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| General Information

Unless extra indicated, the raw materials used in this article are commercially available.
All reactions and manipulations involving air or humidity-sensitive compounds are
carried out in the glove box. Unless otherwise specified, oil baths are used for heating
in the reaction. Reactions were detected and analyzed by TLC, and fluorescence was
observed with ultraviolet light (254 nm). In the NMR hydrogen spectroscopy, the
chemical shift value of deuterated chloroform-d was used as a reference of 7.26 ppm to
calibrate the chemical shift of the compounds. In the NMR carbon spectrum, the
chemical shift of deuterated chloroform was used as a reference of 77.00 ppm or the
chemical shift of deuterated DMSO-d of 39.50 ppm as a reference. The following letters
indicate the splitting of multiple peaks: S-single peak, D-double peak, DD-double
doublet, T-triplet peak, Q-quadruple peak, M-multiple peak.The determination of the
enantiomer excess percentage of the compounds was performed using chiral HPLC
analysis using Agilent. HPLC analysis of compounds was performed in OD-3, OD-H
and AD-3 (polysaccharide derivative normal-phase coated chiral column) columns
using hexane and isopropanol as eluents.
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Il Optimization of Reaction Conditions

Table S1: The research of different [Rh]-salts 2

o) o)
yOEt >\»0Et
N H, (40 atm) N
N Rh-ZhaoPhos (1.0 mol%) \ )
N DCM, rt, 24 h N
H TsOH (1.05 equiv.) H
Br Br
1a 2a
Entry [Rh]-salt Yield (%) ° ee (%) ¢
1 Rh(NBD),BF, 0 —
2 [Rh(COD)Cl] 0 -
3 Rh(COD),BF,4 0 -
4 [RhOAc]> 0 -

21a (0.1 mmol, 1.0 equiv.), TsOH (0.105 mmol, 1.05 equiv.), [Rh]-salt (1 mol%), ZhaoPhos(1.05
mol%),DCM (0.1 M), 25 °C, H, (40 atm),stir for 24 h; ® 1H NMR yield, Trimethoxybenzene was
used as the internal standard; ¢ The ee (%) was determined by HPLC.

Table S2: The effect of different solvents @

(0] O
>~—0Et >»OEt
N H, (40 atm) N
A Ir-ZhaoPhos (1.0 mol%) \ >
N Solvent, rt, 24 h N
H TsOH (1.05 equiv.) H
Br Br
1a 2a
Entry Solvent Yield (%) ° ee (%)°©
1 DCM 70 69
2 DCE 72 67
3 EtOAc 51 40
4 EtOH Trace -
5 MeOH Trace -
6 HFIP 0 -
7 THF Trace -
84 DCM N.P. --

21a (0.1 mmol, 1.0 equiv.), TsOH (0.105 mmol, 1.05 equiv.), [Ir(COD)CI]. (0.5 mol%), ZhaoPhos
(1.05 mol%), Solvent (0.1 M), 25 °C, H, (40 atm), stir for 24 h; ® 'H NMR yield,
Trimethoxybenzene was used as the internal standard; ¢ The ee (%) was determined by HPLC; ¢
BINAP ligand was used instead of ZhaoPhos.
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Table S3: The effect of different concentration 2

(0] (0]
Y—OEt \—OEt
N H, (40 atm) N
N\ Ir-ZhaoPhos (1.0 mol%) .>
N DCM, tt, 24 h N
H TSOH (1.05 equiv.) H
Br Br
1a 2a
Entry Concentration Yield (%) ° ee (%) ¢
1 DCM (0.1 M) 71 69
2 DCM (0.05 M) 57 69
34 DCM (0.05 M) 83 49
4 DCM (0.2 M) 40 68

21a (0.1 mmol,1.0 equiv.), TsOH (0.105 mmol,1.05 equiv.), [Ir(COD)CI]. (0.5 mol%), ZhaoPhos
(1.05 mol%), 25 °C, H (40 atm),stir for 24 h; ® 'H NMR yield, Trimethoxybenzene was used as the
internal standard; ¢ The ee (%) was determined by HPLC; ¢ N-Me-ZhaoPhos ligand was used instead
of ZhaoPhos.

Table S4: The effect of salt additives 2

(6] (0]
YOkt Y—OEt
N H, (40 atm) N
Ir-ZhaoPhos (1 mol%) N
N\ additive (5 mol%) .>
N DCM (0.1 M), t, 24 h N
H TsOH (1.05 equiv.) H
Br Br
1a 2a
Entry Additive Yield (%) ° ee (%)°
1 Fe(OTf), 28 69
2 Sm(OTf); 15 69
3 AgNO3 0 -
4 AgSbFs 0 -
5 AgOTf 0 --
6 AgMeSOs3 0 --

21a (0.1 mmol,1.0 equiv.), TsOH (0.105 mmol,1.05 equiv.), [Ir(COD)CI]2 (0.5 mol%), ZhaoPhos
(1.05 mol%), additive (5 mol%), DCM (0.1 M), 25 °C, H, (40 atm),stir for 24 h; * 'H NMR yield,
Trimethoxybenzene was used as the internal standard; ¢ The ee (%) was determined by HPLC.
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Table S5: The effect of acid additives 2

0 o)
>~OE’( yOEt
N H, (40 atm) N
N Ir-ZhaoPhos (1.0 mol%) \ )
N DCM(0.1 M), rt, 24 h N
H Acid H
Br Br
1a 2a
Entry Acid Yield (%) ee (%)¢
1 no TsOH 0 -
2 TsOH 84 65
3 TFA 27 72
44 TFA 24 75
5 TfOH trace -
6 MsOH 47 57

21a (0.1 mmol,1.0 equiv.), Acid (0.15 mmol,1.50 equiv.), [Ir(COD)CI]. (0.5 mol%), ZhaoPhos
(1.05 mol%), DCM (0.1 M), 25 °C, H, (40 atm), stir for 24 h; ® 1H NMR vyield, Trimethoxybenzene
was used as the internal standard; ¢ The ee (%) was determined by HPLC; ¢ TFA (0.105 mmol,1.05

equiv.).

Table S6: Preliminary attempts at chlorinated substrates (1b) @

o) o)
>’0Et >~OE’(
N H, (40 atm) N
N Ir-ZhaoPhos (1.0 mol%) \ )
N DCM (0.1 M), rt, 24 h N
H TFA (1.5 equiv.) H
o] o]
1b 2b
Entry Deviation Yield (%) ? ee (%)°
1 none 30 84
2 TsOH (1.5 equiv.) 91 65
34 TsOH (1.5 equiv.) 96 52
4¢ DCM (0.15 M) 33 80
s DCM (0.05 M) 17 78
6% TFA and TsOH 28 77

a1b (0.1 mmol,1.0 equiv.), TFA (0.15 mmol,1.50 equiv.), [Ir(COD)CI]2 (0.5 mol%), ZhaoPhos
(1.05 mol%), DCM (0.1 M), 25 °C, H2 (40 atm), stir for 24 h; ® *H NMR vyield, Trimethoxybenzene
was used as the internal standard; ¢ The ee (%) was determined by HPLC; ¢ N-Me-ZhaoPhos ligand
was used instead of ZhaoPhos; ¢ DCM (0.15 M); F DCM (0.05 M); ¢ TFA (0.15 mmol,1.5 equiv.)
and TsOH (0.15 mmol,1.5 equiv.) were involved in reaction at the same time.
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Table S7: Re-optimization of the reaction solvent @

(0] (0]
>\»0Et >»OEt
N H, (40 atm) N
N Ir-ZhaoPhos (1.0 mol%) \ )
N Solvent, rt, 24 h N
H TFA (1.5 equiv.) H
Cl Cl
1b 2b
Entry Solvent Yield (%) ° ee (%) ¢
1 DCE 17 85
2 THF Trace -
3 1,4-dioxane Trace -
4 EtOAc Trace -
5 MeCN 0 --

21b (0.1 mmol,1.0 equiv.), TFA (0.15 mmol,1.50 equiv.), [Ir(COD)CI]2 (0.5 mol%), ZhaoPhos
(1.05 mol%), Solvent (0.1 M), 25 °C, H, (40 atm), stir for 24 h; ® 'H NMR yield,
Trimethoxybenzene was used as the internal standard; © The ee (%) was determined by HPLC.

Table S8: The effect of temperature and pressure @

o) o)
>\»0Et >~0Et
N H, —N
N Ir-ZhaoPhos (1.0 mol%) \ )
N DCM, 30 °C, 24 h N
H TFA (3.0 eq) H
cl o]
1b 2b
Entry Pressure Yield (%) ° ee (%)°
1 H» (40 atm) 57 87
2 Ha (65 atm) 57 85
3 Ha (80 atm) 58 84
44 Ha (80 atm) 64 78

21b (0.1 mmol,1.0 equiv.), TFA (0.30 mmol,3.0 equiv.), [Ir(COD)CI]. (0.5 mol%), ZhaoPhos (1.05
mol%), DCM (0.1 M), 25°C, stir for 24 h; ® 'H NMR vyield, Trimethoxybenzene was used as the
internal standard; ¢ The ee (%) was determined by HPLC; ¢ The reaction temperature is 50 <C.
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Table S9: Optimization of the Reaction Conditions of 1a®

O>/0Et Oyoa
N H, (40 atm) —N
N Ir-ZhaoPhos (1.0 mol%) )
N > ada (105 ey g
Br Br
1a 2a“
entry acid deviation conv.? (%) ee ¢ (%)
1 TsOH none 79 73
2 TsOH Rh(NBD):BFs N.R. /
3 TsOH [Rh(COD)CI]2  N.R. /
4 TsOH DCE 72 67
5 TsOH EtOAC 51 40
6 TsOH THF trace /
7 TsOH HFIP N.R. /
8 TsOH Fe(OTf)2 28 69
9 TsOH Sm(OTHf)3 15 69
10 TsOH AgOTf trace /
11 no TsOH none N.R. /
124 TsOH none 84 65
134 TFA none 27 72
144 TfOH none trace /
154 MsOH none 47 57
168 TFA none 45 84

“Unless otherwise specified, the reactions were conducted using 1a (0.1 mmol) in 1.0 mL of solvent,
100 pL Ir-ZhaoPhos solution (0.01 M, [Ir(COD)CI]2/(S,R)-ZhaoPhos = 1/2.1), Acid (1.05 eq). “The
conversions were determined by '"H NMR. “The ee was determined by performing chiral HPLC.

1.5 eq acid was used. ¢3.0 eq TFA was used.
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11 Experimental Section

1. General procedure for synthesis of tetrahydro-y-carboline 1

R
N
@\ HCI 0] EtOH (0.6 M) _@\/\g)
R + q R
NHNH, R'/N reflux, 90 °C, 24 h ”
1

4 5

Phenylhydrazine substrate 4 and piperidone 5 used are commercially available raw
materials. Phenyl hydrochloride 4 (20 mmol, 1.0 equiv.) was added to a 100 mL dry
three-mouth flask filled with stirred magnets, followed by a reflux tube mounted on the
three-mouth flask, the equipment was replaced three times in an argon atmosphere, then
absolute ethanol (0.6 M) was added to the reaction flask through a syringe, piperidone
5 (20 mmol, 1.0 equiv.) was added to the vial through a syringe under stirring conditions,
and the reaction tube was then transferred to 90 °C and maintained at this temperature
for one day. Until the white solid turbidity appears in the reaction bottle, the reaction is
cooled to room temperature and slowly quenched with water. After washing the white
solids with n-hexane, the organic phase was concentrated under vacuum. The residue
was purified by silica gel chromatography (EtOAc /petroleum ether) to afford the
product 1.

2. General procedure for hydrogenation of 1.

1.0 equivalent 1 was selected as the substrate, 0.5 mol% 1,5-cyclooctadiene iridium
chloride dimer ([Ir(COD)Cl]>) was used as the metal catalyst, 1.05 mol% 4-F-Ph-
ZhaoPhos was used as the ligand, 3.0 equivalent trifluoroacetic acid (TFA) was used as
the acid additive in the reaction system, and dichloromethane (DCM, 0.1 M) was
selected as the reaction solvent. The reaction was carried out at room temperature for
24 hours in a hydrogen atmosphere at 40 atmospheres. After the reaction, slowly open
the gas valve of the high-pressure reactor, carefully release the high-pressure hydrogen
in the system, and after the pressure gauge pointer is zero, open the reactor and take out
the ampoule containing the reactants. The reaction was quenched with a saturated
sodium bicarbonate solution and extracted with ethyl acetate or methylene chloride,
followed by drying with anhydrous sodium sulfate. The organic phase is concentrated
by the rotary evaporator, and then the concentrated organic phase is added with dilute
hydrochloric acid for pickling, the product is easy to become salt in the hydrochloric
acid solution, the aqueous phase is transferred after pickling, and the pH of the system
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is adjusted to alkaline by adding sodium hydroxide solution or saturated sodium
bicarbonate solution, and the water is extracted with ethyl acetate or dichloromethane,
and the product can be obtained after concentrating the organic phase. Due to the
similarity and polarity of the raw material and product in the ethyl acetate/petroleum
ether system, the product 2 can also be purified by silica gel chromatography separation
(PE/EtOAc v/v =2:1). The absolute configuration can be determined by comparing the
optical rotation of compound 2j with the value reported in the literature'. The
configurations of the other chiral products were then assigned by analogy.

3. General procedure for synthesis of compound rac-2

(0] o]

’?‘OEt TFA (10.0 eq) )—OEt

Et;SiH (3.0 eq) N
R N DCM (0.2 M), 1, 12 h R
N N
H
1

1 (0.2 mmol, 1.0 equiv.) was added to a 25 mL dry Shrek reaction tube equipped with
a stirred magnet, then the reaction tube was replaced three times under argon
atmosphere, 1.0 mL of dichloromethane (DCM) was added to the reaction tube through
a syringe, and then trifluoroacetic acid (2 mmol, 10.0 equiv.) was slowly added to the
reaction tube through a syringe, stirred until the raw material was completely dissolved,
and triethylsilane (0.6 mmol, 3.0 equiv.), place the reaction at room temperature for 12
h. After the reaction, trifluoroacetic acid was neutralized with saturated sodium
bicarbonate aqueous solution, then organic phase was extracted by dichloromethane,
the organic phase was dried with anhydrous sodium sulfate, and the residue was purified
by silica gel chromatography (PE/EtOAc v/v = 5:1) to obtain racemic product rac-2.
Some of the low-reactive substrates are hydrogenated using two equal amounts of
enantiomer metal ligand complexes to obtain racemic products, so there may be several
samples that are not completely racemic and two enantiomers are not equal (50/50).
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4. General procedure for synthesis of Compound 3a

o
0 0 )—OEt

>\’0Et ~ J\/CI —N

—N N s

s H >

\ > ol

o Kl, acetone,reflux,24 h N

” Br
Br H/N
e}
2a 3a

In argon atmosphere, to a solution of 2a (790 mg, 2 mmol) in acetone (15 mL) were
added 2-chloro-N-methylacetamide (258 mg, 2.4 mmol), KI (166 mg, 1 mmol), and
K2COs3 (413 mg, 3 mmol). The reaction mixture was heated at 70 °C for 24 h, cooled
to room temperature, and then the solid was removed by filtration through celite, and
the filtrate was concentrated under vacuum. The residue was dissolved in CHCly,
washed by saturated NaCl, and then was dried over anhydrous Na2SO4, and the filtrate
was concentrated under vacuum to give crude product 3a. The residue was purified by
silica gel flash column chromatography (EA) to give the compound 3a. [o]p> + 21.3 (¢
1.0, CHCl3). "TH NMR (600 MHz, Chloroform-d) & 7.28 (d, J = 8.0 Hz, 1H), 7.09 (d, J
=6.4 Hz, 1H), 6.73 (t, J=7.6 Hz, 1H), 4.39 (d, /= 17.9 Hz, 1H), 4.09 (s, 2H), 3.99 —
3.14 (m, 8H), 2.91 (d, J=4.9 Hz, 3H), 2.02 — 1.90 (m, 1H), 1.89 — 1.77 (m, 1H), 1.23
(s, 3H) ppm. 13C NMR (151 MHz, Chloroform-d) & 171.5, 155.7, 134.3, 133.6, 123 .4,
122.5,104.9,65.6,61.5,55.3,43.5,40.9,39.9, 26.1, 14.6 ppm. The enantiomeric excess
was determined by HPLC analysis on Daicel Chiralpak AD-3 column (0.46 % 25 cm),
Hexane/'PrOH = 85:15, flow rate = 1.0 mL/min, A =254 nm, tg: 7.941 min (S, R) (major),
11.994 min (R, S) (minor). HRMS (ESl/ion trap) m/z: [M + H]" caled for
C17H22BrN303" : 396.0917, found: 396.0918.
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5. Characterization date of 1, 2 and 3a

O
S

A\
N
Br

1a
Ethyl 6-bromo-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1a): The
procedure was followed using 2-bromobenzazine hydrochloride (4a, 4.44 g, 20 mmol,
1.0 equiv.) and N-ethoxycarbonyl-4-piperidone (5, 3.0 mL, 20 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1a as a white
solid (5.41 g, 84% vyield). 'H NMR (600 MHz, Chloroform-d) & 8.15 (s, 1H), 7.39 (d,
J=7.8Hz,1H), 7.30 (d, J=7.6 Hz, 1H), 6.98 (t, J = 7.8 Hz, 1H), 4.67 (s, 2H), 4.21 (q,
J=7.1Hz, 2H), 3.88 (s, 2H), 2.88 (s, 2H), 1.31 (t, J = 7.1 Hz, 3H) ppm. 13C NMR (151
MHz, Chloroform-d) 6 156.1, 134.5, 132.8, 126.7, 123.9, 120.8, 116.7, 108.5, 104.3,
61.6, 41.1, 23.3, 14.7 ppm. HRMS (ESl/ion trap) m/z: [M + H]* calcd for
C14H17BrN202" : 323.0390, found: 323.0388.

0]
o

N
N
H
Cl
1b

Ethyl 6-chloro-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1b): The
procedure was followed using 2-chlorobenzazine hydrochloride (4b, 3.56 g, 20 mmol,
1.0 equiv.) and N-ethoxycarbonyl-4-piperidone (5, 3.0 mL, 20 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1b as a
white solid (4.50 g, 81% yield). *H NMR (600 MHz, Chloroform-d) & 8.19 (s, 1H),
7.35(d,J=7.8Hz, 1H), 7.15(d, J = 7.6 Hz, 1H), 7.03 (t, J = 7.8 Hz, 1H), 4.68 (s, 2H),
4.21 (9, J = 7.1 Hz, 2H), 3.88 (s, 2H), 2.88 (s, 2H), 1.31 (t, J = 7.1 Hz, 3H) ppm. 3C
NMR (151 MHz, Chloroform-d) 6 156.1, 133.1, 127.0, 121.0, 120.4, 116.2, 108.4, 61.6,
41.1, 23.4, 14.7 ppm. HRMS (ESl/ion trap) m/z: [M + H]* calcd for Ci14H15CIN20;" :
279.0895, found: 279.0892.
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IZ/

Cl
1c

Methyl 6-chloro-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1c):
The procedure was followed using 2-chlorobenzazine hydrochloride (4c, 3.56 g, 20
mmol, 1.0 equiv.) and N-methoxycarbonyl-4-piperidone (5c, 3.14 g, 20 mmol, 1.0
equiv.). Purification using condition of silica gel chromatography afforded product 1c
as a white solid (3.60 g, 70% yield). *H NMR (600 MHz, Chloroform-d) 6 8.13 (s, 1H),
7.34 (d,J=7.6 Hz, 1H), 7.15 (d, J = 7.6 Hz, 1H), 7.04 (t, J = 7.8 Hz, 1H), 4.67 (s, 2H),
3.89 (s, 2H), 3.77 (s, 3H), 2.88 (s, 2H) ppm. C NMR (151 MHz, Chloroform-d) &
156.5, 133.1, 126.9, 121.1, 120.5, 116.1, 52.8, 41.2, 23.3 ppm. HRMS (ESl/ion trap)
m/z: [M + H]+ calcd for C13H13CIN202* : 265.0738, found: 265.0736.

N

N

H
F

1d

Ethyl 6-fluoro-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1d): The
procedure was followed using 2-fluorobenzazine hydrochloride (4d, 3.24 g, 20 mmol,
1.0 equiv.) and N-ethoxycarbonyl-4-piperidone (5, 3.0 mL, 20 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1d as a
white solid (2.83 g, 54% yield). '"H NMR (400 MHz, Chloroform-d) & 8.16 (s, 1H),
7.21(d,J=79Hz, 1H), 7.01 (td, J=7.9, 4.8 Hz, 1H), 6.87 (dd, J=11.2, 7.9 Hz, 1H),
4.68 (s, 2H), 4.21 (q,J="7.1 Hz, 2H), 3.87 (s, 2H), 2.87 (t, J=5.8 Hz, 2H), 1.31 (t,J =
7.1 Hz, 3H) ppm. 3C NMR (101 MHz, DMSO-ds) 8 155.1, 150.1, 147.7, 134.0, 129.0,
123.3 (d,J=13.1 Hz), 119.0 (d, /= 6.3 Hz), 113.5 (d, /=2.2 Hz), 106.7, 105.7 (d, J =
16.3 Hz), 60.9, 40.9, 23.2, 14.6 ppm. ’F NMR (376 MHz, Chloroform-d) § -135.12
ppm.
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A\
N
H
Me
1e

Ethyl 6-methyl-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1e): The
procedure was followed using o-tolylhydrazine hydrochloride (4e, 3.16 g, 20 mmol, 1.0
equiv.) and N-ethoxycarbonyl-4-piperidone (5, 3.0 mL, 20 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1e as a white
solid (4.79 g, 93% yield). '"H NMR (600 MHz, Chloroform-d) & 8.11 (s, 1H), 7.33 (d,
J=17.8 Hz, 1H), 7.05 (t, J= 7.5 Hz, 1H), 6.99 (d, J=7.1 Hz, 1H), 4.72 (d, J = 8.3 Hz,
2H), 4.24 (q, J= 7.1 Hz, 2H), 3.89 (q, J = 10.9, 8.7 Hz, 2H), 2.87 (t, J = 5.6 Hz, 2H),
2.49 (s, 3H), 1.33 (t,J="7.1 Hz, 3H) ppm. 13C NMR (151 MHz, Chloroform-d) & 156.2,
135.3,131.7,124.9,122.2,119.7,115.1, 107.5, 61.5,41.3, 23.3, 16.6, 14.7 ppm. HRMS
(ESI/ion trap) m/z: [M + H]" caled for CisHigN2O2" : 259.1441, found: 259.1439.

1f

Ethyl 6-methoxy-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1f):
The procedure was followed using 2-methoxybenzazine hydrochloride (4f, 1.74 g, 10
mmol, 1.0 equiv.) and N-ethoxycarbonyl-4-piperidone (5, 1.5 mL, 10 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1f as a white
solid (1.86 g, 68% yield). "H NMR (600 MHz, Chloroform-d) & 8.24 (s, 1H), 7.08 (d,
J=79Hz, 1H), 7.03 (t, /= 7.8 Hz, 1H), 6.64 (d, J=7.6 Hz, 1H), 4.69 (s, 2H), 4.22 (q,
J=17.1Hz, 2H), 3.95 (s, 3H), 3.88 (s, 2H), 2.83 (t, /= 5.8 Hz, 2H), 1.31 (t, /= 7.1 Hz,
3H) ppm. 3C NMR (151 MHz, Chloroform-d) & 156.2, 145.7, 131.5, 126.7, 126.0,
120.0, 110.4, 107.5, 101.9, 61.5, 55.3,41.3, 23.3, 14.7 ppm. HRMS (ESI/ion trap) m/z:
[M + H]" caled for CisHisN203" : 275.1390, found: 275.1387.
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A\
N
Et

19
Ethyl 6-ethyl-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1g): The
procedure was followed using 2-ethylbenzazine hydrochloride (4g, 1.7 g, 10 mmol, 1.0
equiv.) and N-ethoxycarbonyl-4-piperidone (5, 1.5 mL, 10 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1g as a white
solid (2.06 g, 76% yield). 'TH NMR (600 MHz, Chloroform-d) & 8.46 (s, 1H), 7.36 (s,
1H), 7.13 (s, 1H), 7.07 (s, 1H), 4.77 (s, 2H), 4.28 (q, J= 7.1 Hz, 2H), 3.93 (s, 2H), 2.92
—2.87 (m, 4H), 1.40 (t, J = 7.6 Hz, 3H), 1.37 (t, J= 7.1 Hz, 3H) ppm. 3C NMR (151
MHz, Chloroform-d) 6 156.2, 134.6, 131.6, 126.3, 125.1, 120.2, 119.7, 115.1, 107.3,
61.5, 41.3, 24.0, 23.3, 14.6, 13.9 ppm. HRMS (ESI/ion trap) m/z: [M + H]" calcd for
Ci6H20N20," : 273.1598, found: 273.1595.

1h

Ethyl 6-isopropyl-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1h):
The procedure was followed using 2-isopropylbenzazine hydrochloride (4h, 1.86 g, 10
mmol, 1.0 equiv.) and N-ethoxycarbonyl-4-piperidone (5, 1.5 mL, 10 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1h as a
white solid (1.4 g, 49% yield). '"H NMR (600 MHz, Chloroform-d) & 8.16 (s, 1H), 7.33
(d,J=7.6 Hz, 1H), 7.12 (t,J=6.9 Hz, 1H), 7.08 (d, J= 6.9 Hz, 1H), 4.72 (s, 2H), 4.23
(q,J="7.1 Hz, 2H), 3.91 (s, 2H), 3.24 (p, /= 6.6 Hz, 1H), 2.89 (t, J=5.1 Hz, 2H), 1.40
(d, J=6.9 Hz, 6H), 1.33 (t,J = 7.1 Hz, 3H) ppm. 3C NMR (151 MHz, Chloroform-d)
0 156.2, 134.0, 131.5, 131.0, 125.3, 119.9, 117.7, 115.1, 107.6, 61.5, 41.3, 29.3, 23 .4,
22.7,14.7 ppm. HRMS (ESl/ion trap) m/z: [M + H]" caled for Ci17H22N20," : 287.1754,
found: 287.1751.
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Ethyl 8-methyl-1,3,4,5-tetrahydro-2H-pyrido|4,3-b]indole-2-carboxylate (1i): The
procedure was followed using p-tolylbenzazine hydrochloride (4i, 1.58 g, 10 mmol, 1.0
equiv.) and N-ethoxycarbonyl-4-piperidone (5, 1.5 mL, 10 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1i as a white
solid (2.45 g, 95% yield). 'H NMR (600 MHz, DMSO-ds) 5 10.76 (s, 1H), 7.20 — 7.18
(m, 2H), 6.89 — 6.84 (m, 1H),4.57 (s, 2H), 4.11 (q,J=7.1 Hz, 2H), 3.75 (t, /= 5.5 Hz,
2H), 2.78 (t,J = 5.5 Hz, 2H), 2.36 (s, 3H), 1.23 (t,J= 7.1 Hz, 3H) ppm. ¥*C NMR (151
MHz, DMSO-ds) 6 155.2, 134.2, 132.5, 127.0, 125.4, 122.1, 116.9, 110.6, 105.0, 60.8,
41.00, 22.9, 21.2, 14.7 ppm.
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Ethyl 1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1j): The procedure
was followed using benzazine hydrochloride (4j, 1.44 g, 10 mmol, 1.0 equiv.) and N-
ethoxycarbonyl-4-piperidone (5, 1.5 mL, 10 mmol, 1.0 equiv.). Purification using
condition of'silica gel chromatography afforded product 1j as a white solid (2.14 g, 88%
yield). '"H NMR (600 MHz, Chloroform-d) & 7.87 (brs, 1H), 7.46 (d, J = 7.8 Hz, 1H),
7.31(d,J=8.0Hz, 1H), 7.16 (t,J= 7.6 Hz, 1H), 7.11 (t, J= 7.4 Hz, 1H), 4.70 (s, 2H),
4.20 (q, J = 7.1 Hz, 2H), 3.88 (s, 2H), 2.85 (s, 2H), 1.31 (t, J = 7.1 Hz, 3H) ppm. 3C
NMR (151 MHz, Chloroform-d) 6 156.3, 134.7, 133.0, 126.8, 124.1, 120.9, 116.8,
108.5, 104.4, 61.8, 41.3, 23.5, 14.9 ppm.
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Ethyl 8-fluoro-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1k): The
procedure was followed using 4-fluorobenzazine hydrochloride (4k, 1.62g, 10 mmol,
1.0 equiv.) and N-ethoxycarbonyl-4-piperidone (5, 1.5 mL, 10 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1k as a
white solid (2.38 g, 91% yield). '"H NMR (400 MHz, Chloroform-d) & 7.94 (s, 1H),
7.21 (dd, J=8.8,4.3 Hz, 1H), 7.09 (dd, /=9.4, 2.5 Hz, 1H), 6.89 (td, /=9.1, 2.5 Hz,
1H), 4.65 (s, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.86 (s, 2H), 2.84 (t, J = 5.8 Hz, 2H), 1.31
(t, J= 7.1 Hz, 3H) ppm. *C NMR (101 MHz, DMSO-ds) & 156.7 (d, J = 231.0 Hz),
155.1, 134.8, 132.5, 125.3 (d, J=10.1 Hz), 111.7 (d, J = 9.8 Hz), 108.4 (d, J = 25.8
Hz), 105.9, 102.3 (d, J = 23.4 Hz), 60.9, 40.9, 23.0, 14.6 ppm. ’F NMR (376 MHz,
Chloroform-d) 6 -124.38 ppm.
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Ethyl 8-chloro-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (11): The
procedure was followed using 4-chlorobenzazine hydrochloride (41, 1.78 g, 10 mmol,
1.0 equiv.) and N-ethoxycarbonyl-4-piperidone (5, 1.5 mL, 10 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 11 as a white
solid (2.36 g, 85% yield). '"H NMR (400 MHz, Chloroform-d) & 8.03 (s, 1H), 7.41 (s,
1H), 7.21 (d, J= 8.6 Hz, 1H), 7.10 (dd, J = 8.6, 2.0 Hz, 1H), 4.64 (s, 2H), 4.20 (q, J =
7.1 Hz, 2H), 3.86 (s, 2H), 2.83 (t, J = 5.7 Hz, 2H), 1.31 (t, J = 7.1 Hz, 3H) ppm. 13C
NMR (101 MHz, DMSO-ds) 6 155.1, 134.3, 126.2, 123.2, 120.4, 116.7, 112.3, 105.6,
60.8, 40.8, 22.8, 14.6 ppm.
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Ethyl 8-bromo-1,3,4,5-tetrahydro-2H-pyrido[4,3-b]indole-2-carboxylate (1m):
The procedure was followed using 4-bromobenzazine hydrochloride (4m, 2.21 g, 10
mmol, 1.0 equiv.) and N-ethoxycarbonyl-4-piperidone (5, 1.5 mL, 10 mmol, 1.0 equiv.).
Purification using condition of silica gel chromatography afforded product 1m as a
white solid (2.16 g, 67% yield). '"H NMR (400 MHz, Chloroform-d) & 8.02 (s, 1H),
7.57 (s, 1H), 7.23 (dd, J= 8.6, 1.9 Hz, 1H), 7.17 (d, J= 8.6 Hz, 1H), 4.64 (s, 2H), 4.20
(q,/=7.1 Hz, 2H), 3.86 (s, 2H), 2.83 (t, /= 5.8 Hz, 2H), 1.31 (t,J= 7.1 Hz, 3H) ppm.
13C NMR (101 MHz, DMSO-ds) & 155.1, 134.5, 126.9, 123.0, 119.7, 112.8, 111.1,
105.5, 60.9, 40.8, 22.8, 14.6 ppm.
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Ethyl (4aS8,9bR)-6-bromo-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2a): The procedure was followed using 1a (32 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2a as an oily yellow solid (29.8 mg, 92% yield). [a]p® + 55.0 (¢ 1.0, CHCI;).
TH NMR (600 MHz, Chloroform-d) 8 7.19 (d, /= 8.0 Hz, 1H), 7.04 (d, /= 7.2 Hz, 1H),
6.59 (t,J="7.6 Hz, 1H), 4.16 — 4.08 (m, 2H), 4.03 (q, /= 5.5 Hz, 1H), 4.00 — 3.72 (m,
2H), 3.61 — 3.53 (m, 1H), 3.48 — 3.21 (m, 3H), 1.95 — 1.87 (m, 1H), 1.83 — 1.74 (m,
1H), 1.25 (brs, 3H) ppm. ¥C NMR (151 MHz, Chloroform-d) & 155.6, 149.3, 131.5,
130.5, 123.0, 120.1, 103.7, 61.3, 56.9, 43.6, 41.8, 39.6, 27.8, 14.7 ppm. The
enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak OD-3
column (0.46 x 25 cm), Hexane/'PrOH = 85:15, flow rate = 1.0 mL/min, 2 = 210 nm,
tz: 7.961 min (S, R) (major), 12.177 min (R, S) (minor). HRMS (ESVU/ion trap) m/z: [M
+ H]" caled for Ci14H17BrN20O," : 325.0546, found: 325.0545.
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Ethyl (4aS,9bR)-6-chloro-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2b): The procedure was followed using 1b (28 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2b as an oily yellow solid (24.3 mg, 87% yield). [a]p? + 41.3 (c 0.3, CHCl5).
'"H NMR (600 MHz, Chloroform-d) & 7.04 (d, /= 8.1 Hz, 1H), 7.00 (d, J= 7.3 Hz, 1H),
6.66 (t,J=7.7 Hz, 1H), 4.18 — 4.08 (m, 2H), 4.03 (dt, J=9.6, 4.9 Hz, 1H), 3.94 - 3.17
(m, 6H), 1.96 — 1.88 (m, 1H), 1.83 — 1.74 (m, 1H), 1.25 (brs, 3H) ppm. 13C NMR (151
MHz, Chloroform-d) & 155.6, 147.8,131.7,127.7,122.4,119.7, 115.3, 61.3, 57.3, 43.6,
41.6,39.6, 27.8, 14.7 ppm. The enantiomeric excess was determined by HPLC analysis
on Daicel Chiralcel OD-H column (0.46 x 25 cm), Hexane/'PrOH = 85:15, flow rate =
1.0 mL/min, A =254 nm, tz: 9.468 min (S, R) (major), 12.566 min (R, S) (minor). HRMS
(ESI/ion trap) m/z: [M + H]" caled for Ci4H17CIN2O>" : 281.1051, found: 281.1048.

0

>——O\
—N
@...7
N
H
Cl
2c

Methyl (4aS,9bR)-6-chloro-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2¢): The procedure was followed using 1¢ (26.4 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2¢ as an oily yellow solid (25 mg, 95% yield). [a]p* + 66.5 (c 1.0, CHCl3).'H
NMR (600 MHz, Chloroform-d) & 7.05 (d, J = 8.1 Hz, 1H), 7.00 (s, 1H), 6.66 (t, J =
7.6 Hz, 1H), 4.12 — 3.95 (m, 2H), 3.94 — 3.75 (m, 1H), 3.69 (s, 3H), 3.59 (s, 1H), 3.48
—3.40 (m, 1H), 3.40 — 3.21 (m, 2H), 1.92 (s, 1H), 1.85 — 1.75 (m, 1H) ppm. 3C NMR
(151 MHz, Chloroform-d) ¢ 156.0, 147.8, 131.6, 127.8,122.5,119.8, 115.4, 57.2, 52.6,
43.8,41.6,39.7, 27.9 ppm. The enantiomeric excess was determined by HPLC analysis
on Daicel Chiralcel OD-H column (0.46 x 25 ¢cm), Hexane/'PrOH = 85:15, flow rate =
1.0 mL/min, 4 = 254 nm, tz: 12.083 min (S, R) (major), 16.736 min (R, S) (minor).
HRMS (ESl/ion trap) m/z: [M + H]" calcd for Ci3HisCIN2O2" : 267.0895, found:
267.0893.
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Ethyl (4aS,9bR)-6-fluoro-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2d): The procedure was followed using 1d (26 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2d as an oily yellow solid (23.7 mg, 90% yield). [a]p? + 52.5 (¢ 1.0, CHCl5).
'"H NMR (400 MHz, Chloroform-d) 6 6.92 (d, J = 7.3 Hz, 1H), 6.84 (t, 1H), 6.67 (td, J
=7.8,4.6 Hz, 1H), 4.13 (qq, J=7.2, 3.6 Hz, 2H), 4.04 (dt,/=7.1,4.9 Hz, 1H), 3.97 —
3.70 (m, 2H), 3.63 — 3.54 (m, 1H), 3.50 — 3.40 (m, 1H), 3.31 (brs, 2H), 1.92 (ddt, J =
14.2, 9.4, 4.6 Hz, 1H), 1.79 (dq, J = 14.4, 4.9 Hz, 1H), 1.29 — 1.23 (m, 3H) ppm. 3C
NMR (101 MHz, Chloroform-d) 6 155.6, 150.5, 148.1, 137.6 (d, J = 12.7 Hz), 133.8,
119.6 (d, J=19.8 Hz), 114.6 (d, J = 17.4 Hz), 61.2, 58.2, 43.6, 41.2, 39.6, 27.9, 14.7
ppm. F NMR (376 MHz, Chloroform-d) & -135.4 ppm. The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralpak AD-3 column (0.46 x 25 cm),

Hexane/PrOH = 85:15, flow rate = 1.0 mL/min, 1 = 254 nm, tz: 6.770 min (R, S)
(minor), 7.625 min (S, R) (major).
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Ethyl (4aS,9bR)-6-methyl-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2¢): The procedure was followed using 1e (25.8 mg, 0.1 mmol, 1.0 equiv.)
under H (40 atm). Purification using condition of silica gel chromatography afforded
product 2e as an oily yellow solid (24.7 mg, 95% yield). [a]p® + 29.9 (¢ 1.0, CHCl5).
TH NMR (600 MHz, Chloroform-d) 8 6.99 (d,J=7.3 Hz, 1H), 6.90 (d, /= 7.5 Hz, 1H),
6.68 (t,J=7.4Hz, 1H), 4.19 — 4.08 (m, 2H), 3.98 (dt,J=7.3,4.9 Hz, 1H), 3.95 -3.73
(m, 1H), 3.65 — 3.12 (m, 5H), 2.14 (s, 3H), 1.92 (td, /= 9.4, 4.7 Hz, 1H), 1.82 — 1.76
(m, 1H), 1.26 (s, 1H) ppm. 3C NMR (151 MHz, Chloroform-d) 8 155.6, 149.3, 129.4,
128.9,121.6,119.1,61.2,57.2,43.9,41.1,39.7,28.1, 16.7, 14.7 ppm. The enantiomeric
excess was determined by HPLC analysis on Daicel Chiralcel OD-H column (0.46 X
25 cm), Hexane/'PrOH = 90:10, flow rate = 1.0 mL/min, A =210 nm, tz: 14.152 min (S,
R) (major), 15.283 min (R, S) (minor). HRMS (ESI/ion trap) m/z: [M + H]" caled for
C15H1sN202" : 261.1598, found: 261.1595.
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Ethyl (4aS,9bR)-6-methoxy-1,3.4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2f): The procedure was followed using 1f (27 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2f as an oily yellow solid (20 mg, 73% yield). [a]p® + 7.9 (c 1.0, CHCIl3).'H
NMR (600 MHz, Chloroform-d) 6 6.80 (d, J = 7.3 Hz, 1H), 6.73 (t, J = 7.7 Hz, 1H),
6.69 (d,J="7.7 Hz, 1H), 4.17 — 4.09 (m, 2H), 4.06 — 3.88 (m, 2H), 3.83 (s, 3H), 3.82 —
3.56 (m, 2H), 3.48 — 3.38 (m, 1H), 3.36 — 3.04 (m, 2H), 1.95 — 1.87 (m, 1H), 1.84 —
1.74 (m, 1H), 1.26 (brs, 3H) ppm. 3C NMR (151 MHz, Chloroform-d) & 155.6, 145.6,
139.6, 131.5, 119.7, 116.7, 109.8, 77.6 — 76.3 (m), 61.2, 57.9, 55.3, 44.0, 41.4, 39.7,
28.0, 14.7 ppm. The enantiomeric excess was determined by HPLC analysis on Daicel
Chiralcel OD-H column (0.46 x 25 cm), Hexane/'PrOH = 85:15, flow rate = 1.0 mL/min,

A =210 nm, tz: 10.443 min (S, R) (major), 20.118 min (R, S) (minor). HRMS (ESI/ion
trap) m/z: [M + H]" calcd for CisH0N2O3" : 277.1547, found: 277.1544.
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Ethyl (4aS,9bR)-6-ethyl-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-

carboxylate (2g): The procedure was followed using 1g (27 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2g as an oily yellow solid (24.6 mg, 90% yield). [a]p® + 30.3 (¢ 1.0, CHCI;).
TH NMR (600 MHz, Chloroform-d) & 7.00 (d, /= 7.3 Hz, 1H), 6.94 (d, /= 7.5 Hz, 1H),
6.73 (t,J=7.4 Hz, 1H), 4.18 — 4.08 (m, 2H), 3.98 (dt, /= 7.4, 5.0 Hz, 1H), 3.94 —3.18
(m, 6H), 2.49 (q, /= 7.6 Hz, 2H), 1.91 (ddt, J = 14.0, 9.3, 4.7 Hz, 1H), 1.80 — 1.74 (m,
1H), 1.31 — 1.20 (m, 6H) ppm. *C NMR (151 MHz, Chloroform-d) 8 155.6, 148.6,
129.4, 126.8, 125.3, 121.6, 119.1, 61.1, 57.2, 43.8, 41.1, 39.7, 28.1, 23.9, 14.7, 13.2
ppm. The enantiomeric excess was determined by HPLC analysis on Daicel Chiralcel
OD-H column (0.46 x 25 ¢cm), Hexane/'PrOH = 90:10, flow rate = 1.0 mL/min, A = 254
nm, tz: 10.727 min (R, S) (minor), 13.120 min (S, R) (major). HRMS (ESI/ion trap) m/z:
[M + H]" caled for Ci6H22N202" : 275.1754, found: 275.1751.

S20



O

»’O\/
—N
Wi
N
H
iPr
2h

Ethyl (4aS,9bR)-6-isopropyl-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2h): The procedure was followed using 1h (28 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2h as an oily yellow solid (22 mg, 77% yield). [a]p?* + 13.6 (¢ 1.0, CHCl3).'H
NMR (600 MHz, Chloroform-d) 6 7.01 — 6.98 (m, 2H), 6.75 (t, /= 7.5 Hz, 1H), 4.13
(qq, J = 10.6, 7.1 Hz, 2H), 3.97 (dt, J = 7.3, 5.1 Hz, 1H), 3.94 — 3.20 (m, 6H), 2.81
(hept, J= 6.9 Hz, 1H), 1.95 — 1.87 (m, 1H), 1.80 — 1.73 (m, 1H), 1.30 — 1.22 (m, 9H)
ppm. 3C NMR (151 MHz, Chloroform-d) 8 155.7, 148.1, 130.1, 124.1, 121.6, 119.3,
61.2,57.2,43.8,41.2,39.9, 28.9, 28.2,22.2, 22.2, 14.8 ppm. The enantiomeric excess
was determined by HPLC analysis on Daicel Chiralcel OD-H column (0.46 x 25 cm),
Hexane/'PrOH = 90:10, flow rate = 1.0 mL/min, A =254 nm, tz: 6.447 min (S, R) (major),
7.545 min (R, S) (minor). HRMS (ESI/ion trap) m/z: [M + H]" calcd for C17H24N205" :
289.1911, found: 289.1907.
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Ethyl (4aS,9bR)-8-methyl-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2i): The procedure was followed using 1i ( 26 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2i as an oily yellow solid (25.7 mg, 99% yield). [a]p?’ + 53.9 (c 1.0, CHCl5).
"H NMR (400 MHz, Chloroform-d) 8 6.95 (s, 1H), 6.86 (d, J= 7.8 Hz, 1H), 6.58 (d, J
=7.8 Hz, 1H), 4.21 — 4.05 (m, 2H), 3.98 — 3.91 (m, 1H), 3.87 — 3.10 (m, 6H), 2.25 (s,
3H), 1.88 (tt, J=9.3, 4.7 Hz, 1H), 1.82 — 1.67 (m, 1H), 1.32 — 1.22 (m, 3H) ppm. 1*C
NMR (151 MHz, Chloroform-d) 6 155.6, 148.3, 130.3, 128.3, 124.9, 109.9, 61.2, 57.6,
43.9, 40.9, 39.8, 28.0, 20.8, 14.7 ppm. The enantiomeric excess was determined by
HPLC analysis on Daicel Chiralcel OD-H column (0.46 x 25 c¢cm), Hexane/'PrOH =
85:15, flow rate = 1.0 mL/min, 4 =254 nm, tz: 5.821 min (S, R) (major), 9.116 min (R,

S) (minor).
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Ethyl (4aS,9bR)-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-carboxylate
(2j): The procedure was followed using 1j (24 mg, 0.1 mmol, 1.0 equiv.) under H» (40
atm). Purification using condition of silica gel chromatography afforded product 2j as
an oily yellow solid (23 mg, 95% yield). [o]p?® + 75.0 (¢ 1.0, CHCI3). '"H NMR (400
MHz, Chloroform-d) 6 7.13 (d, J=7.2Hz, 1H), 7.05 (td,J=7.6, 1.2 Hz, 1H), 6.73 (td,
J=17.4,0.8 Hz, 1H), 6.66 (d,J=7.8Hz, 1H), 4.20 —4.06 (m, 2H), 3.97 (dt,J=6.8, 4.9
Hz, 1H), 3.96 — 3.64 (m, 2H), 3.63 — 3.53 (m, 1H), 3.49 — 3.11 (m, 3H), 1.90 (ddt, J =
14.1, 9.3, 4.6 Hz, 1H), 1.76 (ddd, J = 14.4, 9.3, 5.3 Hz, 1H), 1.26 (t, J =6.6 Hz, 3H)
ppm. ¥C NMR (151 MHz, Chloroform-d) & 155.7, 150.9, 130.1, 128.1, 124.3, 119.1,
110.0, 61.3, 57.5, 43.9, 41.0, 39.8, 28.1, 14.8 ppm. The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralpak OD-3 column (0.46 x 25 cm),
Hexane/’PrOH = 85:15, flow rate = 1.0 mL/min, A = 210 nm, tz: 10.812 min (R, S)
(minor), 11.642 min (S, R) (major).
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Ethyl (4aS,9bR)-8-fluoro-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2k): The procedure was followed using 1k (26 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2k as an oily yellow solid (23 mg, 87% yield). [a]p** + 60.0 (¢ 1.0, CHCl3).'H
NMR (400 MHz, Chloroform-d) 6 6.85 (dd, J= 8.2, 2.6 Hz, 1H), 6.74 (td, J= 8.9, 2.6
Hz, 1H), 6.56 (dd, J= 8.5, 4.3 Hz, 1H), 4.20 — 4.05 (m, 2H), 4.02 — 3.93 (m, 1H), 3.93
—3.67 (m, 1H), 3.69 — 3.11 (m, 5H), 1.94 — 1.82 (m, 1H), 1.77 — 1.68 (m, 1H), 1.35 —
1.17 (m, 3H) ppm. 3C NMR (101 MHz, Chloroform-d) 8 157.0 (d, J=236.0 Hz), 155.6,
146.7, 114.0 (d, J=23.3 Hz), 111.7 (d, /= 24.0 Hz), 110.2 (d, J = 8.0 Hz), 61.3, 58.0,
43.6, 41.1, 39.7, 27.9, 14.7 ppm. 'F NMR (376 MHz, Chloroform-d) & -125.6 ppm.
The enantiomeric excess was determined by HPLC analysis on Daicel Chiralcel OD-H
column (0.46 x 25 cm), Hexane/'PrOH = 85:15, flow rate = 1.0 mL/min, 4 = 254 nm,
tz: 9.008 min (R, S) (minor), 14.061 min (S, R) (major).
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Ethyl (4aS,9bR)-8-chloro-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (21): The procedure was followed using 11 (27.8 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 21 as an oily yellow solid (27 mg, 98% yield). [a]p*> + 31.0 (¢ 1.0, CHCl3).'H
NMR (400 MHz, Chloroform-d) 6 7.07 (d, J = 2.1 Hz, 1H), 6.99 (dd, J = 8.3, 2.2 Hz,
1H), 6.55 (d, J=8.2 Hz, 1H), 4.21 — 4.04 (m, 2H), 4.02 - 3.93 (m, 1H), 3.93 —3.63 (m,
2H), 3.59 —3.10 (m, 4H), 1.94 — 1.82 (m, 1H), 1.72 (s, 1H), 1.25 (s, 3H) ppm. 3C NMR
(151 MHz, Chloroform-d) 6 155.5,149.3, 131.6, 127.7, 124.4, 123.4, 110.6, 61.3, 57.7,
43.4,41.0, 39.7, 27.8, 14.6 ppm. The enantiomeric excess was determined by HPLC
analysis on Daicel Chiralcel OD-H column (0.46 x 25 cm), Hexane/PrOH = 85:15,
flow rate = 1.0 mL/min, A = 210 nm, tz: 9.429 min (R, S) (minor), 19.070 min (S, R)
(major).

o
>
:\——N
: _”7
N
H

Br

2m

Ethyl (4aS,9bR)-8-bromo-1,3,4,4a,5,9b-hexahydro-2H-pyrido[4,3-b]indole-2-
carboxylate (2m): The procedure was followed using 1m (32 mg, 0.1 mmol, 1.0 equiv.)
under H» (40 atm). Purification using condition of silica gel chromatography afforded
product 2m as an oily yellow solid (28.7 mg, 89% yield). [a]p® + 21.0 (c 1.0, CHCl5).
'"H NMR (600 MHz, Chloroform-d) & 7.21 (d, J=2.0 Hz, 1H), 7.13 (dd, /= 8.2, 2.0
Hz, 1H), 6.52 (d, J=8.2 Hz, 1H), 4.19 —4.07 (m, 2H), 4.01 — 3.95 (m, 1H), 3.92 — 3.64
(m, 2H), 3.62 — 3.10 (m, 4H), 1.93 — 1.84 (m, 1H), 1.70 (s, 1H), 1.34 — 1.20 (m, 3H)
ppm. 3C NMR (101 MHz, Chloroform-d) § 155.5, 149.8, 132.2, 130.6, 127.2, 111.2,
110.4, 61.3, 57.6, 43.4, 41.0, 39.6, 27.8, 14.7 ppm. The enantiomeric excess was
determined by HPLC analysis on Daicel Chiralcel OD-H column (0.46 x 25 cm),
Hexane/'PrOH = 80:20, flow rate = 1.0 mL/min, A = 254 nm, tz: 7.589 min (R, S)
(minor), 14.031 min (S, R) (major).
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V Chiral HPLC analysis

TADT A, Sg=2104 Ref=360,100 (D-CHEMSTA \DATALBWZ-2024 1225 5024-12-36 21-41-T0elacalionio002 )
mAU 7]
° 3
O\_._ o
250 N N
n;\?
&
o
2004 N B s
H
Br
cis-(+)-2a
150 -
100
50
04
T T T T T T
6 8 10 12 14 16 iy
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

signal 1: DAD1 A, Sig=218,4 Ref=368,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %
----------- e P L
1 8.241 BB ©0.4050 7443 .57373 241.86877 47.7718
2 12.518 MM ©.7522 8137.93758 180.31686 52.2282

DADT A SG=2104 Ref=380,100 (D7CHEWSTA. TDAT ALBW\Z-2024 7326 20341225 2141 10VeRcaton0003 ]
mAU |
e}
7O
—N -
400 o : } ?E
S
N
H
Br

300 2a

200

100 -

o
T T T
] 8 10
Area Percent Report

Sorted By B Signal
Multiplier : 1.0008
Dilution : 1.6000

Use Multiplier & Dilution Factor with ISTDs

signal 1: DADL A, Sig=218,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAu] %
weee | [ [ o nnnnen [ ommnnn [ omsmnnen [
1 7.961 BB 8.4346 1.28227e4 384.99167 93.0155
2 12.177 MM 8.6223 962.84650 25.78707 6.9845
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DAD1 B, Sig=2544 Ref=360,100 (D:\CHEMSTA._\T\DATALBW\Z-20241225 2024-12-26 21-41-10Velacation00014.D)
mAU ]
o]
O\_..
N
80
|
H
Cl
60 -
i. 2b =
cis-(+) 3
@
- g
o
204
0 . T
T T T T T T T T
25 5 75 10 125 15 175 20 mir}
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=254,4 Ref=360,160
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

wenefeneeees [ R [memmnees [memmnens [meeeees [
1 9.484 BB @.2771 872.78882 48.69948 50.4419
2 12.598 BB ©.3926 857.49628 34.1951@ 49.5581

DAD1 B, Sig=254.4 Re=360,100 cD,\C;!EMSTA:\1\DATA“_EIW\Z—2024122& 2024-12-26 21-41-10\relacationD0015.D)

mAU
o}
Fo
—N
“ )
o
N
H
60 cl
2b
w
40 &
o
o
20
o
&
§
ﬁk‘@
0
T T T T T T T T
25 5 7.5 10 125 18 17.5 20 mi
Area Percent Report
Sorted By H Signal
Multiplier H 1.0008
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [mau*s] [mAU] %

S P (RN [[RES— [mmeemmnns [P [
1 9.468 MM 8.3168 591.44482 31.11912 93.4760
2 12.566 MM 8.4141  41.27868 1.66140 6.5240@
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DADT B, 519254 4 Rel=360,100 (DCHEMSTA \NDAT A\LBVV\Z-20041226 2024-12-26 21-41-10Veacalion00016 D)
mAU ]
o]
175 ?—D
N
N
150
] N
125 H g
Cl S
100 cis-(+)-2¢c
75
501
25
0 L
T T T T T T T T
8 10 12 14 16 18 20 22 mirg
Area Percent Report
Sorted By H Signal
Multiplier H 1.0088
Dilution H 1.e000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min] [maU*s] [maAU] %
wees | ens P [ o mnnmen [ ommnnnnn [ o I
1 12.e42 BB @.3444 2275.42896 101.95937 47.3859
2 16.603 MM 0.5173 2534.60815 81.66407 52.6941
DAD1 B, Sig=254,4 Ref=360,100 (D\CHEMSTA.. \I\DATAWLBW\Z-20241226 2024-12-26 21-41-10Vrelacation00017.0)
mAU
O
-0
100 —N N
" |>
80
M
H @
cl &
60 Z2c ¢
a0
204 >
&
8 ®
N Y
. -4
T T T T T T T T
8 10 12 14 16 18 20 22 mirf
Area Percent Report
Sorted By B Signal
Multiplier B 1.0008
Dilution : 1.0080

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height
# [min] [min] [mau*s] [mAU]

1 12.e83 BB ©.3540 1357.79626 59.09912 94.4537
2 16.736 MM @.5219  79.72942 2.54598  5.5463
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DAD1 D, Sig=230,4 Ref=off (D:\CHEMSTA...ATA\LBW\SIFT-AD-3(0-3-5-7) 2024-09-27 10-09-03\relacation00004.D)

mAU
({}J
] o]
175
N p—
150
N
H
125
cis-[+)-2d
100
75
50
25
0 EEE— — — =
T T T T T T T 1
5 6 1 8 9 10 1 min
Area Percent Report
Sorted By i Signal
Multiplier ] 1.0000
Dilution ] 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=23@,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R R e | | | |
1 6.735 BV 0.2521 1645.23657 93.11320 53.9597
2 7.586 VB 0.2944 1403.77651 68.11860 46.0403

DAD1 B, Sig=254,4 Ref=0ff (DA\CHEMSTA.. ATA\WLBW\SIFT-AD-3(0-3-5-7) 2024-09-27 10-09-03\relacation00005.D)

mAU
80
60
F
2d
40
@
4
@
~
20
1]
e
]
0 L S
T
4 5 6 7 8 9 10
Area Percent Report
Sorted By H Signal
Multiplier ] 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

weefeneenes s |eeceaees |eereaecs |eenaes \
1 6.77@ BB @.2318  19.52233 1.34897 3.@163
2 7.625 BB 09.3580 627.69568 25.78396 96.9837
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DAD1 A, Sig=210.4 Ref=360,100 (DACHEMSTA. .10-1.0-20MIN-5AND7 2024-10-22 20-51-45\002-P2-A3-LBW-RAC-5.D)

mAU
1400 | o
>
N
1200
w00 N
Me
cis-(+)-2e
] g
| N
a0 | A
| / 1
400 f i
1 ! \
] | | \
| | \
200 | \ ‘ \
| {
0_7 ~ - ./l‘ + -
————————————— - : = : = = =
10 1 12 13 L} 15 7 18 19 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution s 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=210,4 Ref=360,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] %
R loeefmnnnes [-neemnnes [-nmemnees [-neeens [
1 13.718 W R ©.396@ 2.33852e4 913.19647 47.4302
2 14.989 VB ©9.5211 2.59192e4  773.89369 52.5698
DAD1 A, Sig=210,4 Ref=360,100 (D:\CHEMSTA..ODH-10-1.0-20MIN-5AND7 2024-10-22 20-51-45003-P2-A4-LBW-5.D)
mAU
1400
o]
Q
1200
—N U
1000 "
N
H
Me
LY 2e
600
100 -
200
0 - L —
10 11 12 13 14 15 16 17 18 19 min
Area Percent Report
Sorted By £ Signal
Multiplier E 1.0000
Dilution E 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=218,4 Ref=360,100
Peak RetTime Type Width Area Height Area
[mAU] %

#  [min]

466.88077 97.9497

1 14.152 MM
2 15.283 MM

[min]  [mAU*s]

0.4263 1.19428e4
@.4582 249.99068

9.89393

2.8503
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DAD1 A, Sig=210,4 Ref=360,100 (D:\CHEMSTA. .\DATAILBW\BW -EXTRA 2024-10-24 10-33-15Y004-P2-A3-lbw-6-rac.0)

mAU
O
250
O
N
w0 8
N
M H
A Me
150 I cis.(+)-2
(1
o
2
100 - | 2
| A\
\ /
|
] | |
50 | /
| \ N / \
0 . M ) S \ . - S
10 12 14 16 18 2 2 min
Area Percent Report
Sorted By ] Signal
Multiplier g 1.0088
Dilution g 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=218,4 Ref=36@,100
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mAU] %

1 1@.49%@ BB ©.3526 3834.98730 166.54272 50.7891
2 20.032 BB 8.6653 3715.82153  85.12731 49.21@9

DAD1 A, Sig=210,4 Ref=360,100 (D\CHEMSTATION\T\DATAILBWI\BW -EXTRA 2024-10-24 10-33-15\005-P2-A4-lbw6.D)

mAU
700
0
8007 o
2 —N
2 w,
-
500 N W
\ N
| Ote "
200 e
|
| 2f
|
300 [
200
[
100 ‘I \ =
/ g
a0 — e ==
10 12 14 16 18 20 22 min
Area Percent Report
Sorted By L Signal
Multiplier E 1.06000
Dilution E 1.0080

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, 5ig=218,4 Ref=360,108

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] %

1 1@.443 BB ©.3483 1.14382e4 501.19318 90,5835

2 20.118 BB 8.6272 1189.84828  25.92179  9.4165
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DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...\BW-ODH-1-4-10-16 2024-10-23 10-08- 18\006-P2-A5-Ibw-10-rac.D)

mAU
0
o
N
800
N
[}
| cis-(+)-2g
w
8
=]
N
A
400
200
|
|
o\
e AN
9 10 B 15 16 17 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
R P R P lommmmmenes |-mmmmmeeee [-mmmeeee [
1 10.695 VB ©.3892 1.25151e4  491.31598 51.1826

2 13.001 BB ©0.4708 1.19368e4  392.49207 48.8174

DAD1 B, Sig=254,4 Ref=360,100 (DACHEMSTA..\LBW\BW-ODH-1-4-10-16 2024-10-23 10-08-18\007-P2-A6-lbw-10.D)

mAU
0O
300 P?‘O\H
250 "
N
H
Et
200 29 <
=
o
150
100
50 |
~
R
g
0 e -~ .
9 10 n 12 13 1 1 16 17 min
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=254,4 Ref=360,100
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 18.727 BB 09.4465 305.14499 18.15657 5.6793

2 13.12e BB 08.4791 5867.76758 165.57484 94,3287
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DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...10-1.0-20MIN-5AND7 2024-10-22 20-51-45\004-P2-A5-LBW -RAC-7.D)

mAU
O
o
800 N
N
600 1 H
iPr
cis-{+)-2h
400
200
0
T T T T T T T ml
4 5 6 7 8 9 10 n min
Area Percent Report
Sorted By B Signal
Multiplier ] 1.0000
Dilution g 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mau] %
R R e [-mmmmeees [-mmmeeeees [-eeeeees |
1 6.537 BB 0.1908 5444.59473 444.97366 47.8712
2 7.630 BB 0.2244 5928.82080 410.85803 52.1288

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTA...ODH-10-1.0-20MIN-5AND7 2024-10-22 20-51-45\005-P2-A6-LBW-7.D)

mAU
250—‘
200
] iPr
150 | 2h ~
] 3
] bt
100~ \
s0-
| w0
2
! 1
4 =d
o o _ g
.50} | T
4 5 (] 7 8 ] 10 1 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.e008
Use Multiplier & Dilution Facter with ISTDs
Signal 1: DAD1 B, Sig=254,4 Ref=368@,18@
Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAu*s] [mau] %

B S P et o
1 6.447 BB ©.1881 1455.0033@ 119.44545 92.6716
2 7.545 BB 0.2367 115.06023 7.26898  7.3284
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DAD1 B, 5ig=254,4 Ref=360,100 (D:\CHEMSTATION\T\DAT ANLBVY X-1-2 2024-12-31 12-2 1-19elacation 00002.D)
maU 7 o
0O
-0,
—
400 e E:L/gj
N
H
200 cis-(+) 2i
200
100
0
T T T T T T T
2 4 6 8 10 12 14 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

signal 1: DADL B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [maU*s] [mAU] %
e E ([ PR [ommmmmnnee -mmnmnee- [ [
1 5.821 BB @8.1507 4708.84346 487.27863 49.2157
2 9.116 MM 0.2900 4858.10449 279.16730 50.7843

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEMSTATION\I\DAT ALLBW\X-1-2 2024-12-31 12-21-19\relacation00003.D)

mAU 7]

700 -

6004

500 -

400

300

2004

100 o

. VAW
T T T T T
] 2 4 8 12 14 mi
Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

signal 1: DAD1 B, Sig=254,4 Ref=36@,108

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mau] %
woe o R =mmmmeeees -mmemenees [ +mmmmeee [
1 5.980 VB 8.1788 96308.85566 769.91846 99.9480
2 9.857 MM 0.8386 5.41923 2.29465 0.0600
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DAD1 A, 51g=210,4 Ref=360, 100 (DACHEMSTA__ \DATALBVWIBW-FIRST 2024-10-14 10-48-26\008-P2-Ad-Ibw-racd D)
mAU ] 8
~
s 8
Q =
1400
7o
1200
1000
800
600 -
400
200
0-
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Use Multiplier & Dilution Factor with ISTDs

signal 1: DAD1 A, Sig=210,4 Ref=360,100

Peak RetTime Type Width Area
# [min] [min] [maU*s]
S E [P [[Res [-mmnmnee- ([ [
1 10.755 BV ©.3629 3.56388e4 1419.48975 48.7334
2 11.587 VB 8.5345 5.18540e4 1367.86148 59.2666

DADT A, Sig=210,4 Rei=350,100 [D°C HEMS TA TIONTDAT ALBVAEN T ST 2024-10-14 10-46-261006-P2-B4-bw4.D)
mau )
s 3
S}-o\“ -
400 N>
o
H
300+
2
200+
1004
o
@
=l
o0+ L -
T T T T T T
8 10 12 L3 16 18
Area Percent Report
Sorted By H Signal
Multiplier H 1.8000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

signal 1: DAD1 A, Sig=218,4 Ref=368,100

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [maU] %
e o ! | | |
1 18.812 BY E 8.3871 362.35873 17.3%868  2.5348

2 11.642 VB R ©.4737 1.39374e4  415.18941 97.4668
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DADT B, Sig=254,4 Ref=360,100 (D\CHEM32\\DATALLTLBW 2024-12-28 03-05-20005-P2-C3-RAC16.D)
mAU
[8)
140
o
N
- F
~
N 3
H <
100 - ;
cis(+)-2k
~
80 b
S
0
404
204
o
T T T T T T T
[ 8 10 12 14 16 18 mi
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

signal 1: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min] [mau*s] [mau] %

Y P [[ERN [S [[_— [[a__— [ [
1 8.987 BB 0.3085 2079.96948 102.58839 49.2834
2 14.247 BB 0.4654 2148.45679 70.25659 508.7166

mAU

s}
»_‘ 0\___

N

DAD1 B, Sig=254,4 Ref=360,100 (D:\CHEM3ANDATALLTLBVY 2024-12-28 03-05-20\006-P2-D3-16.0)

Area Percent Report

Sorted By H Signal
Multiplier H 1.0888
Dilution H 1.0068

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=254,4 Ref=360,100

Peak RetTime Type Width Area Height Area
#  [min] [min]  [mAU*s] [mau] %

1 9.888 MM 8.3192 182.81999 9.58399  2.83@5
2 14.861 BB 8.5011 6248.73242 192.28784 97.1695
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DAD1 A, Sig=210,4 Ref=360,100 (DACHEMSTA__DAT ALBVW\BW-EXT RA 2024-10-24 10-33-151010-P2-A8bw-17-rac.D)
mAU ]
Q
$-0
N
4000 ~ N
Cl
N
H
3000 4 cis-(+)-21
N
"
o
5
o
2000+
2
8
2
1000 -
o T T T T T T T
25 5 7.5 10 125 15 175 20 22.5 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=210,4 Ref=368,100
Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [maAuU] %
S E [P [[Bes -mmnnnee- [ommennn [
1 9.387 MM ©.3861 5.03611ed4 2174.85957 52.4675
2 18.980 BB 8.6770 4.56242e4 1810.82954 47.5325
BADT A, Sig=210,4 Ref~360,100 (DG HEWMS TA. .\ TOAT ALBVAGN CXTRA 20241024 10-35-150 11 -P2-AT06w-17.0]
mAl ]
0
4 0
am )’:}_ N
al >
o
600 - f g
2l 2
400
200
u_______ﬂ__JJh\na;__,\ AH\A4_4/\g
T T T T T T T T T
25 5 75 10 125 15 175 20 25

Area Percent Report

Sorted By
Multiplier
Dilution

Signal
1.8000
1.8000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 A, Sig=218,4 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maU] %
. |-==-| | | \ |
1 9.429 VB @.3395 B76.73853 4@.35899 3.6681
2 19.878 BB B.6782 2.38778e4 525.68742 96.3399
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DAD1 A Sig=210,4 Ref=360,100 (DACHEMST A _ATA\ BWABW-2-16-18 2024-10-25 18-24-3A004-P2-A3-L BW-2-RAC D)
mAU ]
0
o
N
1000 -1
4 Br
N
H
3000 cis.(+)-2m o
0
= &
5
2000 o
&
0
3@
1000 ~
0 T T T T T T T
25 5 75 10 125 15 175 20
Area Percent Report
Sorted By Signal
Multiplier 1.ee00
Dilution H 1.6080
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 A, Sig=218,4 Ref=368,10@
Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [mau] %
--------------- e
1 7.561 MM ©.3383 4.66125e4 2351.97534 52.8787
2 14.162 MM @.5588 4.15373e4 1238.78174 47.1213
DADT B, Sig=254,4 Rel=350,100 (D:\C HEMS TA._\T\DAT A\LBV\EW-2-16-18 2024-10-25 18-24-32005-P2-A4-LBW-2.0)
mal 7]
2500
2000 -
1500 g
-4
1000
500
0 T T T T T T
25 5 10 125 15 17.5 20
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Dilution H 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 B, Sig=254,4 Ref=368@,100

Width Area

[maU*s]

Height Area

Peak RetTime Type
#  [min]

@.2776 2081.58562 124.97233  4.3649
@.5334 4.56057e4 1299.62354 95.6351

1 7.589 MM
2 14.831 BB
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DAD1 B, Sig=254 4 Ref=ff (D\CHEMSTATION\DATALBW\Z- 20241226 2024-12-26 2141-10velacalion00026 D)
mAU ]
8]
200 —OEt
M
150
N
Br ;
cis-(+)-3a
] HN R
f0 N2
g &
&
50
0 D
T T T T T T T T
2 4 6 8 10 12 14 16 18 mir
Area Percent Report
Sorted By : Signal
Multiplier B 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
R e [-mmmmeeees [-emmmmnes [-oemeees |
1

8.433 MM ©.4968 1861.88293  62.45689 47.8536

2 12.791 MM ©.6262 2028.90869 54.00057 52.1464

DAD1 B, Sig=254,4 Ref=0ff (D:\CHEMSTATION\1\DATA\LBW\Z-20241226 2024-12-26 21-41-10\relacation00027.D)

mAU ]
0
250 }—O Et
—N
200 wt
M
Br Ja
150
HM
!
100
50 -| D_,??;b
g
S
0 — T
T T T T T T T T T
2 4 6 8 10 12 14 16 18 min|
Area Percent Report
Sorted By : Signal
Multiplier B 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

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

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
R R R P [-mmmemeees [-mmmmeeeee [-emmeees |
1

8.178 MM ©8.5756 5606.44092 162.34908 93.1252

2 12.554 MM ©.7290 413.88312 9.46211 6.8748
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