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1. General Information

Reagents and Solvents: Unless otherwise stated, all commercially available reagents
and solvents were employed for reactions as received without further purification. Dry
solvents refer to solvents freshly distilled over appropriate drying agents prior to use.
All dry reactions were carried out in oven-dried glassware and under nitrogen (N2)
atmosphere sealed with rubber septa (Aldrich). Commercially available solvents were
used for column chromatography without any further purification.

Purification of Synthesized Compounds: All reactions and fractions from column
chromatography were monitored by thin-layer chromatography (TLC). Commercial
aluminum sheets pre-coated (0.2mm layer thickness) with silica gel 60 F2s4 were used
for this purpose. Visualization of TLC plates was performed by UV fluorescence at 254
nm and/or by staining with Iz vapor or by immersion in an ethanolic vanillin solution or
by immersion in a KMnOs4 solution followed by heating. Product purification by column
chromatography was executed using silica gel (100-200 mesh) procured from Merck.
Spectroscopy and Spectrometry: NMR spectra were recorded on JEOL 400 MHz,
Bruker 500 MHz spectrometers. Chemical shifts (§) are quoted in parts per million
(ppm) and are referenced to residual CHCl3 (7.27 ppm) or DMSO (2.50 ppm) for 1TH NMR
spectra and for 13C spectra, 6 values were referenced to CDCl3 (77.00 ppm) or DMSO-ds
(39.52 ppm) as solvents. Coupling constants (J) are quoted in Hertz (Hz), rounded to
the nearest 0.1 Hz. The 1H NMR spectra are reported as follows: ppm (multiplicity,
coupling constants, and number of protons). Multiplicities in 1H NMR are abbreviated as
follows: singlet (s), doublet (d), triplet (t), quartet (q), doublet of doublets (dd), doublet
of doublet of doublets (ddd), doublet of triplets (dt), triplet of doublets (td), multiplet
(m) and broad (br). All spectra were recorded at 25 °C. Spectra were analyzed using
Mestrelab MestReNova 14.1 software. Low-resolution mass spectra (LRMS) were
recorded on an Agilent 6125 SQ LCMS system. HRMS data were recorded by electron
spray ionization with a Q-TOF mass analyzer.

Melting Points and CHN content: Melting points were determined with a Buchi-535
apparatus and are reported uncorrected. The organic content (wt % C, H, N) in the
synthesized compounds was determined by combustion analysis using a PerkinElmer
20 CHN analyzer.

Stereochemical Notation and Naming of Compounds: Relative stereochemistry is

indicated by solid bold (=—) and hatched bold () bonds according to the Maehr
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convention. Compound names were given following I[UPAC nomenclature and are

generated using ChemDraw 19.0 software.

2. Proposed reaction mechanism

A plausible reaction mechanism for the two-step sequence is outlined in Scheme S1,
using the synthesis of 6a starting from 1a and 2a as a representative case.
Deprotonation of 1a by the t-BuONa generates anion I, which subsequently forms the N-
indolyltriethylborate intermediate II. This intermediate then undergoes an indole C3-
selective Sn2-type alkylation with 2a, affording indolenine 3a.! In the following step,
chemoselective reduction of the nitro group by B,(OH), (4 equiv) in the presence of
4,4'-bipyridine (5 mol%) furnishes an aniline intermediate that undergoes
intramolecular imine addition.?2 This cyclization reaction proceeds through the more
favorable conformation IIIB rather than IIIA, thereby delivering exclusively the cis-

fused product 6a, with no detectable formation of the trans-fused isomer 6a’.3

of 5o = fo:fﬂ

t- BuOH Na@eBEta

NaBr + BEt3
B,(0H),
4,4'-bipyridine
A 11IB
proceeds through proceeds through
highly strained TS less strained TS
Me
O — )
N N H H
HHH
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6a’ (trans
( ) (observed)

(not observed)

Scheme S1: Proposed reaction mechanism for the observed diastereoselectivity.

3. Experimental details and Characterization Data

3.1. Structures of the indoles and alkylating agents employed in this study

For the validation of our present two-step synthetic route, we have employed indoles
1la-m, 4 and 7a-l the structures of which are shown in Figure SI-1. Indoles 1la-c,
1g, 1m, 7a-c, and 7e-1 were procured from commercial sources. Remaining indoles 1d-

f, 1h-1 and 4 were synthesized according to established literature procedures.*-?
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Figure S1. Structures of the indole substrates employed in this study.

We employed benzylic, allylic, and propargylic bromides 5a-i as the alkylating agents
(Figure SI-2). The benzylic bromides 2a-h and 5f-i were freshly prepared from the
corresponding benzyl alcohols by known methods,10-15 while the allylic bromides 5a-d

and propargylic bromide 5e were obtained from commercial sources.
Cl
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Figure S2. Structures of the benzylic, allylic, and propargyl bromides employed in this study.

3.2. Synthesis of tetrahydro-5H-indolo[2,3-b]quinolines 6a-ac (Tables 2 and 3,
Main Manuscript)

General procedure 1 (GP-1): To a solution of the corresponding 3-substituted indole 1
(0.4 mmol, 1.0 equiv) in anhydrous THF (3 mL) was added NaO¢Bu (42 mg, 0.44 mmol,
1.1 equiv) under a nitrogen atmosphere at rt. The reaction mixture was stirred for 30
min, after which a solution of EtzB (1.0 M in THF; 440 pL, 0.44 mmol, 1.1 equiv) was

added dropwise. Stirring was continued for an additional 30 min. Subsequently, a
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solution of the alkylating agent 2 or 5 (0.44 mmol, 1.1 equiv) in anhydrous THF (1 mL)
was added, and the reaction mixture was stirred at rt for 12 h. The reaction was then
quenched with saturated aqueous NH,Cl (5 mL) and extracted with EtOAc (2 x 5 mL).
The combined organic extracts were washed with brine (10 mL), dried over Na,SOy,,
filtered, and concentrated under reduced pressure. The crude residue was purified by
column chromatography on silica gel (gradient elution from 10% to 80% EtOAc in
hexanes) to afford the corresponding indolenine 3, which was used directly in the next
step without further characterization.

The obtained indolenine 3 was dissolved in DMF (2 mL), followed by the addition of
B,(OH), (1.6 mmol, 4.0 equiv) and 4,4'-bipyridine (0.02 mmol, 5 mol %). The reaction
mixture was stirred at rt for 20 min. Upon completion, as monitored by TLC, the mixture
was diluted with water (10 mL) and extracted with EtOAc (2 x 10 mL). The combined
organic layers were washed with brine (10 mL), dried over anhydrous Na,SO,, filtered,
and concentrated under reduced pressure. Purification by coulmn chromatography on
silica gel (gradient elution from 10% to 50% EtOAc in hexanes) furnished the

corresponding tetrahydro-5H-indolo[2,3-b]quinoline 6 derivative in pure form.

(#)-(5aR,10bS)-10b-Methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-b]quinolone

(6a)
Me O

N R
6a

Following the GP-1, compound 6a was prepared starting from 1a (53 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2-
nitrobenzyl bromide 2a (95 mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)s (144
mg, 1.6 mmol, 4.0 equiv) and 4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the
second step. The crude product was purified by silica gel column chromatography (10-
20% EtOAc/hexanes). Off-white semi-solid. Yield: 77% (73 mg) over two steps.
Synthesis of 6a was also repeated on a larger scale starting from 1a (1.312 g, 10.0
mmol, 1.0 equiv), 2a (2.4 g, 11.0 mmol, 1.1 equiv), providing this product in 80% (1.89
g) yield over two steps. In this large-scale experiment, the cyclization step was carried
out with particular caution, using slow addition of the reagent solutions in DMF due to
the highly exothermic nature of the reaction. 1tH NMR (400 MHz, CDCl3): 6 7.10 (dd, J =
7.4, 1.3 Hz, 1H), 7.06-6.98 (m, 3H), 6.78 (td, ] = 7.4, 1.0 Hz, 1H), 6.68 (td, ] = 7.4, 1.1 Hz,
1H), 6.64-6.58 (m, 2H), 4.89 (s, 1H), 4.25 (br m, 2H, overlapping broad singlets
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corresponding to two N-H protons), 2.88 (d, J = 14.9 Hz, 1H), 2.59 (d, /] = 14.9 Hz, 1H),
1.30 (s, 3H). 13C {1H} NMR (100 MHz, CDCl3): 6 147.4, 141.7,136.8, 128.7, 127.5, 127.0,
122.2,122.0,119.3,118.2,113.6, 109.8, 77.7, 42.3, 37.4, 23.5. LRMS (ESI*) m/z calcd for
Ci6H17N2 [M + H]*: 237.1; found: 237.1 (100%). Anal. Calcd for CisH16N2: C, 81.32; H,
6.82; N, 11.85. Found: C, 81.51; H, 6.87; N, 11.81.

(¥)-(5aR,10bS)-2-Methoxy-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-

b]quinoline (6b)
m““ o
NN
H

g H
6b

Following the GP-1, compound 6b was prepared starting from 1a (53 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), Et3B (440 uL, 0.44 mmol, 1.1 equiv) and 2b (109
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Off-white
gum. Yield: 81% (86 mg) over two steps. 1TH NMR (400 MHz, CDCls): § 7.10-7.08 (m,
1H), 7.03 (td, J = 7.6, 1.3 Hz, 1H), 6.77 (td, ] = 7.4, 1.0 Hz, 1H), 6.65-6.58 (m, 3H), 6.53 (d,
J=8.4 Hz, 1H), 4.85 (s, 1H), 3.95 (br m, 2H, overlapping broad singlets corresponding to
two N-H protons), 3.73 (s, 3H), 2.86 (d, /] = 14.9 Hz, 1H), 2.60 (d, /] = 14.9 Hz, 1H), 1.32 (s,
3H). 13C {1H} NMR (100 MHz, CDCls): § 152.4, 147.7, 136.5, 135.7, 127.5, 124.3, 122.0,
119.1, 114.5, 114.4, 112.3, 109.5, 78.2, 55.6, 43.2, 37.9, 24.3. HRMS (ESI) m/z calcd for
C17H19N20 [M + H]*: 267.1492; found: 267.1484.

(#)-(5a$,10bS)-4-Methoxy-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-

e

N N
H H

b]quinoline (6c¢)

H
6¢C

Following the GP-1, compound 6c was prepared starting from 1a (53 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2¢ (109
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Colorless
gum. Yield: 76% (81 mg) over two steps. 1H NMR (400 MHz, CDCls3): 6 7.09-7.08 (m,
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1H), 7.02 (td, J = 7.6, 1.3 Hz, 1H), 6.76 (tt, ] = 7.4, 0.7 Hz, 1H), 6.68-6.59 (m, 4H), 4.89 (s,
1H), 3.84 (s, 3H), 2.84 (d, J = 15.1 Hz, 1H), 2.54 (d, ] = 15.1 Hz, 1H), 1.24 (s, 3H). The
signals corresponding to the two N-H protons did not appear due to extensive
broadening. 13C {tH} NMR (100 MHz, CDCl3): 6 147.3, 145.6, 137.0, 130.9, 127.5, 121.9,
121.8, 121.1, 119.1, 116.8, 109.8, 107.9, 77.1, 55.5, 41.2, 36.9, 22.7. HRMS (ESI) m/z
calcd for C17H19N20 [M + H]*: 267.1492; found: 267.1488.

(#)-(5aR,10bS)-2,3-Dimethoxy-10b-methyl-5a,6,10b,11-tetrahydro-5H-

indolo[2,3-b]quinoline (6d)
O

N
Hyg H
6d
Following the GP-1, compound 6d was prepared starting from 1a (53 mg, 0.4 mmol) ¢-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2d (122

OMe

OMe

mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-30% EtOAc/hexanes). Colorless
gum. Yield: 82% (97 mg) over two steps. 1H NMR (400 MHz, CDCls): 6 7.09 (dd, J = 7.4,
1.3 Hz, 1H), 7.03 (td, J = 7.6, 1.3 Hz, 1H), 6.78 (td, ] = 7.4, 1.0 Hz, 1H), 6.63 (dt,/=7.7,0.8
Hz, 1H), 6.54 (s, 1H), 6.22 (s, 1H), 4.85 (s, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 2.79 (d, / = 14.8
Hz, 1H), 2.50 (d, / = 14.9 Hz, 1H), 1.29 (s, 3H). The signals corresponding to the two N-H
protons did not appear due to extensive broadening. 13C{1H} NMR (100 MHz, CDCl3): 6
148.1, 147.4, 141.6, 137.0, 135.2, 127.5, 121.9, 119.2, 113.5, 113.1, 109.8, 99.1, 77.9,
56.5, 55.9, 42.4, 37.0, 23.6. LRMS (ESI*) m/z calcd for CisH21N202 [M + H]*: 297.2;
found: 297.2 (100%). Anal. Calcd for C1sH20N202: C, 72.95; H, 6.80; N, 9.45. Found: C,
72.78; H, 6.85; N, 9.55.

(#)-(5a$,10bS)-1-Chloro-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]quinoline (6e€)

a8
N N
Hyg H
6e
Following the GP-1, compound 6e was prepared starting from 1a (53 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2e (111
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mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Off-white
semi-solid. Yield: 75% (81 mg) over two steps. 1H NMR (400 MHz, DMSO-ds): 6 7.03
(d, ] = 7.3 Hz, 1H), 6.93-6.87 (m, 2H), 6.63-6.50 (m, 5H; four aromatic protons and one
N-H), 5.93 (d, / = 2.4 Hz, 1H; for the other N-H proton), 4.68 (t, / = 3.0 Hz, 1H), 2.76-2.63
(m, 2H), 1.19 (s, 3H). 13C{1H} NMR (100 MHz, DMSO-ds): 6 148.4, 145.0, 135.7, 132.4,
127.3, 127.3, 121.5, 118.3, 117.6, 116.4, 112.0, 108.9, 76.1, 41.3, 33.4, 23.8. LRMS
(ESI*) m/z calcd for C16H16CIN2 [M + H]*: 271.1; found: 271.1 (100%). Anal. Calcd for
C16H15CIN2: C, 70.98; H, 5.58; N, 10.35. Found: C, 71.12; H, 5.65; N, 10.43.

(#)-(5aR,10bS)-2-Chloro-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]lquinoline (6f)

6f
Following the GP-1, compound 6f was prepared starting from 1a (53 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2f (111
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Off-white
semi-solid. Yield: 80% (87 mg) over two steps. 1TH NMR (400 MHz, CDCI3): § 7.08-7.00
(m, 2H), 6.97-6.93 (m, 2H), 6.77 (td, ] = 7.4, 1.0 Hz, 1H), 6.60 (dt, J = 7.8, 0.8 Hz, 1H),
6.47 (d, ] = 8.2 Hz, 1H), 4.83 (s, 1H), 2.82 (d, /] = 15.1 Hz, 1H), 2.52 (d, / = 15.1 Hz, 1H),
1.26 (s, 3H). The signals corresponding to the two N-H protons did not appear due to
extensive broadening. 13C{1H} NMR (100 MHz, CDCls3): § 147.2, 140.4, 136.2, 128.3,
127.7,126.8,123.9, 122.5, 122.0, 119.5, 114.6, 109.9, 77.5, 42.1, 37.1, 23.5. HRMS (ESI)
m/z calcd for C16H16CIN2 [M + H]*: 271.0997; found: 271.1013.

(#)-(5aR,10bS)-3-Chloro-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]quinoline (6g)
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Following the GP-1, compound 4g was prepared starting from 1a (53 mg, 0.4 mmol) ¢-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), Et3B (440 uL, 0.44 mmol, 1.1 equiv) and 2g (111
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Off-white
semi-solid. Yield: 80% (88 mg) over two steps. 1TH NMR (400 MHz, CDCl3): § 7.07-7.00
(m, 2H), 6.86 (dd, = 7.9, 0.9 Hz, 1H), 6.77 (tt, ] = 7.5, 0.8 Hz, 1H), 6.63-6.60 (m, 2H),
6.54 (d, ] = 2.1 Hz, 1H), 4.81 (s, 1H), 4.32 (br s, 1H), 3.47 (br s, 1H), 2.80 (d, / = 15.0 Hz,
1H), 2.53 (d, J = 15.0 Hz, 1H), 1.25 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): § 147.2,
142.8, 136.3, 132.1, 129.6, 127.7, 121.9, 120.6, 119.5, 118.0, 113.3, 110.0, 77.3, 42.2,
36.7, 23.4. HRMS (ESI) m/z calcd for C16H16CIN2 [M + H]*: 271.0997; found: 271.0993.

(#)-(5aR,10bS)-3-Fluoro-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-

b]lquinoline (6h)
10
N

N
H

F

H H

6h

Following the GP-1, compound 6h was prepared starting from 1a (53 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), Et3B (440 uL, 0.44 mmol, 1.1 equiv) and 2h (84
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Off-white
semi-solid. Yield: 78% (79 mg) over two steps. 1H NMR (400 MHz, CDCl3): § 7.11-7.04
(m, 2H), 6.92-6.89 (m, 1H), 6.80 (tt,J = 7.4, 0.9 Hz, 1H), 6.65 (dt, /= 7.7, 0.8 Hz, 1H), 6.38
(td, ] = 8.5, 2.5 Hz, 1H), 6.30 (dd, J = 10.4, 2.5 Hz, 1H), 4.85 (s, 1H), 4.51 (br m, 2H,
overlapping broad singlets corresponding to two N-H protons), 2.82 (d, /] = 14.9 Hz, 1H),
2.55 (d, J = 15.0 Hz, 1H), 1.28 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): § 162.2 (d, ] =
241.1 Hz), 147.1, 142.8 (d, ] = 10.7 Hz), 136.4, 129.5 (d, ] = 9.7 Hz), 127.6, 121.9, 1194,
117.5 (d, /= 2.6 Hz), 109.9, 104.43 (d, /] = 21.3 Hz), 100.4 (d, / = 24.7 Hz), 77.2, 42.0, 36.5,
23.19F NMR (376 MHz, CDCl3) 6 -116.3. HRMS (ESI) m/z calcd for Ci6H16FN2 [M + H]*:
255.1293; found: 255.1290.

(#)-(5aR,10bS)-10b-Allyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-b]quinoline (6i)
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Oe®®

N N
Hyg H
6i

Following the GP-1, compound 6i was prepared starting from 1b (63 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Colorless
gum. Yield: 78% (82 mg) over two steps. 1H NMR (400 MHz, CDCls): § 7.08 (dd, /] = 7.4,
1.3 Hz, 1H), 7.03-6.97 (m, 2H), 6.95 (dd, J = 7.4, 1.4 Hz, 1H), 6.75 (td, ] = 7.4, 1.0 Hz, 1H),
6.68 (td, ] = 7.4, 1.2 Hz, 1H), 6.61-6.55 (m, 2H), 5.74 (dddd, J = 16.6, 10.3, 8.5, 6.1 Hz,
1H), 5.11-5.06 (m, 2H), 5.03 (s, 1H), 3.56 (br m, 2H, overlapping broad singlets
corresponding to two N-H protons), 2.91 (d, J = 14.9 Hz, 1H), 2.77 (d, /] = 14.9 Hz, 1H),
2.54 (ddt, J = 14.1, 6.1, 1.5 Hz, 1H), 2.39 (ddt, J = 14.1, 8.6, 1.0 Hz, 1H). 13C{*H} NMR
(100 MHz, CDCls): 6 148.3, 142.4, 134.2, 134.1, 128.4, 127.6, 126.9, 123.3, 122.8, 119.2,
118.8,118.2, 114.1, 109.7, 74.8, 48.1, 42.4, 36.5. LRMS (ESI*) m/z calcd for CisH19N2 [M
+ H]*: 263.2; found: 263.2 (100%). Anal. Calcd for Ci1sH1sN2: C, 82.41; H, 6.92; N, 10.68.
Found: C, 82.25; H, 6.85; N, 10.72.

(#)-(5aR,10bS)-10b-Phenethyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-b]quinoline
(6))

Following the GP-1, compound 6j was prepared starting from 1c¢ (89 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-15% EtOAc/hexanes). Colorless
gum. Yield: 81% (106 mg) over two steps. 1TH NMR (400 MHz, CDCl3): 6 7.28-7.23 (m,
2H), 7.19-7.14 (m, 1H), 7.13-7.09 (m, 3H), 7.03-6.98 (m, 2H), 6.94 (dd, J = 7.4, 1.4 Hz,
1H), 6.77 (td, ] = 7.4, 1.0 Hz, 1H), 6.68 (td, ] = 7.4, 1.1 Hz, 1H), 6.61-6.57 (m, 2H), 5.11 (s,
1H), 3.52 (br m, 2H, overlapping broad singlets corresponding to two N-H protons),
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2.96 (d, ] = 14.7 Hz, 1H), 2.77 (d, ] = 14.7 Hz, 1H), 2.70-2.51 (m, 2H), 2.07-1.97 (m,
2H). 13C{1H} NMR (100 MHz, CDCls): 6 148.5, 142.3, 142.2, 134.0, 128.3, 128.3, 128.2,
127.6, 126.9, 125.8, 123.7, 122.6, 119.3, 118.9, 114.2, 109.6, 75.1, 48.9, 40.2, 37.2,
30.7. LRMS (ESI*) m/z calcd for C23H23N2 [M + H]*: 327.2; found: 327.2 (100%). Anal.
Calcd for C23H22N2: C, 84.63; H, 6.79; N, 8.58. Found: C, 84.76; H, 6.82; N, 8.52.

(¥)-4-((5aR,10bS)-5,5a,6,11-Tetrahydro-10bH-indolo[2,3-b]quinolin-10b-
yl)butan-2-one (6K)

6k
Following the GP-1, compound 6k was prepared starting from 1d (75 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-15% EtOAc/hexanes). Colorless
gum. Yield: 74% (87 mg) over two steps. 1H NMR (400 MHz, CDCls3): 6 7.05-6.89 (m,
4H), 6.73-6.64 (m, 2H), 6.58-6.52 (m, 2H), 4.93 (s, 1H), 4.14 (br m, 2H, overlapping
broad singlets corresponding to two N-H protons), 2.95-2.89 (m, 1H), 2.74 (d, ] = 14.6
Hz, 1H), 2.49 (ddd, J = 16.9, 10.1, 6.0 Hz, 1H), 2.35 (ddd, / = 17.2, 10.0, 5.4 Hz, 1H), 2.07-
2.00 (m, 5H).13C{1H} NMR (100 MHz, CDCls): 6 208.5, 148.7, 142.4, 133.1, 128.3,
127.7,126.9, 123.6, 122.5, 119.1, 118.9, 114.1, 109.2, 75.2, 48.4, 38.6, 37.1, 32.0, 30.0.
HRMS (ESI) m/z calcd for C19H21N20 [M + H]*: 293.1649; found: 293.1659.

(#)-(N,4-Dimethyl-N-(2-((5aR,10bR)-5,5a,6,11-tetrahydro-10bH-indolo[2,3-
b]quinolin-10b-yl)ethyl)benzenesulfonamide (61)

Me\N/TS

N N
Hy H

61
Following the GP-1, compound 61 was prepared starting from 1e (131 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
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4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-15% EtOAc/hexanes). Colorless
gum. Yield: 75% (130 mg) over two steps. 1TH NMR (400 MHz, CDCI3): 6 7.56-7.53 (m,
2H), 7.26-7.24 (m, 2H), 7.03-6.97 (m, 3H), 6.93 (dd, J = 7.4, 1.4 Hz, 1H), 6.73 (td, ] = 7.4,
1.0 Hz, 1H), 6.67 (td, ] = 7.4, 1.1 Hz, 1H), 6.56-6.52 (m, 2H), 5.04 (s, 1H), 3.18 (ddd, J =
13.5, 9.8, 6.5 Hz, 1H), 2.94-2.85 (m, 2H), 2.69-2.62 (m, 4H), 2.41 (s, 3H), 2.02-1.90 (m,
2H). The signals corresponding to the two N-H protons did not appear due to extensive
broadening. 13C{1H} NMR (100 MHz, CDCls): 6 148.3, 143.2, 142.2, 134.2, 133.2, 129.6,
128.3,127.7,127.2,127.0,122.6, 122.2, 119.0, 118.5, 114.0, 109.6, 74.6, 46.5, 46.3, 36.9,
35.3, 34.8, 21.4. LRMS (ESI*) m/z calcd for C25H28N302S [M + H]*: 434.2; found: 434.2
(100%). Anal. Calcd for C2sH27N302S: C, 69.26; H, 6.28; N, 9.69. Found: C, 69.43; H, 6.32;
N, 9.64.

(#)-(5aR,10bR)-10b-(2-(2,5-dimethyl-1H-pyrrol-1-yl)ethyl)-5a,6,10b,11-
tetrahydro-5H-indolo[2,3-b]quinoline (6m)

Following the GP-1, compound 6m was prepared starting from 1f (96 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Light-
brown semi-solid. Yield: 77% (106 mg) over two steps. 1TH NMR (400 MHz, CDCl3): 6
7.12 (dd,J =7.4, 1.3 Hz, 1H), 7.06-7.00 (m, 2H), 6.95 (dd, ] = 7.4, 1.4 Hz, 1H), 6.79 (td, ] =
7.4,1.0 Hz, 1H), 6.69 (td, ] = 7.4, 1.2 Hz, 1H), 6.61-6.58 (m, 2H), 5.74 (s, 2H), 5.06 (s, 1H),
4.29 (br m, 2H, overlapping broad singlets corresponding to two N-H protons), 3.84
(ddd, J=14.3, 10.9, 6.6 Hz, 1H), 3.66 (ddd, J = 14.3, 10.7, 6.3 Hz, 1H), 2.97 (d, / = 14.8 Hz,
1H), 2.76 (d, ] = 14.8 Hz, 1H), 2.11 (s, 6H), 2.06-1.95 (m, 2H). 13C{1H} NMR (100 MHz,
CDClI3): § 148.3, 142.1, 133.0, 128.4, 128.0, 127.1, 127.0, 122.9, 122.3, 119.3, 119.0,
114.0, 109.6, 105.1, 75.2, 47.2, 39.2, 389, 36.8, 12.2. LRMS (ESI*) m/z calcd for
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C23H26N3 [M + H]*: 344.2; found: 344.2 (100%). Anal. Calcd for C23H2sN3: C, 80.43; H,
7.34; N, 12.23. Found: C, 80.31; H, 7.37; N, 12.12.

(¥)-(5aR,10bR)-10b-phenyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-b]quinoline

(6n)
O Ph O

N
H H

6n
Following the GP-1, compound 6n was prepared starting from 1g (86 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95

TZ

mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-15% EtOAc/hexanes). White
semi-solid. Yield: 52% (62 mg) over two steps. 1H NMR (400 MHz, DMSO-ds): 6 7.36-
7.33 (m, 2H), 7.29-7.25 (m, 2H), 7.20-7.16 (m, 1H), 6.96 (dd, J = 7.3, 1.5 Hz, 1H), 6.94-
6.85 (m, 2H), 6.77 (dd, J = 7.3, 1.3 Hz, 1H), 6.58-6.47 (m, 4H), 6.24 (d, ] = 3.6 Hz, 1H),
6.00 (d, / = 2.3 Hz, 1H), 5.19 (dd, J = 3.6, 2.3 Hz, 1H), 3.21 (d, / = 15.2 Hz, 1H), 3.03 (d, / =
15.2 Hz, 1H). 13C{1H} NMR (100 MHz, DMSO-d¢): § 148.9, 145.1, 143.5, 135.4, 128.2,
127.8, 127.4, 127.2, 126.5, 126.3, 123.3, 121.9, 117.6, 116.6, 113.2, 109.1, 77.9, 50.0,
35.3. HRMS (ESI) m/z calcd for C21H19N2 [M + H]*: 299.1543; found: 299.1561.

(+)-(5aR,10bS)-10-Chloro-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]quinoline (60)

Cl
(1
N N
HHH

60
Following the GP-1, compound 60 was prepared starting from 1h (66 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). White
semi-solid. Yield: 73% (79 mg) over two steps. 1TH NMR (400 MHz, CDCl3): 6 7.07-7.03
(m, 2H), 6.92 (t, ] = 7.9 Hz, 1H), 6.73 (td, ] = 7.4, 1.2 Hz, 1H), 6.66 (dd, ] = 8.0, 0.9 Hz, 1H),
6.61-6.59 (m, 1H), 6.43 (dd, /= 7.8, 0.9 Hz, 1H), 4.83 (s, 1H), 4.13 (br m, 2H, overlapping
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broad singlets corresponding to two N-H protons), 3.17 (d, J = 14.8 Hz, 1H), 2.83 (d, ] =
14.8 Hz, 1H), 1.50 (s, 3H). 13C{*H} NMR (100 MHz, CDCI3): § 149.6, 142.0, 131.3, 130.3,
128.8, 128.5, 127.0, 123.2, 120.3, 118.8, 113.9, 107.7, 77.7, 46.0, 34.8, 23.4. Anal.
Calcd for C16H1sCIN2: C, 70.98; H, 5.58; N, 10.35. Found: C, 70.81; H, 5.52; N, 10.43.

(¥)-(5aR,10bS)-10b-Benzyl-9-methyl-5a,6,10b,11-tetrahydro-5H-indolo|[2,3-
b]quinoline (6p)

Me
00
N N
HHH
6p
Following the GP-1, compound 6p was prepared starting from 1i (89 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Colorless
gum. Yield: 78% (102 mg) over two steps. ITH NMR (400 MHz, CDCl3): § 7.19-7.14 (m,
3H), 6.97-6.93 (m, 4H), 6.78-6.75 (m, 2H), 6.64 (t, J = 7.4 Hz, 1H), 6.49 (d, ] = 7.7 Hz,
1H), 6.38 (d, / = 7.7 Hz, 1H), 4.78 (s, 1H), 3.62 (br m, 2H, overlapping broad singlets
corresponding to two N-H protons), 3.09 (d, J = 13.6 Hz, 1H), 2.90-2.75 (m, 3H), 2.23 (s,
3H). 13C{1H} NMR (100 MHz, CDCls3): 6 146.0, 142.6, 137.5, 134.3, 130.6, 128.6, 128.4,
128.0, 127.8, 126.9, 126.3, 123.8, 122.5, 118.2, 113.7, 110.1, 74.3, 48.6, 43.2, 36.4, 21.0.
Anal. Calcd for C23H22N2: C, 84.63; H, 6.79; N, 8.58. Found: C, 84.75; H, 6.85; N, 8.52.

(¥)-(5aR,10bS)-10b-Benzyl-9-methoxy-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]lquinoline (6q)

MeO
o0
N N
HHH
6q
Following the GP-1, compound 6q was prepared starting from 1j (95 mg, 0.4 mmol) ¢-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Colorless
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gum. Yield: 80% (110 mg) over two steps. 1H NMR (400 MHz, CDCl3): § 7.25-7.21 (m,
3H), 7.05-6.99 (m, 4H), 6.69 (td, ] = 7.4, 1.2 Hz, 1H), 6.61-6.55 (m, 3H), 6.47 (d, ] = 8.4
Hz, 1H), 4.86 (s, 1H), 3.74 (s, 3H), 3.14 (d, J = 13.6 Hz, 1H), 2.91-2.82 (m, 3H). The
signals corresponding to the two N-H protons did not appear due to extensive
broadening. 13C{1H} NMR (100 MHz, CDCls): 6 153.7, 142.6, 142.2, 137.3, 135.8, 130.6,
128.6,127.8,126.9,126.4,122.3,118.3,113.7, 112.5,111.1, 110.0, 74.7, 55.8, 49.1, 43.3,
36.2. Anal. Calcd for C23H22N20: C, 80.67; H, 6.48; N, 8.18. Found: C, 80.79; H, 6.52; N,
8.12.

(#)-(5aR,10bS)-10b-Benzyl-8-methoxy-5a,6,10b,11-tetrahydro-5H-indolo[2,3-

S
o (Y

N
H

b]lquinoline (6r)

g H

6r

Following the GP-1, compound 6r was prepared starting from 1k (95 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Colorless
gum. Yield: 79% (112 mg) over two steps. ITH NMR (400 MHz, CDCl3): § 7.24-7.20 (m,
3H), 7.03-6.95 (m, 4H), 6.81 (d, / = 8.2 Hz, 1H), 6.68 (td, /] = 7.4, 1.1 Hz, 1H), 6.57 (dd, ] =
7.8, 1.1 Hz, 1H), 6.26 (dd, J = 8.2, 2.3 Hz, 1H), 6.08 (d, J = 2.3 Hz, 1H), 4.91 (s, 1H), 4.09
(br m, 2H, overlapping broad singlets corresponding to two N-H protons), 3.71 (s, 3H),
3.12 (d, J = 13.5 Hz, 1H), 2.94-2.83 (m, 3H). 13C{1H} NMR (100 MHz, CDCI3): § 159.8,
149.9, 142.7, 137.5, 130.7, 128.5, 127.8, 126.9, 126.3, 126.0, 123.7, 123.3, 118.6, 113.9,
103.9, 96.4, 74.9, 55.1, 48.9, 44.1, 36.6. HRMS (ESI) m/z calcd for C23H23N20 [M + H]*:
343.1805; found: 343.1804.

(#)-(5aR,10bS)-8-Chloro-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]lquinoline (6s)

Me
O

N N
HHH
6s
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Following the GP-1, compound 6s was prepared starting from 11 (66 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Off-white
semi-solid. Yield: 66% (72 mg) over two steps. 1H NMR (400 MHz, CDCl3): 6 7.07-7.03
(m, 1H), 6.99-6.95 (m, 2H), 6.73-6.68 (m, 2H), 6.60-6.55 (m, 2H), 4.87 (s, 1H), 3.92 (br
m, 2H, overlapping broad singlets corresponding to two N-H protons), 2.84 (d, ] = 14.7
Hz, 1H), 2.59 (d, J = 14.9 Hz, 1H), 1.29 (s, 3H). 13C{1H} NMR (100 MHz, CDCls): 6 148.7,
141.6, 135.0, 132.9, 128.6, 127.1, 122.8, 122.3, 118.8, 118.5, 113.8, 109.6, 77.9, 42.5,
37.3, 23.9. Anal. Calcd for Ci6H1s5CIN2: C, 70.98; H, 5.58; N, 10.35. Found: C, 71.16; H,
5.67; N, 10.27.

(#)-(5aR,10bS)-5a,10b-Dimethyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]quinoline (6t)
Me
@
N el
6t

Following the GP-1, compound 6t was prepared starting from 1m (58 mg, 0.4 mmol) ¢-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 2a (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Off-white
semi-solid. Yield: 40% (39 mg) over two steps. 1H NMR (400 MHz, CDCl3): 6 7.05 (dd, J
= 7.3, 1.3 Hz, 1H), 7.01-6.95 (m, 3H), 6.75 (td, /] = 7.4, 1.0 Hz, 1H), 6.65-6.58 (m, 2H),
6.49 (dd, J = 7.8, 1.1 Hz, 1H), 4.00 (br m, 2H, overlapping broad singlets corresponding
to two N-H protons), 2.98 (d, J = 15.1 Hz, 1H), 2.61 (d, / = 15.1 Hz, 1H), 1.51 (s, 3H), 1.26
(s, 3H).13C{*H} NMR (100 MHz, CDCI3): 6 147.1, 142.7, 136.7, 128.3, 127.3, 126.8,
122.1, 121.8, 119.1, 117.6, 112.7, 109.7, 80.7, 44.8, 38.9, 25.4, 20.4. HRMS (ESI) m/z
calcd for C17H19N2 [M + H]*: 251.1543; found: 251.1539.

(¥)-(5aR,10bS)-10b-(3-Methylbut-2-en-1-yl)-5a,6,10b,11-tetrahydro-5H-
indolo[2,3-b]quinoline (6u)
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6u
Following the GP-1, compound 6u was prepared starting from 4 (101 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 5a (66
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Colorless
gum. Yield: 81% (94 mg) over two steps. 1TH NMR (400 MHz, CDCls): § 7.06 (dd, /= 7.5,
1.3 Hz, 1H), 7.02-6.97 (m, 2H), 6.95 (dd, / = 7.4, 1.4 Hz, 1H), 6.74 (td, ] = 7.4, 1.0 Hz, 1H),
6.67 (td, / = 7.4, 1.2 Hz, 1H), 6.59-6.56 (m, 2H), 5.20-5.15 (m, 1H), 4.98 (s, 1H), 3.61 (br
m, 2H, overlapping broad singlets corresponding to two N-H protons), 2.90 (d, J = 14.9
Hz, 1H), 2.77 (d, ] = 14.9 Hz, 1H), 2.44-2.33 (m, 2H), 1.69 (s, 3H), 1.54 (s, 3H). 13C{1H}
NMR (100 MHz, CDCl3): § 148.3, 142.5, 134.8, 134.5, 128.5, 127.4, 126.8, 123.3, 122.7,
119.6, 119.2, 118.6, 1139, 109.6, 75.0, 485, 36.2, 36.0, 26.0, 18.0. LRMS
(ESI*) m/z calcd for Cz0H23N2 [M + H]*: 291.2; found: 291.2 (100%). Anal. Calcd for
C20H22N2: C, 82.72; H, 7.64; N, 9.65. Found: C, 82.89; H, 7.74; N, 9.61.

(¥)-(5aR,10bS)-10b-(2-Methylallyl)-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]quinoline (6v)

Me
N N
Hyg H
6v
Following the GP-1, compound 6v was prepared starting from 4 (101 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 5b (60
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Colorless
gum. Yield: 77% (85 mg) over two steps. 1H NMR (400 MHz, CDCls3): 6 7.09-7.06 (m,
1H), 7.01-6.91 (m, 3H), 6.71 (td, ] = 7.4, 1.0 Hz, 1H), 6.65 (td, ] = 7.4, 1.2 Hz, 1H), 6.58
(dd,J=7.8,1.1 Hz, 1H), 6.53 (dt,J = 7.8, 0.8 Hz, 1H), 5.11 (s, 1H), 4.82 (dq, / = 2.9, 1.5 Hz,
1H), 4.67 (dq, J = 2.1, 0.9 Hz 1H), 3.33 (br m, 2H, overlapping broad singlets
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corresponding to two N-H protons), 2.87 (d, J = 14.8 Hz, 1H), 2.72 (d, /] = 14.8 Hz, 1H),
2.55 (dd, J = 13.9, 1.2 Hz, 1H), 2.36 (dd, J = 13.9, 0.7 Hz, 1H), 1.49 (s, 3H). 13C{1H} NMR
(100 MHz, CDCls): 6 148.3, 142.7, 142.5, 134.6, 128.5, 127.5, 126.9, 123.4, 122.9, 119.1,
118.7, 115.1, 114.1, 109.7, 74.1, 48.0, 45.5, 37.8, 24.5.LRMS (ESI*) m/z calcd for
C19H21N2 [M + H]*: 277.2; found: 277.2 (100%). Anal. Calcd for Ci9H20N2: C, 82.57; H,
7.29; N, 10.14. Found: C, 82.69; H, 7.21; N, 10.18.

(#)-(5aR,10bS)-10b-((2E,6E)-3,7,11-Trimethyldodeca-2,6,10-trien-1-yl)-
5a,6,10b,11-tetrahydro-5H-indolo[2,3-b]quinoline (6w)
Me

—
— Me
Me

\
L2
N h

6w
Following the GP-1, compound 6w was prepared starting from 4 (101 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), Et3B (440 uL, 0.44 mmol, 1.1 equiv) and 5c¢ (126

Me

mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step.The crude product was
purified by silica gel column chromatography (10-15% EtOAc/hexanes). Colorless gum.
Yield: 68% (116 mg) over two steps. 1H NMR (400 MHz, CDCl3): 6 7.06-7.04 (m, 1H),
7.00-6.93 (m, 3H), 6.72 (td, ] = 7.4, 1.0 Hz, 1H), 6.66 (td, J = 7.3, 1.1 Hz, 1H), 6.58-6.54
(m, 2H), 5.13-5.06 (m, 3H), 4.97 (s, 1H), 2.90 (d, J = 14.8 Hz, 1H), 2.78 (d, ] = 14.9 Hz,
1H), 2.41-2.38 (m, 2H), 2.07-2.03 (m, 4H), 2.01-1.97 (m, 4H), 1.70 (s, 6H), 1.59 (s, 3H),
1.54 (s, 3H). The signals corresponding to the two N-H protons did not appear due to
extensive broadening. 13C{1H} NMR (100 MHz, CDCls): § 148.4, 142.6, 138.1, 135.0,
134.7,131.3, 128.4, 127.4, 126.8, 124.3, 124.0, 123.5, 122.8, 119.5, 119.1, 118.6, 113.9,
109.6, 75.2, 48.8, 39.9, 39.7, 36.2, 36.1, 26.7, 26.5, 25.7, 17.7, 16.3, 16.0. LRMS
(ESI*) m/z calcd for C3oH39Nz2 [M + H]*: 427.3; found: 427.3 (100%). Anal. Calcd for
CsoH3sN2: C, 84.46; H, 8.98; N, 6.57. Found: C, 84.62; H, 8.92; N, 6.53.

(#)-(5aR,10bS)-10b-((E)-3,7-Dimethylocta-2,6-dien-1-yl)-5a,6,10b,11-tetrahydro-
5H-indolo[2,3-b]quinoline (6x)

S18



Me

=

Me Me

\
Ss@
ﬁHﬂ

6x
Following the GP-1, compound 6x was prepared starting from 4 (101 mg, 0.4 mmol) t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), Et3B (440 uL, 0.44 mmol, 1.1 equiv) and 5d (96
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-15% EtOAc/hexanes). Colorless
gum. Yield: 70% (100 mg) over two steps. '1H NMR (400 MHz, CDCl3): § 7.04 (dd, J =
7.4, 1.3 Hz, 1H), 7.00-6.91 (m, 3H), 6.70 (td, ] = 7.4, 1.1 Hz, 1H), 6.64 (td, J = 7.4, 1.2 Hz,
1H), 6.56-6.53 (m, 2H), 5.20-5.16 (m, 1H), 5.07-5.02 (m, 1H), 4.95 (s, 1H), 3.63 (br m,
2H, overlapping broad singlets corresponding to two N-H protons), 2.88 (d, ] = 14.8 Hz,
1H), 2.77 (d, ] = 14.9 Hz, 1H), 2.43-2.37 (m, 2H), 2.02-1.98 (m, 4H), 1.67 (s, 3H), 1.58 (s,
3H), 1.52 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): § 148.5, 142.6, 138.0, 134.7, 131.4,
128.4, 127.4, 126.8, 124.3, 123.5, 122.8, 119.6, 119.1, 118.6, 113.9, 109.6, 75.2, 48.9,
39.9, 36.3, 36.1, 26.5, 25.7, 17.7, 16.3. LRMS (ESI*) m/z calcd for CzsH3i1N2 [M + H]*:
359.2; found: 359.2 (100%). Anal. Calcd for C2sH3oN2: C, 83.75; H, 8.43; N, 7.81. Found:
C,83.57; H, 8.49; N, 7.90.

(#)-(5aR,10bS)-10b-(Prop-2-yn-1-yl)-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]lquinoline (6y)

N

N
Hy H

6
Following the GP-1, compound 6y was pre}:’ared starting from 4 (101 mg, 0.4 mmol) ¢t-
BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 5e (53
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Colorless
gum. Yield: 75% (78 mg) over two steps. tH NMR (400 MHz, CDCl3): 6 7.25 (dd, J = 7.7,
1.0 Hz, 1H), 7.06-6.97 (m, 3H), 6.77 (td, ] = 7.4, 1.0 Hz, 1H), 6.69 (td, / = 7.4, 1.2 Hz, 1H),
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6.61-6.57 (m, 2H), 5.12 (s, 1H), 3.81 (br m, 2H, overlapping broad singlets
corresponding to two N-H protons), 2.95 (s, 2H), 2.61-2.47 (m, 2H), 2.05 (t, / = 2.6 Hz,
1H). 13C{1H} NMR (100 MHz, CDCI3): 6 148.0, 142.1, 133.5, 128.6, 128.0, 127.1, 122.7,
122.2, 119.3, 118.7, 114.0, 109.8, 80.8, 75.1, 71.2, 46.9, 35.1, 27.4.LRMS
(ESI*) m/z calcd for CisHi7N2 [M + H]*: 261.1; found: 261.1 (100%). Anal. Calcd for
CisHieN2: C, 83.04; H, 6.19; N, 10.76. Found: C, 83.16; H, 6.26; N, 10.71.

(#)-(5aR,10bS)-10b-(3,5-Dimethoxybenzyl)-5a,6,10b,11-tetrahydro-5H-indolo
[2,3-b]quinoline (6z)

6z
Following the GP-1, compound 6z was prepared starting from 4 (101 mg, 0.4 mmol) ¢-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 5f (102
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-30% EtOAc/hexanes). Colorless
gum. Yield: 82% (122 mg) over two steps. '1H NMR (400 MHz, CDCls): 6 7.03 (dd, J =
7.4, 1.3 Hz, 1H), 6.99-6.92 (m, 3H), 6.72 (td, / = 7.4, 1.0 Hz, 1H), 6.65 (td, J = 7.4, 1.1 Hz,
1H), 6.54 (dd, J = 7.8, 1.1 Hz, 1H), 6.46 (dt, / = 7.8, 0.7 Hz, 1H), 6.28 (t, ] = 2.3 Hz, 1H),
6.10 (d, / = 2.3 Hz, 2H), 4.90 (s, 1H), 3.62 (s, 6H), 3.09 (d, J = 13.5 Hz, 1H), 295 (d, ] =
14.8 Hz, 1H), 2.84 (d, /] = 14.8 Hz, 1H), 2.77 (d, J = 13.5 Hz, 1H). The signals
corresponding to the two N-H protons did not appear due to extensive broadening.
13C{1H} NMR (100 MHz, CDCl3): § 160.1, 148.9, 142.8, 139.7, 133.9, 128.5, 127.6, 126.9,
123.2,123.2, 119.0, 118.6, 114.0, 109.9, 108.5, 98.6, 74.3, 55.1, 49.6, 44.3, 36.8. HRMS
(ESI) m/z calcd for C24H24N202 [M + H]*: 373.1911; found: 373.1876.

(¥)-(5aR,10bS)-10b-(4-Methylbenzyl)-5a,6,10b,11-tetrahydro-5H-indolo|[2,3-

b]quinoline (6aa)
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6aa
Following the GP-1, compound 6aa was prepared starting from 4 (101 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 5g (82
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’-bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-20% EtOAc/hexanes). Colorless
gum. Yield: 81% (106 mg) over two steps. 1TH NMR (400 MHz, CDCI3): 6 7.02-6.94 (m,
6H), 6.90-6.88 (m, 2H), 6.72 (td, ] = 7.4, 1.1 Hz, 1H), 6.66 (td, /] = 7.4, 1.1 Hz, 1H), 6.58-
6.56 (m, 1H), 6.50 (dt, = 7.4, 0.9 Hz, 1H), 4.93 (s, 1H), 3.11 (d, / = 13.6 Hz, 1H), 2.94 (d, J
= 14.8 Hz, 1H), 2.86-2.80 (m, 2H), 2.29 (s, 3H). The signals corresponding to the two N-
H protons did not appear due to extensive broadening. 13C{1H} NMR (100 MHz,
CDCls): 6 148.6, 142.7, 135.8, 134.2, 133.9, 130.5, 128.6, 128.6, 127.5, 126.9, 123.3,
123.1, 119.0, 118.5, 113.9, 109.9, 74.3, 49.3, 43.3, 36.5, 21.0. LRMS (ESI*) m/z calcd for
C23H23N2 [M + H]*: 327.2; found: 327.2 (100%). Anal. Calcd for C23H22N2: C, 84.63; H,
6.79; N, 8.58. Found: C, 84.78; H, 6.84; N, 8.52.

(#)-(5aR,10bS)-10b-(4-Chlorobenzyl)-5a,6,10b,11-tetrahydro-5H-indolo|[2,3-
b]quinoline (6ab)
Cl

6ab
Following the GP-1, compound 6ab was prepared starting from 4 (101 mg, 0.4 mmol) ¢t-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), Et3sB (440 uL, 0.44 mmol, 1.1 equiv) and 5h (91
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (10-25% EtOAc/hexanes). Colorless
gum. Yield: 79% (110 mg) over two steps. 1H NMR (400 MHz, CDCl3): § 7.16-7.13 (m,
2H), 7.00-6.87 (m, 6H), 6.71 (td, J = 7.4, 1.0 Hz, 1H), 6.65 (td, ] = 7.4, 1.1 Hz, 1H), 6.55
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(dd, J = 7.8, 1.1 Hz, 1H), 6.48 (dt, J = 7.7, 0.8 Hz, 1H), 4.87 (s, 1H), 3.10 (d, / = 13.6 Hz,
1H), 2.93 (d, ] = 14.8 Hz, 1H), 2.85-2.80 (m, 2H). The signals corresponding to the two
N-H protons did not appear due to extensive broadening. 13C{1H} NMR (100 MHz,
CDClI3): 6§ 148.6, 142.6, 135.8, 133.3, 132.3, 131.9, 128.5, 128.0, 127.8, 127.0, 123.2,
122.9, 119.1, 118.7, 114.0, 109.9, 74.4, 49.4, 43.2, 36.5. LRMS (ESI*) m/z calcd for
C22H20CIN2 [M + H]*: 347.1; found: 347.1 (100%). Anal. Calcd for C22H19CIN2: C, 76.18;
H, 5.52; N, 8.08. Found: C, 76.01; H, 5.60; N, 8.01.

(#)-3-(((5aR,10bS)-5,5a,6,11-Tetrahydro-10bH-indolo[2,3-b]quinolin-10b-
yl)methyl)aniline (6ac)
H,N

6ac
Following the GP-1, compound 6ac was prepared starting from 4 (101 mg, 0.4 mmol) ¢-

BuONa (43 mg, 0.44 mmol, 1.1 equiv), EtsB (440 uL, 0.44 mmol, 1.1 equiv) and 5i (95
mg, 0.44 mmol, 1.1 equiv) in the first step; B2(OH)4 (144 mg, 1.6 mmol, 4.0 equiv) and
4,4’ -bipyridine (3.2 mg, 0.02 mmol, 5.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Colorless
gum. Yield: 75% (98 mg) over two steps. 1H NMR (400 MHz, CDCl3): 6 7.01-6.93 (m,
5H), 6.72 (td, ] = 7.4, 1.0 Hz, 1H), 6.64 (td, ] = 7.4, 1.2 Hz, 1H), 6.52-6.46 (m, 3H), 6.40
(dt, J = 7.6, 1.3 Hz, 1H), 6.25 (t, / = 2.0 Hz, 1H), 4.85 (s, 1H), 3.44 (br m, 4H, overlapping
broad singlets corresponding to NH2 protons and two N-H protons), 3.04 (d, J = 13.6 Hz,
1H), 2.90 (d, J = 14.9 Hz, 1H), 2.80 (d, J = 14.9 Hz, 1H), 2.70 (d, / = 13.6 Hz, 1H). 13C{1H}
NMR (100 MHz, CDCI3): § 148.6, 145.8, 142.6, 138.7, 134.2, 128.7, 128.6, 127.5, 126.9,
123.2,122.9,121.1,119.0, 1184, 117.5,113.8, 113.2, 109.9, 74.1, 48.8, 43.4, 36.7. HRMS
(ESI) m/z calcd for C22H22N3 [M + H]*: 328.1809; found: 328.1807.

3.3. Synthesis of tetrahydro-5H-indolo[2,3-b]quinolines 6ad-6ao (Scheme 2, main

manuscript)

General procedure 2 (GP-2) for the synthesis of tetrahydro-5H-indolo[2,3-b]
quinolines 6ad-6ao: To a solution of the corresponding 3-unsubstituted indole 7 (0.4
mmol, 1.0 equiv) in anhydrous THF (4 mL) was added NaOtBu (84 mg, 0.88 mmol, 2.2

equiv) under a nitrogen atmosphere at rt. The mixture was stirred for 30 min, followed
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by the dropwise addition of Et3B (1.0 M in THF; 0.88 mL, 0.88 mmol, 2.2 equiv). Stirring
was continued for an additional 30 min, after which a solution of 2-nitrobenzyl bromide
2 (0.88 mmol, 2.2 equiv) in anhydrous THF (1 mL) was added. The reaction mixture was
stirred at room temperature for 12 h. The reaction was quenched by the addition of
saturated aqueous NH4Cl (5.0 mL) and diluted with EtOAc (5 mL). The aqueous layer
was separated and extracted with EtOAc (5 mL). The combined organic extracts were
washed with brine (10 mL), dried over Na,SO,, filtered, and concentrated under
reduced pressure. The crude product was purified by coulmn chromatography on silica
gel using a gradient of 20-90% EtOAc in hexanes to afford the corresponding indolenine
intermediate in pure form, which was used immediately in the next step without further
characterization. The freshly prepared indolenine intermediate 3 was dissolved in DMF
(4 mL), and B2(OH)4 (3.2 mmol, 8.0 equiv) and 4,4'-bipyridine (0.04 mmol, 10 mol%)
were added. The reaction mixture was stirred at rt for 20 min. Upon completion
(monitored by TLC; ~ 20 min), the mixture was diluted with water (10 mL) and
extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with brine
(10 mL), dried over Na,SO,, filtered, and concentrated under reduced pressure. The
crude residue was purified by column chromatography on silica gel using a gradient of
20-60% EtOAc in hexanes to afford the amino-substituted tetrahydro-5H-indolo[2,3-

b]quinoline derivative 6 in pure form.

(¥)-2-(((5aR,10bS)-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-10b-
yl)methyl)aniline (6ad)

6ad
Following the GP-2, compound 6ad was prepared starting from 7a (47 mg, 0.4 mmol) ¢t-

BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3sB (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’ -bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 70% (92 mg) over two steps. 1H NMR (400 MHz, CDCls3): 6 7.06-
6.92 (m, 6H), 6.72-6.65 (m, 3H), 6.59 (dd, /= 7.9, 1.3 Hz, 1H), 6.55-6.51 (m, 2H), 4.91 (s,
1H), 3.54-2.82 (m, 8H; overlapping of signals for NHz, two N-H and four benzylic
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protons). 13C{1H} NMR (100 MHz, CDCls): § 148.3, 145.7, 142.7, 133.5, 132.5, 128.7,
127.8, 127.6, 127.0, 123.1, 122.5, 122.3, 119.2, 118.5, 118.4, 116.2, 113.6, 110.0, 74.7,
49.1, 38.3, 36.0. LRMS (ESI*) m/z calcd for C22HzeN3[M + H]*: 328.2; found: 328.2
(100%). Anal. Calcd for C22H21N3: C, 80.70; H, 6.46; N, 12.83. Found: C, 80.90; H, 6.49; N,
12.88.

(¥)-2-(((5aR,10bS)-8-Methoxy-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6ae)

6ae

Following the GP-2, compound 6ae was prepared starting from 7b (59 mg, 0.4 mmol) ¢-
BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3B (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’ -bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-50% EtOAc/hexanes). Light
brown gum. Yield: 75% (107 mg) over two steps. 1H NMR (400 MHz, CDCl3): § 7.06-
6.97 (m, 4H), 6.72-6.64 (m, 2H), 6.61-6.49 (m, SH), 4.89 (s, 1H), 3.68 (s, 3H), 3.35-2.79
(m, 8H; overlapping of signals for NH2, two N-H and four benzylic protons). 13C{1H}
NMR (100 MHz, CDCl3): 6 153.8, 145.7, 142.7, 141.9, 135.4, 132.5, 128.8, 127.6, 127.1,
122.2, 122.1, 1185, 118.3, 116.1, 113.5, 113.0, 111.2, 109.7, 75.1, 55.8, 49.4, 38.2,
35.8. LRMS (ESI*) m/z calcd for C23H24N30 [M + H]*: 358.2; found: 358.2 (100%). Anal.
Calcd for C23H23N30: C, 77.28; H, 6.49; N, 11.76. Found: C, 77.11; H, 6.45; N, 11.84.

(#)-2-(((5aR,10bS)-9-Methyl-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6af)

6af
Following the GP-2, compound 6af was prepared starting from 7c¢ (53 mg, 0.4 mmol) ¢t-

BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3sB (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
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4,4’ -bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 72% (98 mg) over two steps. 1H NMR (400 MHz, CDCl3): 6 7.05-
6.96 (m, 4H), 6.82-6.75 (m, 2H), 6.71-6.64 (m, 2H), 6.59 (dd, J = 7.9, 1.2 Hz, 1H), 6.53
(dd,J=8.2,1.1 Hz, 1H), 6.48 (d, ] = 7.7 Hz, 1H), 4.91 (s, 1H), 3.59 (br m, 4H, overlapping
broad singlets corresponding to NH2z protons and two N-H protons), 3.02-2.96 (m, 2H),
2.94-2.89 (m, 1H), 2.80 (d, J = 14.3 Hz, 1H), 2.21 (s, 3H). 13C{1H} NMR (100 MHz,
CDClI3): § 145.9, 145.7, 142.8, 134.1, 132.5, 128.8, 128.7, 128.2, 127.6, 127.0, 123.7,
122.4, 122.3, 118.5, 118.3, 116.1, 113.5, 110.2, 74.7, 49.0, 38.4, 36.0, 21.0. LRMS
(ESI*) m/z calcd for C23H2aN3 [M + H]*: 342.2; found: 342.2 (100%). Anal. Calcd for
C23H23N3: C,80.90; H, 6.79; N, 12.31. Found: C, 80.98; H, 6.74; N, 12.38.

(#)-2-(((5aR,10bS)-9-(4-Methoxyphenyl)-5,5a,6,11-tetrahydro-10bH-indolo[2,3-
b]lquinolin-10b-yl)methyl)aniline (6ag)

MeO

O H,N Q
oA

6ag

Following the GP-2, compound 6ag was prepared starting from 7d (89 mg, 0.4 mmol) ¢t-
BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3sB (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’-bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 75% (130 mg) over two steps. 1H NMR (400 MHz, CDCls): § 7.37-
7.33 (m, 2H), 7.19 (dd, J = 8.0, 1.9 Hz, 1H), 7.11-7.06 (m, 2H), 7.01 (d, / = 1.9 Hz, 1H),
6.99-6.92 (m, 4H), 6.75 (td, / = 7.4, 1.2 Hz, 1H), 6.67-6.61 (m, 2H), 6.58 (d, J = 8.0 Hz,
1H), 6.54 (dd, J = 7.8, 1.1 Hz, 1H), 4.97 (s, 1H), 3.85 (s, 3H), 3.40-2.87 (m, 8H,
overlapping of signals for NHz, two N-H and four benzylic protons). 13C{1H} NMR (100
MHz, CDCI3): § 158.3, 147.3, 145.7, 142.8, 134.2, 133.7, 132.6, 132.0, 128.8, 127.7,
127.4, 127.0, 126.5, 122.6, 122.3, 121.7, 118.6, 118.5, 116.2, 114.0, 113.7, 109.9, 75.4,
55.3, 49.5, 38.7, 35.8. LRMS (ESI*) m/z calcd for C29H28N30 [M + H]*: 434.2; found:
434.2 (100%). Anal. Calcd for C29H27N30: C, 80.34; H, 6.28; N, 9.69. Found: C, 80.17; H,
6.21; N, 9.75.
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(#)-2-(((5aR,10bS)-9-Bromo-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6ah)

H,N
Br
N N
Hyg H

6ah

Following the GP-2, compound 6ah was prepared starting from 7e (75 mg, 0.4 mmol) ¢t-
BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3B (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’-bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 67% (109 mg) over two steps. 1H NMR (400 MHz, CDCls): § 7.09-
6.95 (m, 6H), 6.74-6.68 (m, 2H), 6.63 (dd, ] = 7.9, 1.2 Hz, 1H), 6.51 (dd, J = 7.8, 1.2 Hz,
1H), 6.38 (d, J = 8.2 Hz, 1H), 492 (s, 1H), 4.09-3.34 (br m, 4H, overlapping broad
singlets corresponding to NH2 protons and two N-H protons), 2.97-2.88 (m, 3H), 2.79
(d,J=14.5 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): 6 147.3, 145.5, 142.4, 136.0, 132.5,
130.5, 128.8, 127.8, 127.2, 126.1, 122.2, 121.6, 118.7, 118.6, 116.2, 113.7, 111.1, 110.7,
74.8, 49.5, 38.1, 35.9. LRMS (ESI*) m/z calcd for C22H21BrNs [M + H]*: 406.1; found:
406.1 (100%). Anal. Calcd for C22H20BrNs: C, 65.03; H, 4.96; N, 10.34. Found: C, 65.17;
H, 5.04; N, 10.44.

(*)-2-(((5aR,10bS)-9-Chloro-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6ai)

6ai

Following the GP-2, compound 6ai was prepared starting from 7f (61 mg, 0.4 mmol) ¢t-
BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3B (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’-bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 66% (96 mg) over two steps. 1TH NMR (400 MHz, CDCl3): § 7.04 (td, J
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=7.6,1.6 Hz, 1H), 7.01-6.91 (m, 4H), 6.88 (d, / = 2.1 Hz, 1H), 6.72-6.66 (m, 2H), 6.61 (dd,
J=7.9,1.2 Hz, 1H), 6.48 (dd, /= 7.8, 1.2 Hz, 1H), 6.39 (d, ] = 8.2 Hz, 1H), 4.88 (s, 1H), 3.60
(br m, 4H, overlapping broad singlets corresponding to NH2 protons and two N-H
protons), 2.95-2.85 (m, 3H), 2.77 (d, /] = 14.5 Hz, 1H). 133C{*H} NMR (100 MHz, CDCl3):
146.8, 145.5, 142.4, 135.5, 132.5, 128.8, 127.8, 127.6, 127.2, 123.7, 123.3, 122.1, 121.7,
118.6, 118.6, 116.1, 113.7, 110.6, 74.8, 49.4, 38.0, 35.9. LRMS (ESI*) m/z calcd for
C22H21CIN3 [M + H]*: 362.1; found: 362.1 (100%). Anal. Calcd for C22H20CINs: C, 73.02;
H,5.57; N, 11.61. Found: C, 73.12; H, 5.66; N, 11.65.

(#)-2-(((5aR,10bS)-8-Methyl-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6aj)

6aj
Following the GP-2, compound 6aj was prepared starting from 7g (53 mg, 0.4 mmol) ¢t-

BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3B (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’-bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 72% (96 mg) over two steps. 1H NMR (400 MHz, CDCl3): 6 7.07-
6.98 (m, 4H), 6.85 (d, /] = 7.5 Hz, 1H), 6.74-6.67 (m, 2H), 6.60 (dd, J = 7.9, 1.3 Hz, 1H),
6.55-6.50 (m, 2H), 6.37-6.36 (m, 1H), 4.85 (s, 1H), 3.58 (br m, 4H, overlapping broad
singlets corresponding to NH2 protons and two N-H protons), 3.01-2.95 (m, 2H), 2.89
(d, J = 15.0 Hz, 1H), 2.80 (d, J = 14.3 Hz, 1H), 2.24 (s, 3H). 13C{*H} NMR (100 MHz,
CDClI3): § 148.3, 145.6, 142.6, 137.6, 132.6, 130.8, 128.8, 127.5, 127.0, 122.6, 122.5,
122.4,120.0, 118.4, 118.3, 116.1, 113.5, 110.9, 74.7, 48.4, 38.1, 36.1, 21.5. HRMS (ESI)
m/z calcd for C23H24N3 [M + H]*: 342.1965; found: 342.1959.

(¥)-2-(((5aR,10bS)-8-Methoxy-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)anilineindole (6ak)
H,N Q
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Following the GP-2, compound 6ak was prepared starting from 7h (59 mg, 0.4 mmol) ¢t-
BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3B (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’-bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-50% EtOAc/hexanes). Light
brown gum. Yield: 75% (107 mg) over two steps. 1H NMR (400 MHz, CDCl3): § 7.07-
6.96 (m, 4H), 6.78-6.71 (m, 2H), 6.70-6.65 (m, 1H), 6.60 (dd, J = 7.9, 1.2 Hz, 1H), 6.52
(dd,Jj=7.7,1.1 Hz, 1H), 6.22 (dd, ] = 8.1, 2.3 Hz, 1H), 6.11 (d, J = 2.3 Hz, 1H), 4.89 (s, 1H),
3.70 (m, 7H, overlapping of the very broad singlets for NH2 and two N-H protons with
the sharp singlet of -OCHs3 protons), 2.99-2.88 (m, 3H), 2.83 (d, J = 14.2 Hz, 1H). 13C{1H}
NMR (100 MHz, CDCl3): 6 160.0, 149.6, 145.6, 142.8, 132.5, 128.7, 127.5, 127.0, 125.6,
123.5,122.9,122.5, 118.5 (overlap of two aromatic carbon signals), 116.2, 113.7, 104.1,
96.5, 75.3, 55.1, 48.7, 38.7, 36.2. LRMS (ESI*) m/z calcd for C23H24N30 [M + H]*: 358.2;
found: 358.2 (100%). Anal. Calcd for C23H23N30: C, 77.28; H, 6.49; N, 11.76. Found: C,
77.38; H, 6.57; N, 11.79.

(¥)-2-(((5aR,10bS)-8-Chloro-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6al)

6al
Following the GP-2, compound 6al was prepared starting from 7i (61 mg, 0.4 mmol) ¢t-

BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3B (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’-bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 65% (94 mg) over two steps. 1TH NMR (400 MHz, CDCl3): 6 7.07-
6.94 (m, 4H), 6.76-6.66 (m, 3H), 6.63-6.60 (m, 2H), 6.53 (dd, /= 7.8, 1.1 Hz, 1H), 6.49 (d,
J = 1.8 Hz, 1H), 4.97 (s, 1H), 4.19-3.30 (br m, 4H, overlapping broad singlets
corresponding to NH2 protons and two N-H protons), 3.00-2.90 (m, 3H), 2.84 (d, ] =
14.3 Hz, 1H). 13C{1H} NMR (100 MHz, CDCl3): § 149.6, 145.5, 142.6, 133.3, 132.5, 131.7,
128.7,127.8,127.1,124.0, 122.7, 121.8, 118.8 (overlap of two aromatic carbon signals),
118.6, 116.2, 113.9, 109.7, 75.3, 49.4, 38.5, 36.0. LRMS (ESI*) m/z calcd for C22H21CIN3
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[M + H]*: 362.1; found: 362.1 (100%). Anal. Calcd for C22H20CIN3: C, 73.02; H, 5.57; N,
11.61. Found: C, 73.19; H, 5.67; N, 11.65.

(*)-2-(((5aR,10bS)-8-Fluoro-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6am)

6am
Following the GP-2, compound 6am was prepared starting from 7j (54 mg, 0.4 mmol) ¢t-

BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3B (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’ -bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 67% (93 mg) over two steps. 1H NMR (400 MHz, CDCl3): § 7.10-
7.05 (m, 1H), 7.04-6.97 (m, 3H), 6.80-6.68 (m, 3H), 6.62 (dd, J = 7.9, 1.2 Hz, 1H), 6.51
(dd, J = 7.9, 1.1 Hz, 1H), 6.36 (ddd, J = 9.5, 8.1, 2.3 Hz, 1H), 6.19 (dd, J = 9.7, 2.4 Hz, 1H),
4.90 (s, 1H), 4.15-3.31 (br m, 4H, overlapping broad singlets corresponding to NH:
protons and two N-H protons), 2.99-2.88 (m, 3H), 2.83 (d, J = 14.3 Hz, 1H). 13C{1H}
NMR (100 MHz, CDCls): 6 163.09 (d, ] = 242.2 Hz), 149.70 (d, ] = 11.7 Hz), 145.5, 142.6,
132.5,128.7, 128.61 (d, J = 2.3 Hz), 127.7, 127.1, 123.70 (d, J = 10.5 Hz), 122.7, 122.0,
118.7,118.5,116.2, 113.8, 105.05 (d, / = 22.7 Hz), 97.32 (d, ] = 26.0 Hz), 75.3, 48.8, 38.4,
36.1. 19F NMR (376 MHz, CDCls) 6 -114.5. HRMS (ESI) m/z calcd for C22H21FN3 [M +
H]*: 346.1715; found: 346.1718.

(#)-2-(((5aR,10bS)-10-Bromo-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6an)

6an

Following the GP-2, compound 6an was prepared starting from 7k (75 mg, 0.4 mmol) ¢t-
BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3sB (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
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4,4’ -bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 65% (106 mg) over two steps. 1H NMR (400 MHz, CDCl3): 6 7.10
(dd,J =7.5, 1.4 Hz, 1H), 7.04-6.96 (m, 3H), 6.86-6.78 (m, 2H), 6.72-6.68 (m, 1H), 6.66-
6.62 (m, 2H), 6.54-6.51 (m, 1H), 6.39 (dd, J = 7.4, 1.3 Hz, 1H), 5.05 (s, 1H), 3.59-2.87 (m,
8H, overlapping of signals for NH2, two N-H and four benzylic protons). 13C{1H} NMR
(100 MHz, CDCls): § 151.0, 145.5, 142.8, 132.1, 130.5, 129.4, 128.3, 127.5, 127.0, 123.8,
123.5, 121.9, 1189, 118.9, 118.6, 115.9, 113.8, 108.7, 73.5, 53.7, 35.6, 33.8. 1H NMR
(400 MHz, CDCI3) after D20 shake experiment: 6 7.10 (dd, / = 7.4, 1.4 Hz, 1H), 7.03-
6.96 (m, 3H), 6.86-6.78 (m, 2H), 6.70 (td, ] = 7.4, 1.2 Hz, 1H), 6.66-6.62 (m, 2H), 6.52
(dd, = 7.8, 1.1 Hz, 1H), 6.38 (dd, J = 7.4, 1.2 Hz, 1H), 5.04 (s, 1H), 3.56 (d, J = 14.8 Hz,
1H), 3.46 (d, ] = 14.8 Hz, 1H), 2.99 (d, J = 14.8 Hz, 1H), 2.88 (d, / = 14.8 Hz, 1H). LRMS
(ESI*) m/z calcd for C22H20BrNs3 [M + H]*: 406.1; found: 406.1 (100%). Anal. Calcd for
C22H20BrNs: C, 65.03; H, 4.96; N, 10.34. Found: C, 65.15; H, 5.04; N, 10.24.
(#)-2-(((5aR,10bS)-10-Chloro-5,5a,6,11-tetrahydro-10bH-indolo[2,3-b]quinolin-
10b-yl)methyl)aniline (6ao)

H,N O

Cl

S0

N N
HHH

6ao

Following the GP-2, compound 6ao was prepared starting from 71 (71 mg, 0.4 mmol) ¢t-
BuONa (86 mg, 0.88 mmol, 2.2 equiv), Et3sB (0.88 mL, 0.88 mmol, 2.2 equiv) and 2a (190
mg, 0.88 mmol, 2.2 equiv) in the first step; B2(OH)4 (288 mg, 3.2 mmol, 4.0 equiv) and
4,4’-bipyridine (6.4 mg, 0.04 mmol, 10.0 mol%) in the second step. The crude product
was purified by silica gel column chromatography (20-40% EtOAc/hexanes). Light
brown gum. Yield: 64% (93 mg) over two steps. 1H NMR (400 MHz, CDCl3): § 7.08 (dd,
J =7.3, 1.4 Hz, 1H), 7.03-6.97 (m, 3H), 6.88 (t, ] = 7.9 Hz, 1H), 6.70 (td, ] = 7.4, 1.1 Hz,
1H), 6.69-6.62 (m, 3H), 6.53 (dd, J = 7.8, 1.1 Hz, 1H), 6.34 (dd, J = 7.8, 0.9 Hz, 1H), 5.05
(s, 1H), 3.86 (br m, 4H, overlapping broad singlets corresponding to NH2 protons and
two N-H protons), 3.48 (d, / = 14.7 Hz, 1H), 3.42 (d, J = 14.7 Hz, 1H), 3.02 (d, / = 14.7 Hz,
1H), 2.90 (d, J = 14.8 Hz, 1H). 13C{1H} NMR (100 MHz, CDCls): 6 150.7, 145.5, 142.8,
132.1, 130.3, 129.2, 129.2, 128.4, 127.6, 127.0, 123.6, 122.0, 120.6, 118.9, 118.7, 115.9,
113.8, 108.1, 73.4, 53.0, 35.8, 34.1. HRMS (ESI) m/z calcd for C22H21CIN3 [M + H]*:
362.1419; found: 362.1426.
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3.4. Synthesis of Products 8a-c, 9a,b, 10, 11, 12 (Scheme 2, main manuscript)

(¥)-(5aR,10bS)-6,10b-Dimethyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]quinoline (8a)

8a
To an ice-cooled solution of 6a (150 mg, 0.63 mmol, 1.0 equiv) in anhydrous DMF (2

mL), was added NaH (20 mg, 0.83 mmol, 1.3 equiv) under nitrogen atmosphere and the
resulting mixture was stirred for 10 minutes at room temperature. Next, to this solution
was added Mel (52 pL, 0.6 mmol, 1.3 equiv) dropwise. The reaction mixture was stirred
for an additional 2 h before being quenched by dropwise addition of ice water (10 mL)
and diluted with EtOAc (10 mL). The aqueous phase was separated and extracted with
EtOAc (10 mL). The combined organic phases were washed with brine (20 mL), dried
over Na2S0s, filtered, and concentrated under reduced pressure. Purification of the
crude product on silica gel using a gradient of 2-20% EtOAc/hexanes afforded product
8a in pure form. Colorless gum. Yield: 76% (120 mg). 1H NMR (400 MHz, CDCls): 6
7.19-7.14 (m, 2H), 7.11-7.07 (m, 1H), 7.02 (d, ] = 7.3 Hz, 1H), 6.84-6.80 (m, 1H), 6.74-
6.70 (m, 1H), 6.66 (d, / = 7.9 Hz, 1H), 6.57 (d, ] = 7.8 Hz, 1H), 4.64 (s, 1H), 4.15 (s, 1H),
2.86-2.79 (m, 4H), 2.53 (d, J = 15.2 Hz, 1H), 1.26 (s, 3H). 13C{1H} NMR (100 MHz,
CDClI3): 6 149.1, 141.0, 137.0, 129.1, 127.7, 127.0, 121.3, 121.2, 118.6, 117.8, 1134,
107.9, 83.7, 38.8, 37.4, 32.1, 21.3. LRMS (ESI*) m/z calcd for C17H19N2 [M + H]*: 251.2;
found: 251.2 (100%). Anal. Calcd for Ci7H1sN2: C, 81.56; H, 7.25; N, 11.19. Found: C,
81.74; H, 7.29; N, 11.11.

(#)-(5aR,10bS)-6-Allyl-10b-methyl-5a,6,10b,11-tetrahydro-5H-indolo|[2,3-

b]quinoline (8b)
Me

L
//) 8b
Following the similar procedure described for the preparation of compound 8a,
compound 8b was synthesized from 6a (150 mg, 0.63 mmol) and using NaH (20 mg,
0.83 mmol) and allyl bromide (72 pL, 0.83 mmol). Purification of the crude product by
silica gel column chromatography (2-20% EtOAc/hexanes) afforded 8b (141 mg, 81%)
as a colorless gum. 1H NMR (400 MHz, CDCls): 6 7.12-7.04 (m, 3H), 7.00 (d, / = 7.3 Hz,
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1H), 6.75 (td, /] = 7.4, 1.0 Hz, 1H), 6.70 (td, J = 7.4, 1.2 Hz, 1H), 6.62 (dd, J = 7.9, 1.1 Hz,
1H), 6.52 (d, /] = 7.7 Hz, 1H), 5.95 (dddd, = 17.1, 10.2, 6.8, 5.0 Hz, 1H), 5.33 (dq, J = 17.2,
1.7 Hz, 1H), 5.23 (dq, / = 10.2, 1.5 Hz, 1H), 4.49 (s, 2H), 3.94 (ddt, J = 16.0, 5.0, 1.7 Hz,
1H), 3.82 (ddt, J = 16.0, 6.8, 1.4 Hz, 1H), 2.84 (d, / = 15.0 Hz, 1H), 2.54 (d,J = 15.0 Hz, 1H),
1.27 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): 6 148.1, 141.4, 136.6, 134.1, 128.8, 127.6,
126.9, 122.1, 121.5, 118.1, 118.0, 117.4, 113.6, 107.7, 81.1, 47.7, 40.2, 37.7, 22.5. LRMS
(ESI*) m/z calcd for Ci9H21N2 [M + H]*: 277.2; found: 277.2 (100%). Anal. Calcd for
C19H20N2: C, 82.57; H, 7.29; N, 10.14. Found: C, 82.39; H, 7.37; N, 10.19.

(#)-(5aR,10bR)-6-Allyl-10b-(2-(2,5-dimethyl-1H-pyrrol-1-yl)ethyl)-5a,6,10b,11-
tetrahydro-5H-indolo[2,3-b]quinoline (8c)

80

N ! H
//) 8c

Following the similar procedure described for the preparation of compound 8a,
compound 8c was synthesized from 6m (40 mg, 0.12 mmol) and using NaH (3.6 mg,
0.15 mmol) and allyl bromide (25 pL, 0.15 mmol. Purification of the crude product by
silica gel column chromatography (2-15% EtOAc/hexanes) afforded 8c (36 mg, 78%)
as a colorless gum. 1H NMR (400 MHz, CDCl3): 6 7.15-7.01 (m, 3H), 6.95 (dd, /=74, 1.4
Hz, 1H), 6.77-6.67 (m, 2H), 6.61 (d, / = 7.8 Hz, 1H), 6.47 (d, ] = 7.8 Hz, 1H), 5.94 (dddd, J
= 16.8, 10.0, 6.4, 4.9 Hz, 1H), 5.73 (s, 2H), 5.35 (dd, J = 17.2, 1.7 Hz, 1H), 5.26 (dd, J =
10.2, 1.6 Hz, 1H), 4.72 (d, ] = 3.2 Hz, 1H), 4.50 (d, J/ = 3.5 Hz, 1H), 3.95 (ddt, J = 16.1, 5.1,
1.8 Hz, 1H), 3.87-3.75 (m, 2H), 3.67 (ddd, J = 14.2, 9.4, 7.6 Hz, 1H), 2.93 (d, ] = 14.8 Hz,
1H), 2.70 (d, ] = 14.9 Hz, 1H), 2.10 (s, 6H), 2.00-1.96 (m, 2H). 13C{1H} NMR (100 MHz,
CDClI3): 6 148.8, 141.9, 133.9, 133.1, 128.4, 128.0, 127.1, 127.0, 122.8, 121.9, 118.9,
118.1, 117.6, 114.1, 107.2, 105.1, 78.7, 47.5, 45.1, 39.3, 37.9, 37.3, 12.3.LRMS
(ESI*) m/z calcd for C26H3oN3 [M + H]*: 384.2; found: 384.2 (100%). Anal. Calcd for
C26H29N3: C, 81.42; H, 7.62; N, 10.96. Found: C, 81.62; H, 7.54; N, 10.99.

(#)-(5aR,10bS)-5,6,10b-Trimethyl-5a,6,10b,11-tetrahydro-5H-indolo[2,3-
b]lquinoline (9a)
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9a
Following the similar procedure described for the preparation of compound 8a,

compound 9a was synthesized from 6a (77 mg, 0.32 mmol, 1.0 equiv) and using NaH
(20 mg, 0.8 mmol, 2.5 equiv) and allyl bromide (70 pL, 0.8 mmol, 2.5 equiv). Purification
of the crude product by silica gel column chromatography (2-15% EtOAc/hexanes)
afforded 9a (73 mg, 87%) as a colorless gum. 1H NMR (400 MHz, CDCl3): § 7.20-7.17
(m, 1H), 7.14-7.08 (m, 2H), 7.00 (d, /= 7.1 Hz, 1H), 6.78-6.70 (m, 3H), 6.49 (d, / = 7.6 Hz,
1H), 4.15 (s, 1H), 3.25 (s, 3H), 2.91-2.87 (m, 4H), 2.57 (d, / = 15.0 Hz, 1H), 1.29 (s,
3H). 13C{1H} NMR (100 MHz, CDCls): 6 149.5, 143.5, 137.1, 128.3, 127.6, 127.0, 123.8,
121.2, 118.3, 117.5, 111.2, 107.7, 92.4, 41.1, 40.2, 38.1, 34.7, 22.9. LRMS
(ESI*) m/z calcd for CisH21N2 [M + H]*: 265.2; found: 265.2 (100%). Anal. Calcd for
CisH20N2: C, 81.78; H, 7.63; N, 10.60. Found: C, 81.92; H, 7.73; N, 10.65.

(¥)-(5aR,10bR)-5,6-Diallyl-10b-(2-(2,5-dimethyl-1H-pyrrol-1-yl)ethyl)-
5a,6,10b,11-tetrahydro-5H-indolo[2,3-b]quinoline (9b)

s8s

N N
ro \T
9b
Following the similar procedure described for the preparation of compound 8a,

compound 9b was synthesized from 6m (80 mg, 0.23 mmol, 1.0 equiv) and using
NaH (14 mg, 0.6 mmol, 2.5 equiv) and allyl bromide (52 pL, 0.6 mmol, 2.5 equiv).
Purification of the crude product by silica gel column chromatography (2-15%
EtOAc/hexanes) afforded 9b (83 mg, 84%) as a colorless gum.'H NMR (400 MHz,
CDCls): § 7.12-7.05 (m, 2H), 7.01 (td, / = 7.6, 1.3 Hz, 1H), 6.92 (dd, J = 7.2, 1.6 Hz, 1H),
6.76-6.67 (m, 3H), 6.31 (dd, /= 7.8, 1.0 Hz, 1H), 6.00-5.79 (m, 2H), 5.75 (s, 2H), 5.35 (dq,
J=17.3,1.6 Hz, 1H), 5.27 (dq, /= 10.3, 1.6 Hz, 1H), 5.24-5.16 (m, 2H), 4.84 (s, 1H), 4.31-
4.21 (m, 1H), 4.06-3.98 (m, 2H), 3.81-3.69 (m, 2H), 3.62-3.49 (m, 1H), 2.89 (d, / = 14.0
Hz, 1H), 2.74 (d, ] = 14.1 Hz, 1H), 2.14 (s, 6H), 2.06-1.98 (m, 2H). 13C{tH} NMR (100
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MHz, CDCI3): § 150.2, 144.3, 135.3, 133.6, 132.5, 128.0, 127.8, 127.3, 127.0, 126.8,
121.9, 119.4, 117.8, 117.6, 117.0, 114.3, 106.8, 105.2, 85.1, 53.0, 50.2, 49.7, 39.9, 39.4,
38.5, 12.4.LRMS (ESI*) m/zcalcd for Cz29H3sN3 [M + H]*: 424.3; found: 424.3
(100%). Anal. Calcd for C29H33N3: C, 82.23; H, 7.85; N, 9.92. Found: C, 82.41; H, 7.89; N,
9.87.

(+)-(S)-6,10b-Dimethyl-10b,11-dihydro-6H-indolo[2,3-b]quinoline (10)

10
To a solution of 8a (100 mg, 0.4 mmol, 1.0 equiv) in anhydrous CH2Clz (10 mL), was

added DDQ (227 mg, 1.0 mmol, 2.5 equiv) and the resulting mixture was stirred for 30
minutes at room temperature. The reaction mixture was quenched by dropwise
addition of saturated aq. NaHCOs3 (15 mL). The aqueous phase was separated and
extracted with CH2Cl2 (10 mL). The combined organic phases were washed with brine
(20 mL), dried over Na2S04, filtered, and concentrated under reduced pressure.
Purification of the crude product on silica gel using a gradient of 5-30% EtOAc/hexanes
afforded product 10 in pure form. Off-white gum. Yield: 71% (70 mg). 1H NMR (400
MHz, CDCI3): 6 7.26 (td, ] = 7.7, 1.2 Hz, 1H), 7.23-7.20 (m, 3H), 7.15 (d, ] = 7.2 Hz, 1H),
7.01-6.96 (m, 2H), 6.82 (d, J = 7.8 Hz, 1H), 3.36 (s, 3H), 3.06-2.97 (m, 2H), 1.18 (s,
3H). 13C{1H} NMR (100 MHz, CDCls): 6 171.2, 145.8, 145.7, 135.5, 128.8, 128.2, 128.0,
124.3,123.5,123.2,122.2,121.4,107.8, 41.3, 35.5, 27.8, 22.7. LRMS (ESI*) m/z calcd for
C17H17N2 [M + H]*: 249.1; found: 249.1 (100%). Anal. Calcd for C17H1sN2: C, 82.22; H,
6.49; N, 11.28. Found: C, 82.31; H, 6.41; N, 11.36.

(¥)-(4a1R,9aR)-9a-(2-(2,5-Dimethyl-1H-pyrrol-1-yl)ethyl)-1,4,4a1,9a-tetrahydro-
9H-4a,13b-diazabenzo[b]cyclohepta[Im]fluorene (11)
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To a solution of 9b (65 mg, 0.15 mmol) in CH2Clz (1 mL), was added Grub’s first-
generation catalyst “Bis(tricyclohexylphosphine)benzylidine ruthenium (IV) dichloride”
(12 mg, 10 mol%) under nitrogen atmosphere and the resulting mixture was stirred for
1 h minutes at room temperature. The reaction mixture was filtered through a pad of
celite (washed with additional 10 ml of CH2Cl2) and then the filtrate was concentrated
under reduced pressure. Purification of the crude product on silica gel using a gradient
of 2-15% EtOAc/hexanes afforded product 11 in pure form. Colorless gum. Yield: 89%
(53 mg). 'H NMR (400 MHz, CDCls): 6 7.06 (td, J = 7.8, 1.5 Hz, 1H), 7.03-6.97 (m, 2H),
6.89 (d, J = 7.4 Hz, 1H), 6.69-6.63 (m, 3H), 6.26 (d, / = 7.8 Hz, 1H), 6.15-6.09 (m, 1H),
6.00-6.04 (m, 1H), 5.76 (s, 2H), 4.91 (s, 1H), 4.19 (dd, ] = 17.4, 5.4 Hz, 1H), 4.12-4.06 (m,
1H), 3.97 (dd, J = 16.9, 6.0 Hz, 1H), 3.86-3.78 (m, 2H), 3.63-3.55 (m, 1H), 2.91-2.80 (m,
2H), 2.22-2.05 (m, 8H). 13C{1H} NMR (100 MHz, CDCls): 6 150.0, 144.9, 131.6, 130.8,
128.3, 128.1, 127.7, 127.4, 127.1, 127.1, 122.2, 119.3, 117.7, 113.7, 105.6, 105.1, 88.0,
52.1, 49.1, 45.0, 41.3, 39.3, 38.5, 12.4. Anal. Calcd for C27H29N3: C, 81.99; H, 7.39; N,
10.62. Found: C, 82.15; H, 7.31; N, 10.64.

(¥)-(5aR,10bS)-9-Bromo-10b-(2-(2,5-dimethyl-1H-pyrrol-1-yl)benzyl)-
5a,6,10b,11-tetrahydro-5H-indolo[2,3-b]quinoline (12)

12
To a solution of 6ah (81 mg, 0.2 mmol) and hexane-2,5-dione (23 mg, 0.2 mmol) in

CH2Cl2 (1 mL), was added ascorbic acid (2 mg, 5 mol%) at room temperature. The
reaction mixture was stirred at room temperature for 2 h. After consumption of starting
material, the mixture was concentrated under reduced pressure. Purification of the
crude product on silica gel using a gradient of 5-20% EtOAc/hexanes afforded product
8 in pure form. Light brown gum. Yield: 71% (68 mg). 1TH NMR (400 MHz, CDCl3): §
7.31-7.27 (m, 2H, overlapped with the residual CHCI3 peak), 7.13-7.08 (m, 2H), 7.06
(dd, J = 8.2, 2.0 Hz, 1H), 7.01 (td, ] = 7.6, 1.5 Hz, 1H), 6.92-6.89 (m, 1H), 6.75 (d, ] = 2.0
Hz, 1H), 6.67 (td, ] = 7.4, 1.2 Hz, 1H), 6.56 (dd, ] = 7.9, 1.1 Hz, 1H), 6.36 (d, ] = 8.2 Hz, 1H),
5.95-5.93 (m, 2H), 4.79 (s, 1H), 4.17 (br m, 2H, overlapping broad singlets
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corresponding to two N-H protons), 3.03 (d, J = 14.6 Hz, 1H), 2.75 (d, /] = 14.9 Hz, 1H),
2.62-2.56 (m, 2H), 1.95 (s, 3H), 1.73 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3): § 147.1,
141.9, 138.5, 136.3, 135.7, 132.2, 130.5, 129.5, 128.8, 128.7, 127.9, 127.6, 127.4, 127.1,
126.0, 122.0, 118.6, 113.9, 111.2, 110.8, 106.5, 106.2, 74.2, 48.5, 37.5, 36.9, 12.9,
12.7. HRMS (ESI) m/z calcd for C2sH27BrNs [M + H]+*: 484.1383; found: 484.1354.

4. X-Ray Crystallography Data

Methods to cultivate the crystals of product 6n:

The pure product 6n (15 mg) was dissolved in hexanes/EtOAc = 4:1 mixture (5
mL) in a 10 mL flat bottom glass vial and the resultant solution was kept for 7
days at room temperature.

X-ray crystallography:

X-ray reflections were collected on a Bruker APEX-II, CCD diffractometer using
Mo Ko (A = 0.71073 A) radiation. Data reductions were performed using Bruker
SAINT Software. Intensities for absorption were corrected using SADABS-
2014/2. Structures were solved in Olex2-1.5- alpha software using ShelXT
settings and refined using ShelXL-2014 settings with anisotropic displacement
parameters for non-H atoms. A check of the final CIF file using PLATON did not
shows any missed symmetry.1¢ The crystallographic parameters for the crystal
structure of 6n are summarized in Table S1. Crystal structure (ORTEP drawing

with 50% probability) of 6n is shown in Figure S3.

Table S1: Crystallographic data of 6n

Crystal Data rc1205_a (6n)
Formula unit C21 His N2
Formula wt. 298.37
Crystal system orthorhombic
T [K] 296
a [A] 6.466(11)
b [A] 12.77(2)
c[A] 19.58(3)
a[°] 90
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Al 20
7[°] 90
Volume [A3] 1616(5)
Space group P212121
Z 4
Decaic [g cm3] 1.226
pu/mm-1 0.072
Reflns. Collected 3080
Observed reflns. 3069
R1[I>20(D)], wR2 0.0831(1162),
0.2361(3069)
GOOF 0.935
Instrument Bruker APEX-II CCD
X-ray MoK\a
CCDC Reference No. 2483689

Y

Prob = 50%
Temp = 296K

55

- [VERSION=40625)

™ PLRTON-Aug 4 12:57:13 2025

98 rcl205_a P212121 R=0.08 RES= 0 -14 X

Figure S3. Crystal structure (ORTEP drawing with 50% probability) of 6n.
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6. NMR Spectra of Compounds

96¢'} —

bSTA
8097 —
2987
668

€Sy —

6887 —
859
#09'9 1
129°9 1
0v9'9 1
£€99'91
9999
289'9
589'9 ;W
0029
mE.@Nm
€929 F
cos 9
1829
v82'9 1
0089 1
20891
9/6'91
66'9 1
A
910°2
610°L %
oy
5602
8€0°L 1
0501
502
1502
880°/ 1
160°L 1
901
Ve

€100 0.2°

Me

o)

o0}

6L |

=001

10C
&c.— |

0l
Wﬂo.m

T T T T T T L
3.5 2.5 1.5 0.5

T

T

4.5
f1 (ppm)

T T T T T T T T T T T T
9.0 8.0 7.0 6.0 5.0

T

T

11.5 11.0 10.5 10.0 9.5

-2.5

-2.0

0.0

-1.5

-1.0

-0.5

1.0

2.0

3.0

4.0

5.5

6.5

7.5

8.5

1H NMR spectrum (400 MHz, CDCls3) of 6a.

S40



Ly'€C —

9€°'.€ —
6C¢r —

89'9/
€10d2 00°22 N

ceLL

VL1 \

. A
25 .2)
12821 /
groet”

691yl —
ov'LpL

Me

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

220

f1 (ppm)

13C{1H} spectrum (100 MHz, CDCl;) of 6a.

S41



6LE1L —

VAN
s19z—
98T~
£88'C

0eL'e —
0S6'¢ —

z58'r —
1259 1
ZvS9 1
£85°9 1
9659 1
£09'9 1
11991
529'9
8£9'9
Sv9'9 ,W
Z5L9
5519 Ay
E.iﬂ
v1L9
mwhi
6.9
800°L
1102
1202
0€0°L 1
9v0°L |
6402
1202
6,02 1
180°. 1
omo.g
660°L |
£10a0 0.Z°L

S—

OMe

Me

80'¢ |

TFeo1

Feor |

10°¢ |

LL)

Too'h |

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6b.

S42



6C'vC —

€6°LE —
€TeEy —

866G —

89°9.
€100 00°2L

zeLL \

91'82

5601
IAATN
vl

0S¥l

L0617
LozzL /-
62¥Z1
9121

LLGEL ~C
vsoelL

VACIVA 4
cveSt —

OMe

Me

JWMWWMMWMWMWWM

-10

T T T T T T T T I
200 190 180 170 160 150 140 130 120 110

210

220

f1 (ppm)

13C{1H} spectrum (100 MHz, CDCI3) of 6b.

S43



SW1 0000 —

GeC’L —

0252\
85T —
SZ8'T
gogz/

1€8°€ —

v68'y —
2659
7659 |
1099
01991
82991
9€9'9 4
6799
5599~¢
1999 -
€199

619'9
£vL'9
Sv29
9v2'9
192791
£9/°9 1
G9.°9
0829
2891
¥8.°9
200°2
9002
220,
G20°L |
1702
Y902 1
080°L |
280°L
€802
860°L
00L°L
Z0L'L"

OMe

Me
H
6¢C

=g0'¢ |

=10°1

=00} |

=40¢ |

yoby

660 |

[ 1

16°0 |

-1.0

-0.5

T T T T T T T
3.5 2.5 1.5

4.5

T T T T T T T T T T T T
9.0 8.0 7.0 6.0 5.0
f1 (ppm)

12.0 11.5 11.0 10.5 10.0 9.5

-2.0

0.0

0.5

1.0

-1.5

2.0

3.0

4.0

5.5

6.5

7.5

8.5

1H NMR spectrum (400 MHz, CDCl3) of 6c.

S44



v.'ce—

¥6'9€ —
9Ly —

9v'GS —

899/
€10ad 00°2L

L'l

celL

6G°GYL ~
i

Me

A A DAY S AP M e

OMe

ZT

6¢C

o M AM D AMH A WA

—
-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} spectrum (100 MHz, CDCls) of 6c.

S45



y6C' L —

A TAAN
0252~
0LLT~>
108C

68L°€~
e1ge”

bS8y —
2129
7959 |
p19'9 ]
919'91
819'9 1
£€9°9
G£9'9
1£9°9
65.°9
192°9
117°9
0829
@E.i
86.°9
v10°2 ]
1102
££0°2
9€0°. ]
250°L
G502
080°2
802 1
mmo&
zo1°L |

€100 022°2

OMe

Me

|

A

OMe

]

=90'¢ |

801

60°L |

0'¢ |

0¢

004 |

z00°} |

0l
7£0'L

80°L |

0L

oL |

T T T T T T T T T T T T T T T T T T T T T T T
8.5 7.5 6.5 6.0 5.0 4.0 3.0 25 1.5 0.5 -0.5

11.0 10.5 10.0 9.5

12.0 11.5

0.0

4.5

9.0

-1.5

-1.0

1.0

2.0

3.5

5.5

7.0

8.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6d.

S46



9€c—

0.8 —
ver—

6'SS
695~

19/
€10ad0 0°2L V

€1l \

6°LL

166 —

8601 —
VELL T
m.m:\
6L~
61217
gl —

zsel~
oL
9Lyl —
viviA
L8yl —

L

30 20

40

50

60

70

140' 130' 120' 110 100' 90 80
f1 (ppm)
13C{1H} spectrum (100 MHz, CDCls) of 6d.
S47

150

OMe
OMe
200 ' 190 ' 180 ' 170 160 '

210

220




981°L
v6v'¢ /
86¥'¢
9P-OSINd 005°C
€05°¢
G0S'¢
605¢

829'¢
mow.m//r
€19¢

-
g€cle
(474 \

8.€'€ —

899'Y
wnw.vw.
¥89'v

§26°G
156
wom.@/
12579
6259 7
6459 7
1659
75579
1559
0959
2959 1
6591
08591
€859 1
8859 1
9659
6659
109°9
909°9 1
21991
998°9 |
898°9 1
888°9 1
G68°9 1
£06°9 1
906°9 1
606°9 1
€169
2269 1
G269 1
826°9 1
¥20°L 1
£p0°L-

Lan )

Cl

Me

Feoe |

Tooz |

Feeo |

Foor

H/ho.m

proe I

7860

T T T T T
11.5 11.0 10.5

—
12.0

f1 (ppm)

1H NMR spectrum (400 MHz, DMSO-ds) of 6e.

S48



9/°€¢ —
LEEE

06°8€
ofmm%
1€°6€

9P-OSNA ¢5'6€
€1°6¢
¥6°6€
1%
8¢’y

809, —

p6801
96 LLL~
L8O
1S LM~
om.w:w
05121

Ve L2}

mm.gw
mv.mm_w
R

y0'SylL —
L8yl —

Cl

Me

|

—
-20

-10

— 1 T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, DMSO-ds) of 6e.

$49



SWL 0000 —

1S¢°)L —

POSZ
ST
1612~
ceez’

£y —
1979 1
18791
685°9 1
2659 1
659 1
6099
119°9
€199 )W
zsL9
G519 %
ESN\
€LL9
68.°9
6.9
626'9
869 1
176'9
876°9 1
2969 1
8969 1
5002
800°2
vZ0'L
120°L ]
ev0'L
9v0°L
€50°L 1
¥50°L
950°L
160°L 1
LL0°L
2L0° L
vL0°L
9/0°L"

Cl

Me

_J\

o
0L

7L
¥86°0
00’}
61
202

T T T T T T T T T T T T T T T T
11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

T
11.5

1H NMR spectrum (400 MHz, CDCl3) of 6f.

S50



9v'ec —

60°LE —
ey —

89'9L
€10d0 00°22

Cl

Me

SRR 111 1 I

T
-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

f1 (ppm)

13C{1H} spectrum (100 MHz, CDCl3) of 6f.

S51



SN1 000°0- —

¢se —

9052\
vrsz—
2812~
6182

L9V'€ —

€cey —

HeEET
9vG9'9
166°9 1
665°9 1
109'9 |
£09°9 1
9099
809°9
#1994
9199
8199
1299
2299
9299
12991
19
¥92°9
99/°9 1
89/°9 1
28291
8.9
1v8°9
6v8'9
1989 |
698°9

G00°L
£00°2
120°2 1
220°L
¥20°L
920°2 1
€Y0°L
GhO°L
9v0°Z 1
80"
€90°L
G90°/
990°2 -

= -

Me

Cl

~  Fc¢l’e

\U Fio
-—= Foos
4 ego

- [¥80

———— Ho

60
6L
001
H/B.o
202

T T T T
11,5 11.0 10.5 10.0 9.5

T
12.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6g.

S52



1€°€C —

0,'9¢€ —
0cey —

89'9/
€100 00°2L

S6'60L ~
8ZELl ~
96'LLL ~_
L¥V6LL
9c0zl
S6'LTL
19121 *
1962} \
zLzel

829l

egerl
9Lyl —

Me

jan

68

S— 1 T —

T
-20

-10

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

f1 (ppm)

13C{tH} spectrum (100 MHz, CDCl;) of 6g.

S53



8t —

6252\
9952 —
908'Z
V8T

80G'Y —

mwm"f\
062°9 |
609 1
9191
G.E€91
18€79
vm@.fﬁ
9£9'9
8699
€59'9
659'9 7
1599
82'9
108'9
£08'9
9089 |
22891
9889
106'9
£06°9
9069 1
2269
ROVE
BO.L
090°L |
290°2
6L0°L
980°L 1
180°21
680°L 1
160°L 1
POL L
90172 1
VE
VE
€1000 022"

Wy

S

Me

Foru

Feor

1L

=€0'L

0L

0L
10
T£0°)
oot

H/\.c.N

T T T T T T T T T T T T
5.5 40 3.5 3.0 1.0 0.5 0.0

6.0

T T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 6.5

12.0 11.5

-1.5

-1.0

-0.5

1.5

2.0

2.5

4.5

5.0
f1 (ppm)

7.0

7.5

1H NMR spectrum (400 MHz, CDCl3) of 6h.

S54



gleec—

¢s'9€ —
yo'ey —

899/
€10ad 00°2L
Le'LL
celL

¥Z°001
8v°001 >
Ze901
¥S POl 7
v6'60L 7
8y L1l
0S'LLL W
EY'6LL
¥6'121
2922V /F
vr'6Cl \
5621
Sr ol /
812kl
68°Z1
v/

LO'L9L ~
LegL —

Me

el L

bl
A AT o

Y

"
llaud ihe )

Py

g

120 100
f1 (ppm)

130

170 160 150

180

210 200

220

-20

-10

80 70 60 50 40 30 20 10

90

110

140

190

13C{1H} spectrum (100 MHz, CDCIs) of 6h.

S55



-116.27

Q e ‘O
F
N N
HH H
6h
L

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 20 30 40 -50 -60 -70 -80 90  -100  -110  -120  -130  -140  -150 160 -170 180 190

f1 (ppm)

19F NMR spectrum (376 MHz, CDCl3) of 6h.

S56



8567 )
08€Z ]
1667 1
Y6£Z 1
96€'7 1
2T
SLYT
LT
815'C
0€5°2
€657
€552
6952 1
N A
5822
968'Z 1
€62

L

0€0'G
150G
090°G
790G 1
080°G 1
€80°S 1
980°G
880G 1
660G |
€01°G
201°G
Nmn.mg
€61°G
G659 1
15691

T m

T

65591
259
91591
82591
1869
06597
909'9
6099
659'9

2999

8299

1899 1
9699
66991
9229
62,91
Sv.'9]
LvL'9
9291
99,9 1
6560 1
mvmi
8569 |
1969

€69
969
886'9
2669
66°9 1
100"
107
PLO°L ]
920° 1
0£0°Z 1
890°/ 1
2L0°L
180°2 1
060°Z 1

!

-

€10ad 04¢°L-

ZT

-

T \©
ZT

F86'0
oy
700}
G0}

o

k_‘o.u
0l
0'L
0L
10°¢
0L

2.0 1.5 1.0 0.5 0.0

2.5

3.0

6.0 5.5 5.0 4.5 4.0 3.5

f1 (ppm)

11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

12.0

1H NMR spectrum (400 MHz, CDCls) of 6i.

S57



esoe
6ETh —
80°8%

6L 7L
ww.m:%
€000 00'4 T

el

—
-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} spectrum (100 MHz, CDCIs) of 6i.

S58



600Z
1202
0€0° |
9€0°Z |
2507 |
8957 1
992 1
25121
68LZ 1
£76'Z 1
086°Z |
IR
9959 1
8959 1
0459 1

9859
1859
065°9
¥65°9
0199
€199
§59°9 1
859°9 1
199 1
11991
269°9 1
G69'9 1
€629 1
G629 1
12291
v229 1
0629 |
26194
0£6'9 1
£€6°9 1
8769 |
256'9 1
€869 1
186'9 1
0669 |
€669 |
200°Z 7
900°Z
600°L
2102
1202
G20,
820
180
0602
16072 1
602 1
8012
Ve
e
L]
mmri
LeLL
GeLLA
19421
Z81L°L
IR
YET L
9€T L 1
ove L
VST L
65z, 1

€19d9 092"
092°L 1
€121

Ln s

=TT

Sl¢L-

Tooz

Wo.u
6°0

Rt

%N_‘.N

60

2.0 1.5 1.0 0.5 0.0 -0.5 -1.c

2.5

3.0

3.5

11.0 105 100 95 90 85 80 75 70 65 6.0 55 50 45 4.0
f1 (ppm)

11.5

1H NMR spectrum (400 MHz, CDCls) of 6j.

S59



vi0e”
LVLIE~
AN

€6'8Y —

zVsL
wo.on%
€000 00°22 °F

[4 59

mew *

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

T
220

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCls) of 6j.

S60



€10ad 04¢°L-

ZT

6k

70l
To0'k

0l
WN.F

181

Foo's

Koz
1z

Tezv

6.5

7.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6k.

S61



10°0€ ~
96'LE
L0°LE ~
¥9'8¢

Y8y —

12°6L
899, %

€000 00'22
zeLL

vl'/lcl \
0e'8cl \
80°¢El

crerl —

L9°8¥1 —

6%'80C —

ZT

6k

.—L______UL_WM

—
-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCls) of 6k.

S62



8€6°L 1
£V6'L T
056'} 1
¥56°L T
296') 1
596'L 1
.61
6.6} 1
¥86') 1
686') |
iah
992 1
689'C |
5987 1
98 1
882 1
068°Z 1
2682 1
006Z |
6062 |
2262
L1762
€9le

!
§

oLb'e b

/81€
0v0°S 1
6159 1
1259 1
9859 1
8659 1
0rS'9 ]
ACER
655°9 1
29591
8v9'9 |
1G99 1
1999 1
6999 1
8991
889'9 1
129
€129
62279
zeL'9
wi.i
0529
G169
6169
€69
Zmi
v.6'9
11691
G86'9
6869 |
£66'9 ]
966'9
qoo.g
800°. |
Z10°L
51021
€20/ 1
920/ 1
18711
957°L

£10a0 02Z°L 1
€66/ 1
865°,
€5/ 1
GG L 1
655",
9572 -

3

—

,Ts

ME\N

Forz

e
oy
VA

H\Fo.r

ool

/102
0L
0L

ﬁo.v
o€
0z

Re0z

3.5 3.0 2.5 2.0 1.5 1.0 05 0.0 -0.5 -1.0 -15

4.0

11.5 11.0 105 10.0 95 9.0 85 80 75 7.0 65 60 55 50 45
f1 (ppm)

12.0

1H NMR spectrum (400 MHz, CDCls) of 61.

S63



e —

08'vE~\
£e'5e
S6'9€

82°9%
XLl

29vL

89'9/\"
€000 0022 ]

e LL

86601
96°€LL
8v'8lLL
10611
€cect
L9eel

16°9¢l
celel
./l

62871 ~
65621 M
0z'sel

£ZEl /
€TThl ~
vzevl 7
szepl —

Ts

Me\N

"

L

™

Wi

ZT

6l

-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl3) of 6l.

S64



<t O
o
) © ©
™o
I
T

SELL
€10ad 04¢’L-

Me

Me

7202
p1'9

FoL
£00'L

o0
Ho1

s
Fe60

Fee'L

(x4
%o._‘
€01

L0°)

0°L

0.0

T
0.5

1.0

1.5

T T
2.5 2.0

3.0

T T
4.0 3.5

4.5

5.0

T T T T T T T T T T T T
11.0 10.5 10.0 5.5
f1 (ppm)

-1.5

-1.0

-0.5

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

12.0 115

1H NMR spectrum (400 MHz, CDCl3) of 6m.

S65



veelL —

08'9€
98'8€ ~
8L'6¢

LVIy —

6L
%EV

€000 0022
zeLL

A\
N
H

6m

"
AN

IR

L

Me

ZT

Me

T T T T T
210 200 190 180 170

T
220

T
-20

-10

T T T T T
150 140 130 120 110

T
160

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCl;) of 6m.

S66



A
0052 1

9P-OSING 00S°Z 1
S0S°Z T
ZL0°e
0S0°€
881°€ 1
92Z'¢
69€°€ 1
181G
261G T
G616
102G
166°G 1
€00'9 1
G€Z'91
€VZ9 1
21791
S/1'9
069
€619
8059
1S9
G259
LPS'9
7759
1¥5°9
6G5'9
2959
6159
95/°9
6G.°9
v10°9
1109
6¥8'9
258'9
898'9
2/8'9
1889
168'9
1689
006'9
916'9
616’9
€697
8e6'9
£96'9 |
956'9
12691
61691
9911
691°2 1
8.1
CIWE
681",
861°L 1
Nomi
5022
%N.&
85z L
0.2'21
v12°1
18221
€62°L 1
1282
€€e L
Gee'L T
6€€L
8¢/
€GEL 1
16827

Too'L
Foo1

Foo'L

3.0

3.5

11.5 11.0 10.5 100 9.5 90 85 80 75 70 65 6.0 55 50 45 4.0
f1 (ppm)

12.0

1H NMR spectrum (400 MHz, DMSO-dg) of 6n.

S67



ce'Ge
06'8€
0l'6€
L€°6€
9P-OSINd ¢S'6¢€

|

€26¢
vm.mm\‘
Sl oy
16'6% —

G8/LL—

60'601 7
vZ'eLl
€99l 1
9G 211
68121
9z'ez) |
vE9zL
592
0Z'221 A
ov 221
z8'.2L T
81'82l /
evGelL —

.t

v eVl ~
L0°S¥L
688yl —~

—
-20

-10

T T T
120 110 100
f1 (ppm)

—
130

—
140

L e T
210 200 190 180 170 160

—
220

13C{1H} NMR spectrum (100 MHz, DMSO-ds) of 6n.

S68



00S'T—

PIST~
1887
EaT'E~
061

8Ty —

5e8'y —
€25'9 7
92’9 1
€bb'9 |
Shb'9
0659 1
6591
119'9 9
199+
259'9\
§59'9 ]
€997
§/9°9 7
$12'97
(129
ecs9]
9£/'9 1
1629
$5/'9 1
16891
L7169
££6'9]
2502 ]
9€0°L 1
Sb0°L 1
L0,
60, 1
150°Z 1
€50°L 1
$90°2 1
990°L 1
890"/ 1
0£0°L 1
2L0°L
€10ad 04z,

Frpp—

Cl

Me

-M ot
= Fso't

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 60.

S69



er'ec—
9L'vE—

66'St —

899/ /
€10ad 00°Z4~\

eLL

69°LL

L0t
06°€TT /

18'8TT /
1€°02T /
81°€eT /
00°£21 %
(Y821

68'821 V
9T'0ET 7
PETET /

ekt —

y9'6¥T —

Cl

Me

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

T
210

T
220

f1 (ppm)

13C{1H} spectrum (100 MHz, CDCls) of 60.

S70



SWL1 000°0- —

n
@©
~
~
_
=

08L'%
8Ly
69€9
6859
619
6619
£19°9
5€9°'9
$59'9
129
7529
9929
1229
119
7829
926'9
626'9 ]
1569 1
Sv6°9
156°9 1
956'9 1
0969 1
$96°9 |
5691
LT
[T
£s1/ ]
85T/
€91/ |
VAR
9T,
€8T/ 1
981"/
2612 1
961",

_

Bn

ZT

Me

6p

Foo't

6'T

Fos0

60
0T
01
R0z
(4
H/$.m

11.0

11.5

10.0

10.5

12.0

9.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6p.

s71



001 —

1241
€Cey —
19'8% —

LTyl

899/
€10ad 00°4L 3

eLL

S0°0TT
L9°ETT
T¢8TT
[4°y44!
P8ECT
9’91
06'9¢T
8/°[C1
96°LCT
0v'8¢1
19'8¢1
09°0€T
PEPET
8bLET
95'CPT
66'SHT

e

Lok

A

Bn
6p

ZT

Me

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
220

13C{1H} spectrum (100 MHz, CDCls) of 6p.

S72



be8'e
5€8'C
158°C
858'C
€8T
S16'C w

7S6°C
0cte
PST'E

0bL'e€ —

SRR
0849 1
61579
7559 1
8959 1
145794
59 7
8859
659
509'9
9099 /]
719'9
b19°9
9/9'9
2699
5699
0129
€149
986'9
0669 1
200°Z 1
900°Z 1
600 1
1202 |
520°L1
0€0°L 1
££0°L
TH0'L 1
bb0'L |
610, 1
viz L
91z L
817,
7T L
[TT L
s€TL
0bTL 1
enad oz’

ZT

Bn

ZT

MeO

6q

]

Fsre

o't

11'e

E£6'0

00T
Beoe

0T
Eery
EET'E

11.0

12.0 11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6q.

S73



§SC9€ .\.
4332
€16~

LL°SS ./

Y'Yl

%.ﬁ%
€100D 00°LL

e

JAAVAN!
0Cert H\
9kl
89°€ST —

MeO

Bn

-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} spectrum (100 MHz, CDCIs) of 6q.

S74



Le8e
wa.m/
wow.mv
868C
mmm.m\
No_‘.m\
ovl'e
60L'€ —

60y —

8168,
2809
8vZ’'9
¥52°9
8929
viZ9
559
1559
€59
959
o%.im
2999
899
1899
@%i
669°9 |
96.°9
11897
0569 1
€56'9
8969
2169
Bmi
786°9
000°L |
¥00°L
600°. 1
PLO"L
6L0°L
zz0L ]
9202 1
€80°L 1
€0Z'L |
G022 1
Wel
GLZ'L
€22 1
822 1

r

ak

€10ad 04¢'L-

MeO

Fooe
00’

K60
670
00}
»80'L
F90'1
F0v
2¥0'E

T

12.0 11.5

T

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6r.

S75



€9'9€ —

60vr
98'8y —
LSS~

V6L
8.&%
€000 0022 7

ceLL

G€'96 —

06'€01 —
68°SLL
65811
LE'€Z) /
19'€Z) /
20'9z1
oeozh A
gg'ozl /f
€821
25821
19°08) \
oy

e€Leyl
88671 —

28’651 —

MeO

-20

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

220

13C{1H} spectrum (100 MHz, CDCls) of 6r.

S76



06C'T —

S/S°C \
a9'c—
0¢8'¢—~
£88°C /

0¢6'€ —

8%
€18
6591
755'91
£55'91
mmm.mj
28591
8659
109°9 4
£89'9
989°9 ~
689'9 7}
10279
$0£°9
L0491
6029
12491
veL 9
9229
8229
£56'9
mmmi
€96'9
996'9
696'9
€£6'9
9/6'91
$86'9
£86'91
920°2 1
0£0°2 1
S0 1
050°Z 1
$90°L
890"/ 1

€0ad 0Lz'LA

T

A

ZT

Me
6s

ZT

Cl

ee

Fsot

Feot

0¢
0°¢C
0°'C
0T

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6s.

S77



88'€C —

6C°LE—
6V ¢ —

89'9/
€10ad oo.mmW

14074 \

88'LL

$9°60T ~
LLETT ~
85'8TT ~\
€8°81T~

S9'8vT —

Me
N
H

Cl

T
-20

-10

T T T T T T T T I
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6s.

S78



yocL — =LI'¢
809l — =91°¢

W

€662\
Le9c
2962~ _ .
E50°)
6667

-= 90°L

966'€ — - 9}
2891
859 1
2059
5059 1
6159
1859 1
6659 1
109'9 |
€19'91
G199+
1£9°9
€99 ,W H\MNM
679'0 ~F = i
Nmo.im o)
€eL9
ocso 0k
2629
569
E.i
€LL9
8169
1669 1
19691
069
vwm.&
1869
0669
€002 1
900°L1
220°L 1
G202 1
€Y0°L 1
9Y0°. 1
1902 1
$90°2 1
€100 04Z°L1

_

Me

N N

H MeH
6t

-2.0

-1.0 -1.5

-0.5

40 35 30 25 20 15 1.0 0.5 o0.0

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)
1H NMR spectrum (400 MHz, CDCl3) of 6t.
S79

9.0

9.5

T

12.0 11.5 11.0 10.5 10.0




8€'0C —
6€'GC —

c6'8€ —
LL'vy —

89'9/
€10d0 oo.mmw

ceLL Va

0,08

1960}
E.N:W
S9'LLL

m:w:/
sLLz)

s1'zeh A
18°9Z) ~
R.E\
1282}

v19eL
19T ~
EL L~

Me

Me
6t

ZT

T
-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCl3) of 6t.

S80



SYSL
¥69' 1
€97 ]
041
€187
9.8
08€Z
06€°Z |
€6€°C 1
00+ {
6221
6L
118
L6 ]
2L9'E ]
€86y

Z51°6
951°g

651°G

€91°G

991°G

691°G

€L1'G

9/1°G

081G |
€81°G 1
181°51
681°S 1
€61°G 1
961G 1
00Z'6 |
15591
6559
0959 1
§95°9 1
199797
91591
8159 1
08591
89791
1859
6799
2599
1999
0199
989°9
6899
8129
Kmi
L8179

6€.°9 1
66291
8629 1
8€6°9
1769 1
956'9 1
oom.i
0269 |
v16°9

6.16'9
686°9
€669
866°9
800°L 1
2102
1102
8Y0°L 1
250°2 1
190°L
0L0°Z1

——

—

=i

u

€10ad 04¢’L-

Me

Me

U

FL0'E
50¢

Fooz

F00'L
Beor)

s

o001
0oL

kdo.m
10°L
60
0L
0¢c
60

T T T T T
10.5 10.0 9.5

12.0 11.5

9.0

11.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6u.

S81



08l —
96'G¢ —

£0°9€ .
g9’

S8y —

86'.
899/

€10a2 00727
ceLL

Me

Me

—
-20

-10

A A [ A I I A A I R R
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6u.

$82



SW.L 00001
88| |
0vEZ |
ZreT
SL€Z 1
L1£2
£€5Z ]
9652 1
895°C |
15T
9022
722
9582 1
£68'Z 1

899

LL9'Y

€L97

9.9’

6.9

189V

zI8Y
a8y
818y |
44 A
601°G 1
G199
81G°9
0299
mmm.f
Nmm.wg
6€5°9 1
1999

0499

98G°9
6899
1€9°9 1
€€9°9
6v9°9
2G9'91
1999
0499
16979

€69'9

60L'9
ZLL9

wﬁ.&
0€L'9

906°9
oa.i
526'9

826°9
1£6'9 1
0v6°9 1
956°9 1
656'9 1
vom.&
896°9 |
G16'9

8.6'9 1
€869 1
186'9 1
£00°L 1
900°. 1
290°L 1
¥90°2 1
G90°L 1
190°2 1
180°L 1
Z80°L 1
¥80°L 1

nA

rTm

G80'L-

Me

L

A

20
220
80°'L
V0L

8’

o0y
S0

¥00°L

16°0
16°0

10°L

L1'e
u/_‘o._‘

-1.t

1.0 0.5 0.0 -0.5 -1.0

1.5

2.5 2.0

3.0

5.0 4.5 4.0 3.5

5.5
f1 (ppm)

11.,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

12.0

1H NMR spectrum (400 MHz, CDCl3) of 6v.

S83



GG've —

18726 —

oY'GY ~
66,y —

vl

899\
€10d0 00°LL 7

ceLL

69601
L0°vLL /
90°GLL /
99'8LL
S0'6LL %
06'221 ~\
Leel
16921 -F
25121 \
05°821
€ovEl
&ad
19°Tvl 7
8T8yl —

Me

-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCI;) of 6v.

S84



85 1
€667} 1
1697} 1
996} 1
€16°) 1
6861 |
866'L |
2002 |
€102
€€0°Z
050'Z 1
090°Z 1
2,021
€867 1
18€Z 1
Loz |
80¥°Z 1
9.2 7
2082
118
v16C
v16'Y 1
p20° |
8L0°G 1
180°G 1
§80°G 1
160°G 1
S60°G 1
660°G 1
Z01°S
20161
¥v5'9 |
959 ]
8759 |
559 1
1569
£95°9 1
959 |
195°91
v1597
11591
¥59°9 é
159°9
€199
6199 m
8LL9F
vzro b
1€1°9
0.9
mwmi
6269
¥16°9
1v6'91
6569 1
856'9
2969 1
8@.&
v16°9
1169
286°9 1
§86°9 1
€66°9 1
16679 1
V072 |
ev0°L 1
SYO°L
9v0°L 1
090°L 1
190°L 1
9072 1

€10a9 0.2°L 1

W T

T

Me

Me

Me

Me

ZT

6w

2€0°€
aze's
zZL'9
»Mq.v
vy
R502
2ELL
2oz'L

=00}
Egoe

0z
kwo.r

0L
Rl
Yo't

12.0 11.5

35 3.0 25 20 1.5 1.0 05 00 -05 -1.0 -15

4.0

4.5

5.0

10.5 10.0 95 9.0 85 80 75 70 6.5 6.0 5.5
f1 (ppm)

11.0

1H NMR spectrum (400 MHz, CDCl3) of 6w.

S85



2091
o
69'L)
0L'5T\
L9z T
£L92
y1°9€
75
bL6E
16'6€
L8y —

S1'GL
89'9/

€1002 00°2.
AN

19'601
L6'€LL
8G°8L1
¥1'6L1
¥5'611
6.'¢cl
Sy'ect
€0'vel -
6C'vCl
08'9¢lL
Wicl
€¥'8¢Cl
yeLEL
€LVEL
G0'SEL
G0'8€L
65°¢rlL
8€'8YL

=

e R

Me

Me

Me

Me

ZT

6w

-10

20 10

30

60 50

70

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
220

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6w.

S86



SINL 0000
61541
£85'L |
199') |
1164
£66'1 1
01071
5207 1
10z |
LLET
58e°Z |
16E°Z 1
2802
687 1
¥98'
1062
6v6°y
0€0'G
0v0'S
£50'S |
1v0°S |
050G 1
950G |
090G 1
9/1°G
IARE
816 1
981G 1
661°G 1
62591
1£G'9 1
96591
6ES9
8759 1
6159 1
1659 1
955'9 1
6559 1
02991
£29°9
8£9'9
1799k
9599 F
6599 \#
2899
6899
10L'91
€09
6129
zeL 9
6069 ]
€169
826'9 ]
1£6'9 1
8£6'9 |
169 %

5769 |

6v6°9

1569

096°9 1

96'9 1

896°9 -

9269

086'9 1

£86'9 1

1869

166°9 1

920°. 1

620°L 1

S0°L

8%0° -

Me

Me

Me

£60°¢

101

Vi
Rgo1

JE0e
=/0'L
g0l
Leze

0l

T T
11.0 10.5

T
11.5

T
12.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6x.

S87



8Z°91 ~
0L2L"
DR AN
zs9z”
LL'9g

0€'9¢

16767

188y —

1zsL
89'9/ %

€000 00'42 T
ze Ll

Me

Me

Me

-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6x.

S88



Sv0'¢C

Nmo.NW
850°¢
L9v°'¢
viv'e
605°C
916¢
19G¢
196C
€09'¢
0l9¢
¥56'C
018¢

.59
18591
6859 |
1659 1
Y6591
9099
8099
0199
1299
v19°9
689'9 7
2699
wohi
V29
€679 1
6519
1229
2279
069
26291
v16'9
1169
2669
966°9
100°L 1
81L0°L
1202
¥20°L 1
1€0°L 1
0v0°L 1
950°L 1
650°L 1
Zve L
b L
1922 1
€921 1

€10a0 022"

i
|

= =

-

———

1560

Fooz

A
g

— 10°¢c

T
11.5

12.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6y.

$89



ov'lc—

60'GE —

689V —

9L'LL
zLsL
8992\

€000 00'2L T
2020
28°08

61°601
96ELL
19811

0611 %
2 XZARN
69221 —
60°22L ~
10'821 \
00821/
ggeel

90¢evl —

86°LYl —

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCI;) of 6y.

S90



SINL 0000 —

18072
162°C
£28'C
0982
PEB T
V6T 7F
%o.m\
£oL's
99—

MeO

OMe

|

Sk
£80°)

H,SHF

=€1'9

00°1L

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6z.

S91



€8°9€ —

9 vy
8967 —
AN

Scvl

89°9L\"
€10d0 00°2. N

ceLL

1686 —

25801 ~
z6'601L 7
€0viL —
19'8LL ~
z064L 7
0z'€Zh

€eceet
§6'9¢l
¥9'/¢l
8v'8¢cl \
c6eel
89'6¢1 \
[4: x4

06'8yL —

0L°09) —

MeO

OMe

ZT

6z

1

T T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCls) of 6z.

S92



€6C°C —
¥08'C
8¢8'C
8€8°C
G98'¢C
€¢6'C
096°C
§60°€
62L°¢

€86y —
067°9 )
26v'9 1
y6°9 |
80591
1G9
€159
196°9 %
#9569
€869 F
ovm.wm
€v9'9
gsoo §
1999
1199
089°9
20,91
5029
1229
2291
mt.i
Zr9]
5189
0689
G689 1
Y69
169
€969
996'9 1
8969
98691
1869
1669
1669
900°L
LV0°LA
€100 04272

L diwn

FL0C

7802
Eeor
feo1

¢6'0
16°0
¢l

0’}
Mmo.u

Lv'9

T

T

10.5 10.0

11.0

12.0 11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6aa.

S93



0le—

G'9¢
ey~
€6y \

€vL
L9

"

ALl ot

Py

e

0o U ZZ
€L

6'601
6°¢ll /
S8l /
06l /
L'e€ch
m.mN_‘/

6'9¢l
§lch V
@.ww_‘\
m.wmv\
§goel
6'¢cel
cvel
8'Gel
m.wv_‘\
9’8yl

ZT

6aa

W

s

4

WY

Lot

Sy
I

Lk ded

-20

-10

v T T T T T T T T T v
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCI;) of 6aa.

S94



SINL 0000 —

108'¢C
18
8€8'¢C
Sv8'¢
0l6'¢c
Lv6'C
080°€
1433

=

i
€L'9
6819
1619
€619
€159
9v59
2959
5959
£59'9
9599
v0L'9
1029
6189
¥88°9
568'0 1
00679 1
01691
1169
€16'9]
¥16°9 1
£26'9 1
826'9 ]
£26'9
1669
169 -
G609
956'9 1
6569 1
G/6'9
8.6'9 1
286'9 1
GeLL
AV
RIVE
9612

Cl

ZT

H
6ab

¥80°C [

5801

0 |

=960 |

T T T T T T T T
3.5 2.0 0.5

T T T T T T 1 T T T T T
11.0 10.5 10.0 9.5 9.0 8.0 7.5 6.5 5.0
f1 (ppm)

11.5

12.0

-1.0

0.0

4.0

4.5

7.0

-1.5

-0.5

1.0

1.5

2.5

3.0

5.5

6.0

8.5

1H NMR spectrum (400 MHz, CDCl3) of 6ab.

S95



05'9¢€
ol'ey —
mm.mv/

ervL
89°92\"

€000 0022 7
e LL

16°601
96l
LL8LL
oL'6Ll
06'¢ccl
ocect

P

[N
S
~
[N
=
~

8/'/¢C)
86'/LC)
€9'8¢1
98°'LEL
oecel
Geeel
08'sel
€9'¢evl
€9'8Y1

R Y

Cl

-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6ab.

S96



SINL 0000 —

ZT

6ac

860
2101
0L

on.—.
—!\.o.v

oot

1.0

1.5

2.0

T T T T T T T T
5.5 5.0 2.5

6.0

T T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 6.5

-1.5

-1.0

-0.5

0.0

0.5

3.0

3.5

4.0

4.5

7.5 7.0

8.0

12.0 11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6ac.

S97



99'9¢€
9e'eY ~
818V~

vl

89°9L~"
€10ad 00°2L N

gLl

¢6'601

LVELL
08°Ehl
67 LLL
B.w:/
00611 &
801zl ~
1822l
Rr4)

06'9¢l

LG'LcL
8G'8¢l
LL8¢L
Level
G9'8¢l
voevl
€8°GYl
8G'8Yl

H,N

"

-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6ac.

S98



/18¢
€G68'¢
G68'C
168'C
€06°'C
ov6'c
€G6'C
986'C
vmm.NV.
NNO.@\
1€0'¢
LS'e—

BL6-8-
21591
0£5°91
€591
67591
255°9
€65°9
0859
€859 /W
6659
£09°9
999'9
699°9
189°9
789'9 ]
189°9
6699
202°9 ]
81,9
2L '9
€26'91
5z6'9 1
126'91
wmm.&
£V6'9
96’9
0.6'91
€16'91
686'9
£66'9 1
9002
800°Z
2102
110°L]
120721
1£0°L1
Y0 L
€10a9 0£2°L-

H,N

V'8

Fo6'0

0°C
co’L
0°¢

”T.wo.o

T
11.0

12.0 11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6ad.

S99



210°9€ ~
€€€'8¢

¢60°6Y —

6ELYL
5@.2%

€100 00022
LLELL

L16°601
0Z9°€Ll
19L9LL 1
LZr'8LL 1
18V'8LL 1
AR
SLETZ
86v'22)
150°€21

—

e

9L0°2ZL A\
(VAWEA® /
908°.¢l
ov.l'8cl “
1€G°¢EL
6€5°€el
Wwlevl ~
L99°GYl —
88C'8YL

H,N

LWWWWMWMMWMMMWWWMWWM

—
-20

-10

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCI;) of 6ad.

$100



€6.¢C
¥e8e
6¢8'¢
€68°C ~
1€6'C
E€V6'C
¢96'¢
6.6'C
666'C
LyEE
8/9'¢

CEER
omv.L
€059 1
906'9
605°9 1
0159
259
925'9
1€G'9
855'9 7
959
6,59
€85°9
mwm.i
209'9
909°9
659'9 1
299'9 1
8,99
089'9 1
w%&
102°9
Rm.i
6269 |
186'9
9869 1
886°9 |
2669 1
966'9 1
6669 1
50072 1
0L
G102
PE0L 1
Ge0°L |
80", 1
€10a0 02272

T i

.

L

H,N

MeO

Hieo

HE
0'¢C

12157

11.5 11.0 10.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5 -1.0 -1.5
f1 (ppm)

12.0

1H NMR spectrum (400 MHz, CDCl3) of 6ae.

$101



11°G€ ~
81'8€ —

LE°6Y —

816G —

zLsL

899, %
£1000 0022

zeLL

02'601
9L'LLL
oocll
LG'ELL

0L9LL
8z'8ll /
6781l /
s0'zzl

s1zz -
S0°LZh ~
v9'121 w
sL'82k/
9r'zel

erser’
v6' Ll

€Tl Jr
89°Stl

eg'egl —

o

s

LA

H,N

MeO

ZT

ZT

6ae

T
-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6ae.

$102



Slee—

[4:7x4
818¢ /
C68C\

5682
9682
1£6'
962
216
8.6
800°€
S10°€
185°€

98191
P159
11597
659
16597
959
Em.fw
965'9 ~§
6659 /f
Bw.&_
0999
9,99 %
6,991
989'9 ]
689°9 1
65291
¥9.°9 ]
68,9
1819
6829 1
@ow.i
608°9
596'9
6969
€16'9
616'9
286'9 1
8869 1
£66'9 1
16691
00072 1
G00°2 1
202 1
8202 1
€10a0 0221

oy

[

H,N

Me

¥
G

l

1

Fe

0’
[
0'¢

o'y

670

-1.0 -1.5

-0.5

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

50 4.5
f1 (ppm)

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

12.0

1H NMR spectrum (400 MHz, CDCl3) of 6af.

$103



H,N

77.00 CDCI3

N OMNTOMOANNDONONO O LW ©
OMNMNQUMNEMNANBLOQOMOT MO 988N I 3
O WNTNDWDOONNNDNNGDGDG G NS « © N [=) <
T T T OONNNNNNNNT~— — — — ~ O < o o]
B e T e R e e ~ ~ o~ < [3¢]

[ S S S S W S S R———
VN e ~ \

6af
I
| ‘ I Lo ‘ | |
| \ ‘
TP RV TR VUTIORt R TPy P Ru]mm..n\ Motvke ” A il \w TP TRUPI PRV IVY IR PR

Whs kg WM L bl vyl binbuttrd vl og Ayt Myt hiasmitiony

~35.97
20.97

T T T T T T T T T T T T T T

T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCIs) of 6af.

$104



6617,
€10a0 042/
6€€°L 1
e L
9G€°/

19€°L -

MeO

H,N

ce8

rA

Foor

10°L
MW:
0¢

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6ag.

$105



11'G€ —
€8¢ —

¢Sy —

1€°6G —

ev'sL

89'9/ M
€000 0022 T

zeLL

26'601 |
89°€LL
LOPLL
CTATI
¥S'8LL
€9'8LL
NN
zezzl
09221 1
97°9Z1
€021 1
L L2L
6921
L0821

No.NQW

9g'cel —
v

™

e

62851 —

MeO

H,N

T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110
f1 (ppm)

T
220

13C{tH} NMR spectrum (100 MHz, CDCl3) of 6ag.

$106



v..C
0l8¢
G/8¢C
§68'C
€16'C ¢
[4%°x4
166°C
196C
116°C
Sye'e
980V —

368
Bm.L
1059
¥05°9
0259
€259
0299
€299

0¥9°9 ~
/

€v9'9 xp.
1699 e
0029
2029
1291
w:.i
V2.9
¥56°9 1
8569 1
€169
1169
186'9 ]
6860 1
Nmmi
966'9
666'9
800°. |
1oL
2002
220,
120°2 1
€90°2 1
190°2 1
1802 1
€80°L 1
880°/ 1
€100 0/2'L1

——T

ZT

ZT

H,N

Br

6ah

200
Fooe

L€

[

T T

T

12.0 11.5

-1.0 -1.5

-0.5

1.0 0.5 0.0

1.5

3.0 25 2.0

3.5

4.0

10.5 100 95 9.0 85 80 75 7.0 6.5 6.0 55 50 4.5
f1 (ppm)

11.0

1H NMR spectrum (400 MHz, CDCl3) of 6ah.

$107



€6'G€ ~
08—

8v'6Y —

8LYL
89'9L\"
€1002 00'LL
zeis’

VL OLL
ELbLL
vLELL
SL9LL /
1981l
081l
29121 ~
nzzL’
GL9ZL “F
8L /zl
z8'.21
z8'821
9r°0El
or'zel
96°SEL
Vrzrl
05°Shl
0g'Lbl

H,N

Br

ZT

6ah

-10

T~ 1 1 _ T~ T T T T T ‘' T T T T T T
200 190 180 170 160 150 140 130 120 110

210

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCI;) of 6ah.

$108



1522
1812
678
18T
188°C
606'C
cz6CT
S\m.m\
8¥6'C
¥09'€ —

9988
Bm.L

LY
v17'9 7
0619
€67°9
¥65'9
16579
7199
1199
G199
12994
0899
£69°9
6699
8699
G891
088'9 |
906'9
11691
926'9 1
z€6°9
5e6'9 |
8€6°9

€569
856'9
1969
G169
61691
986°9
066°9
0v0°L
70",
el

| ——

200°}
toze

oLy

960

ZT

H
6ai

ZT

H,N

Cl

T T T T T T T
3.0 2.0 1.0

4.0

T T T T T T T T T T T T T T
9.5 8.5 7.5 6.5 5.5 4.5

12.0 11.5 11.0 10.5 10.0

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.5

2.5

3.5

5.0

6.0

7.0

8.0

9.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl;) of 6ai.

$109



16'GE€ ~
G6'L€

8€'6Y —

08'12
8_&%
€000 00'42 7

[4W

£9°0LL
0LEl |
L9l |
0984}
€981 1
S9'LZl A
0122l A
ze'eTl
L9°€TL
LV1T) W
%.5/
61121
199217/
o_\.mﬂw
GGl

WErl ~
BY'GhL ~
8L~

o

lobek

H,N

Cl

Woapd W g

Y sy

W

WA

10 -10

50 40 30

60

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

220

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6ai.

$110



9€TT

NwZ/
8187
OAL
8062 f
56
16T
1662

moo.m\

€89°¢

6688
89€°9 1
12€°97
66v'9 1
205'91
61591
22591
825°9 4
0859
2659
1¥5'9
6Y5°9
165°9
€559
mwm.i
165°9
809°9
1199
6899 ]
8899 1
£02°9
@Ei
9119
6129
0v8'9
658°9
686'9 |
686°0 |
100°Z |
¥00°L
800°Z 1
€L0°L 1
020°L1
€202 1
620°L 1
£60°L 1
8907/ 1
2502 1
€10a 02272

i

=

u

.
3

_ 20°L

£90°)L

190z

¢6'C

H,N

/ (4N
v 0'¢C

0'¢C

E—

Me

12.0 11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6aj.

s111



§le—

19€ ~
L'ge

ey —

Ll
N.EM
€000 0227

€L

601
Sel
boLL
€8l
V8L
00zt
v'zel
5zl
97Tl
0LzL
5 LzL
88zl
80l
9zl
9gl
9zyl
9'shL
gyl

—r

RN

S S S S S

H,N

119 I P——————

e

4

Me

Ll

ZT

ZT

6aj

-20

-10

— T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCI3) of 6aj.

$112



608'¢C
y¥8'¢
6.8'¢
916¢
9¥6'¢ X
¥S6°C
186'C
166'C
00L'¢ —

R
0LL9
5029
0LZ'9
5229
1€2°9
5059
wom.w/
259
1259
9859
065°9
209'9
6099
89991
129'9
1899
11291
029
Sv.'9
6929
8569 1
Em.&
2969
9269
6,69 ]
1869 ]
000°Z 1
00" -
900°Z 1
610°L 1
£€20°2 1
12021
S0 L |
1902 1
6v0°L 1

€10d0 04¢°L -

H,N

VL

MeO

ZT

6ak

N

SO
=00'}
u\.vo._,
= =€0'}
10¢

'y

T T T
11.0 10.5 10.0

12.0 11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6ak.

$113



11°9¢ ~
G1'8¢ —

89'8y —

€1°66 —

zess
w@_S%

€000 002 T
el

GY'96 —
90'v0L —

99°€ll
Lok .
6’81\
gd!
ow.mﬁw
8v'ezl
!
96'92}
!
89'82}

s5zel
6LZYL \
€9°GhL

09°6¥4 \
16651 —

H,N

MeO

T
-20

-10

T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T -
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCI;) of 6ak.

S114



vzez
698
1682
pe6e Tt
296C
962
886
100 .
867°¢ (424

98y —

HEE 7 Foo
88791
£25°9
92591
€759
Sv5'9
1099
¥09°9
9099
11997
129'9
299
929'9
1890 |
G199 ]
11997
169'9 ]
€699
9699 1
6029 1
N:.i
82,9 ]
VL9
1929
2169
S¥6°9 =
096'9 1 T 8
¥96'9 1
€169
1169
266'9 1
$66°9 1
866°9 1
150°L 1
650°Z 1
€10a9 022"

JE0

€0}
»Mz
€e

M/mm.w

L

T

H,N

Cl

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0 4.5

f1 (ppm)

11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
1H NMR spectrum (400 MHz, CDCl3) of 6al.
S$115

12.0




§6'G€ ~—
5'8€ —

9’6y —

62'5L
%SV
€000 0022 F

[4 5

12601
18°€LL
v2oll
69811
Z8'8ll

veizl
0.2z
86'czZl
vzl
107121 V
99'82) M
vLLEL
0szel \
oc'est
L9yl —

€9°GY1L —
SG'6vlL —

H,N

Cl

ZT

ZT

6al

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

220

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCIs) of 6al.

s116



ol8¢
o8¢
¥88'¢
126'C ~=
ov6'C
1G6'¢C
286'¢C
686'C

90€'¢

€Sy —

6835,
mwﬁi
$02'9 1
01291
205°91
5059
2259
¥25°9
909'9
609'9 W
929'9
629'9
cosrof
9029
1229
¥2.'9
9€/'9 1
6€L°91
G929
6129
@E.&
008'9
Em.&
7269
186'9
166°9
666'9
€00°Z 1
900°Z 1
01021
810°Z1
220°21
L20°LA
€202
9,0°21
€19a2 0222

— o

aa

T8l

=00}

ZT

ZT

H,N

6am

z60°)L [

L€ |

0.0

11.0

10.0

10.5

11.5

-1.5

-1.0

-0.5

9.0 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 0.5
f1 (ppm)

9.5

1H NMR spectrum (400 MHz, CDCl3) of 6am.

$117



019~
LE°8€

9.8y —

€€'G.
89'92
€100 00°2L
ze Ll
61267
S¥'16 1
6701 1
117501
SLELLY K
8194
g'8LL |
99'8L1L 1 ﬁ
¥0°22)
19221 A
v9'€Z1 o
GL €T

60°L¢l r
89°/¢l /
09'8¢l
c9'8¢l W‘
19'8¢l
6v'cel
8G°CVL ~_
67°GYL ~
9’6yl
9.'6¥1 v.

68191 ~
€yl —

o

H,N

ZT

ZT

6am

—
-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6am.

$118



6am

-114.54

T T
-50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150

f1 (ppm)

19F NMR spectrum (376 MHz, CDCl3) of 6am.

$119

-160

-170

-180

-190



mow.m/
906'¢
§96'C V

c00°€

ATEAN
69Y'E
Em.mx

88G°¢

E5e5

8L€'9
€69 1
9669 1
€159
91591
€659

9€G°9\L

v29'9 ¢
€v9'9 \m

0999
£99'9
1029
vﬁ.i
089

0089
61891
ze8'9 ]
5€8'9
2689
6689
_\om.i
6969

€169
86'9 ]
686'9 ]
€669 1
8669 1
20021
2102
e
680°L 1
£60°L 1
8011
Ve

!

3
3

€10ad00.¢°L-

H,N

Br

7’8

6o

b

3

0C
0l
10C
[4%
10l

T
11.0

T

T

12.0 11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6an.

$120



mw.N/
06
mm.NW
10°€
PrE
8v'E 7

mm.m\
8G°'¢

1%
8¢9
6£°9
69
159
159
€59
€59
79'9
£€9'9
99
$9'9
99'9
0,9
0L'9
8/°9
08'91
28'9
$8'9 1
%i
98'9
96'9
969 1
86'9 1
86'9 1
66'0 1
66'0 1
0021
1021
1021
60°21
60°L1
112
1T/
£Pad £zL-

ZT

ZT

H,N
Br

6an

£90°T |

5801

T0'T

0T |

K60

0T
0¢

T
H/HN.N

Mm.m

T |

W\\Mm.o L

T T T
11.0 10.0

12.0 11.5

10.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6an (recorded after D0 shake experiment).

121



91°¢€ ~
296

99'¢g —

L€l

ww.wm#
€10d0 00°2L W

e LL

19°801 7
SUELL
V6'SLL
29811 A
18'8L1
6811
Q4
SGETL A
¥8'€Z)
10 22hn
sgazL

€8¢l
mmdNFN

“ —cr

€5°0¢)
Lzl

18zyl ~
LgepL
20°1G1L ~

H,N

Br

ZT

6an

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCI;) of 6an.

$122



6182
oa.mk
8667~
veoe”
00V'E .
LevEF
%2\
£05'

soge .

¢rRg
9e€°9
€889
569
8159
1259
8659
0v5°9
229'9-*
1999
Zv9°'9
5v9'9 JE
659'9 §
2999
5999 |
28991
$89'9 1
1029 ]
029 1
61291
2219 ]
0989 ]
Swi
0069
19691
0469
€169
81691
18691
2669 1
9669 1
1oL
S10°L
0€0°Z 1
0L0°L 1
€107,
880" 1
160°L 1
€10a0 0.2

10}
601
(1N}
10')

L€

A_ =00'L

0’}
10°L
790°€
=801
501

H/a .
e

H,N
cl

0.0

0.5

1.5 1.0

2.0

3.5 3.0

4.0

5.0

5.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 6ao.

$123



90'vE ~
08'6e

66'C5 —

Yy'eL
wm.on#

€10a2 00°22 W
[4 9N

€180}
8LE1L1
vE'SLL |
598 |
6'8LL 1
19021
20'22)A
S5ETL
80221
95224
8824\
L1621

ow.mwvx

—

— e

Y€°0El
60°ZE)

8Tl —
8yahL
€1°0G1 ~

H,N

Cl

ZT

PR

6ao

-10

20 10

T
70 50 30

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
220

13C{1H} NMR spectrum (100 MHz, CDCl;) of 6ao.

124



6SC'T —

91S°¢
$S8S'C
06/4'¢
S64°C
008'¢
T18¢C
818'C
858°'C

gal
wnmi
669'9 1
699°9 1
€179
61491
22L97
92L'9
LEL°91
0b29
$18'9
618'9
128'9~%
€289 7
978'9
££8'9
0v8'9
$10°L
z€0'2
680° |
S0T°Z
6012
W'z
b1
ShT/ ]
b1 ]
ZsT°L
95T°L
09T°2
291°L
bOT'L
S9T°Z
VADE
ST
6LT°L
b8T"L
06T°L 1
€61,

Me

F90°€

Ee0'T

By |

oot

Feso

-1.0

T — T T T T T T T 1 T T T T T T T T T T T T T T T T T
12.0 11.5 11.0 10.5 10.0 9.5 8.5 7.0 6.0 5.5 4.5 3.5 3.0 2.0 0.5

-0.5

0.0

9.0

-2.C

-1.5

1.0

1.5

2.5

4.0

5.0

6.5

7.5

8.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 8a.

$125



PETC—

e —
THLEN
8L'8€ —

89'9/

€nad oo.RW
cELL
89'c8 "

€6°£0T~\
SEETT
1T
95811 /
8T'TZT
8T1el
S6'971
0LLTr=;
oozt

00°ZET —
S6°0PT —

60'6¥T —

f1 (ppm)

$126

110

120

Me
180 170 160 150 140 130
13C{*H} NMR spectrum (100 MHz, CDCl;) of 8a.

190

200




0LT'T
§76°T 1
€95 1
7e8'C
098'Z
68L°€ 1
908°€
978°¢
678°€
€ege |
€8¢ |
98°€ 1
0S8°€ 1
0T6°€ 1
b16°€
816°¢
[44%3
LT6°€
(8
07T'S
bee's
9WT'S
05T'S
90£°S
01E'S
ShE'S
6YE'S
€5¢'S
bb6'S
956'S 1
€159
£€5°9 1
609'9 1
119'9
879'9
1€9'9
6£9'9 1
289'9 1
8699 1
10£°9 1
91£'9
6TL9
0£L'9
mmn.Lm
6bL 9
1529
1929
0029
9869
500°Z 1
80°L
0v0°Z 1
£50°L 1
mmoi
790°L
120°2
§L0°L
080°Z
160 1
60°Z 1
00T°Z1
20T°2
S0T°Z1
0T1°21
€11
61T,
zerL
€0ad 0LT°L -

——

T

Me

Eeot
Foo'T

Pa0'T

Bzot

et

760'T
"07
Es6'0
m\.mm.o

60

6'0

W/MO.H
0€

T T
0.5

1.0

1.5

T T
2.5 2.0

3.0

T
3.5

T T T T T T T T T T T T T T
4.5 4.0

12.0 11.5

-1.0 -1.5

-0.5

0.0

10.5 100 95 90 85 80 75 70 65 60 55 5.0
f1 (ppm)

11.0

1H NMR spectrum (400 MHz, CDCl3) of 8b.

$127



'CC—

cLLE~
VAN 2

0Lty —

89°9/
€102aD 00°4L A

L

[4 8] /

69°£0T
8S°ETT \S
b LTT
£0'8TT /
60'8TT
8v' 121 7
s0°zet

Nm.omﬁ\
oo.mmﬁ\
¢w.mmﬁ\
wo.vﬂ\
mo.omﬁ\

€V IPT
0T'8pT .\.

Me

T
-20

-10

— 71 T 1 T ‘T T ‘T T ‘" T " T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCI;) of 8b.

$128



GG 1
G16') T
616°) 1
866} 1
€0L'Z 1
189°Z 1
81171
806°Z 1
SY6°Z 1
069°€ 1
891°€ 1
808°€ 1
828°€ 1
268°€ 1
898°€ 1
226°¢ 1
ve6'e
005t
805°Y 1
12l v
8zL'y
6¥2°S
€52°G
AR
812G 1
zZZe'S
9ze's
G9€'S
69€°G |
VELS ]
1€6°G
959
G119
€09'9 |
2299 W
mB.L_
1699 |
£69' |
§69'9 1
6029
AVRR
p129 4
1229
62,9
€79
S¥L9
1909
29,91
E#i
99/°9
¥16°9
1v6'9
296'9
996°9
210
9102 |
rmoi
G€0'L
050°Z 1
¥S0°L 1
990°L 1
690°L 1
G80°L
880°L 1
pOL"L 1
L0L°L
AR
AVE
epL L
orLL

€10a9 0.2°2 1

A

Ly

S

Me

Me

60T
50¢'9

£86°0
£66'0

Tv6°0
Feoz
By0°1

F€6'0
00°L

60
0°L

902
Fi011

/560
€60
Sz
0L
ce

T T
10.5 10.0

12.0 11.5

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

3.5

4.0

55 5.0 45
f1 (ppm)

6.0

6.5

8.0 7.5 7.0

8.5

9.0

9.5

11.0

1H NMR spectrum (400 MHz, CDCl3) of 8c.

$129



9cel —

9728~
98'/€

2€°6¢ /
60°G —
-

89'9/2 /
€10d2 00°2. V
ceLL \

€18L

v0'82L -7
€v'8cl \

Me

Me

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

T
210

T
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCIs) of 8c.

$130



6C'T—

§S°¢C
mm.NW
mw.m./

68'C
mw.NN
16°C

mm.m.\.

St
05'9 1
0291
091
29
2091
€49
€49
vL97
bL'9 7
2797
728 |
mm.ff
SL9—
9,9
9,9
8°9
8/°9
66'9
102
80°/
80°2
80°Z 1
802
602 |
otz
012
011
0T'LA
12
12
€1°L1
€1°L
ST/
912
LT,
LT,
8T/ 1
8T°/
€10ad L2

Me
N

/
e

—1€€ |

m(o.ﬁ

0'p

Koo.m I

=¢6'0 |

/60

71|
0T

[4ard
T

T T T
11.5 11.0 10.5

—
12.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 9a.

$131



68'¢c —

0LVEA
Zr8E
6100 ~
L0167

89°9/
€102aD 00°£L /.
L

Sb'C6 —

£9°L0T
6T°TTT W
$SLIT /
€€'8T1
91121 M
8L'€TT N
S0LZT~
85,21 T
1€°821

LO°LET s
PSEVT —
TS76PT N\

T
-20

-10

T T T T T T T T " T " T T T T T T 1
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCl3) of 9a.

$132



1661 7
000°¢ 1
€10°C 1
020°¢ 1
920°¢ 1
0¥0°¢ 1
€¥0°C 1
9€1L'¢C
lel'e
9G6/°C 1
898°¢C 1
€06°¢ 1
8€.°¢ ]
8G1°€
182°€ 1
666°€ 1
€00'¥ 1
6007 1

Zvo'y |
o'y
88"y
ZLLS
9/1'g
881°g
Z61°G
ZLz's
91T'g
1zT'S
652°S
£9Z'S
§8Z°G
682°G
Leg's
gee's
Gl€°G
61€°G
zsL's
§62°9
162°9
SLE9
11€9
¥199
069'9
269'9
¥69°9
169°9
802°9
L9
€129
G129
1eL'9
ve2'9 ]
Nﬁi
5629
1169 ]
G16'9
626'9
££6'9
9869 1
omo.i
S00°Z |
600°L
520°L1
820°L 1
€50°Z
160°21
ZL0°L1
G102
260°L
960°Z 1

€10ad0 04¢°L -

R

£00'Z
509

260
Bzo'L

F06°0
0¢c
0L
0L
0¢c

Lee

060

e

L0'¢C

11.5 11.0 10.5

9.5 9.0 85 8.0 75 70 65 60 55 50 45 40 35 3.0 25 20 1.5 10 05 00 -05 -10 -15 -2.0

10.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 9b.

$133



9€¢ClL —

8y'8E \
eree
18°6€

LLBY
2205~
z0es

899/

€100 00°ZZ
ceLL
G068 —

Me

Me

—
-20

-10

T 1 1 T " T " T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

—
220

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCI3) of 9b.

$134



SINL 000°0- —

LV —

196'C
8962
500°€
100°€
610°€
ze0e
850°€
090°€
€9€ee
189y
0€8'9 |
£96'9 1
G96'9
2.6'91
186'9 1
¥86'9 1
1669 ]
¥66°9 1
0002 1
€00°L 7
2102 A
8eLLA
9512
£0Z'L |
Y02 L~
90Z'L 7
0L
0ze L]
ezl
2271
v2z'L
16272
€T,
vz L
SYT LA
1922 1
¥9Z'L
08Z'L
€871

—T T

Me

=70'€ |

g0z

=00¢ |

16°0 |

H\.mo.w

20l
%”c.n r
0'L

T T T T T T T T T T T T T T T T T
9.0 80 75 6.5 5.5 4.0 3.0 1.5 0.5

11.5 11.0 10.5 10.0 9.5

-2.0

0.0

4.5

f1 (ppm)

6.0

-1.5

-1.0

-0.5

1.0

2.0

2.5

3.5

5.0

7.0

8.5

Figure 6.20. 'H NMR spectrum (400 MHz, CDCl;) of 10.

S135



89'¢C —
9/'/¢ —
1G'6¢ —
€C Ly —

¥8'92 \
€10ad 91°2L W
8v'LL

8L'LLL—

Me

Z o

10

MWWL.J&._._N_

-20

-10

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110

T
220

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCIs) of 10.

$136



6.0°L7
€10ad 04¢'L-

Me

Me

11

T T T
11.0 10.5 10.0 9.5

12.0 11.5

0.0 -0.5 -1.0 -15

0.5

8.5 8.0 75 70 6.5 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0

9.0

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 11.

$137



77.0 CDCI3

CHOOMe Nt —c—N®N~N ©—
Ot - O BONNNNANON® VW < @ ~ T oMM N
HhYmwOmAdANNNANNS =2 SO 0 ~~ o NS oo o
rrrrrrrrrrrrrrrr o ~NN N bt o®oD &
NS A N \ ~ SNNSN
Ly
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

13C{1H} NMR spectrum (100 MHz, CDCls) of 11.

$138



veL L —
S¥6'L —

1952
qmm.mw
665°Z

029277
@Q.NN

€11°C
cloe

6¥0°€

69y —

6Ly
1E6'G /
€€6'G
666'G
L6'S
v6'S
L6'S
€56
383
99¢'9 A
959
659
9959
6959
9999 F
89991
mi.&
1SL9
9689 1
006'9
600°2 ]
€102 ]
Zv0'L
8v0°L ]
€90°L %
890 |
€60°L
160°L1
660°L1
S04'LT
b2
9L
6LLL
YAWE
252 LA
952/

€100 04¢°L
S1Z LA
1821

Me

Me

Br

ZT

ZT

F00°¢
50'¢

Fz0z
Moy
=61

Feve

ooz
16'0
H\Nc._‘
0’}
=00')
=Ll
0’}
10°}
(4'X4
18'¢

T

-1.t

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5 -1.0

4.5

6.0 5.5 5.0

6.5

10.5 10.0 9.5 9.0

11.0

12.0 11.5

f1 (ppm)

1H NMR spectrum (400 MHz, CDCl3) of 12.

$139



Ll el
y6'¢lL

¥6°9€ ~_
ov1e

S8y —

ccvl
89°9L~"

Ak

Ll

ey

Rl Al

o

m

€100 00°2L
ceLL

o
w
[«
N
~
[
3 9 T oo

Me

Me

Br

ZT

ZT

L il (e Ll

TR

ANy

new

Ll L

oy

L L

y

-10

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

220

f1 (ppm)

13C{tH} NMR spectrum (100 MHz, CDCls) of 12.

$140



