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1. General Remarks

"H NMR spectra were recorded on a Bruker Mercury 400 MHz spectrometer in CDCl3. Chemical
shifts are reported in ppm with the internal TMS signal at 0.0 ppm as a standard. The data were
reported as (s = single, d = double, t = triple, q = quartet, m = multiple or unresolved, and brs = broad
single). 3C NMR spectra were recorded on a Bruker 100 MHz spectrometer in CDCl3. Chemical
shifts were reported in ppm with the internal chloroform signal at 77.0 ppm as a standard. '’F NMR
spectra were recorded on a Bruker 376 MHz spectrometer in CDCIl3. Chemical shifts were reported in
ppm with the internal CF3COOH signal at -76.55 ppm. The data were reported as (s = single, d =
double, t = triple, q = quarter, m = multiple or unresolved, br s = broad single, coupling constant (s) in
Hz, integration). Commercially available reagents were used without further purification. Solvents
were purified prior to use according to the standard methods. Unless otherwise stated, all reactions
were set up under nitrogen atmosphere in oven-dried glassware using standard Schlenk techniques,
monitored by TLC with silica-gel coated plates and purified by flash column chromatography. The
enantiomeric excesses (ee) of the products were determined by high-performance liquid
chromatography (HPLC) analysis performed on Agilent 1200 Series chromatographs using a Diacel
chiral column (25 cm). Optical rotations were measured on an Rudolph Research Analytical Autopol

VI polarimeter with [a]*

p values reported in degrees; concentration (c) is in 0.5 g/100 mL. Aldimine
esters,! 4-indolyl allylic carbonates? chiral ligands L1-L3%, L4*, L5 and L6° were prepared according
to the literature procedure. The racemic products were obtained by blending equal amount of two
enantiomers. The absolute configuration of the products (6S,7S,9R)-3a, (6R,7R,9R)-3a, and

(6R,7S,9R)-3a were assigned by X-ray diffraction analysis.

2. Preparation and characterization data of 4-indolyl allyl carbonates 2

In general, 4-indolyl allyl carbonates 2 were prepared according to the procedure as shown below.
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(E)-methyl (3-(1-methyl-1H-indol-4-yl)allyl) carbonate (2a): Yield (88% yield, overall 3 steps);
white solid; m.p. 66-68 °C, 'H NMR (400 MHz, CDCl3) § 7.28 — 7.15 (m, 3H), 7.12 — 7.01 (m, 2H),
6.68 — 6.64 (m, 1H), 6.52 — 6.42 (m, 1H), 4.86 (dd, J= 6.4, 1.2 Hz, 2H), 3.80 (s, 3H), 3.77 (s, 3H). *C
NMR (101 MHz, CDCls) 6 155.7, 137.0, 133.7, 129.2, 128.3, 126.7, 122.8, 121.5, 117.7, 109.2, 99.3,
69.0, 54.7, 32.9. HRMS (ESI+) Calcd. For Ci14H16NO3" ([M+H]"): 246.1125, found: 246.1123. IR
(thin film) v (cm™) 3054, 2986, 2305, 1748, 1442, 1265, 969, 739.

_~_-OCO;Me
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(Z)-methyl (3-(1-methyl-1H-indol-4-yl)allyl) carbonate’ (2a"): Yield (93% yield, from the
corresponding allyl alcohol); colorless liquid; 'H NMR (400 MHz, CDCl3) § 7.29 — 7.25 (m, 1H), 7.23
—7.17 (m, 1H), 7.06 (d, J = 3.2 Hz, 1H), 7.03 (s, 1H), 6.94 (d, /= 7.2 Hz, 1H), 6.47 (dd, J=3.2, 0.4
Hz, 1H), 5.95 (dt, J= 11.6, 6.4 Hz, 1H), 4.92 (dd, J = 6.4, 1.6 Hz, 2H), 3.78 (s, 3H), 3.77 (s, 3H).*C
NMR (101 MHz, CDCls) ¢ 155.7, 136.6, 131.6, 128.9, 128.1, 127.5, 125.1, 121.3, 119.5, 108.9, 99.5,
65.4,54.7,32.9. IR (thin film) v (cm™) 3054, 2986, 2304, 1748, 1421, 1265, 896, 740.

MeO,CO

Z

N\

N
\

(E)-3-(5-fluoro-1-methyl-1H-indol-4-yl)allyl methyl carbonate (2x): Yield (86% yield, overall 3
steps); white solid; m.p. 58-60 °C, 'H NMR (400 MHz, CDCl3) § 7.18 — 7.13 (m 1H), 7.12 (d, J= 3.2
Hz, 1H), 7.10 — 7.02 (m, 1H), 6.96 (dd, J = 11.2, 8.8 Hz, 1H), 6.66 (dd, J = 3.2, 0.8 Hz, 1H), 6.64 —
6.57 (m, 1H), 4.88 (dd, J = 6.4, 1.2 Hz, 2H), 3.82 (s, 3H), 3.78 (s, 3H). *C NMR (101 MHz, CDCls) &
155.9 (d, J = 235.6 Hz), 155.7, 133.4, 130.6, 126.97 (dd, J = 21.2, 4.0 Hz), 126.29 (d, J = 7.2 Hz),
114.22 (d, J=13.6 Hz), 110.3, 110.0, 109.63 (d, /= 10.6 Hz), 100.11 (d, /= 5.2 Hz), 69.3, 54.8, 33.1.
F NMR (376 MHz, CDCls) & -127.2. HRMS (ESI+) Calcd. For CisHi4FNNaOs" ([M+Na]"):
286.0850, found: 386.0847. IR (thin film) v (cm™) 3054, 2986, 2305, 1750, 1442, 1265, 869, 740.

MeO,CO

Z

N

N
F \

(E)-3-(6-fluoro-1-methyl-1H-indol-4-yl)allyl methyl carbonate (2y): Yield (89% yield, overall 3
steps); yellow liquid; '"H NMR (400 MHz, CDCl3) § 7.29 — 7.27 (m, 1H), 7.05 (dd, J = 8.8, 1.6 Hz,
1H), 7.02 - 6.98 (m, 1H), 6.99 — 6.95 (m, 1H), 6.50 — 6.47 (m, 1H), 6.47 — 6.39 (m, 1H), 4.86 (dd, J =
6.4, 1.2 Hz, 2H), 4.06 (s, 3H), 3.82 (s, 3H). *C NMR (101 MHz, CDCls) §160.04 (d, J = 239.0 Hz),
155.6, 132.07 (d, J = 12.8 Hz), 131.25 (d, J = 2.4 Hz), 129.86 (d, J = 9.6 Hz), 124.9, 123.51 (d, J =
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3.6 Hz), 119.0, 106.24 (d, J = 25.2 Hz), 96.6, 94.53 (d, J = 27.6 Hz), 68.4, 65.9, 54.9. ’F NMR (376
MHz, CDCI3) § -119.9. IR (thin film) v (cm™) 3054, 2986, 2305, 1749, 1442, 1265, 949, 740.

MeO,CO
yZ
A\
N
\
F

(E)-3-(7-fluoro-1-methyl-1H-indol-4-yl)allyl methyl carbonate (2z): Yield (87% yield, overall 3
steps); white solid; m.p. 64-66 °C, 'H NMR (400 MHz, CDCI3) § 7.16 — 6.94 (m, 3H), 6.86 — 6.78 (m,
1H), 6.70 — 6.65 (m, 1H), 6.44 — 6.23 (m, 1H), 4.90 — 4.80 (m, 2H), 3.99 (s, 3H), 3.81 (s, 3H). °C
NMR (101 MHz, CDCls) 6 155.7, 150.35 (d, J = 245.6 Hz), 132.9, 130.8, 130.70 (d, J = 5.6 Hz),
124.60 (d, J=14.0 Hz), 122.2, 118.11 (d, /= 6.8 Hz), 107.24 (d, J = 18.6 Hz), 107.24 (d, /= 18.6 Hz),
100.3, 69.0, 54.8, 35.7. "F NMR (376 MHz, CDCl3) § -136.6. HRMS (ESI+) Calcd. For
C14H14FNNaOs" ([M+Na]"): 286.0850, found: 386.0847. IR (thin film) v (cm™) 3054, 2986, 2305,
1748, 1442, 1265, 896, 739.

MeO,CO

P

N\

B N
r \

(E)-3-(6-bromo-1-methyl-1H-indol-4-yl)allyl methyl carbonate (2A): Yield (89% yield, overall 3
steps); white solid; m.p. 60-62 °C, 'H NMR (400 MHz, CDCl3) & 7.42 — 7.38 (m, 1H), 7.35 — 7.32 (m,
1H), 7.06 (d, J=3.2 Hz, 1H), 6.98 (d, J = 16.0 Hz, 1H), 6.61 (dd, J=3.2, 0.8 Hz, 1H), 6.50 — 6.40 (m,
1H), 4.86 (dd, J = 6.4, 1.2 Hz, 2H), 3.82 (s, 3H), 3.76 (s, 3H). 1*C NMR (101 MHz, CDCl3) § 155.7,
137.8, 131.9, 129.8, 127.8, 125.7, 124.4, 120.4, 115.2, 112.0, 99.7, 68.6, 54.8, 33.1. HRMS (ESI+)
Calcd. For CisHi4#2'$BrNOs" ([M+H]"): 346.0049, found: 346.0047; C14H14*'%BrNO3" ([M+H]"):
348.0029, found: 348.0030. IR (thin film) v (cm™) 3054, 2986, 2305, 1750, 1442, 1264, 896, 744.
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(E)-methyl (3-(1-methyl-6-phenyl-1H-indol-4-yl)allyl) carbonate (2B): Yield (85% yield, overall 3
steps); white solid; m.p. 80-82 °C, 'H NMR (400 MHz, CDCl3) § 7.72 — 7.64 (m, 2H), 7.49 — 7.41 (m,
4H), 7.36 — 7.30 (m, 1H), 7.16 — 7.08 (m, 2H), 6.67 (d, J = 3.2 Hz, 1H), 6.58 — 7.48 (m, 1H), 4.89 (dd,
J=6.4, 12 Hz, 2H), 3.83 (s, 3H), 3.82 (s, 3H). *C NMR (101 MHz, CDCls) § 155.7, 142.2, 137.6,
135.3, 133.6, 129.9, 128.7, 128.5, 127.4, 126.7, 126.0, 123.3, 117.8, 107.8, 99.4, 69.0, 54.8, 33.0.
HRMS (ESI+) Caled. For C20H1oNNaOs" ([M+Na]"): 344.1257, found: 344.1254. IR (thin film) v
(cm™) 3054, 2986, 2305, 1748, 1442, 1265, 895, 739.

MeO,CO
>

A\

X N

\

(E)-methyl (3-(1-methyl-6-vinyl-1H-indol-4-yl)allyl) carbonate (2C): Yield (86% yield, overall 3
steps); yellow liquid, '"H NMR (400 MHz, CDCI3) § 7.36 — 7.26 (m, 2H), 7.08 (d, J = 3.2 Hz, 1H),
7.05 (d, J=16.0 Hz, 1H), 6.83 (dd, J=17.6, 10.8 Hz, 1H), 6.62 (dd, J = 3.2, 0.8 Hz, 1H), 6.52 — 6.44
(m, 1H), 5.77 (dd, J=17.6, 0.8 Hz, 1H), 5.25 — 5.14 (m, 1H), 4.87 (dd, J = 6.4, 1.2 Hz, 2H), 3.81 (s,
3H), 3.79 (s, 3H). '*C NMR (101 MHz, CDCl3) & 155.7, 137.6, 137.3, 133.5, 131.5, 130.0, 128.3,
126.6, 123.2, 116.3, 112.0, 107.3, 99.6, 68.9, 54.8, 32.9. HRMS (ESI+) Calcd. For CisH17NNaO3"
([M+H]"): 294.1101, found: 294.1097. IR (thin film) v (cm™) 3054, 2986, 2305, 1748, 1442, 1265,
896, 739.

MeO,CO

Z

_Z
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(E)-3-(6-cyclopropyl-1-methyl-1H-indol-4-yl)allyl methyl carbonate (2D): Yield (88% yield,
overall 3 steps); yellow liquid, "TH NMR (400 MHz, CDCl3) § 7.10 — 6.94 (m, 4H), 6.58 (d, J = 3.2 Hz,
1H), 6.50 — 6.40 (m, 1H), 4.85 (dd, J = 6.4, 1.2 Hz, 2H), 3.81 (s, 3H), 3.74 (s, 3H), 2.07 — 1.97 (m,
1H), 1.02 — 0.90 (m, 2H), 0.78 — 0.67 (m, 2H). 3C NMR (101 MHz, CDCls) § 155.7, 137.5, 137.4,
133.8, 128.8, 128.0, 124.9, 122.8, 116.7, 106.4, 99.2, 69.1, 54.8, 32.9, 29.7, 15.8, 8.8. HRMS (ESI+)
Calcd. For C17H19NNaOs* ([M+Na]"): 308.1257, found: 308.1254. IR (thin film) v (cm™) 3054, 2986,
2305, 1748, 1422, 1265, 896, 740.

MeO,CO

A\
N

¢

(E)-3-(1-allyl-1H-indol-4-yl)allyl methyl carbonate (2E): Yield (84% yield, overall 3 steps); yellow
liquid; '"H NMR (400 MHz, CDCI3) § 7.28 — 7.20 (m, 2H), 7.20 — 7.16 (m, 1H), 7.15 — 7.12 (m, 1H),
7.08 (d,J=16.0 Hz, 1H), 6.70 (d, J= 3.2 Hz, 1H), 6.52 — 6.40 (m, 1H), 6.05 — 5.84 (m, 1H), 5.19 (dd,
J=10.4,1.2 Hz, 1H), 5.11 — 5.01 (m, 1H), 4.87 (dd, /= 6.6, 1.2 Hz, 2H), 4.74 — 4.70 (m, 2H), 3.81 (s,
3H). 3C NMR (101 MHz, CDCIl3) § 155.7, 136.4, 133.6, 133.3, 128.4, 128.3, 126.9, 122.9, 121.6,
117.8, 117.3, 109.6, 99.8, 69.0, 54.8, 48.9. HRMS (ESI+) Calcd. For Ci6H1sNO3"™ ([M+H]"): 272.1281,
found: 264.0788. HRMS (ESI+) Calcd. For CisH17NNaO3" ([M+Na]®): 294.1101, found: 294.1098.
IR (thin film) v (cm™) 3054, 2986, 2306, 1747, 1442, 1265, 941, 740.

MeO,CO
=
N
)
PH

(E)-3-(1-benzyl-1H-indol-4-yl)allyl methyl carbonate (2F): Yield (86% yield, overall 3 steps);
white solid; m.p. 78-80 °C, 'H NMR (400 MHz, CDCl3) & 7.31 — 7.26 (m, 3H), 7.25 — 7.20 (m, 2H),
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7.18 (d, J = 3.2 Hz, 1H), 7.16 — 7.05 (m, 4H), 6.74 (d, J = 3.2 Hz, 1H), 6.50 — 6.44 (m, 1H), 5.33 (s,
2H), 4.87 (dd, J = 6.4, 1.2 Hz, 2H), 3.81 (s, 3H). 3*C NMR (101 MHz, CDCl3) § 155.8, 137.4, 136.7,
133.6, 128.8, 128.5, 127.7, 127.0, 126.7, 123.0, 121.8, 118.0, 109.8, 100.1, 69.1, 54.8, 50.2. HRMS
(ESI+) Caled. For C20H19NNaO3" ([M+Na]*): 344.1257, found: 344.1255. IR (thin film) v (cm™) 3054,
2986, 2305, 1748, 1422, 1265, 896, 740.

MeO,CO
=
A\
N
H

(E)-3-(1H-indol-4-yl)allyl methyl carbonate (2G): Yield (80% yield, overall 3 steps); yellow liquid;
"H NMR (400 MHz, CDCl3) & 8.29 (s, 1H), 7.33 (d, J = 8.0 Hz, 1H), 7.26 — 7.22 (m, 2H), 7.20-7.14
(m, 1H), 7.09 (d, J=16.0 Hz, 1H), 6.75 — 6.72 (m, 1H), 6.55 — 6.40 (m, 1H), 4.87 (dd, /= 6.4, 1.2 Hz,
2H), 3.81 (s, 3H). '*C NMR (101 MHz, CDCl3) & 155.7, 136.1, 133.7, 128.3, 126.1, 124.6, 122.9,
122.0, 118.1, 111.0, 101.0, 69.0, 54.8. HRMS (ESI+) Calcd. For C13H13NNaOs" ([M+Na]"): 254.0788,
found: 254.0787. IR (thin film) v (cm™) 3365, 3054, 2986, 2305, 1747, 1422, 1265, 896, 739.

3. General Procedures and Characterization for Azepino[3,4,5-cd]-Indoles

0CO,Me P
2 Cu(l)/(S,S,)-L1 (5 mol %) R™ 3 poaMe
R’ Ir(1)/(S,S,S)-L5 (5 mol %) Zn(OTf), (0.5 eq) "R
~ )\ + > > NH
R7N7 >co,Me K,COj (2 eq.), DCE RCHO (2 eq) J
1 rt, 10-12 h DCM, rt, 3-5 h N/ R
R"/
3
@
g Ph
<§(/\\N OO QYo
Fe PPh2 P—N
/
. O o
(S.S,)-L Ph
R = iPr (L1) (S,S,5)-L5

A flame dried Schlenk tube A was cooled to room temperature and filled with N2. To this flask

were added [Ir(COD)CI]2 (0.005 mmol), (S,S,5)-L5 (0.010 mmol), degassed THF (0.5 mL) and
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degassed n-propylamine (0.5 mL). The reaction mixture was heated at 50 °C for 30 min and then the
volatile solvents were removed under vacuum to gain a pale-yellow solid. Meanwhile,
Cu(MeCN)4BF4 (0.01 mmol) and (S,Sp)-"Pr-Phosferrox-L1 (0.011 mmol) were dissolved in 1.0 mL of
DCE in a Schlenk tube B, and stirred at room temperature for about 40 min. Then, aldimine ester 1
(0.30 mmol), 4-indolyl allylic carbonate 2 (0.20 mmol) and K2CO3 (0.40 mmol) were added into the
Schlenk tube A and filled with N2. The Cu/L1 complex solution was then transferred from the
Schlenk tube B to the Schlenk tube A via syringe. Finally, the reaction mixture was continuously
stirred at room temperature under N2 atmosphere. Once starting material was consumed (monitored by
TLC), the residue was separated by flash column chromatography to give the crude product. The
crude product was dissolved in dichloromethane and two equivalent of the corresponding aldehyde
and Zn(OTf)2 (50 mol% ) were added. Once starting material was consumed (monitored by TLC), the
reaction was quenched with 1 mol of HCI solution (1 mL). The layers were separated, and the aqueous
layer was extracted with DCM (5 mL x 3). The combined organic components were washed with
saturated brine (10 mL), dried over anhydrous Na2SOs, filtration and evaporated in vacuum. After
evaporation of the solvent under vacuum, the crude mixture was flushed with short silica gel plug to
remove the metal complex and the diastereoselectivity was determined with '"H NMR analysis. Then,
the whole residue was further purified by column chromatography to give the desired product, which

was then directly analyzed by HPLC to determine the enantiomeric excess.

Characterization for Azepino[3,4,5-cd]-Indoles:
Methyl (6S,7S,9R)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3a)

”:// CO.Me

Yield (67%); 18:1 dr; white solid; m.p. 198-200 °C; [a]*’p = 63.0 (¢ 0.50, CH>CL); 'H NMR (400
MHz, CDCls) & 7.43 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.19 — 7.12 (m, 1H), 7.12 — 7.06 (m,
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1H), 6.98 — 6.92 (m, 1H), 6.41 — 6.30 (m, 1H), 6.16 (s, 1H), 5.79 (s, 1H), 5.19 (dd, J = 17.2, 2.0 Hz,
1H), 5.10 (dd, J = 10.0, 2.0 Hz, 1H), 4.35 (d, J = 9.6 Hz, 1H), 3.59 (s, 3H), 3.58 (s, 3H), 1.43 (s, 3H).
BC NMR (101 MHz, CDCls) § 175.4, 144.1, 138.2, 136.9, 134.8, 132.9, 129.5, 128.5, 125.9, 124.9,
122.0, 120.0, 118.9, 116.5, 107.2, 64.9, 56.7, 56.4, 51.7, 32.6, 26.5. HRMS (ESI+) Calcd. For
CasHo**%%CIN202"  ([M+H]Y):  395.1521, found: 395.1518; CasH24%%CIN20>" ([M+H]Y):
397.1491, found: 397.1498. IR (thin film) v (cm™) 3334, 3047, 2929, 1727, 1576, 1486, 1135, 1089,
745. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak

AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A =230 nm); t-=5.66 and 6.18 min.

Methyl (6R,7R,9S5)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6R,7R,95)-3a)

Yield (62%); 17:1 dr; white solid; m.p. 198-200 °C; [0]*’p = -61.4 (¢ 0.50, CH2Cl2); HRMS (ESI+)
Caled. For CaxH2s**?%CIN,O2" ([M+H]"): 395.1521, found: 395.1521; C23H24’%%°CIN20,"
([IM+H]"): 397.1491, found: 397.1497. IR (thin film) v (cm™) 3329, 3053, 2945, 1734, 1606, 1487,
1241, 1109, 746. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t:= 5.66 and 6.18

min.

Methyl (6R,7S,95)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6R,7S,95)-3a)
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Yield (63%); 20:1 dr; white solid; m.p. 68-70 °C; [a]*’p = -110.8 (¢ 0.50, CH2ClL2); '"H NMR (400
MHz, CDCl3) '"H NMR (400 MHz, CDCl3) § 7.46 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.21 —
7.10 (m, 2H), 6.99 — 6.95 (m, 1H), 6.34 (ddd, J = 17.2, 10.4, 8.8 Hz, 1H), 6.23 (s, 1H), 5.32 (s, 1H),
5.03 (dd,J=17.2, 1.6 Hz, 1H), 4.93 (dd, J=10.4, 1.6 Hz, 1H), 4.16 (d, J = 8.8 Hz, 1H), 3.77 (s, 3H),
3.62 (s, 3H), 1.63 (s, 3H). 3C NMR (101 MHz, CDCI3) § 176.8, 144.5, 140.9, 137.0, 133.0, 132.8,
129.9, 128.5, 126.6, 124.7, 121.8, 121.3, 119.9, 114.4, 107.4, 64.8, 60.1, 56.1, 52.6, 32.7, 20.8. HRMS
(ESI+) Calcd. For C23H24’*2%CIN202" ([M+H]"): 395.1521, found: 395.1523; C23H24¢%°CIN,02"
([M+H]"): 397.1491, found: 397.1495. IR (thin film) v (cm™) 3340, 2924, 2867, 1729, 1580, 1486,
1239, 1114, 746. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AS-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t-= 5.01 and 5.51

min.

Methyl (6S,7R,9R)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7R,9R)-3a)

/E//C:)O Me

NH
M
Cl
Yield (66%); 20:1 dr; white solid; m.p. 68-70 °C; [a]*’p = 107.4 (¢ 0.50, CH2Clz2); HRMS (ESI+)
Calcd. For CpHa8*CIN,O2" ([M+H]): 395.1521, found: 395.1519; C23H24’%7°CIN202"
([M+H]"): 397.1491, found: 397.1490. IR (thin film) v (cm™) 3337, 3049, 2947, 1730, 1487, 1457,
1246, 1088, 748. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AS-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t-= 5.01 and 5.51

min.

Methyl (6S,7S,9R)-9-(4-bromophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3b)
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Yield (68%); 19:1 dr; white solid; m.p. 208-210 °C; [0]*°p = 47.6 (c 0.50, CH2Cl2); '"H NMR (400
MHz, CDCI3) 6 7.49 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.20 — 7.12 (m, 1H), 7.12 — 7.08 (m,
1H), 6.97 - 6.93 (m, 1H), 6.36 (ddd, J=17.2, 10.4, 7.2 Hz, 1H), 6.17 (s, 1H), 5.79 (s, 1H), 5.20 (dd, J
=17.2, 1.6 Hz, 1H), 5.11 (dd, J = 10.4, 1.6 Hz, 1H), 4.36 (d, J = 9.6 Hz, 1H), 3.61 (s, 3H), 3.59 (s,
3H), 1.44 (s, 3H). '3C NMR (101 MHz, CDCl3) & 175.4, 144.6, 138.2, 136.9, 134.8, 131.4, 129.9,
125.9, 124.9, 122.0, 121.0, 119.9, 118.9, 116.5, 107.2, 65.0, 56.7, 56.5, 51.7, 32.7, 26.5. HRMS (ESI+)
Calcd. For CaHa8'BrN202" ([M+H]): 439.1016, found: 439.1013; Ca23H243'BrN20>"
([M+H]"): 441.0995, found: 441.0996. IR (thin film) v (cm™) 3333, 3055, 2946, 1729, 1484, 1452,
1244, 1134, 745. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t-= 6.02 and 6.75

min.

Methyl (6S,7S5,9R)-9-(4-fluorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7S,9R)-3¢)

Yield (64%); 17:1 dr; white solid; m.p. 152-154 °C; [0]*°p = 65.6 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCl3) 6 7.51 — 7.40 (m, 2H), 7.17 — 7.11 (m, 1H), 7.10 — 7.00 (m, 3H), 6.94 (d, J = 7.2 Hz,
1H), 6.36 (ddd, J=17.2,10.4, 7.2 Hz, 1H), 6.15 (s, 1H), 5.78 (s, 1H), 5.19 (dd, J=17.2, 1.6 Hz, 1H),
5.10 (dd, J = 10.4, 1.6 Hz, 1H), 4.34 (d, J = 9.6 Hz, 1H), 3.59 (s, 3H), 3.58 (s, 3H), 1.44 (s, 3H). °C
NMR (101 MHz, CDCIl3) 8 175.5, 162.0 (d, J = 241.0 Hz), 141.4, 138.4, 136.9, 134.9, 129.65 (d, J =
7.8 Hz), 125.9, 124.9, 122.0, 120.2, 118.9, 116.4, 115.1 (d, J = 21.8 Hz), 107.1, 64.9, 56.8, 56.4, 51.7,
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32.6, 26.6."F NMR (376 MHz, CDCl3) § -115.5. HRMS (ESI+) Calcd. For C23H24FN202" ([IM+H]"):
379.1816, found: 379.1813. IR (thin film) v (cm™") 3322, 3041, 2925, 1730, 1504, 1452, 1221, 1133,
746. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak

AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A =230 nm); t:=5.18 and 5.62 min.

Methyl (6S,7S,9R)-9-(3-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3d)

NH

cl
N
/

Yield (62%); 14:1 dr; white solid; m.p. 78-80 °C; [a]*°p = 39.4 (c 0.50, CH2Cl2); '"H NMR (400 MHz,
CDCls) 6 7.53 — 7.49(m, 1H), 7.43 — 7.37 (m, 1H), 7.33 — 7.27 (m, 2H), 7.20 — 7.13 (m, 1H),
7.12-7.08 (m, 1H), 6.96 — 6.93 (m, 1H), 6.37 (ddd, J = 17.2, 10.4, 7.2 Hz, 1H), 6.19 (s, 1H), 5.80 (s,
1H), 5.20 (dd, J=17.2, 1.6 Hz, 1H), 5.12 (dd, J = 10.4, 1.6 Hz, 1H), 4.36 (d, /= 9.6 Hz, 1H), 3.61 (s,
3H), 3.59 (s, 3H), 1.45 (s, 3H). '3C NMR (101 MHz, CDCls) § 175.4, 147.6, 138.2, 136.9, 134.8,
134.1, 129.6, 128.3, 127.4, 126.3, 125.9, 124.9, 122.0, 119.8, 118.9, 116.5, 107.2, 65.0, 60.1, 56.7,
51.7, 32.7, 26.4. HRMS (ESI+) Calcd. For C23H24**%*°CIN202" ([M+H]"): 395.1521, found:
395.1516; C23H24°%%%CIN202" ([M+H]"): 397.1491, found: 397.1503. IR (thin film) v (cm™) 3337,
3057, 2922, 1730, 1482, 1456, 1244, 1088, 747. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t-=4.62 and 4.96 min.

Methyl (6S,7S5,9R)-9-(3-bromophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3e)
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Yield (70%); 16:1 dr; white solid; m.p. 128-130 °C; [a]*’p = 52.4 (c 0.50, CH2Cl2); 'H NMR (400
MHz, CDCl3) 8 7.69 — 7.66 (m, 1H), 7.49 — 7.44 (m, 2H), 7.26 — 7.23 (m, 1H), 7.21 — 7.15 (m, 1H),
7.14 - 7.10 (m, 1H), 6.99 — 6.94 (m, 1H), 6.39 (ddd, J=17.2, 10.4, 7.2 Hz, 1H), 6.21 (s, 1H), 5.81 (s,
1H), 5.22 (dd, J=17.2, 1.6 Hz, 1H), 5.14 (dd, /= 10.4, 1.6 Hz, 1H), 4.38 (d, /= 9.6 Hz, 1H), 3.63 (s,
3H), 3.61 (s, 3H), 1.47 (s, 3H). '3C NMR (101 MHz, CDCl3) § 175.4, 147.9, 138.2, 136.9, 134.8,
131.2, 130.4, 129.9, 126.8, 126.0, 124.9, 122.4, 122.0, 119.7, 118.9, 116.5, 107.2, 645.0, 56.7, 51.7,
32.7, 26.5, 22.8. HRMS (ESI+) Calcd. For Ca3Hz4#'3BrN2O2" ([M+H]"): 439.1016, found:
439.1010; C23H2430018BrN202" ([M+H]"): 441.0996, found: 441.0996. IR (thin film) v (cm™) 3339,
3055, 2944, 1729, 1453, 1423, 1230, 1128, 746. The product was analyzed by HPLC to determine the
enantiomeric excess: 98% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A =
230 nm); tr=4.68 and 5.15 min.

Methyl (6S5,75,9R)-2,7-dimethyl-9-phenyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino|3,4,5-cd]
indole-7-carboxylate ((6S,7S,9R)-3f)

Yield (68%); 15:1 dr; white solid; m.p. 128-130 °C; [0]*°b = 61.2 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCIl3) 6 7.54 — 7.44 (m, 2H), 7.41 — 7.34 (m, 2H), 7.31 (m, 1H), 7.17 — 7.12 (m, 1H), 7.08 (d,
J=17.6 Hz, 1H), 6.94 (d, /= 7.2 Hz, 1H), 6.44 — 6.34 (m, 1H), 6.17 (s, 1H), 5.78 (s, 1H), 5.19 (dd, J =
17.2, 1.6 Hz, 1H), 5.10 (dd, J=10.4, 1.6 Hz, 1H), 4.36 (d, /= 9.6 Hz, 1H), 3.59 (s, 3H), 3.58 (s, 3H),
1.44 (s, 3H). 3C NMR (101 MHz, CDCl3) § 175.5, 142.0, 138.4, 136.9, 134.9, 128.3, 128.1, 127.3,
126.0, 125.1 121.9, 120.5, 118.8, 116.3, 107.1, 65.0, 57.1, 56.7, 51.7, 32.6, 26.5. HRMS (ESI+) Calcd.
For C23H2sN202" ([M+H]"): 361.1911, found: 361.1907. IR (thin film) v (cm™) 3341, 2923, 2854,
1730, 1452, 1420, 1231, 1133, 746. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t-=5.27 and 5.88 min.
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Methyl (6S,75,9R)-2,7-dimethyl-9-(p-tolyl)-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino|[3,4,5-cd]
indole-7-carboxylate ((65,7S5,9R)-3g)

// CO,Me

Yield (60%); 12:1 dr; white solid; m.p. 118-120 °C; [0]*°p = 86.6 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCI3) 6 7.39 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 7.16 — 7.13 (m, 1H), 7.09 (d, J=7.2
Hz, 1H), 6.95 (d, J = 7.2 Hz, 1H), 6.39 (ddd, J = 17.2, 10.4, 7.2 Hz, 1H), 6.20 (s, 1H), 5.75 (s, 1H),
5.20(dd,J=17.2, 1.6 Hz, 1H), 5.10 (dd, J=10.4, 1.6 Hz, 1H), 4.35 (d, J = 9.6 Hz, 1H), 3.60 (s, 6H),
2.38 (s, 3H), 1.44 (s, 3H). *C NMR (101 MHz, CDCls)§ 175.5, 142.7, 138.5, 136.9, 136.8, 135.0,
129.0, 128.1, 126.0, 125.1, 121.9, 120.6, 118.7, 116.3, 107.1, 64.9, 56.8, 51.6, 32.6, 26.5, 21.2, 14.1.
HRMS (ESI+) Calcd. For C24H27N202" ([M+H]"): 375.2067, found: 375.2068. IR (thin film) v (cm™)
3351, 2944, 2854, 1731, 1601, 1484, 1220, 1084, 751. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A = 230 nm); tr=5.62 and 6.57 min.

Methyl (6S,7S5,9R)-9-(4-methoxyphenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3h)

// CO,Me

NH

/

OMe
Yield (66%); 18:1 dr; white solid; m.p. 126-128 °C; [a]*’p = 85.0 (¢ 0.50, CH2Cl2); 'H NMR (400
MHz, CDClI3) 6 7.45 — 7.39 (m, 2H), 7.18 — 7.12 (m, 1H), 7.09 (d, J= 7.2 Hz, 1H), 6.94 (d, /= 7.0 Hz,
1H), 6.93 — 6.87 (m, 2H), 6.38 (ddd, J=17.2, 10.4, 7.2 Hz, 1H), 6.19 (s, 1H), 5.72 (s, 1H), 5.19 (dd, J
=17.2, 1.6 Hz, 1H), 5.09 (dd, J = 10.4, 1.6 Hz, 1H), 4.33 (d, J = 9.6 Hz, 1H), 3.83 (s, 3H), 3.60 (s,
3H), 3.60 (s, 3H), 1.44 (s, 3H). *C NMR (101 MHz, CDCl3)$ 175.6, 158.8, 138.6, 138.0, 137.0,
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135.0, 129.2, 126.0, 125.0, 121.9, 120.6, 118.78, 116.2, 113.7, 107.1, 64.9, 56.9, 56.5, 55.3, 51.7, 32.6,
26.7. HRMS (ESI+) Calcd. For C24H27N203" ([IM+H]"): 391.2016, found: 391.2019. IR (thin film) v
(cm™) 3342, 2946, 2863, 1730, 1609, 1510, 1243, 1177, 745. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A =230 nm); t:= 6.95 and 9.29 min.

Methyl (6S,7S,9R)-2,7-dimethyl-9-(m-tolyl)-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino|[3,4,5-cd]
indole-7-carboxylate ((6S,7S,9R)-3i)

Yield (58%); 15:1 dr; white solid; m.p. 124-126°C; [0]*°p = 106.6 (¢ 0.50, CH2Cl2); 'H NMR (400
MHz, CDClI3) 6 7.34 — 7.26 (m, 3H), 7.18 — 7.08 (m, 3H), 6.95 (d, J= 7.2 Hz, 1H), 6.40 (ddd, J=17.2,
10.8, 7.2 Hz, 1H), 6.19 (s, 1H), 5.74 (s, 1H), 5.21 (dd, J=17.2, 2.0 Hz, 1H), 5.11 (dd, /= 10.8, 2.0 Hz,
1H), 4.37 (d, J = 9.6 Hz, 1H), 3.61 (s, 3H), 3.60 (s, 3H), 2.38 (s, 3H), 1.44 (s, 3H). 3C NMR (101
MHz, CDCl3) & 175.5, 145.4, 138.5, 137.9, 136.9, 135.0, 128.9, 128.2, 128.0, 126.0, 125.2, 121.9,
120.5, 118.8, 116.3, 107.1, 65.0, 57.1, 56.8, 51.7, 32.6, 26.5, 21.5. HRMS (ESI+) Calcd. For
C24H27N202" ([M+H]Y): 375.2067, found: 375.2069. IR (thin film) v (cm™) 3335, 2924, 2863, 1730,
1606, 1453, 1241, 1131, 746. The product was analyzed by HPLC to determine the enantiomeric
excess: >99% ee (Chiralpak IC, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t:=
8.20 and 9.78 min.

Methyl (6S,7S5,9R)-9-(3-methoxyphenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3j)
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Yield (61%); 16:1 dr; white solid; m.p. 122-124 °C; [0]*°D = 80.6 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCl3) & 7.30 — 7.25 (m, 1H), 7.16 — 7.12 (m, 1H), 7.10 — 7.05 (m, 3H), 6.93 (d, J = 7.0 Hz,
1H), 6.86 — 6.82 (m, 1H), 6.37 (ddd, J=17.2, 10.4, 7.2 Hz, 1H), 6.22 (s, 1H), 5.76 (s, 1H), 5.18 (dd, J
=17.2, 2.0 Hz, 1H), 5.09 (dd, J = 10.4, 2.0 Hz, 1H), 4.36 (d, J = 9.6 Hz, 1H), 3.80 (s, 3H), 3.58 (s,
6H), 1.43 (s, 3H). 3C NMR (101 MHz, CDCl3)§ 175.5, 159.6, 147.1, 138.4, 136.9, 134.9, 129.3,
126.0, 125.1, 121.9, 120.5, 120.2, 118.7, 116.4, 113.6, 112.7, 107.1, 65.0, 57.0, 56.7, 55.2, 51.7, 32.6,
26.4. HRMS (ESI+) Calcd. For C24H27N203" ([M+H]"): 391.2016, found: 391.2019. IR (thin film) v
(cm™) 3339, 2933, 2865, 1730, 1602, 1455, 1244, 1152, 1045, 748. The product was analyzed by
HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90,
flow rate 1.0 mL/min, A =230 nm); t:= 5.87 and 6.67 min.

Methyl (6S5,75,9R)-2,7-dimethyl-9-(o-tolyl)-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino|[3,4,5-cd]
indole-7-carboxylate ((6S,75,9R)-3Kk)

Yield (63%); 11:1 dr; white solid; m.p. 88-90 °C; [a]*’p = 138.6 (c 0.50, CH2Cl2); "H NMR (400 MHz,
CDCl3) 6 7.50 — 7.40 (m, 1H), 7.22 — 7.19 (m, 3H), 7.18 — 7.13 (m, 1H), 7.09 (d, /= 7.8 Hz, 1H), 6.94
(d, J=17.2 Hz, 1H), 6.35 (ddd, J = 17.2, 10.4, 7.2 Hz, 1H), 6.06 (s, 1H), 5.98 (s, 1H), 5.20 (dd, J =
17.2, 1.6 Hz, 1H), 5.10 (dd, J=10.4, 1.6 Hz, 1H), 4.62 — 4.30 (m, 1H), 3.62 (s, 3H), 3.58 (s, 3H), 2.48
(s, 3H), 1.43 (s, 3H). *C NMR (101 MHz, CDCls) § 175.4, 143.2, 138.1, 137.1, 135.1, 130.1, 128.4,
127.0, 126.2, 125.5, 125.2, 120.0, 120.5, 119.4, 118.6, 116.5, 107.2, 65.5, 60.4, 56.1, 51.7, 32.6, 25.5,
19.5. HRMS (ESI+) Calcd. For C24H27N202" ([M+H]"): 375.2067, found: 375.2068. IR (thin film) v
(cm™) 3358, 2919, 2850, 1733, 1633, 1454, 1241, 1114, 751. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A = 230 nm); t:=4.24 and 5.37 min.

Methyl (6S,7S5,9R)-9-(2-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino

S17



[3,4,5-cd]indole-7-carboxylate ((6S,7S,9R)-31)

// CO,Me

Yield (66%); 15:1 dr; white solid; m.p. 148-150 °C; [0]*°p = 83.2 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCIl3) 6 7.59 — 7.56 (m, 1H), 7.44 — 7.40 (m, 1H), 7.29 — 7.26 (m, 1H), 7.26 — 7.21 (m, 1H),
7.19 — 7.14 (m, 1H), 7.10 (d, J = 7.4 Hz, 1H), 6.95 (d, J = 7.2 Hz, 1H), 6.44 — 6.30 (m, 1H), 6.35 (s,
1H), 6.18 (brs, 1H), 5.22 (dd, J = 17.2, 2.0 Hz, 1H), 5.14 (dd, J = 10.4, 2.0 Hz, 1H), 4.47 (d, J = 9.6
Hz, 1H), 3.64 (s, 3H), 3.61 (s, 3H), 1.45 (s, 3H). >*C NMR (101 MHz, CDCl3)& 175.2, 143.0, 137.9,
136.9, 134.7, 132.9, 130.3, 129.2, 128.2, 127.2, 125.3, 122.0, 119.5, 118.7, 116.8, 107.3, 65.4, 56.2,
52.6, 51.8, 32.7, 25.7. HRMS (ESI+) Caled. For C23H24****CIN202" ([M+H]"): 395.1521, found:
395.1518; C23H243¢%%CIN202" ([M+H]"): 397.1491, found: 397.1496. IR (thin film) v (cm™) 3334,
2925, 2853, 1724, 1633, 1451, 1250, 1119, 746. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t=5.05 and 6.01 min.

Methyl (6S,7S5,9R)-9-(2-bromophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7S,9R)-3m)

// CO,Me

Yield (64%); 15:1 dr; white solid; m.p. 162-164 °C; [0]*°p = 70.6 (¢ 0.50, CH2ClL2); '"H NMR (400
MHz, CDCl3) 6 7.63 — 7.60 (m, 1H), 7.58 — 7.55 (m, 1H), 7.35 — 7.28 (m, 1H), 7.20 — 7.14 (m, 2H),
7.11 (d,J=7.6 Hz, 1H), 6.97 (d, /= 7.2 Hz, 1H), 6.44 — 6.34 (m, 1H), 6.33 (s, 1H), 6.20 (s, 1H), 5.23
(dd, J=17.2, 1.6 Hz, 1H), 5.14 (dd, /= 10.4, 1.6 Hz, 1H), 4.44 (d, /= 9.6 Hz, 1H), 3.65 (s, 3H), 3.61
(s, 3H), 1.47 (s, 3H). 3C NMR (101 MHz, CDCl3)$ 175.2, 144.9, 138.1, 136.9, 134.7, 132.3, 130.6,
128.6, 127.8, 125.5, 125.2, 123.3, 122.0, 119.2, 118.8, 116.6, 107.2, 65.2, 56.0, 55.0, 51.8, 32.7, 26.0.
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HRMS (ESI+) Caled. For CaxsHa8BrNoO2"  ([M+H]Y): 439.1016, found: 439.1017;
C23H24318BrN2 02" ([M+H]): 441.0996, found: 441.1000. IR (thin film) v (cm™) 3334, 3071, 2926,
1729, 1633, 1456, 1246, 1134, 746. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t=5.01 and 5.78 min.

Methyl (6S,78,95)-2,7-dimethyl-9-(thiophen-2-yl)-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,95)-3n)

Yield (58%); 14:1 dr; white solid; m.p. 56-58 °C; [a]*p = 83.4 (c 0.50, CH2Cl2); '"H NMR (400 MHz,
CDCl) 6 7.26 — 7.24 (m, 1H), 7.18 — 7.16 (m, 1H), 7.16 — 7.12 (m, 1H), 7.11 — 7.07 (m, 1H), 7.03 —
6.99 (m, 1H), 6.94 (d, J = 7.2 Hz, 1H), 6.51 (s, 1H), 6.38 (ddd, J = 17.2, 10.4, 7.2 Hz, 1H), 6.22 (s,
1H), 5.20 (dd, J=17.2, 2.0 Hz, 1H), 5.11 (dd, J=10.4, 2.0 Hz, 1H), 4.31 (d, /= 9.6 Hz, 1H), 3.64 (s,
3H), 3.59 (s, 3H), 1.45 (s, 3H). *C NMR (101 MHz, CDCl3)$ 175.5, 150.1, 138.3, 137.0, 134.8,
126.2, 126.0, 124.5, 124.4, 124.0, 121.9, 119.4, 118.9, 116.4, 107.2, 64.8, 56.9, 52.5, 51.7, 32.7, 26.5.
HRMS (ESI+) Calcd. For C21H23N202S" ([M+H]"): 367.1475, found: 367.1472. IR (thin film) v (cm™)
3342, 3065, 2945, 1730, 1606, 1454, 1238, 1125, 750. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A =230 nm); t:= 6.65 and 7.80 min.

Methyl (6R,7R,9R)-2,7-dimethyl-9-(thiophen-2-yl)-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6R,7R,9R)-3n)
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Yield (60%); 14:1 dr; white solid; m.p. 56-58 °C; [a]*°p = -86.1 (¢ 0.50, CH2Cl2); HRMS (ESI+)
Calcd. For C21H23N202S* ([IM+H]"): 367.1475, found: 367.1473. IR (thin film) v (cm™) 3340, 3061,
2945, 1730, 1606, 1452, 1238, 1125, 744. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t-= 6.65 and 7.80 min.

Methyl (6R,7S,9R)-2,7-dimethyl-9-(thiophen-2-yl)-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6R,7S,9R)-3n)

Yield (45%); 10:1 dr; white solid; m.p. 54-56 °C; [a]*’p = - 93.6 (¢ 0.50, CH2Cl2); 'H NMR (400
MHz, CDCls) & 7.27 — 7.26 (m, 1H), 7.19 — 7.09 (m, 3H), 7.05 — 6.87 (m, 2H), 6.51 (s, 1H), 6.43 —
6.27 (m, 1H), 5.75 (s, 1H), 5.04 (dd, J=17.2, 1.6 Hz, 1H), 4.92 (dd, /= 10.4, 1.6 Hz, 1H), 4.14 (d, J
= 8.8 Hz, 1H), 3.78 (s, 3H), 3.66 (s, 3H), 1.63 (s, 3H). 3*C NMR (101 MHz, CDCI3) & 176.7, 150.07,
140.87, 137.1, 132.8, 126.8, 125.7, 124.9, 124.2, 124.1, 121.7, 121.2, 119.8, 114.3, 107.4, 64.8, 60.0,
52.6,51.8,32.8, 20.7. HRMS (ESI+) Calcd. For C21H23N202S™ ([M+H]"): 367.1475, found: 367.1472.
IR (thin film) v (cm™) 3340, 3065, 2944, 1729, 1605, 1454, 1240, 1125, 750. The product was
analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol
/hexane = 10/90, flow rate 1.0 mL/min, A = 280 nm); t:=6.01 and 17.97 min.

Methyl (6S,7R,9S5)-2,7-dimethyl-9-(thiophen-2-yl)-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7R,9S5)-3n)
/,:// COMe
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Yield (52%); 10:1 dr; white solid; m.p. 54-56 °C; [a]*’p = 96.0 (c 0.50, CH2Cl2); HRMS (ESI+) Calcd.
For C21H23N202S" ([M+H]"): 367.1475, found: 367.1473. IR (thin film) v (cm™) 3340, 3060, 2944,
1730, 1606, 1452, 1238, 1125, 741. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=280 nm); t:=6.01 and 17.97 min.

Methyl (65,75,95)-2,7-dimethyl-(furan-2-yl)-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino|3,4,5-cd]
indole-7-carboxylate ((6S,7S5,95)-30)

Yield (55%); 10:1 dr; white solid; m.p. 76-78 °C; [a]*°p = 110.2 (c 0.50, CH2Cl2); 'H NMR (400 MHz,
CDCl) 6 7.44 — 7.41 (m, 1H), 7.26 — 7.25 (m, 1H), 7.20 — 7.04 (m, 2H), 6.96 — 6.85 (m, 1H), 6.48 (s,
1H), 6.42 — 6.30 (m, 2H), 6.20 (ddd, J=17.2, 10.0, 8.6 Hz, 1H), 5.56 (s, 1H), 5.29 (dd, J = 10.0, 2.0
Hz, 1H), 5.09 (dd, J = 17.2, 2.0 Hz, 1H), 4.09 (d, J = 8.4 Hz, 1H), 3.68 (s, 3H), 3.50 (s, 3H), 1.52 (s,
3H). *C NMR (101 MHz, CDCl3) § 175.7, 156.3, 141.7, 137.5, 137.1, 133.0, 125.3, 125.2, 121.7,
120.0, 118.7, 118.4, 110.1, 107.8, 106.3, 66.0, 59.0, 51.8, 49.7, 32.8, 20.1. HRMS (ESI+) Calcd. For
C21H23N203" ([M+H]"): 351.1703, found: 351.1699. IR (thin film) v (cm™) 3342, 3117, 2925, 1736,
1585, 1455, 1373, 1247, 1148, 750. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t=11.62 and 13.82 min.

Methyl (6S,7S5,9R)-2,7-dimethyl-9-propyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino|3,4,5-cd]
indole-7-carboxylate ((6S,75,9R)-3p)

NH

1,’,,

n-Pr
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Yield (44%); 11:1 dr; white solid; m.p. 68-70 °C; []*° = 71.0 (c 0.50, CH2Cl2); '"H NMR (400 MHz,
CDCl) & 7.16 — 7.09 (m, 2H), 6.85 — 6.81 (m, 1H), 6.69 (s, 1H), 6.31 — 6.16 (m, 1H), 5.23 (s, 1H),
521 -5.17 (m, 1H), 4.76 — 4.68 (m, 2H), 3.70 (s, 3H), 3.68 (s, 3H), 1.95 — 1.85 (m, 1H), 1.67 — 1.61
(m, 1H), 1.50 — 1.41 (m, 3H), 1.00 (t, J = 7.2 Hz, 3H). '3C NMR (101 MHz, CDCl3) & 174.9, 136.8,
135.7, 134.3, 127.3, 122.5, 122.1, 121.6, 118.5, 117.3), 107.5, 66.6, 52.5, 51.5, 49.8, 37.6, 32.7, 21.5,
19.1, 14.2. HRMS (ESI+) Calcd. For C20H27N202" ([M+H]"): 327.2067, found: 327.2064. IR (thin
film) v (cm™) 3345, 2926, 2867, 1735, 1673, 1495, 1231, 1146, 748. The product was analyzed by
HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90,
flow rate 1.0 mL/min, A =230 nm); t:= 5.39 and 6.18 min.

(6S,7S,9R)-9-(4-chlorophenyl)-2-methyl-6-vinyl-2,4',5',6,8,9-hexahydro-2'H-spiro[azepino[3,4,5-
cdlindole-7,3'-furan]-2'-one ((6S,75,9R)-3q)

Yield (62%); 10:1 dr; white solid; m.p. 134-136 °C; [a]*’p = 63.2 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDClI3) 6 7.43 (d, J= 8.4 Hz, 2H), 7.34 (d, /= 8.4 Hz, 2H), 7.23 — 7.17 (m, 2H), 6.93 — 6.87 (m,
1H), 6.76 (ddd, J=17.2, 10.4, 4.4 Hz, 1H), 5.95 (s, 1H), 5.84 (s, 1H), 5.35 (dd, /= 10.4, 1.6 Hz, 1H),
4.90 (dd, J=17.2, 1.6 Hz, 1H), 4.30 — 4.20 (m, 1H), 4.12 — 4.02 (m, 1H), 3.86 — 3.78 (m, 1H), 3.64 (s,
3H), 2.37 — 2.19 (m, 1H), 1.95 — 1.88 (m, 1H). *C NMR (101 MHz, CDCl3) § 178.8, 142.5, 137.6,
137.3, 132.9, 132.0, 129.7, 128.3, 127.4, 126.5, 122.4, 120.8, 119.2, 117.6, 108.4, 65.7, 65.3, 55.9,
52.8, 39.6, 32.7, 29.8. HRMS (ESI+) Calcd. For C23H22**%°CIN,02" ([M+H]"): 393.1364, found:
393.1365; C23H22*%%%°CIN.O2" ([M+H]"): 395.1334, found: 395.1335. IR (thin film) v (cm™) 3357,
2922, 2851, 1727, 1632, 1514, 1246, 1123, 811. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t:=9.19 and 11.26 min.

Methyl (6S,75,9R)-9-(4-chlorophenyl)-7-ethyl-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
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[3,4,5-cd]indole-7-carboxylate ((6S,7S,9R)-3r)

z,:/co Me

Yield (66%); 20:1 dr; white solid; m.p. 114-116 °C; [a]*’p = 103.8 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCl3) 6 7.48 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.21 - 7.13 (m, 1H), 7.08 (d,J=7.4
Hz, 1H), 7.01 (d, J = 7.2 Hz, 1H), 6.48 — 6.36 (m, 1H), 6.21 (s, 1H), 5.68 (s, 1H), 5.21 (dd, J=17.2,
1.6 Hz, 1H), 5.02 (dd, J = 10.4, 1.6 Hz, 1H), 4.20 (d, J = 9.6 Hz, 1H), 3.60 (s, 3H), 3.55 (s, 3H), 2.01
—1.90 (m, 1H), 1.75 — 1.68 (m, 1H), 0.95 (t, J = 7.2 Hz, 3H). *C NMR (101 MHz, CDCl3) & 174.4,
145.1, 139.8, 136.9, 135.4, 133.0, 129.8, 128.5, 126.4, 124.1, 121.9, 119.6, 118.4, 114.9, 106.8, 67.7,
57.6, 56.1, 51.4, 33.8, 32.7, 8.6. HRMS (ESI+) Calcd. For C24H26>**°CIN202" ([M+H]"): 409.1677,
found: 409.1672; C24H26°%*°CIN202" ([M+H]"): 411.1647, found: 411.1657. IR (thin film) v (cm™)
3339, 2943, 2878, 1729, 1632, 1487, 1224, 1137, 745. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A = 230 nm); t:= 5.40 and 7.37 min.

Methyl (6S,7S5,9R)-9-(4-chlorophenyl)-7-propyl-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7S5,9R)-3s)

Yield (63%); 20:1 dr; white solid; m.p. 138-140 °C; [a]*°p = 107.8 (c 0.50, CH2CL); 'H NMR (400
MHz, CDCLs) § 7.49 — 7.43 (m, 2H), 7.37 — 7.29 (m, 2H), 7.18 — 7.13 (m, 1H), 7.10 — 7.06 (m, 1H),
6.99 (d, J = 6.8 Hz, 1H), 6.48 — 6.36 (m, 1H), 6.20 (s, 1H), 5.69 (s, 1H), 5.19 (dd, J = 17.2, 1.6 Hz,
1H), 5.02 (dd, J = 10.4, 1.6 Hz, 1H), 4.19 (d, J = 9.6 Hz, 1H), 3.60 (s, 3H), 3.53 (s, 3H), 1.91 (dd, J =
12.8, 4.8 Hz, 1H), 1.60 (dd, J = 25.2, 4.8 Hz, 1H), 1.52 — 1.40 (m, 1H), 1.31 — 1.24 (m, 1H), 0.89 (¢, J
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= 7.2 Hz, 3H). *C NMR (101 MHz, CDCl3)$ 174.6, 145.1, 139.8, 136.9, 135.4, 133.0, 129.8, 128.5,
126.4, 124.1, 121.9, 119.6, 118.5, 115.0, 106.8, 67.3, 57.5, 56.7, 51.4, 43.2, 32.7, 17.4, 14.2. HRMS
(ESI+) Calcd. For CasHas**?%CIN202" ([M+H]"): 423.1834, found: 423.1835; C2sH2s*¢"%°CIN202"
([M+H]"): 425.1804, found: 425.1807. IR (thin film) v (cm™) 3340, 2944, 2877, 1729, 1593, 1455,
1241, 1082, 752. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t:= 6.24 and 6.89

min.

Ethyl (6S,7S,9R)-7-allyl-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7S5,9R)-3t)

7 o
£ _\\\\‘\/
NH

/

Cl

Yield (66%); 20:1 dr; white solid; m.p. 54-56 °C; [a]*°p = 74.6 (¢ 0.50, CH2Cl2); '"H NMR (400 MHz,
CDCl3) 6 7.44 (d, J = 8.4 Hz, 2H), 7.31 (d, /= 8.4 Hz, 2H), 7.17 — 7.10 (m, 1H), 7.06 (d, J = 7.2 Hz,
1H), 6.96 (d, J = 7.2 Hz, 1H), 6.48 — 6.38 (m, 1H), 6.21 (s, 1H), 5.78 (s, 1H), 5.85 — 5.70 (m, 1H),
5.20 (dd, J=17.2, 1.6 Hz, 1H), 5.16 — 5.12 (m, 2H), 5.05 (dd, J = 10.4, 1.6 Hz, 1H), 4.17 (d, /= 9.6
Hz, 1H), 4.02 — 3.94 (m, 2H), 3.59 (s, 3H), 2.67 (dd, J = 13.6, 6.4 Hz, 1H), 2.43 (dd, J=13.6, 8.4 Hz,
1H), 0.95 (t, J= 7.2 Hz, 3H). 1*C NMR (101 MHz, CDCls) § 173.5, 145.2, 139.6, 136.9, 135.2, 132.9,
132.4,129.8 128.5, 126.4, 124.2, 121.8, 119.8, 119.4, 118.4, 115.6, 106.9, 66.5, 60.3, 57.2, 44.6, 32.7,
14.0. HRMS (ESI+) Calcd. For CasHas**?%CIN202" ([M+H]Y): 435.1834, found: 435.1824;
C26H28%%9°CIN202" ([M+H]"): 437.1804, found: 437.1806. IR (thin film) v (cm™) 3334, , 2931, 2862,
1726, 1634, 1487, 1204, 1138, 748. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t=5.99 and 8.53 min.

Ethyl (6R,7R,9S)-7-allyl-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
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[3,4,5-cd]indole-7-carboxylate ((6R,7R,9S5)-3t)

Yield (60%); 19:1 dr; white solid; m.p. 54-56 °C; [a]*’p = -72.4 (¢ 0.50, CH2Cl2); HRMS (ESI+)
Caled. For CacH2s**7¥CIN,O2" ([M+H]"): 435.1834, found: 435.1829; Ca6H2s’*%°CIN202"
([M+H]"): 437.1804, found: 437.1811. IR (thin film) v (cm™) 3344, 2926, 2855, 1729, 1635, 1487,
1215, 1162, 748. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t-= 5.99 and 8.53

min.

Ethyl (6R,75,98)-7-allyl-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6R,7S,95)-3t)

Yield (60%); 20:1 dr; white solid; m.p. 140-142 °C; [a]*’p = -79.2 (¢ 0.50, CH2Cl2); 'H NMR (400
MHz, CDCI3) 6 7.45 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.22 — 7.11 (m, 2H), 6.97 (d, /= 6.0
Hz, 1H), 6.45 — 6.28 (m, 1H), 6.24 (s, 1H), 5.87 — 5.67 (m, 1H), 5.37 (s, 1H), 5.14 — 5.09 (m, 1H),
5.14 —5.08 (m, 1H), 5.03 (dd, J = 17.2, 2.0 Hz, 1H), 4.92 (dd, J = 10.4, 2.0 Hz, 1H), 4.26 — 4.18 (m,
2H), 4.17 (d, J = 8.8 Hz, 1H), 3.63 (s, 3H), 3.10 (dd, J = 15.2, 6.4 Hz, 1H), 2.52 (dd, J = 15.2, 7.6 Hz,
1H), 1.33 (t,J = 7.2 Hz, 3H). *C NMR (101 MHz, CDCl3) § 174.7, 144.3, 140.8, 137.0, 133.5, 133.1,
132.8, 129.9, 128.5, 126.5, 124.6, 121.7, 121.0, 119.8, 118.2, 114.4, 107.5, 68.1, 61.6, 60.1, 55.8, 37.9,
32.7, 14.3. HRMS (ESI+) Calcd. For CasH2s****CIN202" ([M+H]"): 435.1834, found: 435.1830;
C26H2s*¢?*¥CIN202" ([M+H]"): 437.1804, found: 437.1808. IR (thin film) v (cm™) 3335, 2925, 2855,
1726, 1634, 1487, 1204, 1138, 748. The product was analyzed by HPLC to determine the
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enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t-= 6.55 and 8.68 min.

Ethyl (6S,7R,9R)-7-allyl-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7R,9R)-3t)

7 o

Yield (62%); 20:1 dr; white solid; m.p. 140-142 °C; [a]*°> = 79.6 (c 0.50, CH2Cl2); HRMS (ESI+)
Calcd. For CasHas**?*CIN202" ([M+H]"): 435.1834, found: 435.1832; CaeH2s’%*°CIN202"
([M+H]"): 437.1804, found: 437.1807. IR (thin film) v (cm™") 3348, 2976, 2872, 1728, 1635, 1469,
1215, 1159, 748. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t:= 6.55 and 8.68

min.

Methyl (6S,7R,9R)-7-(tert-butoxymethyl)-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetra-
hydro-2H-azepino|[3.,4,5-cd]indole-7-carboxylate ((6S,7R,9R)-3u)

Yield (65%); 20:1 dr; white solid; m.p. 148-150 °C; [o]*% = 51.6 (c 0.50, CH2CL); 'H NMR (400
MHz, CDCl3)§ 7.48 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.17 — 7.09 (m, 1H), 7.06 (d, J= 7.6
Hz, 1H), 6.97 (d, J = 7.2 Hz, 1H), 6.45 — 6.33 (m, 1H), 6.22 (s, 1H), 5.85 (s, 1H), 5.17 (dd, J = 17.2,
1.6 Hz, 1H), 4.99 (dd, J = 10.0, 2.0 Hz, 1H), 4.23 (d, J= 9.2 Hz, 1H), 3.59 (s, 1H), 3.51(s, 1H), 3.63 —
3.56 (m, 1H), 3.53 — 3.45 (m, 1H), 1.11 (s, 9H). 3C NMR (101 MHz, CDCl5)$ 174.0, 145.5, 139.8,
136.9, 135.1, 132.8, 129.9, 128.4, 126.7, 124.1, 121.8, 119.5, 118.4, 115.0, 106.9, 73.2, 68.2, 67.6,
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57.5, 55.6, 51.4, 32.7, 27.4. HRMS (ESI+) Calcd. For C27H32**?*CIN203" ([M+H]"): 467.2096,
found: 467.2097; C27H3236%°CIN203" ([IM+H]"): 469.2066, found: 469.2061. IR (thin film) v (cm™)
3334, 2973, 2873, 1743, 1604, 1487, 1196, 1090, 746. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A =230 nm); t:= 5.38 and 6.64 min.

Methyl (6R,78,9S5)-7-(tert-butoxymethyl)-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetra-
hydro-2H-azepino[3,4,5-cd]indole-7-carboxylate ((6R,7S,95)-3u)

Yield (61%); 20:1 dr; white solid; m.p. 148-150 °C; [a]*’p = -55.0 (¢ 0.50, CH2Cl2); HRMS (ESI+)
Calcd. For CpH3??**CIN203" ([M+H]"): 467.2096, found: 467.2103; C27H32*%7°CIN20s"
([M+H]"): 469.2066, found: 469.2067. IR (thin film) v (cm™) 3333, 2973, 2875, 1743, 1630, 1488,
1197, 1091, 747. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t:= 5.38 and 6.64

min.

Methyl (6R,7R,9S)-7-(tert-butoxymethyl)-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetra-
hydro-2H-azepino|[3.,4,5-cd]indole-7-carboxylate ((6R,7R,95)-3u)

Yield (60%); 20:1 dr; white solid; m.p. 178-180 °C; [0]*p = -81.6 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCl3)8 7.47 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.19 — 7.05 (m, 2H), 6.93 (d, J = 6.4
Hz, 1H), 6.40 — 6.30 (m, 1H), 6.23 (s, 1H), 5.38 (s, 1H), 5.04 (dd, J = 17.2, 2.0 Hz, 1H), 4.90 (dd, J =
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10.4,2.0 Hz, 1H), 4.10 (d, J = 8.8 Hz, 1H), 4.03 (d, J=9.2 Hz, 1H), 3.75 (s, 3H), 3.66 (d, /= 9.2 Hz,
1H), 3.62 (s, 3H), 1.10 (s, 9H). 3*C NMR (101 MHz, CDCls) § 174.5, 144.6, 140.8, 137.1, 132.9,
132.7, 130.1, 128., 126.5, 124.7, 121.6, 120.7, 120.2, 114.1, 107.4, 72.9, 69.6, 62.5, 57.2, 55.6, 52.3,
32.7, 27.5. HRMS (ESI+) Calcd. For C27H32**?*CIN2O3" ([IM+H]"): 467.2096, found: 467.2095;
C27H3230%9¥CIN203™ ([IM+H]Y): 469.2066, found: 469.2076. IR (thin film) v (cm™) 3341, 2975, 2879,
1739, 1631, 1473, 1221, 1092, 748. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t:=4.01 and 10.64 min.

Methyl (6S,7S,9R)-7-(tert-butoxymethyl)-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetra-
hydro-2H-azepino|[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3u)

Yield (62%); 19:1 dr; white solid; m.p. 178-180 °C; [a]*’p = 84.8 (c 0.50, CH2Cl2); HRMS (ESI+)
Caled. For Cp7H33*?%CIN,Os™ ([M+H]"): 467.2096, found: 467.2092; Ca7H323%°%°CIN20s"
([M+H]"): 469.2066, found: 469.2068. IR (thin film) v (cm™) 3342, 2973, 2885, 1741, 1631, 1487,
1236, 1090, 747. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t:=4.01 and 10.64

min.

Methyl (6S,7S,9R)-9-(4-chlorophenyl)-7-(3-methoxy-3-oxopropyl)-2-methyl-6-vinyl-6,7,8,9-
tetrahydro-2H-azepino|3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3v)
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Yield (58%); 20:1 dr; yellow liquid; [a]*°p = 72.0 (¢ 0.50, CH2Cl2); 'H NMR (400 MHz, CDCl3)§
7.47 —7.41 (m, 2H), 7.37 — 7.30 (m, 2H), 7.17 — 7.12 (m, 1H), 7.09 (d, J = 7.2 Hz, 1H), 6.95 (d, J =
7.0 Hz, 1H), 6.46 — 6.31 (m, 1H), 6.19 (s, 1H), 5.78 (s, 1H), 5.20 (dd, J=17.2, 1.6 Hz, 1H), 5.09 (dd,
J=10.4, 1.6 Hz, 1H), 4.26 (d, J= 8.4 Hz, 1H), 3.63 (s, 3H), 3.60 (s, 3H), 3.55 (s, 3H), 2.52 — 2.32 (m,
2H), 2.22 (ddd, J = 13.6, 10.4, 6.4 Hz, 1H), 2.03 (ddd, J = 10.4, 6.4, 4.4 Hz, 1H). *C NMR (101 MHz,
CDCIl3) 6 173.9, 173.4, 134.4, 133.0, 129.7, 128.5, 126.1, 122.0, 119.3, 116.4, 107.2, 67.2, 56.8, 56.3,
51.7, 32.7, 29.1. HRMS (ESI+) Calcd. For CasHag*****°CIN204" ([M+H]"): 467.1732, found:
467.1722; Ca6H2g*02*PCIN204" ([M+H]"): 469.1702, found: 469.1709. IR (thin film) v (cm™) 3357,
2924, 2852, 1736, 1591, 1453, 1202, 1086, 752. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A

=230 nm); t-= 8.04 and 9.56 min.

Methyl (6R,7R,9S5)-9-(4-chlorophenyl)-7-(3-methoxy-3-oxopropyl)-2-methyl-6-vinyl-6,7,8,9-
tetrahydro-2H-azepino|3,4,5-cd]indole-7-carboxylate ((6R,7R,9S5)-3v)

Yield (52%); 19:1 dr; yellow liquid; [a]*®o = -73.4 (¢ 0.50, CH2Cl2); HRMS (ESI+) Caled. For
Ca6Hog?*7%CIN204"  ([M+H]Y): 467.1732, found: 467.1735; CasHas’*%%CIN204" ([M+H]Y):
469.1702, found: 469.1707. IR (thin film) v (cm™) 3356, 2924, 2852, 1735, 1592, 1488, 1201, 1085,
751. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak

AD-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A =230 nm); t-= 8.04 and 9.56 min.

Methyl (6R,7S,95)-9-(4-chlorophenyl)-7-(3-methoxy-3-oxopropyl)-2-methyl-6-vinyl-6,7,8,9-
tetrahydro-2H-azepino|3,4,5-cd]indole-7-carboxylate ((6R,7S,95)-3v)
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Yield (54%); 20:1 dr; white solid; m.p. 68-70 °C; [a]*’p = -225.4 (c 0.50, CH2Cl2); '"H NMR (400
MHz, CDCI3) 6 7.46 (d, J = 8.4 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.20 — 7.09 (m, 2H), 6.96 — 6.92 (m,
1H), 6.40 — 6.26 (m, 1H), 6.21 (s, 1H), 5.22 (s, 1H), 5.02 (dd, /= 17.2, 2.0 Hz, 1H), 4.93 (dd, /= 10.4,
2.0 Hz, 1H), 4.16 (d, J = 8.8 Hz, 1H), 3.77 (s, 3H), 3.63 (s, 3H), 3.60 (s, 3H), 2.62 — 2.52 (m, 1H),
2.50 — 2.39 (m, 1H), 2.23 — 2.07 (m, 2H). *C NMR (101 MHz, CDCl3) § 175.0, 173.2, 143.9, 140.6,
137.0, 133.2, 132.4, 129.8, 128.6, 126.6, 124.6, 121.9, 120.9, 119.7, 114.6, 107.6, 67.9, 60.1, 55.6,
52.7, 51.7, 32.7, 29.8, 28.6. HRMS (ESI+) Calcd. For CasHa2s**?*CIN,O4" ([M+H]"): 467.1732,
found: 467.1729; Ca6H2g>0"%°CIN204" ([M+H]"): 469.1702, found: 469.1702. IR (thin film) v (cm™)
3347, 2949, 2852, 1735, 1589, 1457, 1171, 1085, 754. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 20/80, flow rate

1.0 mL/min, A =230 nm); t:= 8.53 and 10.34 min.

Methyl (6S,7R,9R)-9-(4-chlorophenyl)-7-(3-methoxy-3-oxopropyl)-2-methyl-6-vinyl-6,7,8,9-
tetrahydro-2H-azepino|[3.,4,5-cd]indole-7-carboxylate ((6S,7R,9R)-3v)

Yield (55%); 18:1 dr; white solid; m.p. 68-70 °C; [a]*’p = 222.5 (¢ 0.50, CH2Clz); HRMS (ESI+)
Caled. For CacH2s**7¥CIN,O4" ([M+H]"): 467.1732, found: 467.1742; Ca6H2s’*%°CIN204"
([M+H]"): 469.1702, found: 469.1709. IR (thin film) v (cm™) 3357, 2949, 2854, 1735, 1591, 1485,
1240, 1083, 753. The product was analyzed by HPLC to determine the enantiomeric excess: 97% ee
(Chiralpak AD-H, i-propanol /hexane = 20/80, flow rate 1.0 mL/min, A = 230 nm); t-= 8.53 and 10.34
min.
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Methyl (6S,7S5,9R)-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino|[3,4,5-cd]
indole-7-carboxylate ((65,7S5,9R)-3w)

Yield (54%); 9:1 dr; white solid; m.p. 168-170 °C; [a]**p = 83.2 (¢ 0.50, CH2Cl2); '"H NMR (400 MHz,
CDCl3) 6 7.35 — 7.27 (m, 4H), 7.22 — 7.18 (m, 2H), 7.11 — 7.04 (m, 1H), 6.22 (s, 1H), 5.92 (ddd, J =
17.2,10.4, 9.2 Hz, 1H), 5.25 (dd, /= 10.4, 1.6 Hz, 1H), 5.19 (dd, J = 17.2, 1.6 Hz, 1H), 5.14 (s, 1H),
4.03 (t, J = 9.2 Hz, 1H), 3.95 (d, J = 9.6 Hz, 1H), 3.66 (s, 3H), 3.64 (s, 3H). °C NMR (101 MHz,
CDCl3) 6 173.5, 143.2, 138.5, 137.4, 133.1, 133.0, 129.3, 128.6, 126.5, 124.8, 121.5, 120.8, 120.5,
117.8, 107.9, 67.2, 61.9, 55.8 51.5, 32.8. HRMS (ESI+) Calcd. For C22H22****CIN202" ([M+H]):
381.1364, found: 381.1360; C22H22°¢°CIN202" ([M+H]"): 383.1334, found: 383.1333. IR (thin film)
v (cm™) 3306, 2946, 2854, 1739, 1601, 1451, 1164, 1090, 744. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A =230 nm); tr= 11.90 and 14.91 min.

Methyl (6R,7R,95)-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6R,7R,9S5)-3w)

Yield (55%); 10:1 dr; white solid; m.p. 168-170 °C; [a]*% = -86.2 (¢ 0.50, CH2Cl2); HRMS (ESI+)
Caled. For CaHa3*9CIN2O2" (IM+H]): 381.1364, found: 381.1363; CarH2o’6%%CIN202"
(IM+HT"): 383.1334, found: 383.1332. IR (thin film) v (cm) 3306, 2945, 2854, 1740, 1601, 1451,

1164, 1092, 744. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
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(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t-= 11.90 and
14.91 min.

Methyl (6R,7S5,95)-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino|[3,4,5-cd]
indole-7-carboxylate ((6R,7S,95)-3w)

Yield (52%); 10:1 dr; white solid; m.p. 166-168 °C; [0]*’p = 83.2 (¢ 0.50, CH2ClL2); '"H NMR (400
MHz, CDCl3) & 7.44 — 7.40 (m, 2H), 7.34 — 7.27 (m, 2H), 7.22 — 7.10 (m, 2H), 7.01 (d, J = 7.2 Hz,
1H), 6.29 (ddd, /= 17.2, 10.0, 8.8 Hz, 1H), 6.21 (s, 1H), 5.11 (dd, J=17.2, 2.0 Hz, 1H), 5.07 (s, 1H),
5.02 (dd, J=10.0, 2.0 Hz, 1H), 4.36 (d, J = 8.8 Hz, 1H), 4.22 (d, J= 1.8 Hz, 1H), 3.79 (s, 3H), 3.61 (s,
3H). 3C NMR (101 MHz, CDCl3) & 173.7, 143.6, 139.4, 137.5, 134.2, 133.2, 129.7, 128.5, 126.7,
124.4, 121.6, 120.5, 119.9, 115.2, 107.3, 65.3, 63.2, 54.5, 52.5, 32.7. HRMS (ESI+) Calcd. For
CoH2**%%CIN20>"  ([M+H]Y): 381.1364, found: 381.1364; CnH2?%%CIN20," ([M+H]Y):
383.1334, found: 383.1333. IR (thin film) v (cm™") 3305, 2945, 2854, 1740, 1601, 1452, 1164, 1091,
745. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak

AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A =230 nm); t:=5.87 and 6.67 min.

Methyl (6S,7R,9R)-9-(4-chlorophenyl)-2-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7R,9R)-3w)

J

21 SCOQMe
NH
a9
/N
Cl
Yield (56%); 10:1 dr; white solid; m.p. 166-168 °C; [a]*’b = -86.2 (¢ 0.50, CH2Cl2); HRMS (ESI+)

Caled. For CxnH23*%CIN,O2" ([M+H]"): 381.1364, found: 381.1362; C2H2*%%°CIN20,"
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([M+H]"): 383.1334, found: 383.1334. IR (thin film) v (cm™) 3305, 2946, 2854, 1739, 1602, 1452,
1164, 1092, 745. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee
(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t-= 11.90 and
14.91 min.

Methyl (6S,7S,9R)-9-(4-chlorophenyl)-5-fluoro-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-
azepino[3,4,5-cd]indole-7-carboxylate ((6S5,75,9R)-3x)

F

NH

"’/,,,

Cl
Yield (63%); 14:1 dr; white solid; m.p. 202-204 °C; [a]*°p = 106.6 (¢ 0.50, CH2Cl2); 'H NMR (400
MHz, CDCl3)8 7.50 — 7.41 (m, 2H), 7.39 — 7.28 (m, 2H), 7.01 — 6.89 (m, 2H), 6.36 — 6.25 (m, 1H),
6.24 (s, 1H), 5.63 (s, 1H), 5.26 (dd, J=17.2, 1.6 Hz, 1H), 5.11 (dd, J=10.4, 1.6 Hz, 1H), 4.39 (d, J =
9.2 Hz, 1H), 3.57 (s, 3H), 3.55 (s, 3H), 1.50 (s, 3H). 1*C NMR (101 MHz, CDCl3) § 175.5, 154.81 (d,
J=234.0 Hz), 145.0, 137.4, 133.16 (d, J = 13.8 Hz), 129.9, 128.5, 128.0, 124.2, 120.41 (d, J = 16.2
Hz), 118.3, 116.5, 110.3, 110.0, 107.45 (d, J = 10.2 Hz), 63.5, 57.6, 51.8, 50.2, 32.8, 29.4. '°F NMR
(376 MHz, CDCl3) & -130.0. HRMS (ESI+) Calcd. For C23H23**%%°CIFN202" ([M+H]"): 413.1427,
found: 413.1425; C23H23%6CIFN202" ([M+H]"): 415.1397, found: 415.1406. IR (thin film) v (cm™)
3329, 2920, 2849, 1720, 1583, 1484, 1250, 1132, 783. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A =230 nm); t:= 6.00 and 8.00 min.

Methyl (6S,75,9R)-9-(4-chlorophenyl)-6-fluoro-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-
azepino[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3y)
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Yield (60%); 9:1 dr; white solid; m.p. 122-124 °C; [a]*°p = 99.8 (c 0.50, CH2Cl2); 'H NMR (400 MHz,
CDCl) 6 7.44 — 7.40 (m, 2H), 7.38 — 7.31 (m, 2H), 6.88 (dd, J = 8.8, 2.0 Hz, 1H), 6.72 (dd, /= 10.4,
2.0 Hz, 1H), 6.35 (s, 1H), 6.34 — 6.24 (m, 1H), 5.68 (s, 1H), 5.21 (dd, J=17.2, 1.6 Hz, 1H), 5.15 (dd,
J=10.4,1.6 Hz, 1H), 4.28 (d, J = 9.6 Hz, 1H), 3.94 (s, 3H), 3.61 (s, 3H), 1.42 (s, 3H). *C NMR (101
MHz, CDCIs) 6 175.1, 160.29 (d, J = 240.0 Hz), 143.1, 137.3, 137.02 (d, J = 9.2 Hz), 133.2, 132.50 (d,
J=12.8 Hz), 129.4, 128.6, 120.39 (d, J = 3.6 Hz), 117.7, 117.4, 108.6, 108.3, 92.69 (d, J = 27.2 Hz),
65.6, 64.8, 56.5, 56.3, 51.9, 26.2. '"F NMR § -119.5. HRMS (ESI+) Calcd. For C23H233*%*%CIFN20,"
([M+H]"): 413.1427, found: 413.1417; C23H23*¢*°CIFN202" ([M+H]"): 415.1397, found: 415.1399.
IR (thin film) v (cm™) 3341, 2931, 2854, 1733, 1618, 1489, 1237, 1093, 770. The product was
analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol
/hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t= 5.93 and 8.56 min.

Methyl (6S,7S5,9R)-9-(4-chlorophenyl)-7-fluoro-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-
azepino|[3,4,5-cd]indole-7-carboxylate ((65,7S5,9R)-3z)

Yield (54%); 11:1 dr; white solid; m.p. 104-106 °C; [0]*°p = 91.8 (c 0.50, CH2Cl2); '"H NMR (400
MHz, CDCl3) 6 7.44 — 7.39 (m, 2H), 7.37 — 7.31 (m, 2H), 6.81 — 6.77 (m, 1H), 6.77 — 6.75 (m, 1H),
6.36 — 6.25 (m, 1H), 6.08 (s, 1H), 5.77 (s, 1H), 5.17 (dd, J=17.2, 1.6 Hz, 1H), 5.12 (dd, /= 10.4, 1.6
Hz, 1H), 4.32 (d, J= 9.6 Hz, 1H), 3.79 (s, 3H), 3.60 (s, 3H), 1.41 (s, 3H). 1*C NMR (101 MHz, CDCI3)
6 175.3, 149.0 (d, J = 242.4 Hz), 143.6, 137.9, 133.0, 130.4, 130.3, 129.4, 128.6, 127.6, 124.7 (d, J =
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10.4 Hz), 121.0, 118.9 (d, J = 6.4 Hz), 116.8, 107.3 (d, J = 17.9 Hz), 65.0, 56.1, 55.8, 51.8, 35.5, 35.4.
“F NMR (376 MHz, CDCls) § -119.5. HRMS (ESI+) Caled. For C23Ha233*?%CIFN20." ([M+H]"):
413.1427, found: 413.1421; C23H23***%CIFN202" ([M+H]"): 415.1397, found: 415.1407. IR (thin
film) v (cm™) 3357, 2949, 2854, 1735, 1591, 1485, 1240, 1083, 753. The product was analyzed by
HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90,

flow rate 1.0 mL/min, A =230 nm); t:= 5.05 and 5.46 min.

Methyl (6S,75,9R)-9-(4-chlorophenyl)-4-bromo-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-
azepino[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3A)

NH

/

Cl

Br

Yield (63%); 12:1 dr; white solid; m.p. 176-178 °C; [a]*’p = 48.0 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCl3) 6 7.44 — 7.40 (m, 2H), 7.35 — 7.30 (m, 2H), 7.24 — 7.22 (m, 1H), 7.07 — 7.04 (m, 1H),
6.36 — 7.24 (m, 1H), 6.14 (s, 1H), 5.71 (s, 1H), 5.20 (dd, J=17.2 Hz, 1.6 Hz, 1H), 5.12 (dd, J=10.4,
1.6 Hz, 1H), 4.21 (d, J = 9.6 Hz, 1H), 3.58 (s, 3H), 3.55 (s, 3H), 1.43 (s, 3H). *C NMR (101 MHz,
CDCl) 6 175.2, 143.9, 137.8, 137.7, 136.7, 133.1, 129.5, 128.6, 126.6, 123.6, 122.2, 119.9, 117.0,
115.5,110.2, 64.5, 56.7, 56.2, 51.8, 32.7, 27.0. HRMS (ESI+) Calcd. For C23H2332%9C178 183 BrN» O, "
([M+H]"): 473.0626, found: 473.0630; C23H23*¢9%CI7#183BNL02" ([M+H]Y): 475.0596, found:
475.0601; C23Ha33620¥CI81 BN, 02" ([M+H]Y): 477.0576, found: 477.0570. IR (thin film) v (cm™)
3354, 2921, 2851, 1731, 1632, 1487, 1239, 1039, 788. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A = 230 nm); t:= 6.21 and 7.40 min.

Methyl (6S,7S5,9R)-9-(4-chlorophenyl)-2,7-dimethyl-4-phenyl-6-vinyl-6,7,8,9-tetrahydro-2 H-
azepino[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3B)
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Yield (56%); 20:1 dr; white solid; m.p. 186-188 °C; [0]*’p = 29.8 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCl3) 6 7.69 — 7.64 (m, 2H), 7.49 — 7.41 (m, 4H), 7.37 — 7.30 (m, 3H), 7.29 — 7.27 (m, 1H),
7.26 — 7.23 (m, 1H), 7.21 (s, 1H), 6.46 — 6.35 (m, 1H), 6.20 (s, 1H), 5.81 (s, 1H), 5.23 (dd, J = 17.2,
1.2 Hz, 1H), 5.12 (dd, /= 10.4, 1.2 Hz, 1H), 4.37 (d, J = 9.6 Hz, 1H), 3.64 (s, 3H), 3.60 (s, 3H), 1.48
(s, 3H). *C NMR (101 MHz, CDCls) § 175.5, 144.2, 142.5, 138.4, 137.5, 135.6, 135.1, 132.9, 129.6,
128.6, 128.5, 127.4, 126.67, 126.5, 124.2, 119.7, 119.1, 116.6, 105.8, 64.8, 57.2, 56.6, 51.8, 32.78,
27.0. HRMS (ESI+) Caled. For CaoHa***CIN2O2" ([M+H]"): 471.1834, found: 471.1827;
C20H2830%9¥CIN202" ([M+H]"): 473.1804, found: 473.1806. IR (thin film) v (cm™") 3341, 2927, 2854,
1730, 1597, 1486, 1238, 1091, 763. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak ID, i-propanol /hexane = 5/95, flow rate 1.0 mL/min, A =

230 nm); t-=7.93 and 10.55 min.

Methyl (6S,7S5,9R)-9-(4-chlorophenyl)-2,7-dimethyl-4,6-divinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7S5,9R)-3C)

%// CO.Me

Yield (64%); 18:1 dr; white solid; m.p. 186-188 °C; [0]*’p = 29.0 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCls) 6 7.46 — 7.40 (m, 2H), 7.35 - 7.30 (m, 2H), 7.08 (d, J=11.2 Hz, 2H), 6.81 (dd, J=17.2,
10.8 Hz, 1H), 6.42 — 6.30 (m, 1H), 6.16 (s, 1H), 5.80 — 5.72 (m, 1H), 5.76 (s, 1H), 5.24 — 5.14 (m, 2H),
5.11 (dd, J = 10.4, 1.6 Hz, 1H), 4.29 (d, J = 9.6 Hz, 1H), 3.59 (s, 3H), 3.58 (s, 3H), 1.44 (s, 3H). °C
NMR (101 MHz, CDCIl3) 6 175.5, 144.2, 138.3, 137.9, 137.2, 134.8, 132.9, 131.9, 129.5, 128.5, 126.8,
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124.8, 119.8, 117.6, 116.6, 111.7, 105.4, 64.7, 57.0, 56.4, 51.8, 32.7, 26.9. HRMS (ESI+) Calcd. For
CasHa**2%CIN202"  ([M+H]Y): 421.1677, found: 421.1679; CasHae’*%°CIN20>" ([M+H]Y):
423.1647, found: 423.1651. IR (thin film) v (cm™) 3330, 2974, 2925, 1722, 1625, 1485, 1249, 1133,
782. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak

IC, i-propanol /hexane = 5/95, flow rate 1.0 mL/min, A = 280 nm); t:= 8.07 and 10.42 min.

Methyl (6S,7S,9R)-9-(4-chlorophenyl)-4-cyclopropyl-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-
2H-azepino|3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3D)

NH

/

Cl
Yield (61%); 13:1 dr; white solid; m.p. 166-168 °C; [a]*’p = 66.0 (¢ 0.50, CH2Cl2); 'H NMR (400
MHz, CDCl3) 6 7.45 — 7.39 (m, 2H), 7.35 — 7.29 (m, 2H), 6.74 (d, J = 10.4 Hz, 2H), 6.04 — 6.28 (m,
1H), 6.07 (s, 1H), 5.74 (s, 1H), 5.23 — 5.16 (m, 1H), 5.13 — 5.07 (m, 1H), 4.27 (d, J = 9.6 Hz, 1H),
3.58 (s, 3H), 3.54 (s, 3H), 2.06 — 1.97 (m, 1H), 1.42 (s, 3H), 0.98 — 0.91 (m, 2H), 0.77 — 0.67 (m, 2H).
BC NMR (101 MHz, CDCls) § 175.4, 144.2, 138.4, 138.0, 137.3, 134.4, 132.8, 129.5, 128.4, 125.4,
123.2,119.7, 118.1, 116.4, 103.7, 64.8, 56.5, 51.7, 32.5, 26.7, 15.9, 9.1, 9.0. HRMS (ESI+) Calcd. For
Ca6Hog?*7%%CIN20>"  ([M+H]Y): 435.1834, found: 435.1832; CasH2s’*%°CIN20>" ([M+H]Y):
437.1804, found: 437.1810. IR (thin film) v (cm™) 3340, 2930, 2857, 1731, 1617, 1488, 1239, 1093,
779. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak

IC, i-propanol /hexane = 5/95, flow rate 1.0 mL/min, A = 230 nm); t:= 8.10 and 10.74 min.

Methyl (6S,7S,9R)-2-allyl-9-(4-chlorophenyl)-7-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3E)
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Yield (63%); 10:1 dr; white solid; m.p. 118-120 °C; [0]*’p = 67.2 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCls) 6 7.46 — 7.40 (m, 2H), 7.36 — 7.29 (m, 2H), 7.18 — 7.07 (m, 2H), 6.93 (d, J = 6.4 Hz,
1H), 6.40 — 6.30 (m, 1H), 6.19 (s, 1H), 5.94 — 5.83 (m, 1H), 5.81 (s, 1H), 5.20 (dd, J = 17.2, 1.6 Hz,
1H), 5.14 (dd, /= 10.4, 1.6 Hz, 1H), 5.11 (dd, J = 10.4, 1.6 Hz, 1H), 5.03 (dd, J = 17.2, 1.6 Hz, 1H),
4.60 — 4.46 (m, 2H), 4.40 (d, J = 9.6 Hz, 1H), 3.59 (s, 3H), 1.43 (s, 3H). *C NMR (101 MHz, CDCl5)
o 1754, 143.8, 138.0, 136.4, 134.8, 133.3, 132.9, 129.5, 128.5, 125.4, 124.8, 122.1, 120.8, 118.9,
117.3, 116.7, 107.6, 65.2, 56.2, 51.7, 48.8, 29.7, 25.9. HRMS (ESI+) Calcd. For C2sH26**7%°CIN20,"
([IM+H]"): 421.1677, found: 421.1673; C2sH26’%7°CIN,02" ([M+H]"): 423.1647, found: 423.1659.
IR (thin film) v (em™) 3336, 2924, 2853, 1730, 1600, 1487, 1240, 1092, 747. The product was
analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol

/hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t:= 5.13 and 6.60 min.

Methyl (6S,7S5,9R)-2-benzyl-9-(4-chlorophenyl)-7-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3F)

Yield (61%); 15:1 dr; white solid; m.p. 88°C-90 °C; [a]**p = 70.8 (¢ 0.50, CH2Cl2); '"H NMR (400
MHz, CDCl3) é 7.45 — 7.40 (m, 2H), 7.35 — 7.30 (m, 2H), 7.25 — 7.20 (m, 3H), 7.12 — 7.05 (m, 2H),
7.04 —7.00 (m, 2H), 6.93 (d, J = 6.8 Hz, 1H), 6.42 — 6.30 (m, 1H), 6.25 (s, 1H), 5.84 (s, 1H), 5.25 —
5.19 (m, 1H), 5.19 - 5.11 (m, 2H), 5.11 — 5.04 (m, 1H), 4.43 (d, J=9.6 Hz, 1H), 3.60 (s, 3H), 1.43 (s,
3H). *C NMR (101 MHz, CDCl3) § 175.4, 143.7, 137.8, 137.4, 136.7, 134.8, 132.9, 129.4, 128.5,
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128.5, 127.5 126.6, 125.6, 125.2, 122.3, 121.2, 119.0, 116.8, 107.8, 65.3, 56.2, 51.7, 50.0, 29.4, 25.7.
HRMS (ESI+) Caled. For CaoHas**¥CIN2O2" ([M+H]"): 471.1834, found: 471.1837;
C20H253¢?9¥CIN202" ([IM+H]"): 473.1804, found: 473.1814. IR (thin film) v (cm™) 3339, 2928, 2869,
1731, 1600, 1488, 1240, 1091, 740. The product was analyzed by HPLC to determine the
enantiomeric excess: 99% ee (Chiralpak IC, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A =

230 nm); tr= 6.65 and 8.32 min.

Methyl (6S,7S,9R)-9-(4-chlorophenyl)-7-methyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,75,9R)-3G)

NH

Y Q

Cl
Yield (66%); 11:1 dr; white solid; m.p. 158-160 °C; [a]*’p = 40.6 (¢ 0.50, CH2Cl2); 'H NMR (400
MHz, CDCIs) 6 8.03 (s, 1H), 7.56 — 7.50 (m, 2H), 7.38 — 7.32 (m, 2H), 7.19 — 7.07 (m, 2H), 6.92 (d, J
=7.2 Hz, 1H), 6.33 (ddd, J=17.2, 10.4, 7.6 Hz, 1H), 6.15 (s, 1H), 5.45 (s, 1H), 5.37 — 5.23 (m, 1H),
5.19 — 5.03 (m, 1H), 4.08 (d, J = 7.6 Hz, 1H), 3.77 — 3.72 (m, 1H), 3.37 (s, 3H), 1.53 (s, 3H). 1*C
NMR (101 MHz, CDCl3) 6 176.8, 142.9, 137.7, 136.4, 133.5, 133.0, 129.8, 128.6, 125.2, 122.4, 121.6,
121.1, 120.3, 118.5, 109.5, 66.3, 579, 56.1, 51.8, 23.6. HRMS (ESI+) Caled. For
CoH2?*9%%9CIN202"  ([M+H]Y): 381.1364, found: 381.1363; CaH2?%%%CIN20," ([M+H]Y):
383.1334, found: 383.1343. IR (thin film) v (cm™) 3396, 2926, 2852, 1726, 1619, 1487, 1240, 1092,
749. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak

AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A =230 nm); t:= 11.90 and 14.91 min.
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4. Scale-Up Experiment and Synthetic Transformation

Bpin
12 24 mmoly | CU(VS.S,-L1 (5 mol %) Zn(OT), COMe
' Ir(1)/(R,R,R)-L5 (5 mol %) (0.5 eq) [Ir(COD)CI]2/DPPM (5 mol %) NH'
+ > >
2a (2 mmol) K,CO; (2 €q.) ArCHO (2 eq) HBpin, DCM, rt
DCE, rt DCM, rt N/ Ar
/
5, 89% yield
>20:1, 99% ee
(6R,7S,95)-3a, 65% yield
>20:1, 99% ee (Ar = p-CICgH,4)
COzMe
o Pd(OAC), (1 mol %) NaBH,4, THF
NH = >
CH;,N,, Et,0, -20 °C
N / Ar
/
4, 77% yield 6, 75% yield
>20:1, 99% ee >20:1, 99% ee
Scheme S1 Scale-Up Experiment and Synthetic Transformation
OCO,Me
. Cu()/(S,S,)-L1 (5 mol %)
Ir(/(R,R,R)-L5 (5 mol %) Zn(OTf), (0.5 eq)
~ + - -
Ar "N” "CO;Me K,CO3 (2 eq.), DCE ArCHO (2 eq)
rt, i,
N—/ 12 h DCM, rt, 5 h
1a, 2.4 mmol /
(Ar = p-CICgH,4) 2a, 2 mmol

A flame dried Schlenk tube A was cooled to room temperature and filled with N2. To this flask
were added [Ir(COD)CI]2 (0.05 mmol), (R,R,R)-L5 (0.10 mmol), degassed THF (4 mL) and degassed
n-propylamine (1 mL). The reaction mixture was heated at 50 °C for 30 min and then the volatile
solvents were removed under vacuum to gain a pale-yellow solid. Meanwhile, Cu(MeCN)4BF4 (0.10
mmol) and (S,Sp)-"Pr-Phosferrox-L1 (0.11 mmol) were dissolved in 15.0 mL of DCE in a Schlenk
tube B, and stirred at room temperature for about 40 min. Then, aldimine ester 1 (2.4 mmol), 4-indolyl
allylic carbonate 2 (2.0 mmol) and K2CO3 (4.0 mmol) were added into the Schlenk tube A and filled

with N2. The Cu/LL1 complex solution was then transferred from the Schlenk tube B to the Schlenk
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tube A via syringe. Finally, the reaction mixture was continuously stirred at room temperature under
N2 atmosphere. Once starting material was consumed (monitored by TLC), the residue was separated
by flash column chromatography to give the crude product. The crude product was dissolved in
dichloromethane and two equivalent of para-chlorobenzaldehyde and Zn(OTf)2 (50 mol% ) were
added. Once starting material was consumed (monitored by TLC), the reaction was quenched with 1
mol of HCI solution (5 mL). The layers were separated, and the aqueous layer was extracted with
DCM (5 mL x 3). The combined organic components were washed with saturated brine (10 mL),
dried over anhydrous Na2SOs, filtration and evaporated in vacuum. After evaporation of the solvent
under vacuum, the crude mixture was flushed with short silica gel plug to remove the metal complex
and the diastereoselectivity was determined with '"H NMR analysis. Then, the whole residue was
further purified by column chromatography to give the desired product, which was then directly

analyzed by HPLC to determine the enantiomeric excess.

Pd(OAc), (1 mol %)
+  CHyN, >
Et,0, -20 °C

(6R,7S5,9S5)-3a (6R,7S,9S5)-4, 77% yield
>20:1, 99% ee >20:1, 99% ee

Fresh prepared diazomethane solution (0.5 M in Et2O, 2 mL) and (6R,7S,95)-3a (78.8 mg, 0.2
mmol) were added into a Schlenk tube. Under a positive nitrogen pressure, the reaction was cooled to
-20 °C, and Pd(OAc)2 (1.5 mg, 1 mol %) was added in one portion with gas evolution. After stirring
for 1 hour in -20 °C, the reaction was moved to room temperature and stirred overnight. While the

reaction was partly completed, the solvent was removed under reduced pressure and the residue was

purified by a flash column chromatography (PE/EA = 6/1) to afford the product (6R,7S,95)-4.

Methyl (6R,7S,95)-9-(4-chlorophenyl)-6-cyclopropyl-2,7-dimethyl-6,7,8,9-tetrahydro-2 H-
azepino|3,4,5-cd]indole-7-carboxylate ((6R,75,95)-4): Yield (77%); >20:1 dr; white solid; m.p.
180-182 °C; [a]*p = -53.0 (¢ 0.50, CH2Cl2); '"H NMR (400 MHz, CDCl3) § 7.52 — 7.46 (m, 2H), 7.36
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—7.30 (m, 2H), 7.21 — 7.11 (m, 2H), 6.89 (dd, J = 5.6, 2.4 Hz, 1H), 6.22 (s, 1H), 5.31 (s, 1H), 3.78 (s,
3H), 3.63 (s, 3H), 2.74 (d, J = 9.6 Hz, 1H), 1.75 — 1.65 (m, 1H), 1.58 (s, 3H), 0.57 — 0.44 (m, 1H),
0.36 — 0.28 (m, 2H), 0.26 — 0.16 (m, 1H). '*C NMR (101 MHz, CDCl3) § 177.6, 144.6, 136.8, 135.0,
133.0, 130.0, 128.5, 126.4, 124.6, 121.4, 120.6, 119.9, 107.4, 64.1, 59.3, 56.2, 52.2, 32.7, 21.6, 15.9,
6.1, 3.8. HRMS (ESI+) Calcd. For Ca4Hz6****CIN202" ([M+H]"): 409.1677, found: 409.1667;
C24H26*0%9¥CIN202" ([IM+H]"): 411.1647, found: 411.1653. IR (thin film) v (cm™") 3340, 2946, 2856,
1730, 1599, 1455, 1245, 1089, 748. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak IE, i-propanol /hexane = 5/95, flow rate 1.0 mL/min, A =

230 nm); t-= 6.22 and 6.87 min.

[Ir(COD)CI]o/DPPM (8 mol %) 6 2\

DCM, RT E

(6R,75,9S5)-3a (6R,7S,9S)-5, 89% yield
>20:1, 99% ee >20:1, 99% ee

To a solution of [Ir(COD)Cl]2 (4.0 mg, 3 mol %) and bis(diphenylphosphino)methane (DPPM,
4.6 mg, 6 mol %) in anhydrous DCM (2 mL) was added (6R,7S,95)-3a (78.8 g, 0.2 mmol) in one
portion under a positive argon pressure. Then 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (HBpin, 58 uL,
0.4 mmol) was added at room temperature and the resulting solution was stirred overnight. The
reaction mixture was quenched with MeOH (1 mL) and concentrated under reduced pressure. The
residue was purified by silica-gel flash column chromatography (PE/EA = 3/1, with 1% MeOH) to
afford the product (6R,7S,95)-5.

Methyl (6R,7S,95)-9-(4-chlorophenyl)-2,7-dimethyl-6-(2-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-

lan-2-yl)ethyl)-6,7,8,9-tetrahydro-2H-azepino|[3,4,5-cd]indole-7-carboxylate ((6R,75,95)-5): Yield
(89%); >20:1 dr; white solid; m.p. 114-116 °C; [a]*°p = -52.0 (¢ 0.50, CH2Cl2); '"H NMR (400 MHz,
CDCl3) 6 7.52 — 7.47 (m, 2H), 7.34 — 7.30 (m, 2H), 7.16 — 7.07 (m, 2H), 6.96 — 6.90 (m, 1H), 6.18 (s,
1H), 5.28 (s, 1H), 3.80 (s, 3H), 3.61 (s, 3H), 3.36 (dd, J = 9.6, 3.2 Hz, 1H), 2.08 — 1.83 (m, 1H), 1.65
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— 1.60 (m, 1H), 1.55 (s, 3H), 1.20 (d, J = 2.4 Hz, 12H), 0.71 — 0.62 (m, 2H). 3*C NMR (101 MHz,
CDCl) 6 177.9, 144.6, 137.1, 134.1, 132.9, 130.1, 128.4, 126.3, 124.6, 121.7, 120.9, 119.7, 107.3,
82.7, 64.6, 56.6, 563, 52.8, 32.6, 29.4, 283, 24.8, 21.7. HRMS (ESI+) Calcd. For
C2oH37B3*%%%CIN204" ([M+H]"): 523.2529, found: 523.2534; Ca9H37B3¢2*¥CIN204" ([M+H]"):
525.2499, found: 525.2502. IR (thin film) v (cm™) 3373, 2978, 2935, 1728, 1583, 1454, 1374, 1244,
1146, 1091, 751. The product was analyzed by HPLC to determine the enantiomeric excess: >99% ee

(Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A = 230 nm); t:= 5.26 and 6.09

min.

NaBH,, THF

(6R,75,9S5)-3a (6R,7S,9S)-6, 75% yield
>20:1, 99% ee >20:1, 99% ee

Under nitrogen atmosphere, to a solution of (6R,75,95)-3a (78.8 mg, 0.2 mmol) in anhydrous
THF (2 mL) was added NaBHa4 (1.0 mmol), the reaction was then moved into room temperature and
continuously stirred until 3a complete consumption of starting material (detected by TLC). The
reaction mixture was quenched with H2O, extracted with EA (% 3) and filtered through celite to
remove the colloid. The organic layer was combined, washed with brine, dried over Na2SO4 before
evaporation. Then the residue was purified by a flash column chromatography (EA/PE=1:2) to afford
the product (6R,7S,95)-6.

Methyl (6R,7S5,9S5)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino

[3,4,5-cd]indol-7-yl)methanol ((6R,7S,95)-6): Yield (75%); >20:1 dr; white solid; m.p. 82-84 °C;
[0]*°D = -54.2 (¢ 0.50, CH2Cl2); '"H NMR (400 MHz, CDCls) § 7.40 — 7.36 (m, 2H), 7.35 — 7.30 (m,
2H), 7.21-7.11 (m, 2H), 6.91 (dd, /= 6.0, 2.0 Hz, 1H), 6.26 (s, 1H), 6.17 (ddd, /=17.2, 10.4, 8.4 Hz,
1H), 5.19 (s, 1H), 5.06 (dd, J=10.4, 1.6 Hz, 1H), 4.94 (dd, J=17.2, 1.6 Hz, 1H), 3.67 (d, /= 8.4 Hz,
1H), 3.64 (s, 3H), 3.53 (d, J = 10.4 Hz, 1H), 3.37 (d, J = 10.4 Hz, 1H), 1.38 (s, 3H). 1*C NMR (101
MHz, CDCl3) & 144.2, 139.3, 136.9, 134.2, 133.0, 129.7, 128.6, 126.5, 125.7, 121.9, 120.9, 120.1,
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116.9, 107.3, 69.7, 59.3, 58.4, 56.7, 32.7, 19.7. HRMS (ESI+) Calcd. For C2H24****CIN,O"
([M+H]"): 367.1572, found: 367.1568; C22H24*6"°CIN20" ([M+H]"): 369.1542, found: 369.1550. IR
(thin film) v (cm™) 3700, 3369, 2923, 2851, 1728, 1581, 1457, 1375, 1086, 751. The product was
analyzed by HPLC to determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol

/hexane = 20/80, flow rate 1.0 mL/min, A = 230 nm); t:= 5.30 and 6.35 min.

5. TFA-Promoted C9-Epimerization of 6,9-cis-3a to Access Another Four Stereoisomers

6,9-trans-3a

VY 74
-/ CO,Me £ co,Me
5 A" TFA (2 equiv) 6 L\
NH > NH
y CH,Cl,, 1t, 2 h g
N—/  p-CiCeH, N /" p-CiceH,
X-|
[X-ray] (65,75,95)-3a
(6S,7S,9R)-3a 95% vyield, 99% ee
99% ee
(6R,7R,95)-3a TFA (2 equiv) _ (6R,7R,9R)-3a
99% ee CH,Cly, 1t, 2 h 91% yield, 99% ee
[X-ray]
CO,Me
TFA (Bequv) recovered r\llull-ll
CH,Cly, 1t, 10 h (6R,75,95)-3a /
“>-CICeH,
N
[X-ray]
(6R,7S,95)-3a
— 6R,7S,9R)-3a
o iteration (BR/7S,
99% ee 42% yield, 99% ee
93% yield (BRSM)
(6S,7R,9R)-3a TFA(Gequv) — recovered (6S,7R,95)-3a
99% ee CH,Cly, 1t, 10 h (6S,7R,95)-3a 38% yield, 99% ee

95% yield (BRSM)

iteration f

Scheme S2. TFA-Promoted C9-Epimerization of 6,9-cis-3a to Access Another Four Stereoisomers 6,9-trans-3a

General Reaction Procedure A for (65,75,9R)-3a and (6R,7R,95)-3a: Under air atmosphere, to a
solution of (6S,75,9R)-3a or (6R,7R,95)-3a (78.8 mg, 0.2 mmol) in DCM (2 mL) was added TFA (0.4
mmol), the reaction was continuously stirred until complete consumption of starting material (detected

by TLC). The reaction mixture was quenched with NaHCO3 (aq), extracted with DCM (x 3). The
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organic layer was combined, washed with brine, dried over NaxSO4 before evaporation. Then the
residue was purified by a column chromatography to afford the product (6S,75,95)-3a or
(6R,7R,9R)-3a.

General Reaction Procedure B for (6R,7S5,95)-3a and (6S,7R,9R)-3a: under air atmosphere, to a
solution of (6R,7S5,95)-3a or (6S,7R,9R)-3a (78.8 mg, 0.2 mmol) in DCM (2 mL) was added TFA (1.0
mmol), the reaction was continuously stirred until complete consumption of starting material (detected
by TLC). The reaction mixture was quenched with NaHCOs(aq), extracted with DCM (X 3). The
organic layer was combined, washed with brine, dried over Na>SOs before evaporation. Then the
residue was purified by a column chromatography to afford the product (6R,7S5,9R)-3a or

(6S,7R,95)-3a with the starting material being recovered.

Methyl (6S,75,95)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S5,75,95)-3a)

/E// CO@MG

Following General Reaction Procedure A: Yield (95%); >20:1 dr; white solid; m.p. 138-140 °C;
[0]*’D = 62.2 (¢ 0.50, CH2Cl2); '"H NMR (400 MHz, CDCl3) § 7.54 (d, J = 8.4 Hz, 2H), 7.36 (d, J= 8.4
Hz, 2H), 7.18 — 7.08 (m, 2H), 6.95 — 6.89 (m, 1H), 6.32 (ddd, J=17.2, 10.4, 7.8 Hz, 1H), 6.04 (s, 1H),
5.45 (s, 1H), 5.29 (dd, J=17.2, 1.6, 1H), 5.09 (dd, J = 10.4, 1.6, 1H), 4.08 (d, /= 7.6 Hz, 1H), 3.61 (s,
3H), 3.37 (s, 3H), 1.53 (s, 3H). 3C NMR (101 MHz, CDCls) § 176.8, 143.1, 137.7, 137.2, 133.6,
133.0, 129.8, 128.7, 125.9, 125.5, 121.9, 120.1, 119.8, 118.5, 107.6, 66.3, 57.9, 56.1, 51.7, 32.7, 23 .4.
HRMS (ESI+) Caled. For CaH2**%CIN2O2" ([M+H]): 395.1521, found: 395.1511;
C23H24*99CIN202" ([IM+H]Y): 397.1491, found: 397.1497. IR (thin film) v (cm™) 3337, 3049, 2947,
1730, 1597, 1487, 1246, 1088, 748. The product was analyzed by HPLC to determine the

S45



enantiomeric excess: >99% ee (Chiralpak IE, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A =

230 nm); tr= 6.62 and 7.30 min.

Methyl (6R,7R,9R)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6R,7R,9R)-3a)

Following General Reaction Procedure A: Yield (91%); >20:1 dr; white solid; m.p. 138-140 °C;
[0]*%D = -60.7 (¢ 0.50, CH2Cl2); HRMS (ESI+) Calcd. For C23H24**9¥CIN20," ([M+H]"): 395.1521,
found: 395.1520; C23H240%°CIN202" ([IM+H]"): 397.1491, found: 397.1497. IR (thin film) v (cm™)
3333, 3068, 2929, 1728, 1577, 1486, 1245, 1090, 745. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak IE, i-propanol /hexane = 10/90, flow rate 1.0

mL/min, A =230 nm); tr= 6.62 and 7.30 min.

Methyl (6R,7S,9R)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6R,7S5,9R)-3a)

Following General Reaction Procedure B: Yield (93% BRSM); >20:1 dr; white solid; m.p.
130-132 °C; [0]*°p = -96.8 (¢ 0.50, CH2Cl2); '"H NMR (400 MHz, CDCls) § 7.43 (d, J = 8.4 Hz, 2H),
7.35 (d, J = 8.4 Hz, 2H), 7.22 — 7.15 (m, 2H), 6.98-6.92 (m, 1H), 6.26 (ddd, J = 17.2, 10.4, 7.2 Hz,
1H), 6.06 (s, 1H), 5.65 (s, 1H), 5.04 (dd, J=10.4, 1.6 Hz, 1H), 4.83 (dd, J=17.2, 1.6 Hz, 1H), 3.99 (d,
J =172 Hz, 1H), 3.75 (s, 3H), 3.63 (s, 3H), 1.43 (s, 3H). *C NMR (101 MHz, CDCl3)$ 176.4, 142.6,
140.0, 137.3, 132.7, 132.2, 129.2, 128.5, 126.3, 125.6, 122.4, 121.6, 120.6, 116.8, 108.3, 67.6, 58.4,
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55.5, 52.2 32.7, 28.4. HRMS (ESI+) Caled. For C23H24**%CIN2O2" ([M+H]"): 395.1521, found:
395.1518; C23H24°%%%CIN202" ([M+H]"): 397.1491, found: 397.1495. IR (thin film) v (cm™) 3343,
3047, 2929, 1727, 1576, 1486, 1246, 1089, 745. The product was analyzed by HPLC to determine the
enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate 1.0 mL/min, A

=230 nm); t=7.91 and 8.90 min.

Methyl (6S,7R,9S5)-9-(4-chlorophenyl)-2,7-dimethyl-6-vinyl-6,7,8,9-tetrahydro-2 H-azepino
[3,4,5-cd]indole-7-carboxylate ((6S,7R,9S5)-3a)

/E//C:)O Me

Following General Reaction Procedure B: Yield (95% BRSM); >20:1 dr; white solid; m.p.
130-132 °C; [a]**p = 93.0 (¢ 0.50, CH2Cl2); HRMS (ESI+) Calcd. For C23H243*%CIN2O2" ([M+H]):
395.1521, found: 395.1517; C23H24*¢?*¥CIN202" ([IM+H]"): 397.1491, found: 397.1494. IR (thin film)
v (cm™) 3340, 3063, 2944, 1729, 1593, 1483, 1241, 1082, 751. The product was analyzed by HPLC to
determine the enantiomeric excess: >99% ee (Chiralpak AD-H, i-propanol /hexane = 10/90, flow rate

1.0 mL/min, A = 230 nm); t:= 6.62 and 7.30 min.
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6. One-pot allylation/cyclization/epimerization with TFA as the cyclization promoter

M
« QCOMe Cu(l)(S,S,)-L1 (5 mol %)
Ir(1)/(S,S,S)-L5 (5 mol %) TFA (2 eq)
~ + > .
R™ "N” “CO;Me ) K,CO3, DCE, 1t, 15 h p-CICgH4CHO (2 eq)
1a (R = p-CICgH,) N
2
a (6S,75,95)-3a
65% yield, 18:1 dr
99% ee

A flame dried Schlenk tube A was cooled to room temperature and filled with N2. To this flask
were added [Ir(COD)CI]2 (0.005 mmol), (S.S,S)-LS (0.010 mmol), degassed THF (0.5 mL) and
degassed n-propylamine (0.5 mL). The reaction mixture was heated at 50 °C for 30 min and then the
volatile solvents were removed under vacuum to gain a pale-yellow solid. Meanwhile,
Cu(MeCN)4BF4 (0.01 mmol) and (S,Sp)-Pr-Phosferrox-L1 (0.011 mmol) were dissolved in 1.0 mL of
DCE in a Schlenk tube B, and stirred at room temperature for about 40 min. Then, aldimine ester 1a
(0.30 mmol), 4-indolyl allylic carbonate 2a (0.20 mmol) and K2COs3 (0.40 mmol) were added into the
Schlenk tube A and filled with N2. The Cu/L1 complex solution was then transferred from the
Schlenk tube B to the Schlenk tube A via syringe. Finally, the reaction mixture was continuously
stirred at room temperature under N2 atmosphere. Once 4-indolyl allylic carbonate was consumed
(monitored by TLC), two equivalents of the p-CICcH4CHO and TFA (200 mol%) were added. When
the generated allylation intermediate in first step was consumed (monitored by TLC), the reaction was
quenched with saturated NaHCO3 solution. The layers were separated, and the aqueous layer was
extracted with DCM (5 mL x 3). The combined organic components were washed with saturated brine
(5§ mL), dried over anhydrous Na2SOs4, filtration and evaporated in vacuum. After evaporation of the
solvent under vacuum, the crude mixture was flushed with short silica gel plug to remove the metal
complex and the diastereoselectivity was determined with '"H NMR analysis. Then, the whole residue
was further purified by column chromatography to give the desired product, which was then directly

analyzed by HPLC to determine the enantiomeric excess.
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8. X-ray Structures of (6S5,75,9R)-3a, (6R,7R,9R)-3a, and (6R,7S,9R)-3a

(6S,7S,9R)-3a

Figure S1. X-ray structure of (6S,7S,9R)-3a

Crystal data for (6S,7S,9R)-3a: C23H23CIN202, M:= 394.88, T = 296 K, monoclinic, space group
P12:1, a=9.606(10), b = 7.933(10), c = 13.748(10) A, B = 101.1060(10) °, V"= 1028.1(19) A3, Z=2,
8054 unique reflections, final R1 = 0.0431 and wR2 = 0.1141 for 8320 observed [/>2c(/)] reflections,
Flack y =-0.012(8). CCDC 2090369 contains the supplementary crystallographic data for this paper.
These data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the

Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; fax: (+44)
1223-336-033; or deposit@ccdc.cam.ac.uk).

(6R,7R,9R)-3a

Figure S2. X-ray structure of (6R,7R,9R)-3a

Crystal data for (6R,7R,9R)-3a: C23H23CIN202, M: = 394.88, T = 296 K, orthorhombic, space
group P2;2;21, a =9.119(5), b = 17.378(10), ¢ = 50.209(3) A, V'=7956.7(8) A3, Z = 16, 3930 unique
reflections, final R1 = 0.0342 and wR> = 0.0902 for 4034 observed [/>20(/)] reflections, Flack y =

0.013(3). CCDC 2090370 contains the supplementary crystallographic data for this paper. These data
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can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033;

or deposit@ccdc.cam.ac.uk).

(6R,7S,9R)-3a

Figure S3. X-ray structure of (6R,7S,9R)-3a

Crystal data for (6R,7S,9R)-3a: C23H23CIN202, M:= 394.88, T = 296 K, orthorhombic, space
group P2:2:121, a = 9.299(10), b = 18.085(2), ¢ = 24.744(2) A, V' =4161.3(7) A3, Z = 4, 8054 unique
reflections, final R1 = 0.0431 and wR> = 0.1141 for 8320 observed [/>20(])] reflections, Flack y =
-0.004(6). CCDC 2090371 contains the supplementary crystallographic data for this paper. These data
can be obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge CB21EZ, UK; fax: (+44) 1223-336-033;

or deposit@ccdc.cam.ac.uk).
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9. NMR and HPLC Spectra

'H NMR (400 MHz) of (E)-2a in CDCls
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'H NMR (400 MHz) of (Z)-2a' in CDCls
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'H NMR (400 MHz) of 2x in CDCls
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19F NMR (376 MHz) of 2x in CDCl;
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13C NMR (101 MHz) of 2y in CDCl;
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'H NMR (400 MHz) of 2z in CDCl;
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19F NMR (376 MHz) of 2z in CDCls
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BBC NMR (101 MHz) of 2A in CDCl3
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B3C NMR (101 MHz) of 2B in CDCl3
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BC NMR (101 MHz) of 2C in CDCl3
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BC NMR (101 MHz) of 2D in CDCl3
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B3C NMR (101 MHz) of 2E in CDCl3
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BC NMR (101 MHz) of 2F in CDCl3
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BC NMR (101 MHz) of 2G in CDCl3
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B3C NMR (101 MHz) of (6S,7S,9R)-3a in CDCl3
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13C NMR (101 MHz) of (6R,75,9S)-3a in CDCls
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13C NMR (101 MHz) of (6S,75,9S)-3a in CDCls
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BC NMR (101 MHz) of (6R,7S,9R)-3a in CDCl3
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BC NMR (101 MHz) of (6S,7S,9R)-3b in CDCl3
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BBC NMR (101 MHz) of (6S,75,9R)-3¢ in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3d in CDCls
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BC NMR (101 MHz) of (6S,7S,9R)-3d in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3e in CDCl3
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BC NMR (101 MHz) of (6S,75,9R)-3e in CDCl3
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'H NMR (400 MHz) of (6S,75,9R)-3f in CDCls
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BC NMR (101 MHz) of (6S,7S,9R)-3f in CDCl3
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"H NMR (400 MHz) of (6S,7S,9R)-3g in CDCl3
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BC NMR (101 MHz) of (6S,7S,9R)-3g in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3h in CDCls
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BC NMR (101 MHz) of (6S,7S,9R)-3h in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3i in CDCl3
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'H NMR (400 MHz) of (6S,75,9R)-3j in CDCls
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BC NMR (101 MHz) of (6S,7S,9R)-3j in CDCl3

16¢°9¢—
ceoce—

bL'LS
50296
869°95~
se02s”

§20'59—

92140}
169T1h
SPOELLY
:q.a:__ﬁ
8EL 8L
YT 0TI,
0250z
BB LT —
860°5Z1L-F
e@m.mﬁw
987621

9_.32%
026951
csegel’
00k ipL—

865651 —

06¥'SLL—

©
=
o

140 130 120 110 100 o0
f1 (ppm

0

=)

1

160

170

180

190

200

S78



"H NMR (400 MHz) of (6S,75,9R)-3k in CDCls
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"H NMR (400 MHz) of (6S,75,9R)-31 in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3m in CDCl3
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BBC NMR (101 MHz) of (6S5,75,9R)-3m in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3n in CDCls
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BC NMR (101 MHz) of (6S,7S,9R)-3n in CDCl3
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'H NMR (400 MHz) of (6R,7S,9R)-3n in CDCls
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669°02—

v6Lee—

Z98'L5~,
81925~

€L0'09—
L8079

82 L0Ly
1SEPLLY
181611

PLZIZI
qmw.xjp
89172
LET VT
P06V

_.ma.mNL.
v ozhd
Rh.wndﬂ
650°L€L
558071

966'671—

L99'9LL—

40

100 a0 &0 T &0

f1 (ppm

110

190 180 170 160

200

S83



"H NMR (400 MHz) of (6S,7S,9R)-30 in CDCl3

6LG1—

F0SE—
8/9'E—

9407,
160

0L0°G,
Zg—
91T
ors/.

BE,

58€'9
Li¥'9|
8.¥9

1269
wnm.ow
9v6'9
6¥LL
LGl L]
0942
952 L
(kA 8

FeLe

Fere
Fare

Fooy

4.5

0
f1 (ppm

BC NMR (101 MHz) of (6S,7S,9R)-30 in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3p in CDCls
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"H NMR (400 MHz) of (6S,75,9R)-3q in CDCls
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"H NMR (400 MHz) of (6S,75,9R)-3r in CDCl3
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BC NMR (101 MHz) of (6S,75,9R)-3r in CDCl3
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'H NMR (400 MHz) of (6S,7S,9R)-3s in CDCl3
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'H NMR (400 MHz) of (6S,75,9R)-3t in CDCls
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'H NMR (400 MHz) of (6R,7S,95)-3t in CDCls
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'H NMR (400 MHz) of (6S,7R,9R)-3u in CDCls
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'H NMR (400 MHz) of (6R,7R,9S)-3u in CDCls
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"H NMR (400 MHz) of (6S,7S,9R)-3v in CDCl3
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¥
T
100
f1 (ppm

9Lz L0} —
8Z7'9LL, i
Zee6hh| B
£96121 ]
921921 ——
625821\ —]
91682 T— 5
I ——

110

T
120

130

6v9°62)
058621
00°gg
acryeL | ﬁ
1689¢L ]
04Z65) \
Pag vl

T
140

0

- o

Cl
Cl
llliD 1

170

===

s, %,

[w&_COMe

NH

v [ o POV ELL
A 568'¢LL

COzMe

T
180

/

[

T
190

0.0
T
200

S93



'H NMR (400 MHz) of (6R,75,9S5)-3v in CDCl;
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"H NMR (400 MHz) of (6S,75,9R)-3w in CDCl3
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'H NMR (400 MHz) of (6R,7S,95)-3w in CDCl;
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"H NMR (400 MHz) of (6S,7S,9R)-3x in CDCl3
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BC NMR (101 MHz) of (6S,7S,9R)-3x in CDCl3
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19F NMR (376 MHz) of (6S,75,9R)-3x in CDCl;
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BC NMR (101 MHz) of (6S,7S,9R)-3y in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3z in CDCl3
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19F NMR (376 MHz) of (6S,7S,9R)-3z in CDCl;
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B3C NMR (101 MHz) of (6S,75,9R)-3A in CDCl3
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B3C NMR (101 MHz) of (6S,75,9R)-3B in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3C in CDCl3
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BC NMR (101 MHz) of (6S,7S,9R)-3C in CDCl3
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"H NMR (400 MHz) of (6S,75,9R)-3D in CDCl3

WSe~
r8ge"

09Z'¥-,
£8T Y

L80°6
zis

8915
W,
ZLER
6LE9|
Bn.m%
ErE9
L9g'9—
0£L'9

sar9-

ovZL
Sn.hw
0ze'L

vov 2
vevs!

=le
EIve

Legee

62}

coe
WhN Ve

£96'0

8071
W (33

wg._.
poo'

mﬁwc b

oz

e
(444

[

.0

[

5104



BC NMR (101 MHz) of (6S,7S,9R)-3D in CDCl3
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'H NMR (400 MHz) of (6S,7S,9R)-3E in CDCls
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B3C NMR (101 MHz) of (6S,75,9R)-3E in CDCl3
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'H NMR (400 MHz) of (6S,75,9R)-3F in CDCl3
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BC NMR (101 MHz) of (6S,7S,9R)-3F in CDCl3
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'H NMR (400 MHz) of (6S,75,9R)-3G in CDCl3
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BC NMR (101 MHz) of (6S,7S,9R)-3G in CDCls
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BC NMR (101 MHz) of (6R,7S,95)-4 in CDCl3
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'H NMR (400 MHz) of (6R,7S,9S)-5 in CDCls
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BC NMR (101 MHz) of (6R,7S,95)-5 in CDCl3
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'H NMR (400 MHz) of (6R,7S,9S)-6 in CDCls
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BC NMR (101 MHz) of (6R,7S,95)-6 in CDCl3
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HPLC chromatogram of compound (rac)-3a [(6S,7S5,9R)-3a + (6R,7R,95)-3a]

WAND A&, Wiavdength=2 30 nm (O:ALCWDDAT A L L- 9 L-9- 56 FAC 2021 -03-12 09-18-2 0% L-9- 56 RAC.00

mAkl o
h o

r

80

G185

70
60

50

30

0

Zorted By : Zignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

SGignal 1: VDL 4, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mald*s] [maTr] %
-l |--==]---—--- e e |--—--——- |
1 5.661 BV 0.155% §5l.66162 g§3.12455 50,0017
2 6.185 VE 0.1745% 851.60272 T4,30853 49,9983

Totals : 1703.26434 157.433635
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HPLC chromatogram of compound (65,7S5,9R)-3a

AT A Waveangth=2 30 nm (D-WLCWD AT A0 L9 L 0% L-0- 560 L TIME 143409

mAkl ] I

4 °H

250 9
200 4
150
100 ]
50

0 e - k : oo
T T T T |
0 5 10 15 20 25 mir}

Zorted By : Zignal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with IZTDs

Signal 1: VD] A, Wawelehgth=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 6.244 BE 0.1728 2980.98779  263.,30911 100,0000

Totals : £980.98779 Z63.30911
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HPLC chromatogram of compound (6R,7R,95)-3a

100
a0
G0
4|:|_
20 4
o N I Y & N
T T T T
0 5 10 15 20
Lrea Percent Report
SGorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

SGignal 1: VDL A, Wawvelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [whiT* =] [1wiTr] %

1 5.83% BV B 0.1552 11%e. 58679 115.58137 100.0000

Totals : 1176. 58679 115.58137
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HPLC chromatogram of compound (rac)-3a [(6R,7S,95)-3a + (65,7R,9R)-3a]

"IADT, Sig=270 3 FeF T35 a0, ERT of AL 0-F-CLOPT D
mAk
200
GO0
400
200
1}
T T T T T
1] 1 2 3 4 5 min
Lrea Percent Report
SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

Signal 1: DAD], Sig=Z230,4 Ref=355,90, EXT
3ignal has been modified after loading from rawdata file!

Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.0le MM 0.1414 8139.00537  959,13647 49,2437
2 L.El0 MM 0.1697 8389.01758 824,1189: 50,7563

Totals : 1.65280ed4 1785.25543
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HPLC chromatogram of compound (6R,7S,95)-3a

AL, T r A Fee 5 0, ERT T AL P CCO P
makl
1200 -
1000

200

GO0

oo

5487

Th]

Sorted By : Signal
Multiplier H 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

3ignal 1: DADL, 3ig=230,4 Ref=355,90, EXT
Signal has been modified after loading from rawdata £ile!

Peak RetTime Tvype Width Area Height ALrea
# [min] [min] [mal*=] [mall] %
- [ e [ [-=—====——- |-======- |
1 L.000 BV R 0.1324 1.12364ed  1305.22974 99,6927
2 L5.437 VB E 0.1570 34.63268 3.23317 0.3073

Totals : 1.12710ed4 1305.46291
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HPLC chromatogram of compound (65,7R,9R)-3a

/go Me

s,
s,

Cl
OADOT, Sig=230,4 ReF=355 00, EXT of KL 8-F-CL-OPFTZD
mAd ]
2000 +
1500
1000 +
500
]
]
0 1 o
1 T T T T T
0 1 2 3 4 b
Lrea Percent Report
Zorted By : Zignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

Signal 1: DAD], Sig=Z30,4 Bef=355,90, EXT
Zignal has been modified after loading from rawdata file!

Peak BetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wiTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.oog BY 0.1321 73.13862 8.52303 0.2756
2 L.4095 VE 0.1l682 Z2.64668e4 2447,50879 99,7244

Totals : Z.65400ed4 Z456.03182

%% End of Report *%%
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HPLC chromatogram of compound (rac)-3a [(6S,75,95)-3a + (6R,7R,9R)-3a]

AL, Sig=0i0 3 Fe=355 00, ERT of AL 03170
mALl - E
] =
o =+
4 [
4 g
go0 ~
500
4pn
200 -
200
100
|:|_- _.-l'rl'L|
1 T T T T T T T
3 4 & 8 10 1% 14

SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

Sigrnal 1: DADL, 5ig=230,4 Ref=355,90, EXT
Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Area
# [mir] [min] [walT*s] [1w&TT] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 G.520 BV 0.1490 6832.64551 681.40723 50,0163
z 7.304 VB 0.1719 6825.19971 594.57445 49,9537

Totals : 1.366058ed4 1276.2Z8165

***% End of Report *%%
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HPLC chromatogram of compound (68,75,95)-3a

T, Sig=270 .8 Fe=155 00, EXT of AL 04110
mAkl : ?’\_
B [
1400 -
1200 -
1000 -
800 -
fo0 |
400
200 |
i} ] .'h“n_d
L 1 1 1 1 T 1 1 1 1
7 4 f 8 0 12 14 16 12 mir}
Lrea Percent Report
Gorted By : Gignal
Miltiplier : l.0000
Dilution : l.0000

Do not use Maltiplier & Dilution Factor with ISTD=

Signal

Signal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*s] [1&1T] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 6.574 BB 0.15058 1.51093e4 1503.581506 100,0000

Totals :

1: DADL, Sig=230,4 Ref=355,90, EXT

1.51093e4 1508.81506

***% End of Report *%%
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HPLC chromatogram of compound (6R,7R,9R)-3a

TOADOT, Sig=230,4 Fet=30530, BEXT of KL-9-472.0
mAad ] =
Ly
] ¥
1000 +
00
GO0
400
200
i}
T T T T T T T
z 4 6 3 10 12 14
Lrea Percent Report
Zorted By : Zignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

Signal 1: DAD1l, Sig=230,4 Ref=355,90, EXT
Jdignal has been modified after loading from rawdata file!

Peak RetTime Type Width Area Height Area
¥ [min] [min] [malr*=] [wiTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 7.305 BE 0.1726 1.23791ed  1073,22412 100,0000

Totals : 1.23791ed  1073.2241Z2

%% End of Report *%%
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HPLC chromatogram of compound (rac)-3a [(6R,7S,9R)-3a + (6S,7R,95)-3a]

WO A, Wiavdength=2 30 nm (O:ALEWD AT 200 L3 L- 99 L-9- 104RAC 202 1-04-28 083-51- 51 L-9-104RAC2.00
mAakll E
4 a g
300 T o«
B o0
250 -
200 -
150
100 ]
50
i} i, q_JFlk L b .
T T T T
0 5 10 15 20
Lrea Percent Report
SJorted By : Signal
Miltiplier : 1.0000
Dilution : l.0000

Do not use Maltiplier & Dilution Factor with ISTD:=

SGignal 1: VDL 4, Wawvelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [whiT* =] [1wiTr] %

1 7.914 BY 0.22862 4533Z.09277  310.17975 49,7308
Z d.398 VB 0.2492 4631.70893 =285.215Z1 50,2692

Totals : 9213.80176 595.39496
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HPLC chromatogram of compound (6R,7S,9R)-3a

DT A, Wavdength=2 30 nm (L CWD AT Ar UF L 0% L0- 104 107 1-00-27 1505 597 - 5- 104507

4 =1

mAll =
n

d

=
‘:_:-
Yl
—

Gorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

Signal 1: VDL A, Wawelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*s] [ &1 ] %
el [----l-==-- | == l------ [---————- I
1 7.651 BE 0.2013 29.54655 2. 29325 0.2797
Z g.556 BV B 0.2360 1.0641led B9Z2.69025 99,7203

Totals : 1.067059e4 694, 95350

***% End of Report *%%
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HPLC chromatogram of compound (65,7R,9S5)-3a

/go Me

WAOT A, WiEvdength=2 30 nm (OOALCWOAT A LB L 9% L-9- 104 2021-04-27 22-05-24% L-9- 1044, 07

mald -
4 =

e

Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs=

Signal 1: VDL A, Wawelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 7.899 V¥V B 0.220% 7844,21289  543.11774 100.0000

Totals : 7844, 21239 543.11774

**%% End of Report %%
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HPLC chromatogram of compound (rac)-3b [(6S,7S,9R)-3b + (6R,7R,95)-3b]

DT A Wavdengih=2 30 nm (O LCWD AT A LW L 0 L0 S3R AL 20710123 09205 TH L0 T3RACT N
mAl - =1 )
=y @‘ @r\
] i ﬁ@,ﬁ &
4 =
50 Tﬁéﬁ

20

20

=
(%)
=
=1
=
=

SJorted By : Signal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

Signal 1: VD] A, Wawelehgth=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT+s] [&TT] %
el [----l-==-- | == l------ [---————- I
1 6.020 MM 0.1517 6BZ5.54509 57.68770 51.1761
Z 6,745 MM 0.2057  599.94056 45.60558 45,8239

Totals : 1228.758595 106, 29329
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HPLC chromatogram of compound (68,7S5,9R)-3b

WTDH A, Wiavdength=2 30 nm (OALEWD AT 20 L0 L- 99 L-9- 33 2021-01-21 21-15- 56 L-9-332.00
mAkl s
] 3 ﬁ,ﬁ
2460 ?&@-
200
150 -
100
Al
.
] T T T T T T T
0 2z 4 1] i 10 12 14 miry
Lrea Percent Report
Zorted By : Zignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD:=

Signal 1: VDL A, Wawelength=230 nm

Peak BRetTime Type Width Area Height Area
# [mir] [min] [maT*s] [m&TT] %
=== [--=-=l-=====- R l--—-—————- [-==—===- I
1 6.5dl MF 0.2036 3543.45850 290.00%92Z5 100.0000

Totals : 3543. 45550  Z90.00925

*#*% End of Report #%%
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HPLC chromatogram of compound (rac)-3c [(6S,7S,9R)-3¢c + (6R,7R,9S5)-3¢]

/ CO.Me

\‘\‘\\

aw

F:
WTDH A, Wiawdength=2 20 nrm (OLEND AT 200 L L- 9 L-9- 6 RAC 2021 -03-12 09-18-2 0% L-9-56RAC1.00
mALll W
2 8
T w
a0
B0
40
20 4
0 P Y AN
T T T T T T T
0 2 4 1} i 10 12 14 miry
Lrea Percent Report
Gorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

SGignal 1: VDL A, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.185 VW B 0.1431 860.56982 91,63569 49,2944
2 L.e26 VE 0.1l562 885.20770 86.19644 50,7056

Totals : 1745.77753 177, 83213
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HPLC chromatogram of compound (65,7S5,9R)-3¢

/ CO.Me

\‘\‘\\

aw

WAFOT A iiavdength=2 30 nm (OALCWDAT AL L 9 L-9- SEWH LT IME-14-26.00

3
E
55653

Sorted By : Signal
Multiplier : 1.0000
Dilution H l.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

SGignal 1: VDL 4, Wawvelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
-] [ | -========- l-======—-- |-======- I
1 S5.663 VW B 0.1572 1622.17905 156.64230 100.0000

Totals : 1622.17908 156.64230
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HPLC chromatogram of compound (rac)-3d [(6S,7S,9R)-3d + (6R,7R,95)-3d]

WTDH A, Wiavdength=2 30 nm (OALCWD AT A0 L0 L- 99 L-9- 43 2021-03-01 19-2<4 358 L-0-435.00
mAkl - i
— = T
F.}
&% &
00
GO0 -
400
200
1}
I I I I I
1] 1 2 3 4 1 miry
Lrea Percent Report
SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

Signal 1l: VD] A&, Wawelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 4,619 MF 0.140%9 §416.55469  995,77308 47,5114
Z 4,964 FM 0.1568 9295.245812 988.02466 52,4886

Totals : 1.77145ed4 1985.80273
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HPLC chromatogram of compound (68,7S5,9R)-3d

WO A iavdength=2 30 nm (OALCWDAT AL 9 L-9- 42 2021-03-01 19-24- 25%1-0-422 .0

4547

3T

.

Zorted By : Zignal
Miltiplier : l.0000
Dilution : 1.0000
Do not use Maltiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %

-] [ | -========- l-======—-- |-======- I
1 4,507 BV E 0.1264 133.61182 16, 27563 0.5954
2 4,937 VYV B 0.1615 2.23072ed  Z181.15747 994045

Totals : Z.244058e4 Z197.433510
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HPLC chromatogram of compound (rac)-3e [(6S,7S,9R)-3e + (6R,7R,9S5)-3¢]
/

CO.Me

!

NH

s,
7,

K Br
N
/

WAD A, Wavdength=2 30 nm (DALCWDDAT A LW L- 0% L-9- 43 2021-03-01 19-24- 35% L-9-436. 00

5192

o]

Th

Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000
Do not use Maultiplier & Dilution Factor with ISTDs

SGignal l: VD] A, Wavelength=230 nm

Peak RetTime Type Width Area Height Area
¥ [min] [min] [malr*=] [wiTr] %

- [ | -—==—==——- l--—--——- |-==-———- I
1 4,711 ¥V B 0,1332 7163.95410 S826.07642 S0.6553
2 5.192 VB 0.14258 6975.61475  744,650028 49,3447

Totals : 1.41426ed4 1570.7Z644
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HPLC chromatogram of compound (65,7S5,9R)-3e
/

CO.Me

!

NH

s,
7,

K Br
N
/

DT A Wavdength=2 50 nm (O LCvD AT A L7 L 0 L0 43 20 21-05-01 1974 5% L0 434.00

4632

4455

.

h

SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000
Do not use Maltiplier & Dilution Factor with ISTD:=

Signal 1l: VD] A&, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
-] [ | -========- l-======—-- |-======- I
1 4.652 VW E 0.1444 147,33219 15.100445 1.2086

Z 5,155 VW R 0.1445 1.20471ed 1275.94910 93.7314

Totals : 1.21945e4 1Z291.04959
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HPLC chromatogram of compound (rac)-3f [(6S,7S,9R)-3f + (6R,7R,95)-3f]
/

CO-Me

A

A

NH

s,
v,

2
N O
/
DT A Wavdength=2 50 nm (O LCWD AT A LR L 10- 12 RAL Z021-06-11 05-35 1590 10-12RACT. 0
mAkld %
1 o
o0
w
400 |
300
200
100 4
D
1 T T T T T
0 i 3 3 4
Lrea Percent Report
Zorted By : Zignal
Multiplier : l.0000
Dilution H l.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGignal 1: VDL 4, Wawvelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wiTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 E.268 VE E 0.1471 4571.70117 473.17191 49,2114
2 5.879 BE 0,164l 4715, 22266 436,12241 50,7536

Totals : 92589.92333 909, 25431
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HPLC chromatogram of compound (6S8,7S,9R)-3f
/

CO-Me

A

A

NH

s,
v,

SO
/

WO A, Miravdength=2 30 nm (OALCWDAT AL L- 10-12 2021-06-10 21- 15100 L-10-121.00
mALl o
1600
1400
1200
1000
500
Ho0
400
200
o]
T T T T T
1] 1 2 3 q
Lrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

SGignal 1: VDL 4, Wawvelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 6.095 BV B 0,1772 1.90697ed  1666.0202Z6 100.0000

Totals : 1.90697ed4 la66.0Z0E26
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HPLC chromatogram of compound (rac)-3g [(6S,7S5,9R)-3g + (6R,7R,95)-3g]

W

4// CO@MG

l“\\\

Me
DT A, Wavdength=2 0 nm (OALCAD AT AR L L SR IO 34 452 I02 10135 1103 1% L0302 .00
mAkl ] =
=
b Ll
100 - o
&0
B0
4[' -
a0
o T
T T T T T T T
o ) 7 3 4 5 & 7 min
Lrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : l.0000

Do not use Maultiplier & Dilution Factor with ISTDs

Signal 1l: VD] A&, Wawelength=230 nm

Peak RetTime Type Width Area Height Area
¥ [min] [min] [malr*=] [wiTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 5.624 BB 0.1615 1241.95657  117.14567 50,2863
2 6.569 BY 0.1902 1227.584534 95.76231 49,7137

Totals : £469.531%1 £15.90733
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HPLC chromatogram of compound (68,7S5,9R)-3g

W

4// CO@MG

l“\\\

/
Me
VT A, Wavdength=2 30 nm (0-WLED AT 20 LW L SR D aA-1 I021-01-25 11-02- 15%-0-39.00
mAll
200
175
140
125
100
75
50
] o
5 3 %@"' e
E = m
0] .
1 T T T T
1] 1 2 3 4 7 min|
ALrea Percent Report
SJorted By S3ignal
Miltiplier l.0000
Dilution l.0000
Do not use Maltiplier & Dilution Factor with ISTD:
SGignal l: VD] A, Wavelength=230 nm
Peak RetTime Type Width Area Height Area
§  [min] [min]  [wall*s] [waTT] %
————|m————— [====]======- | ====—————- | === [=====—=- I
1 L.5hee MM 0.2026 43.29018 3.56189 1.6553
2 6,546 BV 0.1891 2571.99097  Z208.43007 98,3447
Totals : 2615.28115 Z211.9919&
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HPLC chromatogram of compound (rac)-3h [(6S,7S5,9R)-3h + (6R,7R,95)-3h]

(A

/,// CO@MG

.\“\\

NH

/

OMe

WAD A, Wavdength=2 30 nm (DALCWDOAT A LW L- 9% L-9- 40 R AC 2021 -02-25 15-50-5 3% L-9-40RAC.0)

mAkl | o
3
P

100

921

a0

G0

20 4

Sorted By : Signal
Multiplier : l.0000
Iilution : 1.0000

Do not use Maltiplier & Dilution Factor with IZTDs

Signal 1: VD1 A, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wdTr] %
=== [---=]-==-—- [ ——==——--—- l-———=—— [---————- I
1 6.951 V¥ B 0,1824 1577.71741 128.63957 48,7474
2 9.291 BV B 0.2781 1658.79736 91.02004 51,2526

Totals : 3236.51477  Z19.65961
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HPLC chromatogram of compound (68,75,9R)-3h

/,// CO@MG

.\“\\

(A

NH
“,
/N
OMe
WO A, Wiavdength=2 20 nrm (O LEWDAT 20 L0 L- 99 L-9- 40 2021-02-25 11-37- 36%L-9-401.00
mAkl ] =
175 - ¥
150
135
100
75
50
25
|:| _: bl ~ —_— S r
] T T T T T T T T T
0 2 4 G g 10 12 14 16 18 miny
Lrea Percent Report
Zorted By Gignal
Multiplier 1.0000
Dilution 1.0000
Do not use Maltiplier & Dilution Factor with ISTD:=
SGignal 1: VDL 4, Wawvelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wdTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 9.738 BE 0.2860 3391.60840 180,65225 100,0000

Totals 3391.60840 180.65225

*#*% End of Report #%%
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HPLC chromatogram of compound (rac)-3i [(6S,7S,9R)-3i + (6R,7R,9S5)-3i]

“u, @/ Me

T A, Wavdangth=2 30 nm (- LCAD AT A L9 L 0-41 2021-06-18 20- 4426 L0-411.0)
mALl - g
] 3 -
=
i
500 - W
400 -
200 -
200 |
100
o . N "
T T T T T T T T T
0 2 4 f 8 10 12 14 16 12 i
ALrea Percent Report
Zorted By : Gignal
Maltiplier : l.0000
Dilution : l.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

SGignal 1: VDL 4, Wawvelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 G.195 VB 0.2425 9419.24414 532.71033 49,4766
Z 9.777 BB 0.2771 9615.53418 523.12152 50,5234

Totals : 1.90378e4 1105.33185

*%% End of Report %%
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HPLC chromatogram of compound (6S8,7S,9R)-3i

WO A, Wiavdength=2 30 nm (OALCWD AT A0 L3 L- -9-4H 202 1-06-18 20- 4426800 L-9-412.00
mAald E_
] k&
350
300
2460
200
150
100
50
1} — T
T T T T T T T T T
0 2 4 i £ 10 12 14 16 13 miry
Lrea Percent Report
Zorted By : Gignal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

Signal 1l: VD] A&, Wawelength=230 nm

Peak BetTime Type Width Area
# [min] [min] [malI* =]

Height Area
[wiTr] %

1 7.997 ¥VB 0.2409 6045, 53955

Totals : 6045, 553955

379.98526 100.0000

379.98526
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HPLC chromatogram of compound (rac)-3j [(6S,7S5,9R)-3j + (6R,7R,95)-3j]

AT A, Wavdength=2 30 nm (OLCAD AT AR LW L 0% L0-51 202104 02 0547 50% L0 812,00
mALl b5 {_:l = u“:‘
] rﬁ:\ o rg"\
260 i o
200 -
150 -
100 -
50
o .
T T T T T T
o i 2 3 4 5
Lrea Percent Report
Zorted By : Zignal
Multiplier : 1.0000
Dilution : l.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGignal 1: VDL 4, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.875 MM 0.2043 3241.12695 264,36353 49,6179
2 6.670 MF 0.2224 3291.05005  246,64017 50,3821

Totals : 6532.17700  511.00369
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HPLC chromatogram of compound (6S5,7S5,9R)-3j

300 ?ﬁ
240
200 -
150
100
50
I:l -
T T T T T T T T
1] 1 2 3 4 ] 5} T g mir|
Lrea Percent Report
Zorted By Zignal
Multiplier l.0000
Dilution 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGignal 1: VDL 4, Wawvelength=230 nm

Peak RetTime Type
# [min]

Width Area Height Area
[min] [malT*=] [waTr] %

1 6.062 FM

0.1965 4065.51904  344.76599 100.0000

4065, 51904 344, Te599
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HPLC chromatogram of compound (rac)-3k [(6S,7S,9R)-3k + (6R,7R,95)-3K]

WAND A&, Wiavdength=2 30 nm (O:LCWDDAT A L L- 9% L-9- 54 A 2021-03-11 09-14-1 T L-9- 54RAC.00
mAL ¥ e
i
¥ rgﬁq
] ?é? -
400 e
4 W
300 H
200 +
100 +
I:l J
T T T T T
1 2 4 f 3 0
Lrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

SGignal 1: VDL 4, Wawvelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 4,246 MF 0.1343 3769.242453 467.6911% 49,9579
Z 5.370 BV B 0.1521 3771.07007  370.63354 50.01:21

Totals : T540.31250 838.32474
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HPLC chromatogram of compound (6S8,75,9R)-3k

/ CO.Me

\\‘\\

W

NH Me
",
N
/
AT A, Wavdangth=2 30 nm (L CuD AT A U L 0 L0-54 20 2107510 20-38- 0% L0 541,00
Al ey k.,
m ] & &
500 1 ?sz;h'é}
400 |
200 |
200
100
D
] 1 1 1 1 T 1 1
o 7 4 B 8 1D 12 -
Lrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : l.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 5.337 UF 0.1644 5225.61182 529.67822 100,0000

Totals : S225.61132  5Z9.678EE
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HPLC chromatogram of compound (rac)-31 [(6S,7S,9R)-31 + (6R,7R,9S5)-31]

rnN..I—_
120-: Ys@@

100 -

— fi.009

a0

B0

20

Zorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

Signal 1: VD] A, Wawelehgth=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*s] [1&1T] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 5,055 MM 0.1549 1252.05444 134,758344 50,8594
z 6.009 BE 0.1676 1209.74036 110.035341 49,1406

Totals : Z2461.79480 244, 79635
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HPLC chromatogram of compound (68,7S5,9R)-31
/

CO-Me

A

A

NH cl
"I/,,,
N
/
WOT A, Wiaveangth=2 3i:l n;'n (D:'I.LC'.DATPI'I.}{ L L- !EI"}{-L-!EI-EE RALC 2021-01-22 09-20-5 T L-9-33RAC.00
maAll | =3
500 ?
400
200
200 -
100
il _-_\_\_\_P_,_.f'r'\ — :
1 1 1 1 T
I 2 4 5 2 10

Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 6.029 BB 0.1l685 5590.53415 531.59130 100,0000

Totals : 5890.53418  531.39130
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HPLC chromatogram of compound (rac)-3m [(6S,75,9R)-3m + (6R,7R,9S)-3m|

WD A, Wiawdength=2 Si:I ni'n (D:'I.LI:‘-.DATP:'I.}{ L L- EI'-H-L-EI-54RAC 20271-03-11 09-14-1 T L-9-54RAC1.00
mAal | g
1 o
G0 — -
1 W
50 -
40 4
20
20
10
|:| _/\\_w—\_;—\_\_ 1 1
T T T T T T T
0 1 2 3 4 i} £ min
Lrea Percent Report
Gorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

SGignal 1: VDL A, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.009 EE 0.1477  &20.11047 &4, 15859 50,2034
2 5,779 BY B 0.1664 615.08685 L5, 84666 49,7966

Totals : 1235.19%733  120.00525
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HPLC chromatogram of compound (65,75,9R)-3m
/

CO-Me

A

A

NH Br

“,
“,
Y,
7

N
/
T A, Wavdangth=2 30 nm (L CuD AT A U L 0 L0-54 20 2107510 2038 0% L0 544.00
mAd :
176
150
125 3
100
75
50
25
o]
1 1 1 1 1
i 1 7 3 4 B
Lrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : l.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 5.017 ¥BE B 0.143% 1752.53997  155.26711 100.0000

Totals : 1752.558997 135.26711
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HPLC chromatogram of compound (rac)-3n [(6S,75,95)-3n + (6R,7R,9R)-3n]

/ CO-Me

A

A

mAl ] e
120 7
100

a0

G0

20

DT A Wavdength=2 50 nm [O-LCWD AT Fe L L 0% Lo TRACT 2071 0226 16513 TW L0 TFRC.m

7.805

SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD:

SGigqnal 1: VDL 4, Wavelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 6.647 BE 0.1830 1683.97693 139,59908 50,6914
2 7.805 BE 0.2292 1638.04297  108,97227 49,3086

Totals : F322.01990  Z245.37135
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HPLC chromatogram of compound (68,75,95)-3n

/ CO-Me

A

A

WD A&, Wiavdength=2 Siil ni-n (D:'-.LE'-.DATP:‘-.}{ L L- Q'-}{-L-EI-41 RAC 2021-02-26 09-04-0 3 L-9- 41 RACT .00
mAl 4 E
¥
500 ]
400 -
200 .
200 ]
100 .
0] Fﬂ__gn__,
i T T T
1 2 5] 10 min
Lrea Percent Report
SJorted By Signal
Miltiplier 1.0000
Dilution l.0000
Do not use Maltiplier & Dilution Factor with ISTDs
Signal 1: VD] A, Wawelehgth=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [malT+s] [&TT] %
el [----l-==-- | == l------ [---————- I
1 g.350 VB 0.1779 6436.46:240 559.68155 100.0000
Totals : G436, 46240 559.65185
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HPLC chromatogram of compound (6R,7R,9R)-3n

WA A, Wiavdength=2 nm (DZ".LC‘.D.&.T.&?‘.}{ TWL- 0% L0-41 R AL 2027 D226 00-04 0 7% L0- 4T RALS [}
maAl ] T

1?5-5 T
150—5
125—5
1nn—f

75

0

25 ]

Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

Signal 1: VDL A, Wawelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 £.649 EE 0.1838 2214.52295  182,50430 100, 0000

Totals : £214. 52295 132, 50430
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HPLC chromatogram of compound (rac)-3n [(6R,7S5,9R)-3n + (6S,7R,95)-3n]

1]

175

125

mAkl

140

100
75
i

16

WFOT A, Wiavdength=2 82 nm (DAL AT AP F-A-30-THIOPHEME 2021-04- 10 0 -55-3000 F-5-30-Thiophene .07

wr

=}
L

17 867

Zorted
Miltip
Diluti

By
lier
on

Do not use Maultiplier & Dilution Factor with ISTDs

SGignal 1: VDL 4, Wavelength=282 nm

Feak ER
#

etTime Type Width
[min] [min]

Area
[mhiI*=]

Height Area
[waTr] %

6.016 BY 0.2020
17.967 ¥Y¥ R 0.5648

ZB56. 27197
2564.071758

S220.34375

203. 268733 50.8531
68.76900 45,1169

272.03633
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HPLC chromatogram of compound (6R,7S,9R)-3n

WFOT A, Wiaveength=2 8.2 I'|;'I'| (D:'I.LE".DATP:'I.}{ P F-ﬁ-?:I:I-T HIOPHEMNE 2021-04- 10 02 -55- 280 F-4-30- Thiophene 00

mAkl ] =
100 3
1?5—5
150
125
100
75 3

50

25 -

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not uze Maltiplier & Dilution Factor with IZTD=

SGignal 1: VDL 4, Wavelength=282 nm
Peak BetTime Type Width Area Height Area

# [min] [min] [milI*s] [waTr] %
-] [ | -========- l-======—-- |-======- I

1 13.830 V¥ B 0.6lle 9057.90527 Z21.89972 100.0000

Totals : 9057.90527  ZZ1.8997Z

5152



HPLC chromatogram of compound (68,7R,9S5)-3n

Z

,//CE)O Me

A

WO A, Wiavdength=2 82 nm (OALCWD AT A PO F-5-30-THIOPHENE 202 1-04 10 08 - 55-39 F-5-30-Thiophene1.00
mAkl ] =
= J
] L
400 3
350 —
300
240
200 —
150 3
100
] k
0 T
T T T T T
0 5 10 15 20 ki) mir
Lrea Percent Report
SGorted By Signal
Miltiplier l.0000
Dilution 1.0000
Do not use Maltiplier & Dilution Factor with ISTD:
Signal 1l: VD] A&, Wawvelength=282 nm
Peak RetTime Type Width Area Height Area
¥ [min] [min] [malr*=] [wiTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 5.959 BB 0.1996 5555.35010 450,7283% 100,0000
Totals 55855.35010 450, 72539
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HPLC chromatogram of compound (rac)-3o0 [(6S,75,95)-30 + (6R,7R,9R)-30]

/ CO-Me

A

A

OAD1 €, 5ig=282 4 Ref=off (EADAT AN PEF-4-45-FUR YL FAC 2021 -05-06 19-49-17 W F-5-45--2 - FUR YL RAC. O
mALl =
100
] =
] ==
[
20 -
B0
40
20 4
o ] £ t
i T T T T T T T T T T T T
1] z 4 fi 3 10 12 14 16 18 min|
Lrea Percent Report
Zorted By Zignal
Miltiplier l.0000
Dilution 1.0000

Do not use Maltiplier & Dilution Factor with ISTD:=

Signal 1: DADl C, Sig=282,4 Ref=off

Peak RetTime Type

# [mimn]
1 11.5Z1 EEBE
2 13.5822 BB
Totals

Width Area
[min] [wdiT* =]

Height Area
[m&TT] %

0.3536 2941.3%404 117.68037 50,2827

0.5707 2903, 32202

2549, 71606

TG, TTE2Y 49,7173

196, 45865
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HPLC chromatogram of compound (68,75,95)-30
/

CO-Me

A

A

DADT C, Sig=282 4 Ref=off (EDAT A0 P F-4-45-FURYL-RAC 2021-05-06 19-42-17 WF-5-45--2-FURYL-RACT.ON
mAld 7] E
175 4
150
125
100
75
50
25
0 - .
T T T T T T T
0 2 4 1 g 10 12 14
Lrea Percent Report

SJorted By : S3ignal

Miltiplier : l.0000

Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

Signal 1: DAD] C, 3ig=282,d4 Ref=off
Peak BetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wiTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 1l1.5&86 BE 0.3954 4385.49365  191,63930 100,0000

Totals : 4555. 49365 191.63930
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HPLC chromatogram of compound (rac)-3p [(6S,7S,9R)-3p + (6R,7R,95)-3p]

WD A&, Wiavdength=2 Ei:I ni-n (D:'-.LE'-.DATP:‘-.}{ L L- EI'-}{-L-EI- TGRAC 202 1-05-05 08-d4- 479 L9 -1 16RACT.00
mAkl [ {'\
£00 - 4;5 &
] A = .
et
400 -
300
200
100
1}
] T T T T T T
1] 1 2 3 4 5 5] min
ALrea Percent Report
Zorted By : Gignal
Maltiplier : l.0000
Iilution : 1.0000

Do not use Maltiplier & Dilution Factor with IZTDs

SGignal 1: VDL 4, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.387 MF 0.1636 5233.17432 £532.99854 50,8655
Z £.131 FM 0.1900 S055.08105 443,37534 49,1345

Totals : 1.0258585e4 976, 37387
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HPLC chromatogram of compound (68,7S5,9R)-3p

WO A, Wiavdength=2 30 nm (O:LEWD AT A0 L% L- 99 L-9- 108 2021-05-04 21-42-02%W L-9-1084.07
mAld
f00
500
400 -
300 -
200 -
100
.
T T T T T T
1] 1 2z 3 4 5 (i min|
Lrea Percent Report
Gorted By : Gignal
Mualtiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs=

SGignal 1: VDL A, Wawvelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 6.177 MF 0.158%%9 7144,.43345 §27,18953 100, 0000

Totals : 7144, 43945  627.189558
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HPLC chromatogram of compound (rac)-3q [(6S,7S,9R)-3q + (6R,7R,95)-3q]

WD A, Wiavdength=2 30 nm (O:ALEWD AT 200 L L- 99 L-8- 90 R AC 2021 -04-06 05-49-0 P L-9-39RAC1.00
mAL =
] F
175 o
T Li=1
] .
150 n
135
100
75
50
25
0 - . L
T T T T
0 k] 10 15 20 25
ALrea Percent Report
SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD:

SGignal l: VD] A, Wavelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 9.194 EE 0.2588 3206.79517 187.93295 50,0065
2 1l.264 BV B 0,3254 3205.96338 1L50.66389 49,9935

Taotals : 64lz. 75654 335. 59685
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HPLC chromatogram of compound (6S8,75,9R)-3q

WO A, Wiavdength=2 30 nm (O:LEWDAT 200 L L- 99 L-9- 397 B k- 3-26-27 RACSH .00
mald ] =
300 - 1
250
200 -
150
100
50
] _-—A._._,—..—._ T ——m—.
T T T T T
1] k] 10 15 0
Lrea Percent Report
Zorted By : Zignal
Multiplier : l.0000
Dilution : l.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGignal 1: VDL 4, Wawvelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 9.447 ¥V E 0.2616 5400,13086 314.33347 100.0000

Totals : 2400,13086 314, 33347
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HPLC chromatogram of compound (rac)-3r [(6S,7S,9R)-3r + (6R,7R,95)-3r]

Cl

TR, Tig=2i0 4 PR I35 00, BN T TR Lo 19020
mAd =
100 - 7

y

T.A73

a0

B0

20

Sorted By : Signal
Maltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with IZTDs

Signal 1: DAD], Sig=Z230,4 Ref=355,90, EXT
Zignal has been modified after loading from rawdata file!

Peak BRetTime Type Width Area Height Area
# [mir] [min] [waT*s] [m&TT] %
e | ===l | —=mmmm - | === |-=-—-——- |
1 5.401 BB 0.1914 1235.2410% 100.71017 49,7037
Z 7.373 BB 0.2539 1253.00439 75.40655 50,2963

Totals : Z49]1.24545 176.11631
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HPLC chromatogram of compound (6S8,7S5,9R)-3r

Cl
"ADT, Sig=230 4 FeE T35 00, ERT of AL a0
mAl 4 E
‘- 1
250—-
200
15IZI—-
100
5IZI—-
o] -
1 T T T T T T T
2 4 1] g 10 12 14
Lrea Percent Report
Zorted By : Zignal
Multiplier : l.0000
Dilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs
Signal 1: DAD1l, Sig=230,4 Ref=355,90, EXT
Jdignal has been modified after loading from rawdata file!
Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I

1 7.173 BB 0.2467 4304.78516 =297.09149 100.0000

Taotals : 4504, 7851l 297.09149
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HPLC chromatogram of compound (rac)-3s [(6S,7S5,9R)-3s +(6R,7R,9S)-3s]

Y
E:/ CO,Me
~Jwn-Pr

NH
N v,
/
Cl
TADT B, Sig= 2204 Re= o0, 100 (E D AT A TR Lo T RAr S0 13- 1 IT- S arm LTI RAC I
oo
mAld | # g
4 w2
140 - "i’
120 -
100
50
&0 -
a0 -
20
o S i fr\&_ }(xkxﬁ___________
T T T T T
2 4 f 3 i
Lrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

Signal 1: DAD1 B, Sig=220,4 Ref=360,100

Peak BetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wiTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 6.238 VYV E  0,2251 2248,14502 151.63770 49,0974
2 6.590 VE 0.2570 2330.80713 135.73954 50,9025

Totals : 4578.95215  Z90.37753
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HPLC chromatogram of compound (65,75,9R)-3s
7

CO,Me
| wn-Pr

NH
N v,
/
Cl
“OA01, Sig=230,4 Ref=35500, EXT of KL-8-142.D
mAkd =
200
1460
100
a0
1}
] T T T T T T
0 1 2 3 L) b} G
Lrea Percent Report
Gorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=
Signal l: DAD], Sig=230,4 Bef=355,90, EXT
Signal has been modified after loading from rawdata file!
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 f6.895 BB 0.254%9 3985.82813 239.856305 100,0000

Totals : 3985.82813  Z39.86305
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HPLC chromatogram of compound (rac)-3t [(6S,7S5,9R)-3t + (6R,7R,95)-3t]

7 coEt
WN\F

W

NH
s,
N
/
Cl
WO A, Wiavdength=2 30 nm (O:LEWD AT A0 L% L- 99 L-9- 120 2021-05-07 19-20-45" L-9-1204.07
makl | =
4 =
4 i
360
200
] =
g W
250 3
200
150
100
50
o LN . .
T T T T T T T
0 2z 4 1] i 10 12 14 miry
ALrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs=

Signal 1: VDL A, Wawelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 5.990 BV B 0.1779 4311.43926  370.791534 49,4065
Z G.532 VW B 0.2686 4415.01416 Z251.88193 50.5932

Totals : d726. 5034z 6Z2.67377
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HPLC chromatogram of compound (6S8,7S5,9R)-3t

7 coEt
WN\F

W

NH
N
/
Cl
VDT A, Wavdength=2 30 nm (0 LCW0 AT A U L 0% L0- 120 202 1-05-07 1020 -95% L. 0- 1207, 07
mall 2z ?:.
1000 § eg?‘h"
R
1 A
.
500
500 -
400
700
. I JK. _
T T T T
0 5 0 15 20

Zorted By : Zignal
Multiplier : l.0000
Dilution : l.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGignal 1: VDL 4, Wawvelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 8.504 FM 0.2964 1.82418e4 1025,91406 100,0000

Totals : l.582418ed 1025.91406
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HPLC chromatogram of compound (6R,7R,9S5)-3t

WO A, iiawveength=2 30 nm (OALCWDAT AL L 90 L-9- 120 2021-05-07 19-20-45% - 9-1203. 00

maAl ] B
- o

?nn—f
EIZIIII—E
5nn-f
4nn—f

300

200

100

=
k=2
N
o
o]
=

Zorted By : Zignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD:

Signal 1l: VD] A&, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [waT*s] [mw&TT] %
e EEEEEE R e e |--—--—-- |
1 5.965 BB 0.1773 9275.46875 S01.03607 100, 0000

Totals : 9275.46875  301.03607
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HPLC chromatogram of compound (rac)-3t [(6R,7S,95)-3t + (65,7R,9R)-3t]

rnN..I__ % ﬁk k.
] b
1 :1 '\@ rg?l
160 A,
] S
14I:|—_
120
100
a0
60 ]
40
20
o
T T T T
0 5 10 15 20
Lrea Percent Report
Gorted By : Gignal
Miltiplier : 1.0000
Dilution : l.0000

Do not use Maltiplier & Dilution Factor with ISTDs

SGignal 1: VDL A, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 6.550 MF 0.2089 2145.87085 171.40378 50,6454
2 8.681 MF 0.2398 2094,10596 145, 52927 49,3545

Totals : 4242.97681  3le.93304
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HPLC chromatogram of compound (6R,7S5,95)-3t

WA O ﬁ,'l.fu‘avelengthﬂitl ni-n (D:'-.LC'-.DATP:‘-.}{L'-}{L-Q'-}{-L-Q-1|IIEIIZIFT 20210415 14-16-300 L-9-1000PT3. 00
mAkl 2
g
4 L
2460
200
1460
100
Al -
1 | : I —
] T T T T T T T T T T
0 15 b} 7.5 10 12.5 15 174 20 miry
Lrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with IZTDs

Signal 1: VD1 A, Wawvelength=2Z0 nm
Peak BRetTime Type Width Area Height Area
# [mir] [min] [waT*s] [m&TT] %
e | ===l | —=mmmm - | === |-=-—-——- |
1 6,750 ¥¥ B 0.1968 3523.16%43 Z71.00804 100.0000
Totals 3523.16943  Z71.00604
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HPLC chromatogram of compound (65,7R,9R)-3t

/ CO,Et
B P4

/

Cl

W\

WATOT A, iavdength=2 30 nm (0LCWOAT AL L 99 L-9- 100 2021-04-15 DE-40-48%L-9-1007. 07
mALl ] T

300 %

1460

200 -

150

100 -

50 |

SGorted By : Signal
Multiplier : l.0000
Dilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

Signal 1l: VD] A&, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
¥ [min] [min] [malr*=] [wiTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 9.046 BB 0.229% 4604.003%1  305,1181% 100,0000

Totals : 4604, 00391 305.1181%
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HPLC chromatogram of compound (rac)-3u [(6S,7R,9R)-3u + (6R,75,95)-3u]

// CO,Me
B AN
\ Ot-Bu
NH
",
N Q
/
Cl
WADT A, Wiavdength=2 A nm ED:I'.LC'-DAT.&?'.}{ WL L 108017 2021-05-06 21 -45-53%L-9-1054 .00
mALl = o
v
ri}@
100 L,
] )
o
150
100
A0 -
o] A :
T T T T T T T
1] 1 2 3 4 5 min

Sorted By : Signal
Multiplier : 1.0000
Dilution : l.000a0

Do not uze Maltiplier & Dilution Factor with IZTD=

SGignal 1: VDL 4, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 5.379 FH 0.1945 2709.29346  232.11978 50,2130
Z 6.646 BV 0.2283 2686.31079 179,72554 49,7570

Totals : 5385.00425 411.3453Z2
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HPLC chromatogram of compound (65,7R,9R)-3u

// CO,Me
B RN
\ Ot-Bu
NH
s,
N Q
/
Cl
WO A, Witawdength=2 3i:l I'|;T| (D:".LE‘-.DATP:".}{ L L- EI'-}{JL-EI- 108017 2021-05-06 21 -45-530 L-9- 1085 .00
mAl | 2z
200
GO0
400
200
1}
T T T T T |
0 1 2 3 4 ] 5}
Lrea Percent Report
SJorted By : Signal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD:=

SGignal 1: VDL 4, Wawvelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [whiT* =] [1wiTr] %

1 3.459 FH 0.201%9 1.19233e4 954, 55157 100.0000

Totals : 1.19Z35e4 954, 55157
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HPLC chromatogram of compound (6R,7S,95)-3u

—— e e e —— ——— - - me—— e e ——————— P — m—————

SANDOT A, Waveength=2 30 nm (O LOWDUAT 20 LW L- 9% L-9- 103017 2021-05-06 21 -46-5200 L-9- 1086 .00
mAkl

1?5-5
150—5
125—5
1nn—5
?5—5
50-5

25

36

=
X
o]
=
h ]

o

ot

Zorted By : Gignal
Maltiplier : l.0000
Dilution : 1.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

Signal 1l: VD] A&, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
# [mir] [min] [maT*s] [m&TT] %
=== [--=-=l-=====- R l--—-—————- [-==—===- I
1 6.736 BY 0.2310 2906.13525 192.97333 100.0000

Totals : 2906.13525  192.975833
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HPLC chromatogram of compound (rac)-3u [(6R,7R,9S5)-3u + (6S,7S,9R)-3u]

WO A, Wiavdength=2 30 nm (O:LEWDAT 2000 L0 L- 99 L-9- 103017 2021-05-06 21 -46-53HL-9-1081 .00
makl hach
] 3
200
1460
100
F
=]
=2
a0
i} e 1l k’.
T T T T T T T
0 2 4 i g 10 12 14
ALrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not use Maultiplier & Dilution Factor with ISTDs
Signal 1: VDL A, Wawelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [wdiT*=] [maTr] %

] RS |- === mmmmmmm | =mmmmmmee- R R |
1 4.013 EE 0.1326 1990.22046 230.38676 50,2550
Z 10.640 EBE 0.5021 1970.023%93 60, 258826 49,7450

Totals : 3960.24435 Z91.1750Z2
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HPLC chromatogram of compound (6R,7R,95)-3u

T & Waveangth=2 30 nm (O-LED AT 200 LW L 0% L-0- 10601 2021-05-06 21 46530 L0-1062 )
mAll | %
2460 4
200 ]
150;
100 —
a0 —
n- e, A
] T T T T T T T T T
0 2 4 i g 10 12 14 16 18 miry
Lrea Percent Report
SGorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Do not uze Maltiplier & Dilution Factor with IZTD=
SGignal 1: VDL A, Wawvelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [whiT* =] [1wiTr] %
e | ===l | —=mmmm - | === |-=-—-——- |
1 11.045 BV B 0,5389 §926.01563 E256,232591 100,0000

d926.01563

256, 23291
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HPLC chromatogram of compound (68,75,9R)-3u

V4 CO,Me
—=< ~Ot-Bu
NH

s,
s,

Cl

W\

WD A, Wiavdength=2 30nm (D:'I.LC'.DATPI'I.}{ WL OWLG- 108017 2021-05-06 21 -45- 530 L-9- 1083 .00

mall | =

=]

F
400
300
00—
100

1] T
1 T T T 1 T T T T
1] 2 4 fi L 10 12 14 16 12 miry

Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 4,097 ¥V E 0.1364 4349,53662  493.10995 100.0000

Totals : 4349, 53662 493.10935
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HPLC chromatogram of compound (rac)-3v [(6S,7S,9R)-3v + (6S5,7S,9R)-3v]

V4 CO,Me
> [ ~&_ CO,Me

NH
"'/,,,
N Q
/
Cl
WD A, Wiavdength=2 3i:| niT| (D:".LE".D.&T.&".}{ L L-EI"H-L-EI- 1115 2021-04- 27 15-50-32WL-9-11153.00
mAd 3F
120 4 ﬁ =
- w
] ™
100 +
a0+
60—
41 -
20—
] -RFL“‘I\-u—\_'—\_:—\_:—\_ﬂ-\_:— T N
T I T T I T T
1 2 4 fi 2 0 12 14 miry

Gorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

Signal 1: VDL A, Wawelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT+s] [&TT] %
el [----l-==-- | == l------ [---————- I
1 g§.040 BV B 0.2354 2016.58623 130.64432 49,3566
Z 9.561 BV R 0.2903 2069.46729 105.51:210 50.6434

Totals : 4086.35352 239, 45641
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HPLC chromatogram of compound (6S8,7S5,9R)-3v

V4 CO,Me
> [ ~&_ CO,Me

NH

/

Cl

WD A&, Wiavdength=2 Si:I ni-n (EI:'-.LE'-.EIATFI'-.}{L'-}{ L-EI'-}{-L-EI- 1115 202104 27 16-59-32L-9-11151.00
mAald =
120
100
80
601 |
an
a0 ]
o E —
T T T T T T T
0 2 4 1} i 10 12 14 miry
Lrea Percent Report
Gorted By Gignal
Miltiplier 1.0000
Dilution 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

SGignal 1: VDL A, Wawvelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wiTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 Q.520 VB E 0.2847 2842.49683  152.31169 100.0000

2842, 49683 152.31169
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HPLC chromatogram of compound (6R,7R,9S5)-3v

50
0 - T
T T T T T
0 5 10 15 20 26 mir
Lrea Percent Report

Gorted By : Gignal
Maltiplier : l.0000
Dilution : 1.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

Signal 1l: VD] A&, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
# [mir] [min] [maT*s] [m&TT] %
=== [--=-=l-=====- R l--—-—————- [-==—===- I
1 g8.047 YV R 0.2471 7303.34668 451.09256 100.0000

Totals : 7303.34668 451.09256
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HPLC chromatogram of compound (rac)-3v [(6R,7S,95)-3v + (65,7R,9R)-3v]

WO A, Miavdength=2 30 nm (O:ALEWD AT A0 L% L- 9% L-9- 102 FAC 202 1-05-07 08-53- 35 L9-102RAC1.00
Al ] =
m ] @ 655}‘}@‘
] B
20 - stécd o
4 L]
4 (=]
0o 'ﬁ
601
50
4
a0 4
20
104
0]
T T T T T T
0 5 10 15 20 ki) miry
Lrea Percent Report
Zorted By Zignal
Multiplier 1.0000
Dilution 1.0000
Do not use Maultiplier & Dilution Factor with ISTDs
SGignal 1: VDL 4, Wawvelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wiTr] %

1 g.530 MF
& 10.343 BE

Totals :

0.2952 1600.34043
0.3530 155E2.29163

3153. 232068

89.453106 50.7714
ad. 15536 49,2286

157.66641
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HPLC chromatogram of compound (6R,7S,9S5)-3v

WO A, Wiavdength=2 30 nm (OALEWD AT 200 L L- 99 L-9- 103 FAC 202 1-05-07 08-53- 35 L9-108RAC2.00
mAkl | F o
L
100 o g h?:a&
20
B0
40 -
20
|:| _’_W_‘_,'I\h\_ﬁ_._,_n
T T T T
1] 5 10 15 20
Lrea Percent Report
SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

SGignal 1: VDL 4, Wawvelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 8.628 MF 0.3011 185Z2.50439 102,54133 100,0000

Taotals : 1552. 50439 102.54133
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HPLC chromatogram of compound (68,7R,9R)-3v

DT A Wavdength=2 30 nm (O LCWD AT A L7 L 0% 0. 108 20210509 2143 D7 W L 5-1052.07
mALd ] =

a0
70
il

50

30

0

8595

SJorted By : S3ignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

SGignal 1: VDL A, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 8.595 EV B 0,2541 32.58307 1.74613 1.5923
2 10,400 BV B 0.3459 2013.67163 858.85639 98,4077

Totals : 2046, 25470 0. 60252
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HPLC chromatogram of compound (rac)-3w [(6S,75,9R)-3w + (6R,7R,95)-3w]

/

CO,Me

NH
Cl
DT A Wavdength=2 20 nm (O-LCWD AT A L7 L 0% L0 51 F 20271 0409 23 30 00 L0-811 .07
mAald E
- o
3
260 ﬁ -
200 |
150 -
100
50 |
|:| _,—o—'—‘——\__)r\/—\—r;,—._.—\_/\— L 1
1 T T T T T T T T T T
0 35 5 75 10 125 15 17.5 20 225 il

SJorted By : S3ignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

SGignal 1: VDL A, Wawvelength=2Z0 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 11.901 BE 0.4645 7769, 15869 Z261.50870 49,6805
2 14,906 BV B 0.5193 7869.07617 232.98563 50,3195

Totals : 1.56382e4 494, 49432
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HPLC chromatogram of compound (6S8,75,9R)-3w

CO,Me

RN

NH

s,
s,

Cl

O A, Wavdangth=2 20 nm (L WD AT Aw UF L 0% L0-51F 20271 0408 22-76-00 % L0-812.07
mAkld ] g
2000

1?50—5
1500—5
1250—5
mnn-f
?50—5

500

250

Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 12,196 ¥E R 0.5359 6.853%1ed 2039.37207 lo0.0000

Totals : 6.533%1ed  Z0359.37207
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HPLC chromatogram of compound (6R,7R,95)-3w

DT A, Wavdength=2 20 nm (OALCAD AT Ae L L 0% L0-51F 2021 0400 215020 L0510
mAL _|

120
100
a0 <

B0

20

Zorted By : Gignal
Maltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with IZTDs

SGignal 1: VDL 4, Wawvelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
-] [ | -========- l-======—-- |-======- I
1 14.544 BE 0.5226 4607.846658  135,29094 100, 0000

Totals : 4607.54668 135.29094
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HPLC chromatogram of compound (rac)-3w [(6R,75,95)-3w + (65,7R,9R)-3w]

AT A, Wavdength=2 30 nm (OLCAD AT AR LW L 0% L0-51 202104 02 0547 50% L0 812,00
mAald E =
] B
260 o
200
150 -
100 -
50
D L
T T T T T T
o i 7 3 4 5
Lrea Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : L.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

SGignal 1: VDL 4, Wawvelength=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 5.875 MM 0.2043 3241.12695 264,36353 49,6179
Z 6.670 MF 0.2224 3291.05005 246,64017 50,3821

Totals : 6532.17700  511.00369
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HPLC chromatogram of compound (6R,7S,95)-3w

mALL
200

1?5—5
150—5
125—5
1nu—f
?5—5
50—5

25

AT A, Waveangth=2 30 nm (- LCWD AT 20 L9 L 0% L-0- 78(1) 2021-04-07 22- 16-260 LO-78(172 0)

1]

g
£
h

Sorted By
Multiplier
Iilution

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=230 nm

Peak RetTime Type
# [min]

Width Area
[min] [malT*s]

Height Area
[waTr] %

1 f.9%60 HF

0.2202 2747.03101

£747.03101

£07.39185 100.0000

207.89195
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HPLC chromatogram of compound (6S,7R,9R)-3w

mALl

00

240

1450

o0

Io0

50

AT A, Waveangth=2 30 nm (- LCWD AT 20 Lo L 0% L-0- 78(1) 2021-04-07 22- 16-280 Lo-78(171 07

2

L]
g
£
h

Sorted By
Multiplier
Iilution

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=230 nm

Peak RetTime Type

#

[min]

Width Area Height Area
[min] [mdlI*s] [waTr] %

6.062 FM

0.1965 4065.515%04 344.765959 100.0000

4065. 51904 344, 76599
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HPLC chromatogram of compound (rac)-3x [(6S,7S5,9R)-3x + (6R,7R,95)-3x]

DT A, Wavdength=2 30 nm [DALCADAT Ae LW L 10-4- FAC 2021-06-02 10-44- 199 L-10-3R AL O
mAkl =
100 $
T =
20 2
i oo
60—
4[| -
20
0 e,
T T T T T T T
0 2 4 1] i 10 12 14
Lrea Percent Report
Gorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000
Do not uze Maltiplier & Dilution Factor with IZTD=
S3ignal 1: VD1 4, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wdTr] %

i R |----]=mmmm- | --mmmmmmo |- = me- e |
1 6.001 BV B 0.1705 1142.04541 101, 54745 49,7459
2 g.000 EE 0.2351 1153.57483 T4, 26209 50,2511

Totals : Z285.62024 175.80955
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HPLC chromatogram of compound (6S8,75,9R)-3x

WA A&, Wiavdength=2 Ei:l n;'n I:D:".LC'.DAT.&T".}{ L L 1I:|-4- FAC 2021-06-02 10-44- 18 L-10-4RAC0101.00
mAkl

W
~
140 $
120
100

&0 |

G0 -

=
b2
S
=21
o]
=
=

SJorted By : S3ignal
Miltiplier : 1.0000
Iilution : 1.0000
Do not use Maltiplier & Dilution Factor with IZTDs

SGigqnal 1: VDL 4, Wavelength=230 nm
Peak RetTime Type Width Area Height Area

¥ [min] [min] [malr*=] [wiTr] %
- [ | -—==—==——- l--—--——- |-==-———- I

1 3.075 BE 0.2371 Z261.21650 145.21368 100.0000

Totals : ZZ261.91650 145, 213565
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HPLC chromatogram of compound (rac)-3y [(6S,7S,9R)-3y + (6R,7R,95)-3y]

WD A&, Wiavdength=2 30 nm (O:ALCWDDAT A LW L- 9N L-9- 77 2021-03-27 14-36- 24% -9 -F72.00
mAkl ]

: iﬁ"’?’ .

200

%

175
150

125 4

100

75

50

25

Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000
Do not use Maultiplier & Dilution Factor with ISTDs

Signal 1l: VD] A&, Wawelength=230 nm

Peak RetTime Type Width Area Height Area
¥ [min] [min] [malr*=] [wiTr] %

- [ | -—==—==——- l--—--——- |-==-———- I
1 5.932 MM 0.19658 2655.22119 225.09253 51,9525
2 g.565 MM 0.2370 2455.35574d  172.9026% 45,0472

Totals : 5116.60693  397.9952E2
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HPLC chromatogram of compound (6S8,7S5,9R)-3y

DT A, Wavdangth=2 30 nm (0L CuD AT A U L 0% L0-77 20210527 1956 29 L0 771,00
mALl __ g _,1,::1;\

F

120—: ?@“"
1nu-:

a0

G0

20 4

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

SGignal 1: VDL A, Wawvelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [whiT* =] [1wiTr] %

1 0.0%% FH 0.1%36 1547,30591  133.21e87 100.0000

Totals : 154%.30591  133.216387
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HPLC chromatogram of compound (rac)-3z [(6S,7S,9R)-3z + (6R,7R,9S5)-3z]

/ CO.Me

A “‘\\

NH
s,
F
N
/
Cl
WO A, Miavdength=2 30 nm (O:ALEWD AT A0 L% L- 9% L-9- 116RAC 202 1-05-05 08-44 47 L-9-116RAC2.0O0
mAll ] o
N Fiey
h'.-g
w
200
140
100
a0
i} _—FFMLL-/\J AN -"'\—._
T T T T
0 5 10 146 20
Lrea Percent Report
SGorted By : Signal
Multiplier : l.0000
Dilution : 1.0000
Do not use Maltiplier & Dilution Factor with ISTD:
Signal 1l: VD] A&, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [wmdiT* =] [maTr] %

i R |----]=mmmm- | --mmmmmmo |- = me- e |
1 5,052 BY 0.14le 2296.940592 247.93579 50,0598
2 S.465 VB 0.1553 2291.444:58 224,77055 49,9401

Totals : 4583.35550 47Z.70634

5192



HPLC chromatogram of compound (6S8,7S5,9R)-3z

/ CO.Me

A “‘\\

NH
F
N
/
Cl
DT A, Wavdength=2 30 nm (LMD AT AR LW L 0w L0 108 202 1-05-08 31-43 D7 % L 0-1056.107
mAld t e
] T
&
250 ]
200
160
100 -
50
I:l _n"'\-\_\_,_\_u_,_\_,_\_,_
| I T T T T T
o 2 4 6 8 1D 12 4 min
ALrea Percent Report

Gorted By : Gignal

Miltiplier : 1.0000

Dilution H L.0000

Do not use Maltiplier & Dilution Factor with IZTDs

SGignal 1: VDL A, Wawvelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.E17 FM 0.1713 3101.19312 301.78656 100,0000

Totals : 3101.19312 301.78656
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HPLC chromatogram of compound (rac)-3A [(6S,7S,9R)-3A + (6R,7R,95)-3A]

WD A&, Wiavdength=2 3.2 n;'n (III:'I.LI:".D&TP:'I.}{F‘I.}{F-ﬁ-Eh-E- BF-FAC2Z021-05-11 19-19-32HF-5-64-6-Br- RAC.00
4 =
140 - ﬁqﬁa& =
1 r~
130
100 4
80 -
0
40
20
il —— ——
| 1 | | ' ' 1 1 1
1 2 4 f 3 0 12 14
Lrea Percent Report
Gorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000
Do not use Maultiplier & Dilution Factor with ISTDs
Signal 1l: VD] A&, Wawvelength=2582 nm
Peak RetTime Type Width Area Height Area
# [mir] [min] [maT*s] [m&TT] %

] RS |- === mmmmmmm | =mmmmmmee- R R |
1 6.209 FHM 0.2337 2124.41745 151.48035 50,0995
2 7.397 BE 0.2491 2115.97437  129.36566 49,9004

Totals : 4240.39185 Z80.84601
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HPLC chromatogram of compound (68,75,9R)-3A

mm——— m— m = —— ——=— - - —m ===y o m——m——— i === = ===

WA A, Wavdength=2 82 nm (OALCWOAT A PR F-5-64-6-B R 2021-05-11 18-03- 16 F-5-64-6-Br .00
mAl ] b=
]

350-:
3nn-:
25[!—:
200 -
150-:

100

&0

Zorted By : Zignal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Multiplier & Dilution Factor with ISTDs

SGignal 1: VDL 4, Wawvelength=:25Z nm
Peak BetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wiTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 7,426 VYV E 0.2518 584L5,20459  355.07141 100.0000

Taotals : 5545.2045%  355.07141
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HPLC chromatogram of compound (rac)-3B [(6S,7S5,9R)-3B + (6R,7R,95)-3B]

DADT B, Sig=154. Re o T (EADAT AR PR F-5-66-5- PH-RAC T031-05-18 1407 54R F-5-60-6-Ph-RAC.D)
mALl ] =2
50
200
i o~
8
1 =
150
100 -
50
)]
] T T T T T T T
o 7 4 B 8 1D 12 14 min

SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=254,4 Ref=off

Peak BetTime Type Width Area Height Area
# [min] [min] [wdlT* =] [wdTr] %

1 7.930 BB 0.4275 7867.33057  =294.70032 50,1456
£ 10.55Z EE 0.7660 73Z1.65430 156.:24735 49.3544

Totals : 1.56590e4 450, 94769
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HPLC chromatogram of compound (65,7S5,9R)-3B

"ADT, 31g=200 4 FeF 755 a0, EXT ofRF-5-666-FHZ.D
mAd ]

350—5
3nn-f
25[!—5
znn—f
150-5
1nu-f

50

T4

SJorted By : S3ignal
Miltiplier : l.0000
Dilution : 1.0000
Do not use Maltiplier & Dilution Factor with ISTD=

Signal 1: DADl, Sig=260,4 Ref=355,90, EXT

Zignal has been modified after loading from rawdata file!

Peak BetTime Type Width Area Height Area
# [mimn] [min] [wdiT*=]

1 10.5%9 EE 0.7489 1.95010e4 399.89008 100.0000

Totals : 1.595010e4 399.,89005
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HPLC chromatogram of compound (rac)-3C [(6S,75,9R)-3C + (6R,7R,95)-3C]

WD A&, Wiavdength=2 Stl ni-n (D:'-.LE'-.DATP:‘-.}{F‘-.}{F-ﬁ-?-1-EVIN‘|’L-NE‘Lru' 2021-08-07 15-12-08%F-5-71-6-INYL- NEWE .00
mALl ] b3

30
70
60

50 3

401 ]
30

a0

SJorted By S3ignal
Miltiplier 1.0000
Dilution 1.0000

Do not use Maltiplier & Dilution Factor with ISTDs

SGignal 1: VDL A, Wawvelength=250 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [whlT* =] [wiTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 8.075 VYV B 0.2523 1498,13367 a0, 04637 50,0669

2 10.424 ¥Y¥ B 0.3431 1494, 12955

2992, 26355

65.91650 49,9351

155.962587
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HPLC chromatogram of compound (6S8,7S5,9R)-3C

WO A, Wiavdength=2 80 nm (OALEWD AT A PO F-5-F1-6ANYL-MEBEWN 2021-08-07F 15-12-08%F-5-71-6-VINYL NEWMT .07

mAkl ] E

350 i

200

260

200

150

100

50

i o~
1 I I I 1 I I I I
0 2 4 G g 10 12 14 16 18 min
Lrea Percent Report
Gorted By : Gignal
Maltiplier : l.0000
Dilution : 1.0000
Do not use Multiplier & Dilution Factor with ISTDs
Signal 1: VD1 A, Wawvelength=2&0 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %

1 7.878 VB R 0.Z531 ozZ6Z. 44287

Totals : BZ262. 44287

374, 997580

374, 99780 100.0000
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HPLC chromatogram of compound (rac)-3D [(6S,7S,9R)-3D + (6R,7R,95)-3D]

/ OgMe

! “‘\\

W

NH
,
N Q
/
Cl
WO A, Wiavedength=2 Z0nm (D:'I.LI:‘-.DATP-‘...}{ FE 746 CTCLOF RANE 202 1-05-25 Z1 3008 F 5-746- Cyloprane?. 0]
mAl | g
' i
- #
120 L
] g &
1|ZIIII—-
20 -
0
40
20
o P \ i J
1 T T T L L T T T T T
0 158 5 Th 10 125 15 17.4 20 224 min
Lrea Percent Report
SJorted By : S3ignal
Miltiplier : 1.0000
Dilution : 1.0000
Do not use Maltiplier & Dilution Factor with ISTDs
SGignal 1: VDL A, Wawvelength=250 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %

] RS |- === mmmmmmm | =mmmmmmee- R R |
1 g.104 ¥V B 0.2869 2514.18677 132.51926 50.2497
2 10,735 MF 0.3953 24589.20459 104.16251 49,7503

Totals : 5003.39136  Z36.68207
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HPLC chromatogram of compound (68,7S5,9R)-3D

/ OgMe

! “‘\\

W

NH
,
N Q
/
Cl
WO A, Wiavdength=2 80 nm (OALCMDAT A F-5-7 4-6- Cyeloprane 2021-05-25 21-30-08 W F-5-T4-6- Cydoprane. 00
mAll 7] = o
j o

500 ?sféh'

400

200

200

100 -

] t |
1 T T T T T
0 5 10 15 20 15 miry
Lrea Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=250 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 §.151 MF 0.3135 1.07705e4 ST7E2.66125 l00,0000

Totals : 1.0%705e4 ST2.66125
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HPLC chromatogram of compound (rac)-3E [(6S,7S5,9R)-3E + (6R,7R,9S)-3E]

\“\\

NH

"I/,,,
N Q

Cl

W\

DT A, Wavdength=2 30 nm (OLCD AT AR L 10-55 20271-06-08 10-15-40H L1055 )
o
mALld | E,z 1:? r@'
100 4 P S
- 5. ) .
] =
_ -
g0 -
60 -
4|:| -
0
] _—_H_Fﬂwr\‘jqu -J k , —_—
T T T T T T T T T T
o 7 4 § 8 1D 12 14 15 15 min

Gorted By : Gignal
Maltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

Signal 1l: VD] A&, Wawelength=230 nm

Peak RetTime Type Width Area Height Area
# [mir] [min] [maT*s] [m&TT] %
=== [--=-=l-=====- R l--—-—————- [-==—===- I
1 £.136 MM 0.19058 1235.59473 108.19269 51.3773
2 6.602 MM 0.2147 1172.18835 91.00120 45,6227

Totals : 2410.75308 199,19339
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HPLC chromatogram of compound (65,7S5,9R)-3E

\“\\

NH

"I/,,,
N Q

cl
/

W\

WD A, Wimvdength=2 30 nm (OALCOAT ML L 10-55 2021-06-08 10-15-48%L-10-55 1.0
Al - Ll
m = r:?j:\
] T =
&0 Y‘é}
700
§00
500
400 -
200 -
200
100 &
o L T
T T T T T T T T T T
1 2 4 fi i 10 12 14 16 18 miry
Lrea Percent Report
Gorted By : Gignal
Miltiplier : 1.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

Signal 1l: VD] A&, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 4,925 MF 0.1510 9434.40723 865.95294 100, 0000

Totals : 9434, 40723  8658.95294
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HPLC chromatogram of compound (rac)-3F [(6S,7S,9R)-3F + (6R,7R,9S5)-3F]

/ CO.Me

! “‘\\

NH

W
Bn

Cl
DT A Wavdength=2 30 nm (O-LCWD AT A L7 L 0-00-1 Z021-05-06 15 37 F0wl-0-00- 14,0
mAald g
50 9
o
1 &
200 o
160 -
100
50 |
o A J
T T T T T T T
0 7 4 6 8 1D 12 4 mi

Zorted By : Zignal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD:=

Signal 1: VD] A, Wawelehgth=230 nm

Peak RetTime Type Width Area Height Area
# [min] [min] [waT*s] [mw&TT] %
e EEEEEE R e e |--—--—-- |
1 6.652 VB 0.1528 3079.36255 252.90845 50,2627
Z g.316 VB 0.2359 3047.17554 1595.324zZ0 49,7373

Totals : 6l26. 53309 445, 23265
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HPLC chromatogram of compound (68,75,9R)-3F

/ CO.Me

! “‘\\

NH

W
Bn

o\

Cl

WD A, Wiaveength=2 30 nm (OALCWDAT S L L 9-99-1 2021-08-06 15-37-394-9-99- 15.00

mAkl =

1?5—5 $
150-5
125-5
1nu—f

75

50

25

SGorted By : Signal
Miltiplier : l.0000
Dilution : 1.0000
Do not use Maltiplier & Dilution Factor with ISTD:

Signal 1l: VD] A&, Wawelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [waT*s] [mw&TT] %
e EEEEEE R e e |--—--—-- |
1 6.861 VE 0.1555 2264.36475  154.397595 100, 0000

Totals : Z264,36475 134, 39793
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HPLC chromatogram of compound (rac)-3G [(6S,7S,9R)-3G + (6R,7R,9S5)-3G]

/ CO.Me

! “‘\\

NH
',
HN @\
Cl
ANTD A, Wawdength=2 20 nm (DL CAO AT A LW L 0% L-0-81R 2021 -04-00 Z226-00 % L0811 0]
mALll E
4 o
=]
260 ﬁ T
200
150 -
100 -
50 -]
D_,—P'—‘——\__lf\/—\—r\_,—._.—\_/\— L 1
e e S e T e A e B e B e s E e e ey B
i 15 5 75 10 125 15 17.5 20 235

Gorted By : Gignal
Maltiplier : l.0000
Iilution : 1.0000

Do not use Maltiplier & Dilution Factor with IZTDs

SGignal 1: VDL 4, Wawvelength=220 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
-] [ | -========- l-======—-- |-======- I
1 11.901 BE 0.4645 7769.15369 261.50370 49,6805
Z 14,906 BV B 0.5193 7T869.07617 Z32.98563 50,3195

Totals : 1.563532e4d 494, 49432
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HPLC chromatogram of compound (68,75,9R)-3G

/ CO.Me

! “‘\\

NH

"’/,,,

Cl

HN

O A, Wavdangth=2 20 nm (L WD AT Aw UF L 0% L0-51F 20271 0408 22-76-00 % L0-812.07
mAkld ] g
2000
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Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGigqnal 1: VDL 4, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] [min] [mdlI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 12,196 ¥E R 0.5359 6.853%1ed 2039.37207 lo0.0000

Totals : 6.533%1ed  Z0359.37207
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HPLC chromatogram of compound (rac)-4 [(6R,7S,95)-4 + (6S,7R,9R)-4]
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Gorted By : Gignal
Maltiplier : l.0000
Dilution : 1.0000

Do not uze Maltiplier & Dilution Factor with IZTD=

Signal 1: DADL A, Sig=230,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [mir] [min] [maT*s] [m&TT] %
=== [--=-=l-=====- R l--—-—————- [-==—===- I
1 6.222 MF 0.1856 7722.01611 693.60529 51,9452
2 6.574 FU 0.1955 7143.67578 609.05365 45,0548

Totals : 1.43657e4 1302.6558594
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HPLC chromatogram of compound (6R,7S,95)-4
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Sorted By
Multiplier
Dilution

Do not use Maltiplier & Dilution Factor with ISTD=

Gigmal 1: DADL A, Hig=230,4 Ref=360,100

Peak RetTime Type

Width Area Height Area
[min] [malT*5] [maTr] %

# [min]
1 6.090 FM
Totals :

0.1798 Z.59645e4 Z407.43652 100.0000

2.59645ed4  2407.43652
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HPLC chromatogram of compound (rac)-5 [(6R,7S,95)-5 + (6S,7R,9R)-5]
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Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000

Do not use Maultiplier & Dilution Factor with ISTDs

SGignal l: VD] A, Wavelength=230 nm

Peak RetTime Type Width Area Height Area
¥ [min] [min] [malr*=] [wiTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 5.261 ¥BE B 0,1757 2168.16724 159.53319 450.5272
2 6.092 BB 0.1991 2122.91846  164,01160 49,4725

Totals : 4291.08569 353, 54475
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HPLC chromatogram of compound (6R,7S,9S5)-5

WAD A, Wavdength=2 30 nm (DALCWDAT A LW L- 10-11 2021-06-05 08-38-51WL-10-01.00
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SGorted By : Signal
Miltiplier : l.0000
Dilution : 1.0000

Do not use Maltiplier & Dilution Factor with ISTD=

SGignal 1: VDL A, Wawvelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [milI*s] [waTr] %
- [ | -—==—==——- l--—--——- |-==-———- I
1 6.035 BB 0.1983 2766.15430 214.50917 100,0000

Totals : £766.15430 £14.30917
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HPLC chromatogram of compound (rac)-6 [(6R,7S,95)-6 + (6S,7R,9R)-6]

6356

Sorted By : Signal
Multiplier : 1.0000
Iilution : 1.0000
Do not use Maultiplier & Dilution Factor with ISTDs

Signal 1: VDL A, Wawelength=230 nm
Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.303 MM 0.1969 1.45133ed 12Z258.28394 45,2224

2 f.356 MM 0.2214 1.55532ed 117Z.85359 51.7776

Totals : J3.00965ed4 2401, 14232
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HPLC chromatogram of compound (6R,7S,95)-6
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Sorted By : Signal
Multiplier : 1.0000
Dilution : l.0000

Do not use Maultiplier & Dilution Factor with ISTDs

Signal 1: VDL A, Wawelength=230 nm

Peak BetTime Type Width Area Height Area
# [min] [min] [malT*=] [waTr] %
el e | —————==——- l-—-—==———- |-===———- I
1 L.278 MF 0.2079 Z2.27130ed4 18Z21.03748 99,8595
Z 6.305 FM 0.194z 31.95740 2.74292 0.1405

Totals : Z.27450ed  1323.75040
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