i N . ]
-10- r T T 1
6.00 10.00 11.00 1200 12.00|
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 TESIAG 0.386 1.752 245 303 na.
o 8885 15342 56.079 9755 96.97 na
Total: 15.728 57.831 100.00 100.00

Supplementary Figure 33. HPLC spectrum for compound (-)-2j
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(+)-1k: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Ts< N S
NM ()
Chromatogram
250 # 14 #7 Imanually integrated] CYB-14-178-95/5/10-IE-Rag UV _VIS_1T WL 254 nm
2004
= 150
=
.E.
g
< 1004
&
E] | 7.508
[
I
(o
E04 [
P
f \
/ |
/ \
odl— 1 / \\_’_/
-13- r T T T T T T 1
120 14.0 180 &80 200 220 240 250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mAU % % na.
1 17508 40695 82427 4973 52.16 na
2 18.972 41.138 75.603 50.27 4784 na.
Total: 81.833 158.031 100.00 100.00
Chromatogram
5004 & 14 #5 [manually integrated] CYB-14-176-95/5/10-1E-Chiral UV _VIS_T WWL:254 nm
5004
4004
=)
L
‘E‘
fu-,-’ 3004
£
=
] 2. 18.780
< 2004 12 .7
100
[y | E— —_—
-302 r T T T T T T 1
120 14.0 180 180 20.0 220 240 250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 17.472 4481 9.687 350 460 na
2 18.760 123.664 200.985 96.50 9540 n.a.
Total: 128.145 210,672 100.00 100.00

Supplementary Figure 34. HPLC spectrum for compound (+)-1k
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(-)-2k: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A =254 nm

NM62

Chromatogram

1800 & 14 #7 [manually integrated] UV _VIS_1WWLI254 nm
14004
12004
10004
—_ 2- 11528
2 f
E 8004 0.312 i
o I
g [
2 |
5 600 f (|
2 |
E | -
|
| | |
4004 |
| I
f | |
| | | \
200 | \ I
JJ Y ‘|| 1
ol 0/ \_,_4 J \._7 :
75
abo 500 1000 1100 12'00 13700 1400 15'00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 10.312 222077 774.858 4964 46.06 na
2 11.628 225261 907.470 50.36 5394 na
Total: 447.338 1682.328 100.00 100.00
Chromatogram
2004 & 14 #6 [manually integrated] UV VIS 1 WWLI254 nm
1754
150
125
=) |2 11833
£ f\
2 100 ‘I |
= |
2 |I |
=
2 759 [
E I
||
50 [
.
f |
25 ." ".
o TV
-10- r T T T T T T 1
200 oo 1000 11.00 1200 1200 1400 1500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 10.338 0.660 2.839 254 245 na
2 11.633 25307 113.200 97 46 9755 na
Total: 25.967 116.040 100.00 100.00

Supplementary Figure 35. HPLC spectrum for compound (-)-2k
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(+)-1I: I1E, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NM €
Chromatogram
400- [Z 1 442 [manually integrated) LZ2Y-1-1241-IEs-Rac UW_WIS_ 1 WWL 254 nm
3504
3004
110,245
250 i
=] ‘l | 12- 11,550
= | fi
B3 I I\
5 200] | ‘I | \
5 | |
£ | b
7 [
2 150 | |
Es | I |
[ .
1004 ‘ | |I I\
| I
L [
507 [ [
| \ | \
i — —_——— /’I ¥_1_ | ,/ \7_ —_— —— —
20 r T T T T T T T 1
7.00 200 &.00 1000 1148 1200 13.00 14.00 1500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 10245 68.377 264.670 49.97 5291 na
2 11.560 68.465 235 598 50.03 47.09 na
Total: 136.843 500.268 100.00 100.00
Chromatogram
- [ 138157 [manually infegratad] CYB-13-235-E-2-Chiral U
2500 = =
200
211412
= 180 f
z [
&’ ‘| \
4 |
T I
= I
21" |
= |l
[
|
: | II
504 II \
[
f |
/
; | \
1 - o P 10.102 | \ o
- I T T — —
7o & 00 500 1000 11700 1270 1300 14790 1500
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.102 1485 5797 314 362 na.
2 11.412 45825 154 448 96.86 96.38 na
Total: 47.309 160.245 100.00 100.00

Supplementary Figure 36. HPLC spectrum for compound (+)-11
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(-)-2I: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NM )
Chromatogram
400 7 1 #44 [manually integrated] LZY¥-1-141-1E-p-Rac UV _VIS_1 WWVL:254 nm
350
300
250
E [1-9422 2. 10.283
R f\ fl
7 2009 [ \ I |
27 |
= ] [ | I‘
5 ] I I
Z 1507 I I
< bl I ‘
] | | |
1 |
100 i I
] | | I‘ I‘
] | i -
=0 / \ | |
B | Vo \
] / Vo
720: T T T T T T T T T 1
50 B0 70 a0 2.0 100 110 120 130 140 150
Tima [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9422 66.214 218.201 49.97 50.18 na
o 10.238 68.300 216.652 50.03 4982 na
Total: 136.513 434.853 100.00 100.00
Chromatogram
180 3 13 #1745 [manually inegraiad] CYB-13-235-E-p-Chiral U _WI5, VYL 284 nm
140
120]
100 i
= )
B I
E |
l
g |
£ I
2 60 I
2 |
= |
and II
|
|
20 |
II
r N ]
-12 T T T T T T T T T
50 60 o G an 100 1.0 120 130 14.0 15,0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU 9 % na.
1 9472 0.559 2.362 1.91 230 na.
2 10295 28.643 100.284 98.09 97.70 na.
Total: 29.202 102.647 100.00 100.00

Supplementary Figure 37. HPLC spectrum for compound (-)-2I

137




(+)-1m: ADH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Ts < N S
NM €
Chromatogram
200 B 17 #4E Tmanually integrated] VB 7-34-5-05/510-254-ADH-Rac TN_VIS_1 WL 254 nm
7! 111354
1759 f\ 1215483
I‘l ‘I I‘I I‘II
150 1 [
| |
[ [
I |
e B |
E4 [ | |
£ [ [
g 1004 | | | \
T | | |
| | |
2 | i
2 759 P [
E4 | |
! | l |
| | | \
50 | | | |
| | | \
| | | 1
! \ | |
/ \ I \
25 / | | \
| — _I_// ¥_|_J_ k,_ N .
~1nd
1o 10 120 130 140 150 180 170 180 190 260
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 13.548 77475 173317 49.77 51.07 na
2 15.483 78.197 166.021 50.23 4893 n.a
Total: 155.673 339.338 100.00 100.00
Chromatogram
150 17 #47 [manually integrated] CYB-17-34-5-95/5/10-254-ADH-Clhiral UV _VIS_T WVL254 nm
140
120]
] \2- 15402
q A
] [
1004 [}
=] i
=] .
= q [
£, a0 [
] |
< 604 | |
2 ] | \
ESE | |
4 1
40-| ‘u' \
] [
] | \
20 \
4 / ‘\
4 o L | 3.955 \_
0 T T
-1 n: r T T T T T T T T T 1
0.0 110 12.0 130 14.0 150 18.0 17.0 180 18.0 200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 13.955 0491 0.605 0.83 0.55 na
2 15.402 58.788 109.479 99.17 9945 na
Total: 59.279 110.084 100.00 100.00

Supplementary Figure 38. HPLC spectrum for compound (+)-1m
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(-)-2m: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
150 B 17 #38 [manually integrated] CYB-1 7209551 0254 ERag UW_WVIS_1 WVL:254 nm
140
1204
11-9.098 2-10.023
100 f\ I.".
- [ f
5 [ '
Ed I
E, ap4 I | |
g A
z A
5 604 ||
2 I
< ]
| |
404 ‘| | [
| I
o [
201 f { | \
{ | / \
| o \
[ | E— [V \.|/ N S
8- r T T T T T T T T 1
50 a0 T a0 4.0 100 1o 120 130 14.0 15.0)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % Yo na
1 9.098 29.743 104.225 49.97 50.21 na.
2 10.023 29.781 103.343 50.03 4979 na
Total: 59.524 207.568 100.00 100.00
Chromatogram
a0.0 ! 17 #42 [manually integrated) CYB-17-34-p-96/5/10-254-1E-Chiral LWV VIS _1T WL 254 nm
70.04
(210042
A
0.0 I\
I
500 I
= [
& 4004 |‘ l‘
H |
2 300] |
I
. .
200 | |
o
| |
10 0 { \
[ \
11-8.122 \_
ol L 1 v, — S
50 50 70 a3 a0 [GE 1o 120 110 140 120
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 9122 0292 1.102 155 171 na
2 10.042 18.579 63.264 98.45 98.29 n.a.
Total: 18.871 64.365 100.00 100.00

Supplementary Figure 39. HPLC spectrum for compound (-)-2m
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(+)-1n: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A =254 nm

NMez

Br

Chromatogram

250 14 #21 [manually integrated] CYR-14-105-G0/10/

LW _VIS_1WWLI254 nm

2004

o
7

100

Abzorbance [mAU]

50+

)

300 500 10700 1100 1200 1200 14100 15100
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 10.267 46.555 127612 4959 4947 na
2 11.205 47.324 130.364 50.41 50.53 n.a
Total: 93.879 257.977 100.00 100.00
Chromatogram
A00 @ 14 #27 [manually integraied] CYB-14-203-90/ 1071 0-1E-s-Chral U _WIS_T WWL:254 nim
2504
2004
5
.E.
g
£
&
K
T
———— ——
20 r T T T T T T T 1
7.00 200 &.00 1000 1108 1200 1300 1400 1500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 10.155 0.901 2287 0.98 128 na
2 11.152 91.092 176.773 99.02 98.72 na
Total: 91.993 179.060 100.00 100.00

Supplementary Figure 40. HPLC spectrum for compound (+)-1n
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(-)-2n: IC, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
500 B 14 #2< [manually integrated] CYER-14-185 10-1C-p-Rac UV _VIS_T WWL.254 nm
400
= 300+
Ed - B762
£ i)
— n
a2 I Z- 10,043
s ' f \ ’
£ 200 I I
7 I [l
s |
=z . |
[ I
[ [
100 [ .
|I | / '|
fl I‘\ J'II |
b
\
o] VAN VAN — —
e
50 r T T T T T T T T T 1
50 8.0 7.0 8.0 2.0 100 110 12.0 130 14.0 150
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Ameount
min mAU*miIn mAU % % na.
1 8.762 79.406 271.731 50.37 5353 na.
2 10.043 78252 235920 4963 4647 na
Total: 157.658 507.651 100.00 100.00
Chromatogram
250 E 14 #25 manually integrated] CYB-14-203-95/5/10-1C-p-Chiral UV WIS_T WWLI254 nm
2004
210,075
= 150 il
< i1
‘E‘
b Il
< [
£ 100 I
z |
2 |
i
| |
|
504 [
{ |
/ |
lrf' |
\1-8778
. _ e /N o
13- r T T T T T T T T 1
50 a0 7.0 8.0 4.0 10.0 110 12.0 130 14.0 15.0)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.778 1.459 5345 256 328 na
2 10.075 56521 157.805 97.44 96.72 n.a.
Total: 56.980 163.150 100.00 100.00

Supplementary Figure 41. HPLC spectrum for compound (-)-2n
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(+)-1o: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts < N S
NM €
Chromatogram
200 7 18 2103 [manually integrated CYB-16-229-9010010-264-40H-Rag U WIS 4 WL 254 nm
2804
2001 |- 7480
= N\
i
E 50 II ||
= | |
i |
i [
1004 | |
|
|
|
[
| |
504 | \
| \
/ 1
foo\
UL (— ——1 T T —
“ T T T T T T T T
40 5.0 6.0 7.0 a0 9.0 10.0 110 12.0 13.0 14.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU 9 % na.
1 7460 63.173 187.106 4966 5717 na.
& 10347 64.029 140.182 50.34 42.83 na.
Total: 127.203 327.287 100.00 100.00
Chromatogram ]
200 ‘5_ 18 #1896 [manually integra CYE-16-234-3-00/10/10-254-A0H-Chiral 151 WYL 254 nm
210380
1754 s
Il
i
I
I
150 I
[
[
_ 1257 II |
|
E, | |
&_ 1004 | |
o
£ 759 o
- | \
|
509 | \
f |
25 / Iﬂl
- / I\
IS LT L/ N
10
40 50 &0 7o 80 a0 100 110 120 130 14.0
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relafive Height | Amount
min mAU*min mAU % % na.
1 7485 1.139 3465 141 192 na
[ 10.380 79.753 176.767 98.59 98.08 na.
Total: 80.892 180.232 100.00 100.00

Supplementary Figure 42. HPLC spectrum for compound (+)-10
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(-)-20: IC, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram

72 16 #1817 [manually integrated]

CYE-16-200- 00 1 0-254-B0H-Rac

200 15_1 VWL 254 nm
1754
150+
1254
= 4055
i
g 100 i
& |l
E | |
% 759 |
I
50+ | ||
| | 2 - 8.650
[
254 [ /
| | /
[
o] - L r—— L -— ]
10
0.00 105 250 375 500 625 750 .75 10700 1125 1200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 4055 30.288 12.220 5019 7499 na
2 8.690 30.065 7421 4981 2501 na.
Total: 60.353 149.642 100.00 100.00
Chromatogram |
&00 'E 18 #194 [manually integrated] CYB-15-234-7 10-254-4DH-C hiral 1 WL 254 nim
500
|- 4047
400 In‘
|
|
|
H I
Z |
<t 200 | |
(1
|
1004 | |
|
.
5 Y '-\_'_ o | 12-88T
30
0.00 155 250 375 500 655 750 875 1000 1125 12%0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 4047 110.731 404.027 97 56 98.95 na
2 8.670 2.766 4291 244 1.05 na
Total: 113.498 408.318 100.00 100.00

Supplementary Figure 43. HPLC spectrum for compound (-)-20
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(+)-1p: ADH, i-PrOH/hexane = 5/95, v =1.0 mL/min, A = 254 nm

Ts <

74

NM62

Chromatogram
agg B 17 #17 [manually integrated] CYB-17-1-05/5/10-254-ADH-Rac UV _WIS_1 WL 254 nm
250
2004
— |1+ 5,180
= 4
< fi
E Il 2-6.553
g 101 ' f\
H | i
=1 | |
E | | ‘I
< 100 [ [
[ |
|
| [
- [
50 . /
f ) i
i | | |
/ \ | \
! \ / \
o e ——— 7—|—/—L'/ — \ , e
-12 r T T T T T T T T 1
.00 125 280 375 50D 625 TED BTE 10.00 1125 1200
Timea [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 5.160 66.899 178.065 4969 5362 na.
2 6,553 67.726 154 626 50.31 4648 na
Total: 134.624 332.690 100.00 100.00
Chromatogram
120_ B 17 #23 Imanually integrated] CYB-17-10-5-95/51 0-254-ADH-Chiral UV_VIS_T WVL254 nm
1004
I 5.205
an-| !
I
= I
< |
E, |
2 G0 |
3 [
H i
2 |
<L 404 |
|
|
[
204 || \
| |
o
odf—— e ./ —l— S S
&= r T T T T T T T T T
Q.00 125 250 375 EQ0 825 750 8.75 1000 1125 1200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 5205 32.964 85.705 98.47 98.60 na
2 6.660 0511 437} 153 140 na
Total: 33.475 86.926 100.00 100.00

Supplementary Figure 44. HPLC spectrum for compound (+)-1p
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(-)-2p: ADH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

T™S NMe;
Chromatogram
400 @ 17 #1& [manually intzgrated] CYB-17-6-05/510-254-ADH-Rag UV _VIS_1 WWL.254 nm
3504
300
250 1174045
2 ,s'
% 2007 I‘
g |
2 150 l
T ] |
|
1004 || (2 - 9.248
|
|
50 |
III II‘
/ '\ . —
-101 ———— N —— : T —]
080 125 280 B3 500 525 7 5o ave 1000 1128 1200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 4.045 108.101 247.050 49.96 7142 na.
i 9.248 108.253 98.872 50.04 28.58 na.
Total: 216.354 345.922 100.00 100.00
Chromatogram
4004 E 17 #22 [manually integrated] CYB-17-10-p- #10-254-ADH-Chiral LW VIS _1WAL:12584 nm
3504
3004
|1-4.017
— 250 il
=2 I
< [
E |
4 200] II
E |
E 150 l
= WYy |
|
|
1004 |
|
|
504 |I
|
|
Y S— o EETE
1n:l T T T T I T T T T T 1
000 125 250 375 500 625 750 av7h 1000 1125 1200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 4017 105.033 254 373 97.50 98.83 na
2 9.175 2696 3.020 2.50 117 na
Total: 107.729 257.393 100.00 100.00

Supplementary Figure 45. HPLC spectrum for compound (-)-2p
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(+)-1qg: IE, i-PrOH/hexane = 20/80, v

= 1.0 mL/min, A =

254 nm

Ts < N S
NMe 2
MeO OMe
Chromatogram
a0.0 ‘! 22 #Z [manually integrated] CYB-4-15-5-80:2010/264/|E-Rac UW_WVIS_1 WAL 254 nm
T0.04
60.0-
|1-22885
__snod ;"u‘
= I
< l 12-28730
% 40.0] [ \
£ | [
2 | | [
5 | [\
Z 2004 | I
B | .
| [
[ |
20,04 | [
‘l | \I I|
1 | 1
| \ | \
10.0 | \ |
[ I
| \
/ \ j
001 /\\‘ — L — S \-_ 1 S
-4.07 r T T T T T T T T T T 1
150 16.0 180 200 220 24.0 26.00 28.0 300 320 34.0 35.0|
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 22885 35.376 52.786 49.97 55.24 na.
2 28.730 35417 42.776 50.03 4476 na.
Total: 70.792 95.562 100.00 100.00
Chromatogram
200 & 22 #19 [manually integrated] CYB-4-21-5-80/20/10/254/IE-Chiral UV_VIS_1 WVL:254 nm
175
150+
|1-22.912
125
=)
<
E
% 100
2
®
ki
5
2 75
<
50+
12-28.790
254
04 T
-10 r T T T T T T T T 1
15.0 16.0 18.0 20.0 220 24.0 26.0 28.0 30.0 32.0 34.00 35.0]
Time [min]
Integration I
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 22912 89.759 134176 7714 80.64 na
2 28.790 26.593 32.210 22.86 19.36 n.a.
Total: 116.352 166.386 100.00 100.00

Supplementary Figure 46. HPLC spectrum for compound (+)-1q
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(-)-2g: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram
400 E 22 #1 [manually integrated] CYB-4-15-p-70/30/10/254/IE-Rac UV_VIS_1 WVL:254 nm
350
3004 1-12292
250
= ]
= ]
E ]
8 200 2-17.830
2 ]
K ]
5 ]
3 150
< ]
1004
50
1 T
-15 r T T T T T T T T T T T T T T T T T T T T T T 1
8.0 10.0 12.0 14.0 16.0 18.0 20.0 21.0|
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.292 109.978 283.782 49.88 58.81 n.a.
2 17.830 110.505 198.726 50.12 41.19 n.a.
Total: 220.483 482.507 100.00 100.00
Chromatogram
100.0 1@ 22 #17 [manually integrated] CYB-4-21-p-70/30/10/254/IE-Chiral UV_VIS_1 WVL:254 nm
87.5
75.0
] 11-12.293
52.54
= ]
< ]
£ 50.0]
3 ]
53 ]
5 ]
= ]
5 375
@ ]
o
<< ]
25.0
12_55 |2- 17 840
00 — L=
-10.0 7\ T T T T T T 1
8.0 10.0 2.0 14.0 16.0 18.0 20.0 21.0|
Time [min]
Integration I
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 12293 26.520 69.098 80.01 8527 na
2 17.840 6.627 11.941 19.99 1473 na
Total: 33.147 81.039 100.00 100.00

Supplementary Figure 47. HPLC spectrum for compound (-)-29
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(+)-1r: ODH, i-PrOH/hexane = 3/97, v = 1.0 mL/min, A = 254 nm

NM62

Chromatogram

00— [2 1 ¥50 [manually integrated) LZY-1-144-00H-g-Rag LWV _VIS_TWWL254 nm
2504
200
5
.E‘
8 150
2
=
z
< 1004
504
0 - - B
-15 r T T T T T T T 1
400 E00 625 780 a75 1000 1125 1280 13.00
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % Yo na
1 8.080 61.856 148198 50.72 53.07 na
2 9177 60.104 131.043 4928 46.93 n.a
Total: 121.960 279.241 100.00 100.00
Chromatogram
3004
250
j1-7T22
f\
2004 A
I
= [
B | ‘I
= |
7 150 I
5 .
- o
2 (|
= 1004 |
[
| I
| |
| i
0 | |
| \
{ \
o . A . 2-8742
400 500 5 00 70 500 90 10700 11700 1200 1300
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU Yo % na
1 1722 93416 219.773 98 46 9873 na
2 B.742 1.460 2.834 1.54 1.27 na
Total: 94.875 222.607 100.00 100.00

Supplementary Figure 48. HPLC spectrum for compound (+)-1r
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(-)-2r: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A =254 nm

NMez

Chromatogram
a0 ] 13 #130 [manually infegraled] Y B-monohie-
3604
300
_ 250
‘lL.
'y 200]
=
.g 12- 12830
2 1504 \
= Al
[
100] [
’ .
|" \
0 [ \
/ Y
/\\J_Z:l \\
o . _ S |
-0
&00 400 10700 1100 12700 1300 14700 1500
Time [min]
Integration Results
No  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 10.065 50.459 189.539 5122 5467 na
2 12.630 48.048 157.131 48.78 4533 na.
Total: 98.506 346.669 100.00 100.00
Chromatogram
.- 11 138742 [manually integrated] CYB-13-234-1E-p-Chiral
2500
200
= 150+
<
" 2- 12567
A
= [
5 1004 [
£ [
= [
| |
[
- | \
EUE | "|
\
[
1t - 10.035
e N
sio oo oo "o T 1300 T " 1500
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 10.035 1.602 6.944 403 532 na
v 12.587 38.140 123.489 95.97 94.68 n.a
Total: 39.742 130.433 100.00 100.00

Supplementary Figure 49. HPLC spectrum for compound (-)-2r
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(+)-1s: ADH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Ts <
N %
F NM €o
Chromatogram
160 & 15 2171 [manually integrated] CYB- 31 VADH-Rac UV VIS _1WWLI254 nm
140
120
100
E4
£
= (- 11,317
g 807 f
= |
5 i
2 |
£ 80 Il
E i 217187
| f\
40 I i
[ [
| [
| [
I
20 [ [
[ [
/o /o
o[- ! AN I 4 A\ ]
_—
&= r T T T T T T T T 1
a0 8.0 100 120 14.0 16.0 120 200 220 230
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 11317 37.083 81.472 50.32 60.80 na.
? 17.197 36.615 52.526 49.68 39.20 na.
Total: 73.697 133.998 100.00 100.00
Chromatogram
250 @ 15 #1282 [manually infegrated] CYB-15-2258-5-9 ADH-Chiral UV _VIS_1T WL 254 nm
2004
= 150-|
=
.E.
g
]
7 1004 |1 11.540
Z f
= i
I
50
/ 2-17.180
| S — e e
104
B0 B 100 120 140 180 130 200 220 230
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mAU % % na.
1 11.540 40245 92.091 9291 9439 na
2 17.180 3.072 5475 7.09 5.61 na.
Total: 43.318 97.566 100.00 100.00

Supplementary Figure 50. HPLC spectrum for compound (+)-1s
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(-)-2s: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
4o, B 15 #178 [manually integrated] CYB-15-220-p-80/10/1 O/E-Rac UV _VIS_1T WYL 254 nm
3507
3004
—_ 2504
4
‘E‘
& 2007 |- 12,243
H f
3 ! II
2 1507 [ |
=4 II II
[
100 .
| 1
| \
II I\
509 f \
|
/
. \_ |
-20- r T T T T T T 1
1000 11.00 12.00 13.00 14.00 15.00 1500 17.00
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 12243 60.850 184510 50.05 55 1 na
2 15.065 60.730 149.951 49.95 44.83 n.a.
Total: 121.580 334.461 100.00 100.00
Chromatogram
250 E 15 #17% [manually integrated] CYB-15-226A-p-80/10¢1 O/IE-Chiral LW_VIS_1WAL:254 nm
2004
= 150
Ed
‘E.
@
2 | 985
& N
2 100 I
= [
Ed [
[
[
i
[
50| | |
| \
[ \
! A
/ N
S
—
1000 100 12700 13700 1700
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 11.985 39.083 114.174 92.10 9339 na.
2 14.842 3354 8.077 7.90 6.61 na
Total: 42.437 122.251 100.00 100.00

Supplementary Figure 51. HPLC spectrum for compound (-)-2s
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(+)-1t: IE, i-PrOH/hexane = 10/90, v

= 1.0 mL/min, A = 254 nm

Ts <
N %
cl NM €
Chromatogram
20.0
mal
17.5
150
125
<
.E.
3 10.0]
=
= -
5 11-15.483 12 16.263
2 7.5 AN /
< [\ / \‘
! \ / A
5.0 { \ ! 4
f.‘"l ‘ .ff \
2.5 / A\ / \
P m— — — e
1.0
13'00 1400 15700 1800 1700 1800 1500)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 15.483 3.151 7.542 49.14 50.68 na.
2 16.263 3.261 7.339 50.86 4932 na
Total: 6.412 14.881 100.00 100.00
Chromatogram
100.0
mall
a7.54
75.0]
. 62,54
4
.E.
2 50.0]
=
£
]
2 3754
=
2504
12.5] /
oo ‘ _/ T min
S50
1300 1200 1500 1800 1700 18700 1900
Tima [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 15.438 32258 74744 97 56 9644 na
2 15.992 0.806 2.762 244 3.56 n.a.
Total: 33.063 77.507 100.00 100.00

Supplementary Figure 52. HPLC spectrum for compound (+)-1t
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(-)-2t: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
200 @ 15 #182 [manually integrated] CYE-16-244-p-80/10/10/E -Rac UV _WIS_1 WWL254 nm
1754
150
—_ 1254
=
.E‘
2 1007 1110280
S _ i
& 754 I
e I
[
A
=0 I\ II ,‘I
,\' \ /
254 | Il‘ I|I
/ h | \
/ / \
[ | WU IV S N 4 L B R e e e
104
7.00 200 200 1000 1100 1200 1200 14100 1500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % na.
1 10260 26.316 95.062 50.42 5304 na
2 11.768 25873 84.149 49.58 46.96 n.a.
Total: 52.189 179.210 100.00 100.00
Chromatogram
00 E 16 29 [marually integrated] JA0-1E-Chiral L2584 nm
1754
1804
125
=
B j2- 11.768
5 100 N\
z I
2 A
2 73] [
&3 | |
.
[
50 |
| |
[
25 | |
/ |
11 10.288 \
0 N ; _I_g/‘ \_‘ S R
-10
700 a0 b0 1000 1100 1200 300 400 1500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 10265 2599 9.099 704 7.68 na.
2 11.768 34336 109.385 9296 9232 na
Total: 36.934 118.484 100.00 100.00

Supplementary Figure 53. HPLC spectrum for compound (-)-2t
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(+)-1u: ADH, i-PrOH/hexane = 5/95, v =1.0 mL/min, A = 254 nm

Ts <

Br

NMez

Chromatogram
004 15 #172 [manually integrated] CYB-15-214-85/5/10/ADH-Rac UV_VIS_1T WL 254 nm
250]
200:
E’_ 1 [T
@ 150 .‘II
s 1 |
. I
& ] | ‘
K ]
< 100 |
— ‘l | |2-21.582
] I N
50 f 1 [
=7 . [
4 [ / \
4 ! |
: /| yARN
o S _— B — |
%= T T T T T T T T 1
a0 a0 100 12.0 14.0 160 18.0 200 220 240 280
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 11.637 77.045 164.203 5017 6641 na
2 21582 76.526 83.056 4983 3359 na
Total: 153.571 247.259 100.00 100.00
Chromatogram
00 m 15 #174 [manually integrated] CYB-15-2195-95/6/100ADH-Chiral LW _WVIS_1WWLI254 nm
400
= 30,04
B
‘E.
8
£ 20,0
i
4
100
| 540 —
oo~ | ———
a0
@ a0 100 120 140 180 180 200 220 240 280
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 11.540 0.165 0.382 0.80 142 na.
2 20498 20539 26523 99.20 98.58 na
Total: 20.704 26.905 100.00 100.00

Supplementary Figure 54. HPLC spectrum for compound (+)-1u
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(-)-2u: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
o0, B1E #1723 [manually integrated] CYB-15-218-60/ 100 0E-Rac UV_VIS_T WWL:264 nm
1754
150
_ 125
=
=
.E. - -
'3_ 100 .’I‘.. 0.203
@ [
i [
z 75 I
<t [
)
[
50 | I\
[
| |
[
25 / \
/o \
0] ' : . —
360 500 1000 100 12'00 1200 1400 15700 18100)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 10.303 35.151 101.960 50.00 51.00 na.
2 12.185 35152 97.980 50.00 4900 na
Total: 70.303 199.940 100.00 100.00
Chromatogram
2004 @ 15 #1728 [manually integrated] CYB-15-222-p-00/1 0110/ E -Chiral UW_VIS_1 WWL:254 nm
1754
150
— 1254
Ed
E |2+ 12.237
I
] 1007 A
H [
2 75 [
< | I‘
II |
50] P
[
25 { \
” / I|
1110353 / \
o ' 1 . |
-10d
aho 500 1000 1100 12'00 1200 1400 1500 1600
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 10.353 1.837 6.627 503 598 na
2 12.237 34.649 104.280 94.97 94.02 n.a.
Total: 36.485 110.906 100.00 100.00

Supplementary Figure 55. HPLC spectrum for compound (-)-2u
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(+)-1v: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts < N S
NMe 2
Me
Chromatogram
2 000 T3] 18 #5 [manually integrated] 3-5-901 01 -ADH-Rac UV_VIS_1 WVLI254 nm
200042
1,750
1,500
— 1,250
Eq
.E.
g 1000y |1 5.985
& n
= (
% 750] Il | 1275450
<L A
| | I
| I
500 (| [
[ I
i [
250 | [
| A
/ 1
) ! \
L _ . lll \\- T — L T
-109 r T T T T T T T 1
a0 20 4.0 a0 a0 100 12.0 14.0 150
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 5.965 267.845 919.168 5017 5521 na
2 9480 266 077 745779 4983 4479 na
Total: 533.921 1664.946 100.00 100.00
Chromatogram
100.0
mal
87.54
12-9313
i
. I
5.04 | \l
| |
825 I
2 |
£ | |
2 50.0] |
: |
g |
=3 |
2 7.5 ‘ |
<< |
| |
|
250 | |
i
[
125] [
/.1\ 5.060 II \
|
oo bii-nn e —U N~ 1) B min
00 20 40 &0 a0 160 120 140 150
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 5.060 1774 5.845 445 6.74 na
2 9313 38.056 80.860 95.55 93.26 na.
Total: 39.830 86.705 100.00 100.00

Supplementary Figure 56. HPLC spectrum for compound (+)-1v
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(-)-2v: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram

10004

'1" 16 #3 [manually integrated]

CYR-16-8-p-20/10/10-IE-Rac

V_VIS_1 WL 264 nm

7504

G254

W]

50.04

Absorbance [m/

25.04

1254

16,00

19,00

Time [min]

20000 2100

22700

2300

Integration Results

No. |Peak Name

Retention Time
min

Height
mAU

Relative Area

Relative Height
%

1
2

17.355
21177

40.174
33.661

50.13
49 87

5441
4559

Total:

73.835

100.00

100.00

Chromatogram

284 nm

300 7 16 #27 [manually integrated]
00
5004
5004

5 400]

Absorbance [mAU]
2
@
;

2004

10.04

00
A0

_

T —
1500 1500

— T
1700

———
1900

Time [min]

—
2000

La—
2200

2300

Integration Results

No.  |Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a

1
3

17.338
21.140

23268
1.100

48618
2.300

9549
451

9548
452

na

Total:

24.368

50.918

100.00

100.00

Supplementary Figure 57. HPLC spectrum for compound (-)-2v
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(+)-1w: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts < N S
NM ey
Chromatogram
1204
mal
1004 (1 -5.027
|{\.
M
\
[
80 |
=5 |
E |
3 50 |
= |
2 \
-1 ‘ |
o {
= 1
< apd | \
| |
| \
| 4
20 | \
|
/'II‘
-
™ min |
&= T T T T T T 1
500 E00 7.00 200 .00 1000 1100 1200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 6.027 34520 96.119 50.49 56.13 na
2 8913 33843 75129 4951 4387 na
Total: 68.363 171.247 100.00 100.00
Chromatogram
1204
mAL
\2-8.855
100 n
N
[
[
a0 [
|
— |
=) |
B [
2 60 -
5 [
< | \
5 \
E | |
< 40 | \
| 4
| \
|I !
|
‘I.‘
- L/ — )
! mirn
700 8o B 1000 1100 12'00)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 5972 4.249 13.424 8.93 174 na.
2 8.855 43357 100.962 91.07 88.26 na
Total: 47.607 114.386 100.00 100.00

Supplementary Figure 58. HPLC spectrum for compound (+)-1w
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(-)-2w: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A =254 nm

NMe 2
Chromatogram
1.000
mal
a75
11-8.115
750 |||
_. o254 |‘|
<
z |
% 500 ‘
£ |
= | 12
5 n
2 475 | f\
< | I
|1
I [
250 ] | A
| II Y
| | \
54 \ |
125 [ [
|\ ."
I — — —
0 4 1N L4 min
50
oo 20 40 @ a0 180 120 140 180
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 6.115 226.628 772.023 50.01 64.99 na.
2 10.672 228 564 415.953 4999 35.01 na
Total: 457.192 1187.976 100.00 100.00
Chromatogram
180
mAL
140
1204
11-5.098
A
1004 I
z |
=, a04
g \
=
£ ‘ |
2 @0
2 |
Ed
‘ |
40 |
|
‘ ﬂ
20] \
| 12-10.730
b | — Y \‘_1'7 — L =T Tim
6= r T T T T T T T 1
s} 20 4.0 20 an 10.0 120 140 150
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a
1 6.098 29.978 109.099 9139 9497 na
& 10.730 2823 5779 861 503 na
Total: 32.801 114.879 100.00 100.00

Supplementary Figure 59. HPLC spectrum for compound (-)-2w
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(+)-1x: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts < N S
NM ey
Chromatogram
a0 "l' 16 #20 [manually integrated] O B-16-14-5-001 0 -8 0H-Rac
700
GO0
500 ji-B0s
=) I
A I 2. 5880
= fl j2roen
B 4007 I f
£ I i
= I
2 | I
2 500] |
< | .
Il [
[ [
| |
[ I
a0 Il‘ | [ \
1004 I|‘ |‘I I." I|‘\
/ | \
04 — L \“ T — T
-dr_ T T — T T T T T L .
300 400 .00 5.00 700 800 8.00 71000 1100 1200
Time [min]
Integration Results
No  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 6.105 125.081 499.138 50.24 5438 na
2 8.880 123.899 418.798 49.76 4562 na.
Total: 248.980 917.936 100.00 100.00
Chromatogram |
200 7 16235 [marually ir CVB-16-45-5-4-00/10010-254-Chiral U WIS 1 WAL 254 nm
1754
150
|2-8.972
il
125 Il
'_.; Il
/
§ 100 ‘ |
£ I
2 753 [
Ed [
| II
|
50 ‘I |
[ l'
- \
254 | ".
o / \
o — _ A G145 _ _|_/ . :
-10
3.00 375 5.00 .25 750 .75 1000 1125 1200
Tima [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU 9 % na.
1 6.145 0.898 3.503 223 255 na.
& 8972 39.359 133.791 9777 9745 na.
Total: 40.258 137.294 100.00 100.00

Supplementary Figure 60. HPLC spectrum for compound (+)-1x
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(-)-2x: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram

R [manually inegrated] CYB-18-22-p-9001 011 0-ADH-Rac
2004~ —=
1754
180
. 11-BEIT
L 125 |'|
2 Il
3 100 i
|
= \
5
1 75 | |
= ‘
50 | ‘
l |
. |
54 |
I
I
oll— _ e N _ 1
0
200 250 3ta 500 625 750 575 250 400
Time [min]
Integration Results
No. [Peak Name Retention Time: Area Height Relative Area | Relative Height | Amount
min mAU*min mAU 9 % na.
1 5817 28.346 126.478 49.49 62.89 na.
2 10.028 28.934 74619 50.51 31 na.
Total: 57.280 201.098 100.00 100.00
Chromatogram
180
mAL
140
ﬁi 5752
il
1204 |
I
100 | |
- |
E |
= and
g \
: |
H |
@ 60 |
Ed
Ed ‘ |
|
404 | |
{
| |
\
204 ‘ \
| K
Al B — _UI T T - T
5 I T T T T T T T T 1
200 250 375 500 625 750 a7s 1125 1250 14.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a
1 5752 39.366 131.309 95.15 96.74 na
& 9707 2006 4427 485 326 na
Total: 41.372 135.736 100.00 100.00

Supplementary Figure 61. HPLC spectrum for compound (-)-2x
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(+)-1y: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts < N S
NM ey
Br
Chromatogram
500 7 16 214 [manually integrated CYB-18-14-5-00/10710-ADH-Rac U WIS 1 WAL 254 nm
S004
400
|- 6458
A 12-9.268
{1 f\
[ [
[ I
A [
| [
i [
[ [
[ [
1004 [ [
| | f \
| Ill | 1
| \ }l \
0 A \[ S I, A |
o 375 5.00 .25 750 .75 1000 1125 1200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 6.458 86.792 296.529 4991 5237 na.
& 9268 87.105 270.724 50.09 47.73 na.
Total: 173.897 567.253 100.00 100.00
Chromatogram |
200 '_': 18 #22 [manually integr CYB-16-41-5-2-80010/10-254-Chiral _1 WL 254 nm
1754
150
_ 125
2
= 100]
5 |2-0.268
£ i)
2 75] Al
= [
[
[
50 [
|
II I\
- I} !
25 ’I. I".
o - IR LE i "\‘_’_ )
10
400 500 500 700 8.00 afo 1000 1100 1200
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 6413 0.555 2208 206 248 na
rd 9.268 26.356 86.918 97.94 97.52 n.a
Total: 26.911 89.126 100.00 100.00

Supplementary Figure 62. HPLC spectrum for compound (+)-1y
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(-)-2y: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram

500 '5 16 #15 [manually inte CHB-16-16--901 01 0-ADH-Rac 15_1 WAL 284 nm
7004
G004
_ 5004
E
é 4004
% |1-5983
2 300 f\
2 i
[
Il
[
2004 [
o /
I| |I |
1004 [ /
[ /
0 _J/‘ k‘ 1 / ey
T,
400 500 .00 700 800 900 1000 1100
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 5983 73277 322 509 50.15 6123 na
i 9.607 72827 204.476 49.85 3877 na.
Total: 146.103 527.385 100.00 100.00
Chromatogram
500 "F_ 18 #28 [manually integrated] CYB-18-41-p-80r10 54-Chiral _ 1 WWL.254 nm
4004
1004
|2 - 8800
0 1 . N
o5
+bo 5.00 .00 700 a0 9.0 1000 1100
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % %o na.
1 5922 38.902 172.271 94.08 95.85 na.
A 9.600 2.448 7.458 5.92 4.15 na.
Total: 41.350 179.729 100.00 100.00

Supplementary Figure 63. HPLC spectrum for compound (-)-2y
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Ts <

Cl

7

NMez

(+)-1z: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Chromatogram

300 ‘E 18 #45 [manually integrated CYB-16-51-9010/10-ADH-254-Rag U WIS _1 WAL 254 nm
250
200
504
A 2. 10222
/| f\
I I
100 [ [
[ |
| Fol
{1 [
| o
| [
504 | / \
\ { \
1 !
’." I"., .f" \
o — SN . AN
16
) 50 60 70 30 a0 100 110 120 130 140
Time [min]
Integration Results
No. [Peak Name Retention Time: Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 7773 48.036 133.387 49.88 51.14 na.
2 10.232 48.274 127.449 50.12 48.86 na.
Total: 96.310 260.836 100.00 100.00
Chromatogram
200+ E 17 #37 [manually integrated] CYB-17-21-5-9001 0/ 10-254-ADH-Chiral UW_WIS_1 WWVLI254 nm
1754 12-10.273
N
I
H
150 I
_125] |
Z n
2 1007 | ‘I
H |
g [
2 753 |
< |
|
504 | |
I
| |
| 1
25 |1 -7.802 | l
|
/ i Y
ol . 1 — | J'l \__’_
-10- r T T T T T T T T T 1
4.0 50 B0 70 a0 a0 100 110 120 130 140
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a
1 7.802 5433 19.327 8.75 10.26 na
& 10.273 56.685 169.060 91.25 89.74 na
Total: 62.118 188.387 100.00 100.00

Supplementary Figure 64. HPLC spectrum for compound (+)-1z
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(-)-2z: 1G, i-PrOH/hexane = 50/50, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram

500 7 16 #52 [manually inegr CYB-15-52-000001 0-1G-254-Rag 15_1 WAL 2584 nm
4004
|1 BEET
il
I
I
|l
(|
|
i
100 |
| 12- 14580
|
|\
ol g o - -
- bl L—_— _ L —_—
550 | 6ls 750 a5 10’00 11'25 12'50 1375 15700 1625 1750
Tima [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % Yo na.
1 6.667 72664 284.336 50.23 7746 na.
- 14.680 71.998 82.734 4977 2254 na.
Total: 144,661 367.070 100.00 100.00
Chromatogram
150 @ 17 #2% Imanually integrated] CYB-17-19-5p-50/50/10-254-1G-Chiral UV _VIS_1 WL 254 nm
140
1204
1004
5
E. 804 |1 5593
2 ft
= [l
£ [
& B0+ |
2 |
=T | |
40 | |‘
|
i
204 I
A
i \
[ | S ¥ A . - |
8- r T T T T T T T 1
530 .25 780 arh 10.00 1125 1250 1375 1760
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 6.693 19638 75.629 87.59 95.84 na
2 15.045 2781 3.280 1241 416 na
Total: 22.419 78.910 100.00 100.00

Supplementary Figure 65. HPLC spectrum for compound (-)-2z
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(+)-1laa: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts < N S
NM €
Br

Chromatogram |

500 ‘?_ 16 #31 [manually integ CYE-16-59-5-90/10¢10-ADH-254-Rac A5 _1 WAL 254 nin

4004
=300
<L
T
.
E 2004
E] ]

1004

[o B | -
25
6.00 700 a0 a0 1000 1100 12100 13.00
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relafive Height | Amount
min mAU*min mAU 9 % na.

1 8.037 84.857 259.687 50.06 5419 na.
2 11.193 84639 219.512 49.94 4581 na.
Total: 169.495 479.199 100.00 100.00

Chromatogram

& 17 #52 [manually integrated]

CYB-17-26-5-90/1010-254-ADH-Chiral

U WIS_ 1 WVLI254 nm

600

5004

400-| 1285
=
=
.E.
’E;_’ 3004
£
&
K
<L 2004

100

11-8.118
-1~ — \ -
Elh I T T T T T T 1
.00 700 200 200 1000 11.00 1200 13.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a

1 8.118 17.377 62.870 10.682 13.99 na
& 11.285 143 165 386422 89.18 86.01 na
Total: 160.543 449.293 100.00 100.00

Supplementary Figure 66. HPLC spectrum for compound (+)-1aa
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(-)-2aa: ADH, i-PrOH/hexane = 40/60, v = 1.0 mL/min, A =254 nm

N Mez
Chromatogram
400 "F_ 18 #83 [manually infeg CYB-18-T1-p-&d ADH-254 Rac _ 1 WWL.254 nm
350
3004

100
504 | | 12-19.045
I
0 — -I‘r — L T
-2 T T T T T T T T T
0n.o 2.5 5.0 7.5 10.0 12.5 15.0 17.8 200 2285 250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % %o na.
1 5985 53292 210.543 4997 82.67 na.
i 19.045 53.353 44133 50.03 17.33 na.
Total: 106.645 254,676 100.00 100.00
Chromatogram |
200 ‘E 18 #1684 [manually integrated CYB-16-105-A-50040010-254-ADH-Chiral U WIS 1 WYL 254 nm
175
150 11 -6.00
_ 1264 |
|
E
= 1004 ‘
2
£ ‘ ‘
7 75
i
) |
507 |
25] | |
f\ | l\ 219150
D" St Lu_1¢_ — — [ ul _—
18
00 2’5 50 75 100 125 150 175 200 275 250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % na.
1 6.007 38.374 149.865 89.83 97.35 na.
7 19.190 4343 4.080 1017 265 na.
Total: 42.717 153.944 100.00 100.00

Supplementary Figure 67. HPLC spectrum for compound (-)-2aa
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(+)-1ab: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A =254 nm

Ts < N S
NM €y
CF3
Chromatogram |
1500 ‘7: 16 #1683 [manually integrated] CYB-18-209-90/10/10-254-4DH-Rag J 1 WL 254 nm
1.4004
1.2004
1.000
3 |1 8482 12-5.220
. B00H |'I\ ‘I'I
g | i
3 ' [
£ I
S Gl | ‘ |l
4 ! I
| | I
400 | [
| [
‘ |
200 || || | |
[ [
| \ / ‘.‘
o L/ | ‘ Lt e
78 T T T T T T T
0.0 2.0 40 6.0 a0 0.0 12.0 14.0 15.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 6.492 311.066 839.723 4991 50.61 na.
2 9.220 312.241 819.338 50.09 4939 na
Total: 623.307 1659.061 100.00 100.00
Chromatogram ]
200 ‘E 16 #206 [manually integrated] CYE-16-224-3-00/10/10-2 54-A0H-Chiral 15 1 WVL 2584 nm
1759 12-9.183
h
i
150 | ‘
_ 4257
|
é'mnf |
|
Z 75] | |
- |
50] || ‘I
|1-6.353 [
254 i) [
A [
| \ | '\
o] — AN ]
10
0.0 200 A &0 80 100 120 o | 150
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relafive Height | Amount
min mAU*min mAU % % na.
1 6.393 8.276 27.763 1292 1428 na
fd 9.163 55.782 166.669 87.08 85.72 na.
Total: 64.058 194.433 100.00 100.00

Supplementary Figure 68. HPLC spectrum for compound (+)-1ab
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(-)-2ab: ADH, i-PrOH/hexane = 40/60, v = 1.0 mL/min, A = 254 nm

NMe2

Chromatogram

o0 216 #1682 [manually iniegrated CYB-18-210- 7003011 0-254-A0H-Rac 15 1 WL 254 om
2004
|1 4487
— 150 !
|
E 100+ ‘
£
2 ‘ ‘
50 | |
| | 2 18.047
|
|
o e -\\I, — 1 r
-2 T T T T T T T T T
0.0 25 5.0 75 10.0 12.5 15.0 17.5 200 225 250
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU min mAU % % na.
1 4.487 39.766 159.393 50.46 86.06 na.
2 19.047 39.044 25810 4954 1394 na
Total: 78.810 185.203 100.00 100.00
Chromatogram
0 % 16 2202 [manualy integrated] G162 24-P-7 01300 0-2 54-A0H-Chiral UV VI5_1 WL 254 nm
350
3004
_250]
4
g.
t, 2004 a 4517
|
2 150] |
" |
1004 ‘ ‘
50 | |
I s
ol P! LI, o a2 uls
-2 T T T T T T T T T
0.0 25 5.0 75 10.0 12.8 15.0 17.5 200 225 2560
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relafive Height | Amount
min mAU*min mAU 9 % na
1 4517 49.330 197.880 87.02 9721 na.
2 19.138 7.357 5.674 12.98 279 na.
Total: 56.687 203.554 100.00 100.00

Supplementary Figure 69. HPLC spectrum for compound (-)-2ab
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(+)-1ac: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A =254 nm

Ts <
N

4

Chromatogram

2 16 #36 [manually infegr

CYB-15-26-5

200 T5_1 VL 254 nm

1754

569 \
!
i
|"I ‘II
25 / 1
J
, | A
=10
200 5.00 5.00 7.00 a0 9.00 950
Tima [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % na.
1 5.360 43913 145273 50.03 5329 na.
P 8423 43.864 127.348 49.97 46.71 na.
Total: 87.777 272.622 100.00 100.00
Chromatogram
200 [2_1E #£7 [manually iniagr Y- 16-60-5- 00N 0/ 10-254-Ghiral UV_VIS_T WVL 254 nm
1764
1507 ﬁ|2 &2z
/\
_ 1257 I
B |
= |
= 100 ‘||
2 .'
5 754 f
B |
f
50 | |
| \
|" Iﬂ
25] | \
1)
[ —_— __11-5.250 _// \\x, ]
1 _ T
aho 5.0 .00 700 00 900 9.50
Time [min]
Integration Results
No  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5250 0.631 1.492 153 1.03 na.
2 8.122 40.586 142.993 98.47 98.97 n.a
Total: 41.217 144.485 100.00 100.00

Supplementary Figure 70. HPLC spectrum for compound (+)-1ac
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(-)-2ac: IE, i-PrOH/hexane = 2/98, v = 1.0 mL/min, A = 254 nm

Ts

N

\ /]

"Bu

NMez

Chromatogram

T 18 £33 [manually integrat

0.4 CYE-16-46-3-08/2/1(-254-Rac: 1 WYL 254 nm
70.0]
60,04
327
12-9.38
\
\
I".
] ' / \
0.0 L S \\l — N ,
40 T T T T T T T N
4.00 5.00 500 7.00 a8.00 9.00 10000 11.00 1200
Time [min]
Integration Results
No. [Peak Name Retention Time: Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 7.327 2333 27.752 50.05 52.06 na.
7 9.365 23.283 25,554 49.95 47.94 n.a.
Total: 46.614 53.307 100.00 100.00
Chromatogram
100,04 ‘?: 18 #40 [manually integrated] CYE-18-50-p-08/2110-254-Chiral 15_1 WL 2584 nm
&7.54
7504
_ 6254
=
é 500]
% 375
=
2504 2-9.148
\n
12.54 A
\
Y
0.0 1 ,_ . |
-5.0- T T T T T T T
4.00 5.00 6.00 7.00 8.00 9.00 10.01 11.00 12.00
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 7.183 0.794 1.756 5.02 6.91 na.
2 9148 15023 23 654 9498 93.09 na
Total: 15.817 25410 100.00 100.00

Supplementary Figure 71. HPLC spectrum for compound (-)-2ac
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(+)-1af: IE, i-PrOH/hexane = 3/97, v = 1.0 mL/min, A = 254 nm

Ts < N S
NMe 2
Chromatogram
120+ 13 13 #44 [manually integrated] Ts-5115-IE-Rac WY _VIS_§ WVL:254 aim
100
an
? \1-22813F
.E.
I 60+
=3 { ‘.
Z { \
< 404 | \
f )
II \'.
\ / \
204 ,\ / \
/ \ /: \
N
& r T T T T T 1
1600 2000 2125 2280 23.75 2625 27.50 28.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % %o na
1 22613 47.268 67.782 49.90 5157 na
2 24,652 47 467 63.650 50.10 4843 n.a
Total: 94.736 131.432 100.00 100.00
Chromatogram
260 17 13 #47 Imanually integrated] CYB-13-101-5-1E-Chiral WV_VIS_1 W/L:25¢ om
2004
150
.E_
2 224463
g N\
7 100 f
= |
Ed ." \
[\
50 /
J
22,623 \
o] I il , / —
132 r T T T T T T 1
1800 2000 2125 22.80 2375 2E00 26825 2780 2800
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % Yo na
1 22623 2.302 3.476 247 281 na.
2 24 463 90.876 120.025 753 97.19 na
93.178 123.500 100.00 100.00
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Total:
Supplementary Figure 72. HPLC spectrum for compound (+)-1af



(-)-2af: IE, i-PrOH/hexane = 3/97, v = 1.0 mL/min, A = 254 nm

NM62

Chmb’_l atogram

12 13 #47 [manually integraied]

Ts-51f-4-1E-Rac

UV _VIS_1 VWL 254 nm

1604
140+
1204
—_ 100+
; 1 2 30
5 12148390
3 80 rﬂw, aﬂﬂl
= [ [
£ [ [
z [ [
2 604 [ [
< [ [
] | | |
| | | |
40 | | | \
| \ | \
{ | / \
/ \ / |
20 / \ / \
/ \ / \
o4l 1 J \‘M’Z‘ \k_ .
& r T T T T T T T T T 1
200 avs 1000 1125 1280 1375 1500 1625 1780 1875 2000
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU"min mAU % % na
1 12772 55.210 87.343 50.51 50.48 na
2 14.990 54.087 85.672 49.49 49.52 na
Total: 109.297 173.015 100.00 100.00
Chromatogram
200 17 13 246 [manually integrated] CYB-13-101-p-1E-Chiral UV _WIS_1 VL2584 nm
1754
1504
_125]
= |2+ 15.980
b |
§ 1004 |‘ I‘
2 | I|
2 75 I
<< I
II |
=04 | |
[
| |
25] [
II |II
11 13,880 / \
ol — L/ N . —
-19- r T T T T T, T T T T, 1
a00 avs 1000 1125 1280 1375 1500 1825 1780 1875 2000
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 13.880 1.766 4517 3.48 383 na
2 15.980 49008 113.500 96.52 96.17 na
Total: 50.773 118.017 100.00 100.00

Supplementary Figure 73. HPLC spectrum for compound (-)-2af
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(+)-1ag: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts< N S
NMe 2
Chromatogram
200 215 #25 [manually integrated] CYB-13-33-E-Rac U _WIS_1 WVL:254 nm
3504
3004
250 1181 .
= 21271
2 f\ A
£ I I
§2m- II \ | \
= Il [
£ [ I
= 1507 I |
< I [
[ [
[ [
1004 | 1 | II
R
50 | I‘. | I'\
] "I‘ \- | Il'\
/ ! / \
0 — _I_.i‘ &.‘l ;-_ B e
-znd
a0 ars 1000 1125 12'50 1275 1500 1625 17.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 11.618 89.441 246.480 4993 51.19 na
2 12713 89.680 235.021 50.07 48.81 na
Total: 179421 481.501 100.00 100.00
Chromatogram
6004 T 13 #55 [manually Integrated) CYB-13-98-1E-5-Chiral UV _VIS_1 WWL.254 nm
75.0]
62,5 |2 12425
] I"‘.
= 1 M
= s0.0] I
£ ] I
z 1 I
& 275 |
E ]
5 ] |
z ] [
< e n] |
2507 .
] I
] | I‘
12.5] || |
\
] | |
] { |
0.0 | e / \\
I - L
-10.0- I T T T T T T T 1
a0 875 1000 11.25 12°80 13.75 1500 1625 17.00]
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 11.440 0.39%6 1.387 190 206 na.
2 12.425 20.448 65.847 98.10 97.94 na.
Total: 20.844 67.234 100.00 100.00

Supplementary Figure 74. HPLC spectrum for compound (+)-1ag
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(-)-2ag: IE, i-PrOH/hexane = 2/98, v = 1.0 mL/min, A = 254 nm

NM [E3)
Ehmmatogram
3 15 #27 Imanually integraied] CYB-13-37-E-Rag UV _VIS_T WWL:254 nm
2.000
— 1 &a04 11-7.948 -
= N 125,308
I'E_ I |'r\|
i [
2 i I
5 |l [
= [ |
= 1,000 [ [
kS . .
[ [
ﬂ |
. |
500 | |
| |
\ |
/ \ / \
/ \ / |
\
[ | j N _'_[ _ // \, .
-12% r T T T T T T 1
500 600 700 aon <00 1000 1100 1200 1250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 7.948 431.316 1484 606 50.06 51.01 na.
2 9.308 430.362 1425697 49.94 48.99 na.
Total: 861.678 2910.303 100.00 100.00
Chromatogram
1504 [ 13 #37 [manually integrated] CYB-13-08-p-IE-Chiral UV _VIS_T WL 254 nm
1404
1204
400
=
£ a0l Az 335
g [
g I
7 01 I
A
< [
[
[
40 |
|
|
204 [
| \
/ \
_lk 7955 / A
- I R A _
500 700 abo a0 1000 1100 12700 12’50
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.955 1.116 3.603 4.51 429 na.
2 933 23611 80.430 9549 9571 na
Total: 24.727 84.033 100.00 100.00

Supplementary Figure 75. HPLC spectrum for compound (-)-2ag
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(+)-1ah: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts < N S
NM €
Chromatogram
500- [F 13 #50 [manually integrated] CYB-13-115-5-1E-Rac U WIS 1 WWVLI254 nm
5004
400 -
4 | 452
;’ J f \2- 12613
= i i
2 300 | ‘l |‘ ‘I
5 ] |
ER X A
: [
= [
2004 I |
] |1 | |
] | I
i | |
[ I
100 | [
’ [ [
] | [
{ | | ‘\
od — L/ | — S —
0= T T T T T T T, T T 1
6.00 750 arh 1000 1125 1260 1375 1500 1625 1800
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 11.462 115.638 374.184 49.74 52.34 na
* 12.613 116.849 340.746 50.26 47.66 na
Total: 232488 714.929 100.00 100.00
Chromatogram
150 [ 13 #824 [manually integrated] LZ¥-1-119-5-[E-Ghiral UV _VIS_1 WWLZB4 nm
140
1204
2- 12.405
fl
100 ‘l'l
— | |
E |
= a04 |
=~ |
g [
I s0d ||
)
2 [
E | |
407 [
||
| |
204 |
-
\
i PR \
b | — e L N : I—
18- T T T T T T T, T T 1
.00 750 a75 1000 1125 12650 1275 1500 18 25 12.00|
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 11.275 1.163 4.201 3.00 351 na.
2 12.405 37.588 115530 97.00 9649 na
Total: 38.750 119.732 100.00 100.00

Supplementary Figure 76. HPLC spectrum for compound (+)-1ah

176



(-)-2ah: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMe2

Chromatogram

1800 7 15 258 [manually integrated] CYB-13-120-p-IE-Rac UW_VIS_1T WWLI254 nm
1,600+
1,400
1,200
=) -
T 4 g00] \1-7.778
£ 1000 N\ |2 9157
g I f
% 300 I |'I \
I}
2z I [
T good [ [
I I‘ | ||‘
4004 \ [
1 i
f | / \
| I 1
2004 f \II. ,‘I .“
\ \
0 |J_ _\.T__|_/ \\,__ :
a0
500 500 7.50 abo a.0o 1000 1100 12:00)
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % n.a
1 1778 296.000 995.940 51.83 5175 na
2 9.157 275.108 928.572 48.17 48.25 n.a
Total: 571.108 1924.512 100.00 100.00
Chromatogram
400 @ 13 #73 [manually integrated] LZY-1-118-p-IE-Chiral UV_VIS_1 WWL:264 nm
250
300
—_ 2504
Ed
.E.
2 2004
2 128210
2 1507 )
< N
I
[
100 .
I
[
50] [
[
11-7.837
e )N |
-20- r T T T T T T T T 1
450 500 6.00 700 200 00 1000 1100 1200 1250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 7837 2.386 8.837 5.08 5.18 na
2 9210 44 576 161918 94.92 94 82 na
Total: 46.962 170.754 100.00 100.00

Supplementary Figure 77. HPLC spectrum for compound (-)-2ah
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(+)-1ai: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts <

74

NMe 2
Chromatogram
1 400 1 #35 [manually infegrated] CYB-13-125-E-Rac UV_VIS_1 WL 264 nm
1,.2004
10004
2 &0
.E_
] | 1-8.353 210,067
£ 6004 / \ I\
E [ [
= [ [
400 i | | |
{ \ [ \
/ | / \
200 / ! { \
J NS N
0 I —N/ e
70
700 2o 500 1000 1100 12'00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 9.353 202.332 633.917 50.18 50.86 na
2 10.067 200.858 612.601 4982 49.14 na
Total: 403.190 1246.517 100.00 100.00
Chromatogram
100 % 13 #109 [manually integrated] C¥B-13-167-5-IE-Chiral U _WIS L2584 nm
2504
2004
E. |2 - 10,707
= 1504 [
2 [
= /o
= [
< 100 [
[ \
I‘ II
[
50 / \
|" \u
/ \
119383 \_
o - LT ‘;r L —
-18- T T T T
7.0 a0 .00 10.00 11.00 12.00)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % %o na
1 9.393 1.996 8.160 4.04 493 na
2 10.107 A7.420 157.368 95.96 95.07 n.a
Total: 49.416 165.528 100.00 100.00

Supplementary Figure 78. HPLC spectrum for compound (+)-1ai
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(-)-2ai: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NM (9}
Chromatogram
4000 7 1 #37 [manually integrated] LZY-1-118-IF -Rac UV _VIS_1 WL 2584 nm
23,5004
3,000
_.2.500]
g .I\I 7.900
= i}
o200 [ |2-9.052
2 2,000+ I| ‘I ‘.»“
z A M
3 150 I M
£ 15004 | | |I
= [ [
_ [ |
1,000 | |
[ (
| \ |
500 ( \ |
| \ | \
i I
! /
0 — —_— _\\.,_ L \__ .
200 r T T T T T T 1
500 .00 700 200 SO0 10:00 1100 12.00
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 7.900 561.545 2273.685 50.03 5287 na
2 9032 560.923 2026.530 4997 4713 na
Total: 1122.469 4300.215 100.00 100.00
Chromatogram
150 12 13 #108 [manually integrated) CYB-13-167-p-IE-Chiral UW WIS 1 254 nm
1404
1204 \2-9.182
f\
|
|
1004 I‘
|
= |
i |
£ &0 |
5 |
= |
= |
5 G0 | |
-4 [ |
o | \I
404 |' l‘
|
[
204 | |
| \
/ \\\_
ol _q1-7835 j
E R — - = L e —
~1pd
500 o 700 8.00 afo 1000 1100 12.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU %o % na
1 7935 0.870 2.086 203 1.72 na
2 9.182 42070 119.416 97.97 98.28 na
Total: 42.940 121.502 100.00 100.00

Supplementary Figure 79. HPLC spectrum for compound (-)-2ai
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(+)-1aj: IE, i-PrOH/hexane = 2/98, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
1204 @ 15 #6 [manually integrated] CYB-15-3-98/2/10-IE-Ras UV _WIS_1 VWWL:2684 nm
1004
an
E’ |2 20.497
2 604 \
2 \
= \
<< 404 |
\“.
204 \\
\
o — \ T
&= r T T T T T T T T 1
14.00 1500 16825 1780 1878 2000 2125 2280 2375 2500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 18.757 42049 70.979 50.34 5295 na
2 20497 41486 63.082 4966 47.05 na
Total: 83.535 134.061 100.00 100.00
Chromatogram
200+ E 15 #25 [manually integrated] CYB-15-13-93/210-IE-Chiral UV VIS 1 WWLI254 nm
1754
1504
_125]
=
<
.E.
2 1004
£
=1
Z 757
<<
504
254
04 T -
-1e-! r T T T T T T T T 1
1400 1500 1825 17 80 1875 2000 2128 2250 2375 2500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 18.587 2.655 4.990 288 361 na
2 20.162 89395 133.180 97.12 96.39 na
Total: 92.050 138.170 100.00 100.00

Supplementary Figure 80. HPLC spectrum for compound (+)-1aj
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NM62

(-)-2aj: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Chromatogram

200+ E 15 #7 [manually integrated] CYB-15-2-95/6/10-IE-Rac UV _WIS_1WWVLI254 nm
2504
2004
=
=
.E.
g 150 11-8.573 126892
K i f\
£ I A
2 Il {1
Bt [ | ||
<< 1004 ‘| |I ‘l \
| [
I [
[ [
| | | |
50 [ | |
[ |
/ \ | \
\ / \
o — I _/ \\__'_L/ N :
157 I T T T T T T T 1
500 525 750 avh 1000 1125 1260 14.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a
1 8.573 46.727 143412 50.24 50.80 na
& 9992 46.285 138.892 49.76 4920 na
Total: 93.012 282.305 100.00 100.00
Chromatogram
500 @ 15 #10 [manually integrated] CYB-15-13 M0-IE-Chiral UW_VIS_1WWLI254 nm
400
= 500
=
E. 12 9.817
8 f
H /
€ I
5 200 i
E I
< |
| |
.
[
100 [
] i
] 1
I‘ 1
[
O L/|_i\8.‘46;' | / \._ . - _
25 T T T T T T T T 1
500 625 750 a75 1000 1125 1280 14.00]
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 8.465 2.808 9.866 353 391 na.
2 9817 76.619 255728 96.47 96.29 na
Total: 79.427 265.505 100.00 100.00

Supplementary Figure 81. HPLC spectrum for compound (-)-2aj
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(+)-1ak: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, A = 254 nm

P

0]

Ts <

NM92

Chromatogram
004 [ 13 #83 [manually integrated] L7Y-1-123-5-IE-Rac UV _WIS_1WWVLI254 nm
7004
600
_. 500
=
B A1 - 15.985
g 4004 f
@ [
= [
& |
2 300 [
k= | I|
| |
| |
200 [
[
| |
| \
100 | |
| 1 |
/
o — 1 _/; & vy \-__ ; S
-40- r T T T T T T T T T
1200 1375 1500 16.25 1750 1875 20.00 2125 2300
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 15.985 192.194 429545 49.88 55.28 na.
2 19.293 193.083 347.535 50.12 4472 n.a.
Total: 385.277 777.080 100.00 100.00
Chromatogram
150 [Z 13 #05 Imanually integrated] CYB-13-153-IE-Chiral UV_VIS_1WWL:254 nm
140
1204
1004
=
E. a0
g
Z
5 G0
ki
Ed
404
204
I 5710
I e - —
1375 15700 16725 17750 2125 R
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 15.710 1.865 4431 294 371 na
2 18.908 61.599 114.960 97.06 96.29 n.a
Total: 63.464 119.391 100.00 100.00

Supplementary Figure 82. HPLC spectrum for compound (+)-1lak
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(-)-2ak: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, A =254 nm

NM62

Chromatogram
004 17 153 #66 [manually integrated] L7Y-1-125-5-IF-Rac LW _WIS_1 WWVLI254 nm
4004
= 300
E
.E. i
g ]
H ]
5 200
2
2 ]
100+
04
25 r T T T T 1
6.50 700 a0 2.00 1000 11.00]
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 8.470 73.394 301.368 50.37 53.02 na.
2 9.172 72324 266.998 4963 46.98 na
Total: 145.718 568.366 100.00 100.00
Chromatogram
1404 17 13 203 [manually integrated] CYB-13-153-1E-Chiral UW_WIS_1 WWL254 nm
1204
100
? 204
.E.
g
£ 604
&
K
kS
404
204
o |-
550 700 ab 9b0 1000 11'00)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.408 0.699 3.367 296 393 na.
2 9.107 22.886 a87.011 97.04 96.27 na.
Total: 23.586 90.378 100.00 100.00

Supplementary Figure 83. HPLC spectrum for compound (-)-2ak
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(+)-1al: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A =254 nm

Ts <

Y4

NM (53]
Chromatogram
g [ 13 #91 [manually integrated] CYB-13-156-[E-Rac UV_VIS_1 WUL 254 nm
250]
200]
? ] 14.827 TE.163
.E.
5 150t
R
)
2 100
< 1
504 | \ | \
] / \ | \
] / \ / \
o - _L/ \|‘/\_ |
2%~ r T T T T T T T T 1
1000 1125 1280 1378 1500 1825 1780 1875 2000 2100
Timea [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 14.827 95.322 163538 49.64 49.96 na.
2 16.163 96.721 163.816 50.36 50.04 na
Total: 192.044 327.354 100.00 100.00
Chromatogram
200+ 7 13 #106 [manually integrated] CYB-15-164-5-1E-Chiral UV VIS _1WWL 254 nmi
1754
1504
_128]
H
E
'w 100
E
=
2 754
=4
ELE
254
114950 )
~ — —_— — _———#'-7 —. —e——
5 . P/ :
-10- T T T T T, T T T
10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.75 20.00 21.00
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % %o na
1 14.950 1.743 2735 199 1.89 na
2 16392 85745 141536 98.01 98.11 na
Total: 87.488 144.261 100.00 100.00

Supplementary Figure 84. HPLC spectrum for compound (+)-1al
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(-)-2al: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NM62

Chromatogram
1 B0+ "?_ 13 #98 [manually integrated] CYB-13-181-1E-Rac UW_WVIS_1WWL 254 nm
1.4004
11-82885 1279885
1.200] fl i
[ il
i Il
I I
_1.000] |l I
= [ |
= I [
g 200] [ |
2 | | |
R | |
% B00 [ | |
E |
. | |
| | |
400 [ | |
| | II
[ .
200] f | | |
| |‘ | ]
| Voo \
/ /
04 - [ -\'H — _\-\; TN —
60 T T T T T T T
5.00 G.25 7.50 878 10,00 11.25 12.50 14.00
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % %o na.
1 6.888 399.996 1232.310 50.14 4994 na.
2 9.865 397.784 1235.250 49.86 50.06 na.
Total: 797.780 2467.560 100.00 100.00
Chromatogram
1000 "7_ 13 #100 [manually integrated] CY¥B-13-164-p-1E-Chiral VWL 284 nm
§7.5]
75.0] j2ses
"
Il
_ 625] || ||
E |
s 5004 | |
= I
g . |
£ 975 [
<
|
25.0] f ||
.
[ |
12.5] ."‘ |
\
ool L 8Eﬁ:j \a_,_ _— B ~ B
5.0- T T T T T T T
5.00 3.25 7.50 875 10.00 11.25 12.50 14.00]
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 8632 0.397 1.356 183 1.78 na.
2 9625 21.302 74.954 98.17 98.22 na.
Total: 21.699 76.310 100.00 100.00

Supplementary Figure 85. HPLC spectrum for compound (-)-2al
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(+)-1am: IE, i-PrOH/hexane = 3/97, v = 1.0 mL/min, A =254 nm

Ts <
N

74

NM62

Chromatogram

4004 13 #125 [manually integrated] C¥B-13-Ad-Rac-check
360
30
| 250]
)
L
4 200]
£
£
5
2 150]
E4
100
S04
0
=20 T T T T T T T
1700 1800 1900 2000 2100 2200 2300 2400 2500
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU min mAU % % na.
1 20.877 95.488 211.672 50.08 50.26 na.
2 21.783 95.185 209481 4992 4974 na
Total: 190.673 421.153 100.00 100.00
Chromatogram
1000 7 13 #123 [manually iniegrated) C¥B-13-177-5-1E-Chiral
07 5
12- 21665
f’\ll
750 fl |
I
|
625 i
= [
H [
w 500] -
2 | |
= | |
5 / |
& 3754 | |
= ‘I \I
|I |
2510 | \
|I \
175 |" I‘I
759 f{ \.
\
00] [ R 4}}{ N —
50
1700 1300 1900 2000 21700 2200 2300 2400 2500
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % %o na.
1 20.925 0.010 0.008 0.03 0.01 na.
2 21.665 36.849 B81.166 99.97 99.99 na
Total: 36.859 81.173 100.00 100.00

Supplementary Figure 86. HPLC spectrum for compound (+)-1lam
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(-)-2am: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A =254 nm

NM (=]
Chromatogram
2000 73 13 #&7 [manually integrated) CYBE-13-141-p-IE-Rac UV _VIS_1 WL 254 nm
1,7504
1,500
—_ 1,250
E
E - 8093
g 10004 f 25358
B A N
# 750 Il ‘| |
< f [
I -
5004 |1 [
| |
| I
| || |
250] | [
[ [
| | { \
0 Wi T/ K —
-109 r T T T T T ‘ T T 1
5.00 .00 700 200 @00 10.00 11.00 12.00 1300
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 8.093 256.835 1050.530 49.88 5247 na
2 9.968 258.071 951.576 50.12 4753 na
Total: 514.905 2002.106 100.00 100.00
Chromatogram
500- 13 1 #83 [manually integrated] LZY-1-216-IE-p-Chiral UV _WIS_1 VL2584 nm
4004
= 300
<
.E. i
B ]
R (210372
5 2004 Il
2 R
<< 1 [
] [\
1 I| \
1004 .
! |
- I| II
] i |
i e | Y
od . __,_L_r‘--zil_ - A N —
25- r T T T T T T T 1
500 G800 7.00 2.00 &.00 10.00 1100 12.00 13.00]
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 8243 0653 2779 1.04 129 na
2 10372 62.302 213.087 98.96 98.71 na.
Total: 62.955 215.866 100.00 100.00

Supplementary Figure 87. HPLC spectrum for compound (-)-2am
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(+)-1an: ODH, i-PrOH/hexane = 1/99, v = 1.0 mL/min, A = 254 nm

A

Ts <
N

NMe 2
Chromatogram
| 13 #7160 [manually integratad] L 284 nm
100
04
=
‘rL.
= 0
g
i
5
12 |1-12.197
= 404 \
\ 12- 14722
Y
204 \
o ! \-‘_ |
-G
a0 60 50 100 120 140 140 180 200 220)
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU Yo % na
1 12.197 66.631 42766 5338 57.85 na
2 14.722 58.194 31.156 46.62 42.15 na.
Total: 124.825 73.922 100.00 100.00
Chromatogram
13 FREEGE [manually inegraad] CY¥B-13-236-00H- L 284 nm
POl AL
1004
0
=
&4
£ |1+ 12538
L A0 A
: [\
3 [
E /
< and ! |
[
/ |
204 / \
I|
/ \ 1215362
04— 1 — — '—rL"'r*‘\"*-,—
5
4 50 50 100 120 140 120 180 200 200
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 12538 63.691 62.223 95.01 9483 na.
2 15.362 3.342 3.389 4.99 517 n.a.
Total: 67.033 65.612 100.00 100.00

Supplementary Figure 88. HPLC spectrum for compound (+)-1an
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(-)-2an: IC, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram

=00 T 13 #1710 [manually integrated]

400
3004 12-7.815
j \nl
< 5753 i
= ) I
] M I
= 200 I I
5 | I
2 | II [
| |
ol |
“ B I
|
[ .
|‘ I‘. | 'I
By f \ |
| . \_
S — —
400 5 001 & 0o 700 500 400 1000)
Tirme [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 6.753 63.266 298.969 50.45 4734 na.
2 7.815 62.149 332.606 49.55 52.66 na.
Total: 125415 631.574 100.00 100.00
Chromatogram
- 138748 [manually inegrated] C0-13-225-IC-p-Chiral /1254
200~ - =
175
180
| 125]
=
=
% 100]
g
£
s .
=3 a4
504
254
0] . — —
-0 : :
400 Som 900 1000
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 6.392 1.655 6.409 5.04 6.29 na.
2 7.502 31.205 95.483 94.96 93.71 n.a.
Total: 32.860 101.892 100.00 100.00

Supplementary Figure 89. HPLC spectrum for compound (-)-2an
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(+)-1ao: ODH, i-PrOH/hexane = 1/99, v = 1.0 mL/min, A = 254 nm

Et
:)\ Et
Ts <
N %
NMe 2
Chromatogram
100.0 7 1 #57 [manually integrated] LZY-1-188-00H-s-Rag UV _VIS_T WWL.254 nm
ar.54
FE.04
1 1-10.522
., 62.5]
H
E 12- 13518
% 50.0] ;f -,
£ / \
7 a7.5] / /o
K4 / | \
/ I \
f | / |
2504 | |
/o \
’n’ II‘ ‘.
12.5] / \ \
ol 4L/\4 .\_\__T R
-5.0
50 80 a0 100 120 140 180 130 200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 10.522 69.465 61.637 50.70 54 68 na
2 13.518 67.542 51.083 49.30 4532 n.a.
Total: 137.007 112.720 100.00 100.00
Chromatogram
250 17 1 ¥58 [manually integrated] LZY-1-197-00H-5-Chural U _WIS_T WWL:254 nim
2004
= 150
Ed
‘E.
g
£ 100
£
Ed
E0+
s Z- 12845
™ —
122 r T T T T T T T 1
50 8.0 a0 100 12.4 14.00 160 180 20.0)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % Yo na
1 9952 99.315 121.134 9544 9552 na.
2 12648 4750 5677 456 448 na
Total: 104.065 126.811 100.00 100.00

Supplementary Figure 90. HPLC spectrum for compound (+)-1ao
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(-)-2a0: IC, i-PrOH/hexane = 2/98, v = 1.0 mL/min, A = 254 nm

NM62

Chromatogram

&0.0 3 1 #54 [manually infegrated]

LZY-1-182-IC-p-Rac

UW_WVIS_1 WL 254 nm
E0.04
40 04
=
<
£
o 30.0
g
£
&
2
<L 20.0
10.04
.04 _—
40
&0 0.0 12.0 14.0 180 180 20.0 220 240 250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 14.342 20.135 34.031 50.74 56.85 na
2 18318 19.551 25.830 49.26 43.15 n.a
Total: 39.686 59.861 100.00 100.00
Chromatogram
100.0 B 14 220 [manually integrated] CYB-14-208-98/2010-1C-Chiral LW _VIS_1WWL:254 nm
87.54
32.5
=
£ 50.04
= 12-17.005
£ Il
2 2757 [
I [
& Il
2 [
250 I
2504 [
[
| |
12,5 | \
/!
0.0 4 5 \
i 12580
S J../“\.h'_ — \// L__'_ o
150 ] r T T T T T T T 1
a0 100 120 14.0 180 180 200 220 240 250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 13.560 1.355 2764 355 507 na.
2 17.005 36.810 51.779 96.45 9493 na
Total: 38.165 54.543 100.00 100.00

Supplementary Figure 91. HPLC spectrum for compound (-)-2ao
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(+)-1ap: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A =254 nm

pr

Z "Pr

NMGQ

Chromatogram

UV_VIS_1 WYL 354 nm

30.04 ]

0.04

11-8.217

-50-
0 20 40 80 80 100 120 1o 16.0
Time [min
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 8.217 6.820 14.657 50.33 5485 na
2 9.403 6.731 12.016 49.67 45.05 n.a,
Total: 13.552 26.673 100.00 100.00
Chromatogram
500 B UV_VIS_1 WVL:254 nm
400: 2-9.365
2 3004
£ ]
@
8 ]
g 4
3 2004
<< 1
100+
-10 - T T T T T T T
0.0 2.0 4.0 6.0 8.0 10.0 120 14.0 16.0]
Time [min
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.210 10.860 24.933 4.54 5.89 na.
2 9.365 228.105 398.100 95.46 94.11 n.a.
Total: 238.965 423.033 100.00 100.00

Supplementary Figure 92. HPLC spectrum for compound (+)-1ap
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(-)-2ap: IE, i-PrOH/hexane = 2/98, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
oo B 14 #35 [manually integrated] CYB-14-242 UV _VIS_1 WL 254 nm
4004
= 300 1-8.143 120748
£ f f
@ 1 H h
= | | I
2 - | | I
& 2004 I |1
ES | | [
i | |
[ \
1 [ .
1004 || [
] | i | |
1 [ |
] / \ /
0] — R \7_[ L/ “\\ ; ——
25- r T T T T T T T 1
4.0 50 6.0 70 a0 a0 0.0 1.0 120 130 14.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 8.143 82.492 290.366 4991 4998 na.
* 9.748 52.804 290.577 50.09 50.02 n.a.
Total: 165.296 580.943 100.00 100.00
Chromatogram
200 [ 14 #36 [manually integrated] CYE-14-244A-95/ UN_WVIS_1 WL:254 rm
1754
150
1254
=) 129733
"‘u
3 100] f II
£ I
£ 75 I
2 754 [
Ed
|
|
504 |
| |
[
[
25 | |
| |
/\_J\ 8125 / \\
o — — A= ~ <~ —_— —
-10d
40 50 ) 70 a0 ) 100 o 120 120 140
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 8.125 1583 5.971 437 488 na.
2 9733 34.639 116.282 95.63 95.12 na.
Total: 36.222 122.253 100.00 100.00

Supplementary Figure 93. HPLC spectrum for compound (-)-2ap
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(+)-1aqg: ADH, i-PrOH/hexane = 20/80, v = 1.0 mL/min, A =254 nm

2~ "Ph
Tso, -~
N %
NMe 2
Chromatogram
200 B 18 #1802 [manually integrated] CYB-18-238-5(2Pn|-B0/20/10-254-ADH-Rac UV_VIS_1 WL 254 nm
1754
1504
1254
1-4962
100 A
i
75 I
i
50] ‘l ‘
| | /% 11.508
25 || /o
\ \
[
o] I ¥ S - . / \‘ :
-1e- r T T T T T T T T 1
[+e] 20 4.0 a0 a0 10.0 120 14.0 160 170
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 4.962 26.485 102.801 4962 73.66 na
2 11.508 26.891 36.755 50.38 2634 na
Total: 53.376 139.556 100.00 100.00
Chromatogram
2000 ! 18 #103 [manually integrated] CYB-18-238-5(2Ph1-80/20/10-254-ADH-Chiral UW_VIS_1TWWL.254 nm
1,7504
|1-2.948
. |
1,5004 |
1,2504 | ‘
1,000 ‘ |
40 | |
5004 | |
2504 ‘ ‘l
I| | 2+ 11425
|
o] L | |
-109 r T T T T T T T T 1
[3Xs) 20 4.0 8.0 a0 10.0 12.0 1.0 1B 470
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 4.948 407.349 1600.188 82.92 817 na
2 11.425 83.662 117.250 17.08 6.83 n.a
Total: 491.231 1717.438 100.00 100.00

Supplementary Figure 94. HPLC spectrum for compound (+)-1aq
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(-)-2aq: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, A = 254 nm

NMez

Chromatogram

ann, B 18 #38 [manually integrated] CYB-16-238-p(2Pn)-60/20/10-254-1E-Rac UV_VIS_1T WWL254 nm
350
3004 |1-7.407
I
II
250 | |
2 ‘ |
£
ol 200
2 | | (2 - 18447
g | \
#1507 I
2 | .".
| B
1007 | |
[ [
| .
N | II ,' lﬂ
| | 4
o4 — L JI | — | / k -
_znd
00 20 40 20 80 100 170 140 180 180 200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 7.407 107.830 290.198 50.13 61.82 na.
2 14.447 107.291 179.298 49 87 38.18 na
Total: 215121 469.426 100.00 100.00
Chromatogram
300, 18 #1006 [manually integrated] CYB-18-258-p(2Ph)-80/20/1 0-254-IE-Chiral-2 UV_VIS_1 WL 254 nm
200l \1-7.368
ﬂ|
il
GO0 ||
500 | |
400 ‘ |
300 ‘ ‘|
200 | |
[
100 | ‘ -
( | |Z- 14,397
[ /\
I
o] A~ . ! |
40
oo 20 40 a0 a0 160 120 140 180 180 200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 7368 261530 698.795 8559 9053 na
o 14397 44034 73.082 14.41 9.47 na.
Total: 305.563 771.877 100.00 100.00

Supplementary Figure 95. HPLC spectrum for compound (-)-2aq
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(+)-1ar (1:1 dr): IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A =254 nm

Ts <
N

A

NMez

Chromatogram
a0 B 17 241 [manually integrated] CYB-17-20-5-98/2/10-254-1G-Rag UV _WIS_1WVYL254 nm
35.04
30.04
25.04
=
<X
.g.
2 200
2
=
2 15.0]
<
10.0
5.04
o4 T T T
]
1o 1do 140 180 180 200 220 240
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 15.257 9.841 19215 2493 2121 na
2 16.735 9717 18.151 2461 2570 na
3 17.507 10.032 17652 2541 2500 na
4 19.487 9.888 15599 2505 2209 na
Total: 39.478 70.616 100.00 100.00
Chromatogram
400
mAl
35.04
30.07 |1-15.258
f\
|
2507 [
= -
e |
£, |
2 20.0] |
2
= |
& |
Z 1504
< |
|
10.04 |
|
[ |
5.0 I‘u' \
/ \
- | Lz eMT 2 R
0 04 \ min
el T T T T T T T 1
110 120 14.00 160 180 200 220 24.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 15268 15.836 27.981 4773 51.61 na
2 16.847 0.097 0.147 029 027 na
3 17995 0.053 0118 0.16 022 na
4 19.458 17.192 25968 5182 4750 na
Total: 33178 54.213 100.00 100.00

Supplementary Figure 96. HPLC spectrum for compound (+)-1ar
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(-)-2ar: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NMez

Supplementary Figure 97. HPLC spectrum for compound (-)-2ar
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[Chwomatogram
ally integrated] CYB 1720 (upr VEA10 264 TE Rag UV_VIS_TWAL 254 om | [~ -~ 17 #65 [manuall iiegrared] CYB-17-52.0 | Up» -850 IE-Crural UV_VIS_T Wi254 o
175 11975 175]
f
i
150 l\ | 1504
2o f | s
= | B
o I ‘
& 100] | | g 100]
H I H
2 75 ‘ I FRREE
& 2
|
50 |1 0]
|
2 AT 2]
fy)
% I N Af_\/l \ P K B ]
b 5o o 7 & o o o a o 140 40 0 B 70 @ 90 6o o 170 130 1o
Time jmin] Time [min]
Results Results
No. |Peak Name |R§mrtm1ima‘ Area | Height | Relative Area |nauwnagw.-nm No.  |Peak Name |netem'm11me Area | Height | Relative Area |R1Hnelle|yn| Amount
min mAU"min mAU % % na min mAU"min mAU % % na
i | 7975 [ 52679 | 70075 ] 50.15 l 23,00 E na i ' 7965 2658 9638 183 454 na.
2 9073 52356 177016 4985 5100 na 2 9055 52379 185 529 8517 8506 na
Total: 105035 M09} 100.00 100.00 [Total: 55.037 195.167 100.00 100.00
W 17 856 [manualy integrated] TCVE-17-26-p 1 down) U8B/ 102541 Rac. UV_VI5_1 WAL 254 o 250, LT A70 [manualy inegrared] TVO-17-52.p 1 Aown ) -05/5/10-254-1E-Cral TV_VIS_1 Wi 254 i
11°0400 3.8132 2 oo
175 29
[ f
| ‘ 200. I
- l |
fl I
I ] |
2 | 15 150- |
£ £
] [ [l ! \l
H H
- ‘ (| S | {
N F] ‘
| (|
50 ‘ | | |
| | 1 50- [
“ - I [
| 1-npes
o - AN A . - ~ _/,\f, \_ _
40 50 80 70 80 80 100 "o 120 130 140| 40 50 80 70 an %0 0o 1o 120 130 40|
Time [min] Time [min]
No. |Peak Name |mTima} Area 1 Hesght |RacamAma |n-hmnagm|mm No. [Peak Name |F§mm'm1'|mu‘ Area | Height |ruhmma |mhagm|mm
min mAU"min mAU % % na min mAU"min mAU % % na
i | §420 ! 41795 | 77317 l 8% | 5035 | na. |1 | 8385 ‘ 2614 10357 398 453 na
2 9132 43049 174843 S074 4965 na 2 9067 63110 218118 96.02 9547 na
Total: 84,845 352.160 100.00 100.00 Total: 65.724 228475 100.00 100.00




(+)-1as: IE, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

Ts <
S N

" ph

A

NM62

Chromatogram
00 B 17 #78 [manually integrated] CYB-17-55-3-B0/20/ 10-254-1G-Rac Uv_VIS_1 VUL 264 nm
250
2004
= |1 10840
E \
g 150+ || || \2-12.412
H M N\
§ | | |I ‘II
< 1004 I ,‘ I
I i
| I
|1 [
50 | [
| [
‘Il ||\ ‘Iu '.‘\
| / \
ol — | \_'_1_4 S — I
-154
50 &0 a0 100 120 1o 180 180
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na.
1 10.640 60.605 173534 50.43 5488 na.
2 12.412 59.568 142.686 49.57 45.12 na.
Total: 120173 316.220 100.00 100.00
Chromatogram
200+
mall
1753 |2- 12422
B |"|I
I
150 Il
Il
1257 |
5 H
=
£ |
= 100] | |
5 |
= \
2 75] [
ES |
|l
0] ‘I
| |
[
254 | '|‘
1-m0ss '\
all—— - i_gL.[\,I_L/ B —
-104 i
50 80 30 100 120 140 180 180
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAUmin mAU % % na.
1 10.657 2297 6522 3.06 362 na
2 12.422 72.825 173.570 96.94 96.38 na.
Total: 75122 180.092 100.00 100.00

Supplementary Figure 98. HPLC spectrum for compound (+)-1as
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(-)-2as: IE, i-PrOH/hexane = 2/98, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
151
mAl
14 .0+
12,04
1004
— 11-17.447
=) {
A
@ I
& [
& .
By [
§ / | \4- 22155
|| /
4.0-] I /
| | _ {
/ ! 2-18.803 13- 21167 /
204 / '\ /
A SN —
0.0
min
-14 r T T T T T T 1
140 180 180 200 220 240 260 28.0)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 17447 4593 7.909 4028 5345 na
2 18.903 0923 1.400 8.10 946 na
3 21.187 1.066 1.613 9.35 10.90 na
4 23.165 4819 3.874 4227 26.18 na
Total: 11.401 14.796 100.00 100.00
Chromatogram
40
mAl
35.04
30.04
|4 - 22,087
N
_.250] |" \
H [
E, |
g 20.04 ‘I
2 a
2 |
21504 |
< \
|
|
10 04 I‘
[ \
5.04 176,840 I." \ ’,w \
/ RGN A
A HL/ A N . a
z ;_" min
140 180 180 200 220 240 280 280
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU™min mAU % % na
1 16.840 2.115 3.768 539 720 na
2 18.958 15.907 19.210 40.54 36.70 na
3 21.007 0.956 1.569 244 3.00 na
4 23.087 20.259 27.803 5163 51 na
Total: 39.236 52.349 100.00 100.00

Supplementary Figure 99. HPLC spectrum for compound (-)-2as
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(+)-2a: IE, i-PrOH/hexane = 2/98, v =1.0 mL/min, A =254 nm

Chroi

am
400
3250
3004
250
<
£
@ 2004
Z |7 10383
=
o
2 150
Ed
100
504
0 1 T
-20 I T T T T T T 1
8.00 9.00 10.00 11.00 12.00 13.00 1400 15.00
Time [min]
Integration k
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 10.383 61.722 178 498 5013 53.07 na.
2 12.202 61.410 157.843 49 87 46.93 na.
Total: 123133 336341 100.00 100.00
Chrom am
1.0004 ﬁ 1% #9 [manually integrated] UV WIS_1 WL 254 nm
875
750
. a25]
=
E
§ 5004
2
5
L 3754
<
250+
125
04
-50- T T T T T T T 1
300 500 10.00 11.00 12.00 1300 14.00 15.00)
Time [min]
Integration I
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 9932 293,581 777.060 9793 9742 na.
2 11.355 6219 20.572 207 258 na.
Total: 299.800 797633 100.00 100.00

Supplementary Figure 100. HPLC spectrum for compound (+)-2a
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3aa: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

NMe 2
Chromatogram
1204~ UV_VIS_1 WVL:254 nm
100
12- 11873
80
=
< |1-10.343
E
3 60
2
£
2
K
< 40
20
0
50 80 8o 10.0 120 14.0 18.0 18.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAUmin mAU % % na
1 10.343 17713 65.784 49.99 4395 na
2 11.873 17.718 83.885 50.01 56.05 n.a.
Total: 35.431 149.669 100.00 100.00
Chromatogram
250 UV_VIS_T WYL 254 nm
|2 11,637
200 |"
= 150 | |
=
£ I
|
|
2 100 |
£
- |
| |
[
| |
I
1-12.108 \
odl— B I/'L‘kI 1 / \.,r,_
-2 r T T T T T T 1
50 6.0 a0 0.0 12.0 14.0 16.0 18.0)
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 10.108 14532 5615 3.01 261 na.
2 11.637 49417 209.319 96.99 97.39 n.a.
Total: 50.948 214934 100.00 100.00

Supplementary Figure 101. HPLC spectrum for compound 3aa

201



3ab: ADH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Ts
N H

NM €
Chromatogram
50.0 & 17 #85 [manually integrated) CYB-17-86-95/5/10-254-A0H-Rag UV_VIS_1 WYL 254 nm
50.0
|1-5.863
40.0 N 12-7.433
1
I /
= | f1
= | In
E. [ /
% 30.04 [ [
= M
5 | |
S i ]
2 [
B |
<< 2004 | ‘II |
] ]
[ [
| | |
- { |
100 | | I |
/ | / |
/ | / ".
ool e /_ _ \‘I‘L \‘—-\ B R
—"n"....“.....“...“.....“...“... —T —T 1
0.00 125 2.50 375 500 625 750 ars 0.0 11.25 1200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na
1 5.883 21.834 40.455 49.97 51.28 na.
2 7.433 21.860 38430 50.03 48.72 na.
Total: 43.695 78.885 100.00 100.00
Chromatogram
200 E 17 #111 [manually integrated] CYB-17-140-955/10-254-ADH-Chiral UV WIS_ 1T WVL254 nm
mAL
175
150
_ 1254
=
E
@ 100 ]
e
E
5
2L 75
Ed
5014
254
1
— —
2 o T min
-10 r T T T T T T 1
300 375 500 525 750 375 10.00 1125 12.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 5823 1.946 4777 261 3 na.
2 7.363 72621 148.757 97.39 96.89 na.
Total: T4.567 153.534 100.00 100.00

Supplementary Figure 102. HPLC spectrum for compound 3ab
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3ac: IE, i-PrOH/hexane = 30/70, v = 1.0 mL/min, A = 254 nm
MeOOC

NM62

Chromatogram
120 & 17 #100 [manuslly integrated) CYB-17-1 30/10-254-1E-Rag UV _VIS_1 WVL 254 nm
100
118262
h
|
80 | | 129678
— n
z | ‘ [
2 50 | I
g I [l
2
5 | i
2 \ [
N | |
[ i
[ |
20 | .
B
U
f \ / \
odl— . | A o J o
&
300 75 500 625 750 875 10008 11725 1250 1375 15'00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 8.262 24890 90.552 50.08 5419 na.
2 9.676 24.806 76.536 49.92 4581 na.
Total: 49.696 167.089 100.00 100.00
Chromatogram
200 [ 17 #110 [manually integrated] CYB-17-137- U _WIS_1 WL 254 nm
mAl
!'2 9708
250 f
‘ |
|
/|
200
2 I
= 150 I
=
I I
[ |
2
< 100 [
| |
|
.
50 I
|
.
1-8.290 | \
[N —
& L L e ]
-15 r T T T T T T T T T 1
300 375 5.00 525 750 875 10000 1125 1250 1375 15.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relafive Height | Amount
min mAU*min mAU % % na.
1 8.290 2332 8715 258 320 na.
2 9708 88.050 263.360 97 42 96.80 na.
Total: 90.382 272.074 100.00 100.00

Supplementary Figure 103. HPLC spectrum for compound 3ac
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3ad: IE, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Ts

N

\/

e

Ph
Chromatogram
100.0
mall
a7 54
7504
6257
E e
UE, t00 /L\" * |2-8.508
§ 50.04 f.‘ \ f/(\
)
£ f \ / \
£ 375 ! \ / \
= | i / \
{ \ / \
250] / \ / \
/ \. "f l'\
/ Y \
125] / \ / \
/ \\\ / \
E o . —— B min
50 700 abo 5o 1000 1100
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Yo % na
1 8437 21.091 54219 50.23 51.64 n.a
2 9.508 20.900 50.773 49.77 48.36 n.a
Total: 41.991 104.992 100.00 100.00
Chromatogram
400- @ 18 £11 [manually integraied] CYB-18-74-p. #10-254-1F -Chiral U _WIS_T WWL254 nim
350
3004
250
E
.E_
@ 2004
2
K
7 150]
<
1004
504
o] 1 — _—
e I T T T T 1
B.50 700 200 500 10.00 11.00]
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % na
1 8.498 66.352 233.054 9744 96.85 na
2 9583 1.746 7573 256 315 na
Total: 68.008 240.627 100.00 100.00

Supplementary Figure 104. HPLC spectrum for compound 3ad
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3fa: ADH, i-PrOH/hexane = 10/90, v = 1.0 mL/min, A = 254 nm

NH,
Chromatogram
200 18 #44 [manually integrated] CYB-18-147-90/10/10-254-ADH-Rag UV _VIS_1WWVL254 am
175
1504
125] |1- 14295 12 - 15393
5 1004
75
504
254
DB — T
-10 r T T T T T T T T T 1
50 6.0 a0 0.0 12.0 14.0 6.0 180 200 220 240 250
Time [min]
Integration i
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na.
1 14.295 83.927 123.070 4998 49.44 na.
2 16.393 83978 125861 50.02 50.56 na.
Total: 167.905 248.931 100.00 100.00
Chrom am
300 E 18 #54 [manually integrated] CYB-18-195-90/1001 0-204-ADH-Chiral UW_VIS_1T WL 254 nm
11-14.330
250
200

100
504
o I
-152 T T T T T T T T T T 1
5.0 G0 8.0 0.0 12.00 14.0 160 180 20.0 220 24.0 250
Time [min]
Integration I
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % na

1 14.330 165.591 273320 9747 97.48 na.
2 16.438 4297 7.064 253 252 na.
Total: 169.888 280.384 100.00 100.00

Supplementary Figure 105. HPLC spectrum for compound 3fa
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3fb: ODH, i-PrOH/hexane = 5/95, v = 1.0 mL/min, A = 254 nm

Chromatogram
400- &
3504
3004
2504
=)
< 11-12.710
= A
‘w200 f\
g M 2 16.583
g /| i
2 I A
5 | [
2 150 [} fo
< [ [
| \ [ \
\ f \
1007 | \ [
[ [
[\ |
50 | \ / A
/ \ / \
ol / L/ -
-20- r T T T T T T T 1
fille] 100 120 14.0 180 a0 200 220 230
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a
1 13710 163.721 223291 50.19 5445 na
2 16.663 162.502 186.798 49.81 4555 n.a
Total: 326.223 410.089 100.00 100.00
Chromatogram
7002
G004
5004
=
T 4007 114350
A
= f \
2 3004 |
& / \
K / \
< / \
200 /
{
1004 /
/
Ech r T T T 1
1260 13.00 1400 1500 1600 17.00
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a
1 14.350 132.238 372.220 98.08 9745 na
& 15.048 2599 9729 192 255 na
Total: 134.830 381.949 100.00 100.00

Supplementary Figure 106. HPLC spectrum for compound 3fb
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3fc: IE, i-PrOH/hexane = 20/80, v = 1.0 mL/min, A = 254 nm

MeOOC
MeOOC

NBn2

Chromatogram

100.0 1§ 18 #38 [manually integrated] CYB-18-131-80/20/10/-254-1F-Rac UV _VIS_1WVL:254 nm
87.5]
75.0
62.5
=)
<
£ 500
o
g
2 |1-12.295
2 a7 54
< 12-15.132
25.0
126
004
-100 T T T T T T T T 1
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00]
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU"min mAU % % n.a.
1 12.295 16.291 38.715 50.09 55.19 n.a.
7 15132 16.231 31.437 49.91 4481 na
Total: 32.521 70.153 100.00 100.00

Chromatogram

200 1§ 18 #41 [manually integrated] CYB-15-132-97/3/10/-254-ODH-Chiral UV_VIS_1WVL:254 nm
175
150+
12- 15198
1254
=
<
£l
af 100
E
=
o
B 75
<l
504
254
11- 12368
o] LSS S ! T
-10 r T T T T T T T 1
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00,
Time [min]
|Integration
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 12.365 1.460 3741 197 263 na
2 15.195 72650 138.661 98.03 97 .37 na.
Total: 74110 142.402 100.00 100.00

Supplementary Figure 107. HPLC spectrum for compound 3fc
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9. NMR Spectra
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Supplementary Figure 108.'H and '3C NMR spectra for (£)-1a
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Supplementary Figure 109. DEPT-135 NMR spectra for (£)-1a
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Supplementary Figure 110.'H and '3C NMR spectra for (*)-1b
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Supplementary Figure 111.'H and '3C NMR spectra for (*)-1c
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Supplementary Figure 112.'H and '3C NMR spectra for (*)-1d
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Parameter Value Ms
1 Title CYR-13-M5 |{|
2 Origin Bruker BioSpin Gkl //
t cnel3 J & ll
4 Temperature 208. 0 K
5 Number of Scans 5
6 Acquisition Time 4. 0894
7 Acquisition Date 2022-03-02T15:12:45
8 Spectrometer Frequency 400. 13
9 Spectral ¥idth 8012.8 NS
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7 T T T T T

150. 34

Parameter
iTitie
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4 Temperature
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6 Acquisition Time
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Supplementary Figure 113.'H and 3C NMR spectra for (*)-1e
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L.ZY=1-82-H ‘ N
Bruker BioSpin [Gubj r r //
. el ‘ [ r|f J ||
4 Temperature 2971 3 ]
E Nunber 6F Seans - J J f ! J
5 Number of Scans G
6 Acquisition Time 3.1719
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Supplementary Figure 114.'H and 3C NMR spectra for (*)-1f
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CYR-16-244 N |
Bruker BioSpin GmbH 4 = Cy I
conel3 | Il 1 /
4 Temperature 29718 JJ J J|
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Supplementary Figure 115.'H and '3*C NMR spectra for (£)-1g
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Supplementary Figure 116. 'H and '3C NMR spectra for (*)-1h
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3 Sc

nt
4 Temperature

5 Number of Scans

6 Acquisition Time

7 Acquisition Date

8 Spectrometer Frequency
9 Spectral Width
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Supplementary Figure 117.'H and '3C NMR spectra for (*)-1i
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Supplementary Figure 118.'H and '3C NMR spectra for (*)-1j
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Supplementary Figure 119.'H and '3C NMR spectra for (*+)-1k
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Z ent ChCR3 | L | [

4 Temperature E!Ji{.’- f [ / / /
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Supplementary Figure 120. 'H and '3C NMR spectra for (*)-1I



Parameter Value Ts
1Title L7Y-1-141 N
2 Origin =
3 Solvent cnel3 | | v
4 Temperature 297.5 F
5 Number of Scans 16
6 Acquisition Time 1, 0000
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Supplementary Figure 121. °F NMR spectra for (£)-1I
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Parameter Value Ts
1Title CYB-17-26-4C1 N
2 Origin Bruker BioSpin(GmbH - &
3 Solvent Ccncys | |
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Supplementary Figure 122. 'H and '3C NMR spectra for (*)-1m
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4 Teaperature 200 5
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Supplementary Figure 123.'H and '3C NMR spectra for (*)-1n



Parameter

4 Temperature

5 Number of Scans
6 Acquisition Time
7 Acquisition Date

9 Spectral Width

8 Spectrometer Frequency

Value )
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Supplementary Figure 124.'H and '3C NMR spectra for (*)-10
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Parameter Value Ts (
1Title CYR-17-1 N
2 Origin Bruker BioSpin GubH =
z t ChCa -
4 Temperature E!]Eﬁ JJ [ f H J / / /
5 Number of Scans 16 1 - {’
6 Acquisition Time 3.1719 ™S
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1Titie CYB-17-1 N
2 Origin Bruker BioSpin GmbH 4
3 Solvent CneCl3 | |
4 Temperature 298.0
5 Number of Scans 46 //
6 Acquisition Time 1.1010 ™S
7 Acquisition Date 2022-12-09T21:48:26
8 Spectrometer Frequency 125.77
G Qnactral Width 20781 O N
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Supplementary Figure 125.'H and '3C NMR spectra for (£)-1p
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. X i
1Title xxx—1-160 OMe N
2 Origin . ( I &
3 Solvent gfcns { | Il /
4 Temperature °8.0 /
5 Numgcr of Scans 16 l OMe >
6 Acquisition Time
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4 Temperature 300.0
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Supplementary Figure 126.'H and '3C NMR spectra for (*)-1q



Parameter
1 Title
2 Origin

t

4 Temperature

5 Number of Scans
6 Acquisition Time
7 Acquisition Date

8 Spectrometer Frequency
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cnets | J
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|
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4 Temperature 300.0
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Supplementary Figure 127.'H and '3C NMR spectra for ()-1r
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. p |
[ Title CYB-1004-13
F N
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/ r = [
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Supplementary Figure 128.'H and '3C NMR spectra for (+)-1s



Paramcter Value Ts N
[ Title CYB-1004-13 ll]
2 Origin =
3 Solvent cnets | I N
4 Temperature 298.3 |
5 Number of Scans 60 |
6 Acquisition Time 1. 0000
T Acquisition Date 2022-10-04T14:03:18
8 Spectrometer Frequency 376. 28
9 Spectral Width 96153. 0 /N\
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Supplementary Figure 129. '°F NMR spectra for (*)-1s
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Parameter Value Ts
1Title CYB-15-243 N
2 Origin uker BioSpin GubH = (
Wi
T I
4 Temperature { || ’ /
5 Number of Scans 1 j” ) J cl /
6 Acquisition Time 3.1719
T Acquisition Date 2022-10-10T21:35:14
8 Spectrometer Frequency 500. 17
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Supplementary Figure 130. 'H and '3C NMR spectra for (*)-1t
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Parameter Yalue Ts
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. Tvent cogla [ | | {
1 Tomporature 299, 0 H’ ; ;’ | /[ /
5 Number of Scans 9 : 4
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Supplementary Figure 131.'H and '3C NMR spectra for (+)-1u
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Parameter
1Title
2 (rigin

Ivent
1 Temperature

9 Number of Scans

Value
CYB-16-3
wer BioSping ||:':|:'|r r

2.922

—
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8 Spectrometer Frequency 125. 77 N
t 29761, 9 -7
T T T T T T
(+)'1V 133 132 131 130 129 128
f1 (ppm)
|
|
|
I
|

200

T T
160 150

T
190 180 170

110

130

12‘0 I
1 3Pm)

110

70 60 50 10

Supplementary Figure 132. 'H and 3C NMR spectra for (*)-1v
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Parameter Value

YB=1T-208 i
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Supplementary Figure 133.'H and '3C NMR spectra for (*)-1w
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Supplementary Figure 134. '°F NMR spectra for (*)-1w
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Supplementary Figure 135.'H and '3C NMR spectra for (%)-1x
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Supplementary Figure 136.'H and 3C NMR spectra for (*)-1y

10 30 20 10 4

T
220 210 200 190 180 170

8o
[
=3



“® i < A =
ool = o o —Sss T
\'% ' | SN N
l(
Parameter Value J Ts
CYR-16-51 N
n I!l".ulcrr BioSpin GmbH &
t ChCIE ] |
4 Temperature '_"!]‘.J.!IT J
5 Number of Scans 6~ ci
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Supplementary Figure 137.H and '3C NMR spectra for (*)-1z
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1 Title
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t
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CYR-16-40r-s J

Value

Bruker I'\ir_\tipiu] GmbH
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Supplementary Figure 138.'H and '3C NMR spectra for (+)-1aa
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Parameter
1 Title
2 Origin

ent

4 Temperature

5 Number of Scans
6 Acquisition Time
7 Acquisition Date

8 Spectrometer Frequency

Value

CYR-16-209

cncla
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Parameter Value Ts | | I | | ~N¢
1 Titie CYB-16-209 N
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3 Solvent CneCl3 | |
4 Temperature 298. 1
5 Number of Scans 108 FisC
6 Acquisition Time 1. 1010
7 Acquisition Date 2022-12-05T22:04:14
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Supplementary Figure 139.'H and '3C NMR spectra for (*)-1ab



-62. 68

Parameter Value
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1Title CYB-16-209-19F-NMR N
2 Origin %
3 Solvent cnel3 | |
4 Temperature 297.8 E-C
5 Number of Scans 16 3
6 Acquisition Time 1, 0000
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Supplementary Figure 140. °F NMR spectra for (£)-1ab
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Parameter Value Ts
1 Title CYR-16-46 N
2 Origin Brukgr BioSpin Gubll %
t cneip "B H
4 Temperature 209.B6 J /I /
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Supplementary Figure 141.H and 3C NMR spectra for (*)-1ac
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Parameter Value Ts
1Title CYR-17-PUP l{l
2 Origin Brukgr BioSpin ,...l_f-lJ #
: i I
4 Temperature !|I
5 Number of Scans !
6 Acquisition Time 3.1719
7 Acquisition Date 2023-03-12T10:54:03
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5 Number of Scans
6 Acquisition Time
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8 Spectrometer Frequency 125.77
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Supplementary Figure 142.'H and '3C NMR spectra for (*)-1ad
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T
: ent cnels ; :‘Si
S "+ I
4 lemperature odn, r
5 Number of Scans 8 Jr 'f_ ‘Ir f g A
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4 Temperature 298. 0 r Pr
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6 Acquisition Time 0. 9044
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Supplementary Figure 143.'H and '3C NMR spectra for (+)-1ae



Parameter

{ Temperature

7 Acquisition Date

8 Spectrometer Frequency

O Qb | W A4 L
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Parameter Value Ts

1 Title 17Y-1-34 N

2 Origin Bruker BioSpin GmbH 4

3 Solvent CDC13 | |

4 Temperature 673. 2

5 Number of Scans 32

6 Acquisition Time 1.1010

7 Acquisition Date 2021-12-31T16:06:31

8 Spectrometer Frequency 125. 77
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Supplementary Figure 144.'H and '3C NMR spectra for (*)-1af
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Parameter Value Ts ’
1 Title CYR-13-33-H N ( |
2 Origin Bruker BioSpin GubH 2 =
3 Solvent [ur JA ] [— I |
{ Temperature 247, 4 | J j J f
5 Number of Scans 9 ) !
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Supplementary Figure 145.'H and '3C NMR spectra for (*)-1ag
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1Title CYR-13-115-500M N
2 Origin Bruker BioSpin GubH =
nt (.I]L{ ; . J Il 1
4 Temperature '_"!J’ - J H J /
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Supplementary Figure 146.'H and '3C NMR spectra for (*)-1ah
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5 Number of Scans 7 I /( / ! / /
6 Acquisition Time 4. 0894
7 Acquisition Date 2022-03-15T10:33:37
8 Spectrometer Frequency 400. 13
9 Spectral Width 8012.8 NS
(£)-1ai
|
1
|
{ N
i T T & T e
8 2 & zg 5 =
o = < S o &
T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.9 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
f1 (ppm)
57 253 888 8
— g LS nes T :
—_ WL ==-0 O el
== BeE TmE & id
I /1N
= o © =03 —
= 3 % SRS
Parameter Value ! vt L et
Ts
1 Title CYB-13-125 N
20rigin 4
3 Solvent D13 | |
4 Temperature 297.6
5 Number of Scans 600
6 Acquisition Time 1. 0000 |
7 Acquisition Date 2022-03-14T15:19:11
8 Spectrometer Frequency 100. 56
A Cuiconkeen] W2 AL acni1 n N
(i)'1a| 31 30 29 28 20 2b Zo 24 23 22 21
£l (ppm)
| |
h
|
| |
! ||I |
| i [ | | y i .
L RER N , -
T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 20

£19 4opm)

Supplementary Figure 147.'H and '3C NMR spectra for (*)-1ai
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Parameter Value Ts
I Title CYR-158F-s N |
2 Origin Bruker BioSpin Gubll {/
3 Solvent cnces ! | (
§ Temperature 208, ( f
L Tomiermd Sk i e I s
5 Number of Scans 5
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Supplementary Figure 148. 'H and 3C NMR spectra for (*)-1aj
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Supplementary Figure 152. 'H and '3C NMR spectra for (*)-1an
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Supplementary Figure 153.'H and '3C NMR spectra for (*)-1a0
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Supplementary Figure 166.'H and '3C NMR spectra for (-)-2a
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Supplementary Figure 167. DEPT-135 NMR spectra for (-)-2a
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Supplementary Figure 168 'H and 3C NMR spectra for (-)-2b



o= = =
23 S 3
@ B & ht
ri? T =
Parameter Value
1Title CYR-13-96
2 0rigin |!|".|Ic[_-|- BigSpin GmbH
ent cncig
4 Temperature '_5!'13.(-1 j f: { ]’ H / / /
5 Number of Scans 127 .
6 Acquisition Time 3.1719
7 Acquisition Date 2022-03-01T21:36:44
8 Spectrometer Frequency 500. 17 N
9 Spectral ¥idth 10330.6 I
(-)-2¢
|
|
Lt I
T
o — S -
T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 0.5 0.0
f1 (ppm)
£ P
. 25
= -0 Ot > 1 oo ©g©
& E&i ES =83 BIE
Parameter Value | NY 7 [ N Y1
iTitie CY3-13-96
2 Origin Bruker BioSpin GmbH
3 Solvent CneCl3 |
4 Temperature 298.5
5 Number of Scans 98
6 Acquisition Time 1.1010 | | |
T Acquisition Date 2022-03-01T21:39:45 ] b l ! |
8 Spectrometer Frequency 125,77 N l l 1
O Snantral Width 20781 O N
()-2¢ 130 13U
£l (ppm)
|
|
|
| ! .
| I I
|
b
! l | | | |
1 _ | -

T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1D GPm)

Supplementary Figure 169. 'H and 3C NMR spectra for (-)-2c
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Supplementary Figure 170.'H and 3C NMR spectra for (-)-2d
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Supplementary Figure 171.'H and '3C NMR spectra for (-)-2e
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Supplementary Figure 172.'H and '3C NMR spectra for (-)-2f
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Supplementary Figure 173. 'H and '3C NMR spectra for (-)-2g
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Supplementary Figure 175.H and '3C NMR spectra for (-)-2i
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Supplementary Figure 176. 'H and 3C NMR spectra for (-)-2j
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Supplementary Figure 177.'H and '3C NMR spectra for (-)-2k
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Supplementary Figure 179. °F NMR spectra for (-)-2I
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Supplementary Figure 180. 'H and '3C NMR spectra for (-)-2m
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Supplementary Figure 181.'H and '3C NMR spectra for (-)-2n
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Supplementary Figure 182.H and 3C NMR spectra for (-)-20
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Supplementary Figure 183. 'H and 3C NMR spectra for (-)-2p
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Supplementary Figure 184. 'H and 3C NMR spectra for (-)-2q
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Supplementary Figure 190. 'H and '3C NMR spectra for (-)-2v
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Supplementary Figure 202. 'H and 3C NMR spectra for (-)-2ah
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Supplementary Figure 203. 'H and 3C NMR spectra for (-)-2ai
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Supplementary Figure 204. 'H and '3C NMR spectra for (-)-2aj
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Supplementary Figure 205. 'H and 3C NMR spectra for (-)-2ak
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Supplementary Figure 207. 'H and '3C NMR spectra for (-)-2am
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Supplementary Figure 208. 'H and 3C NMR spectra for (-)-2an
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Supplementary Figure 209. 'H and 3C NMR spectra for (-)-2ao
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Supplementary Figure 210. 'H and 3C NMR spectra for (-)-2ap
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Supplementary Figure 211.'H and '3C NMR spectra for (-)-2aq
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Supplementary Figure 212. 'H and '3C NMR spectra for (-)-2ar
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Supplementary Figure 213. 'H and 3C NMR spectra for (-)-2as
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Supplementary Figure 214.'H and '3C NMR spectra for 3aa
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Supplementary Figure 218. 'H and '3C NMR spectra for 3ac
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Supplementary Figure 219. DEPT-135 and NOESY NMR spectra for 3ac
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Supplementary Figure 222. 'H and '3C NMR spectra for 3fa
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Supplementary Figure 225. DEPT-135 NMR spectra for 3fb
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