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Materials and Methods

Unless otherwise stated, reactions were performed in flame-dried glassware under a nitrogen
atmosphere using dry, deoxygenated solvents. Solvents were dried by passage through an activated
alumina column under Ar. Reagents were purchased from commercial sources and used as
received. KoCOj3 was freshly flame-dried under vacuum prior to use. 4A molecular sieves were
activated via microwave heating (1100 W, full power, 45 s X 4), cooled under N», and stored in a
No filled glovebox. Reaction temperatures were controlled by an IKAmag temperature modulator.
Thin- layer chromatography (TLC) was performed using E. Merck silica gel 60 F254 pre-coated
plates (250 um) and visualized by UV fluorescence quenching, potassium permanganate staining,
or p- anisaldehyde staining. Silicycle SiliaFlash P60 Academic Silica gel (particle size 40—63 pm)
was used for flash chromatography. Preparative HPLC was performed on an Agilent 1100 Series
HPLC system using a 9.4 x 250 mm Agilent Eclipse XDB-C18 column, or on an Agilent 1200
Series HPLC system using a 9.4 x 250 mm Agilent Zorbax Rx-SIL column. 'H and '3C NMR
spectra were recorded on Varian Inova 500 (500 and 125 MHz, respectively), Varian Inova 600
(600 and 150 MHz, respectively), and Bruker 400 (400 and 100 MHz, respectively) spectrometers
and are reported in terms of chemical shift relative to CHCl3 (8 7.26 and 77.16 ppm, respectively),
DMSO (0 2.50 and 39.52 ppm, respectively), or CH30H (6 3.31 and 49.01 ppm, respectively).
Data for "H NMR are reported as follows: chemical shift (8 ppm) (multiplicity, coupling constant,
integration). Abbreviations are used as follows: br s = broad singlet, s = singlet, d = doublet, t =
triplet, ¢ = quartet, m = multiplet. IR spectra were obtained from thin films deposited on NaCl
plates using a Perkin Elmer Spectrum BXII spectrometer and are reported in frequency of
absorption (cm™). High resolution mass spectra (HRMS) were obtained from the Caltech Mass
Spectral Facility using a JEOL JMS-600H High Resolution Mass Spectrometer in fast atom
bombardment (FAB+), GC field ionization (GCFI+), or electron ionization (EI+) mode, or using
an Agilent 6200 Series TOF with an Agilent G1978 A Multimode source in electrospray ionization
(ESI+), atmospheric pressure chemical ionization (APCI+), or mixed ionization mode (MM: ESI-

APCI+).
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List of Abbreviations
TLC — thin-layer chromatography, LC/MS — liquid chromatography/mass spectrometry, EtOAc —

ethyl acetate, TFA — trifluoroacetic acid, THF — tetrahydrofuran, EtOH — ethanol, MeOH —
methanol, DCM — dichloromethane, AcxO — acetic anhydride, AcOH — acetic acid, TESCI —
chlorotriethylsilane, n-BuLi — n-butyllithium, DMF — dimethylformamide, Boc2O — di-tert-butyl
decarbonate, EtsN — triethylamine, DMAP — 4-dimethylaminopyridine, XPhos — 2-
Dicyclohexylphosphino-2',4',6'-triisopropylbiphenyl, DtBPF — 1,1'-Bis(di-tert-
butylphosphino)ferrocene, MeLi — methyl lithium, Mel — iodomethane, NaHMDS — Sodium
bis(trimethylsilyl)amide, NMP — N-methyl-2-pyrrolidone, STAB — sodium triacetoxy

borohydride, TsCl — p-toluenesulfonyl chloride, CAN — ceric ammonium nitrate.
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OMe OMe
HNOyH,s0,  O2N NO,
0to23°C
Cl 91% yield Cl
6 7

5-chloro-2-methoxy-1,3-dinitrobenzene (7): Caution! Fuming nitric acid is extremely corrosive
and oxidizing. Standard latex and nitrile gloves should not be used when using fuming nitric acid.
Wear neoprene based gloves. All operations using fuming nitric acid should be conducted behind
a safety shield.

Behind a safety shield, a flame dried 500 mL 3-neck round-bottom flask equipped with a 100 mL
additional funnel was charged with fuming nitric acid (40 mL) and brought to 5 °C. 4-chloroanisole
(6, Combi-Blocks, 20.0 g, 140.27 mmol, 1.0 equiv) was added dropwise such that the temperature
was kept below 30 °C (~ 30 min). The reaction mixture was then brought to 0 °C and concentrated
sulfuric acid (20 mL) was added dropwise such that the temperature was kept below 20 °C (~ 30
min). The reaction mixture was then brought to 5 °C and fuming nitric acid (20 mL) was added
dropwise such that the temperature was kept below 20 °C (~ 20 min). The reaction mixture was
then stirred for 10 min at 23 °C. The reaction mixture was then poured onto ice (100 mL) and the
yellow precipitate was collected via vacuum filtration. The yellow solid was rinsed with cold water
and dried under vacuum for 16 h. This yellow solid was taken forward without additional
purification. A small sample was purified by column chromatography (SiO2, 5% EtOAc/Hexanes)
for analytical characterization.

'H NMR (400 MHz, CDCl3): 6 8.04 (s, 2H), 4.07 (s, 3H).

13C NMR (100 MHz, CDCl3): & 146.5, 145.7, 129.6, 129.3, 65.2.

IR (Neat Film, NaCl): 3082, 2964, 2324, 1608, 1531, 1475, 1421, 1401, 1363, 1254, 1172, 1097,
976, 922, 888, 806, 778, 754, 721 cm!.

HRMS (GCFI+): m/z calc’d for CyHsCIN2Os [M]™: 231.9887, found 231.9876.
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OMe OMe
O,N NO, Fe, HCI H,N NH,
EtOH, 80 °C
Cl 76% yield Cl
7 8

5-chloro-2-methoxybenzene-1,3-diamine (8): A flame dried 500 mL 3-neck round-bottom flask
equipped with a reflux condenser was charged with dinitro arene 7 (15.0 g, 64.5 mmol, 1.0 equiv)
in EtOH (184 mL, 0.35 M) and 1.5% aq. HCI1 (64.5 mL, 1 M). Iron (21.6 g, 387.0 mmol, 6 equiv)
was added in 5 portions over 5 minutes. The reaction mixture was heated to 80 °C for 6 h, at which
point TLC indicated consumption of the starting material. The crude reaction mixture was pushed
through a pad of celite with EtOAc (200 mL). The filtrate was diluted with water (300 mL) and
the product was extracted with EtOAc (3 x 300 mL). The combined organic layers were washed
with brine, dried over Na;SOs, filtered, and concentrated under reduced pressure. The crude
product was purified by column chromatography (SiO, 40%-50%-75% EtOAc/Hexanes) to afford
the title compound (8.44 g, 76% yield) as an off white solid.

'H NMR (400 MHz, CDCl3):  6.15 (s, 2H), 3.78 — 3.72 (m, 7H).

13C NMR (100 MHz, CDCl3): & 140.9, 133.0, 130.1, 106.2, 58.6.

IR (Neat film, NaCl): 3308, 2361, 1675, 1598, 1504, 1435, 1292, 1237, 991, 683 cm'.

HRMS (ESI+): m/z calc’d for C7HioCIN2O [M+H]": 173.0476, found 173.0478.
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OMe OMe
H,N NH, PMA, Ac,0 AcHN NHAc
CH,Cl,, 23 °C
cl 87% yield cl
8 9

N,N'-(5-chloro-2-methoxy-1,3-phenylene)diacetamide (9): Prepared using a modified literature
procedure.!” A flame dried 100 mL round-bottom flask was charged with dianline 8 (2.0 g, 11.6
mmol, 1.0 equiv) in CH>Cl; (23 mL, 0.5 M). Acetic anhydride (2.4 mL, 25.52 mmol, 2.2 equiv)
and phosphomolybdic acid (PMA, 423.0 mg, 0.23 mmol, 0.02 equiv) were then added. The
reaction mixture was stirred at 23 °C for 3 h, at which point TLC indicated complete consumption
of the starting material. The reaction mixture was diluted with water (100 mL) and ethyl acetate
(150 mL) and the product was extracted with EtOAc (3 x 100 mL). The combined organic layers
were washed with brine, dried over Na,SOs, filtered, and concentrated under reduced pressure to
afford the title compound (2.57 g, 87% yield) as a brown solid which was taken forward without
additional purification.

'H NMR (400 MHz, CDCl3): 5 8.08 (s, 2H), 7.47 (s, 2H), 3.77 (s, 3H), 2.23 (s, 6H).

13C NMR (100 MHz, DMSO-d¢): 6 169.3, 139.4, 132.9, 127.1, 116.8, 60.5, 23.9.

IR (Neat film, NaCl): 3413, 3342, 3317, 3220, 2979, 1635, 1592, 1505, 1442, 1322, 1227, 1150,
1023, 985, 889, 816, 763, 714, 678 cm'.

HRMS (ESI+): m/z calc’d for C11H14CIN,O3 [M+H]": 257.0687, found 257.0689.
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OMe OMe
AcHN NHAc AcHN NHAc
Br2
—
AcOH, B
10 to 40 °C r
cl 80% yield Cl
9 10

N,N'-(4-bromo-5-chloro-2-methoxy-1,3-phenylene)diacetamide (10): A flame dried 50 mL
round-bottom flask was charged with diacetamide 9 (2.57 g, 10.0 mmol, 1.0 equiv) in glacial acetic
acid (14.0 mL, 0.73M). The solution was cooled to 10 °C and Br; (0.77 mL, 30.0 mmol, 3.0 equiv)
was added dropwise over 2 min. The reaction mixture was warmed to 23 °C over 1 h and was then
heated to 40 °C for 16 h, at which point LC/MS analysis indicated complete consumption of the
starting material. The reaction mixture was poured into ice water (50 mL) and the precipitate was
collected via vacuum filtration. The crude product was purified by column chromatography (SiO2,
100% EtOAc ) to afford the title compound (2.7 g, 80% yield) as a brown solid.

TH NMR (600 MHz, DMSO-de): 6 9.74 (s, 1H), 9.60 (s, 1H), 8.31 (s, 1H), 3.67 (s, 3H), 2.14 (s,
3H), 2.07 (s, 3H).

13C NMR (100 MHz, DMSO-de): & 169.5, 168.6, 146.7, 132.4, 132.4, 128.0, 120.9, 117.9, 60.9,
23.9,22.6.

IR (Neat film, NaCl): 3902, 3735, 3182, 3002, 2335,1665, 1583, 1514, 1458, 1399, 1370, 1267,
1227, 1165, 1086, 995, 911, 871, 835, 817, 770, 755, 700, 680, 612 cm'.

HRMS (ESI+): m/z calc’d for C11H3BrCIN2O3 [M+H]*: 334.9793, found 334. 9794.
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n-BulLi, TESCI

OTs OTs
—»
///\/ e /\/
-78 °C TES
11 93% yield 12

4-(triethylsilyl)but-3-yn-1-yl 4-methylbenzenesulfonate (12): A flame dried 250 mL round-
bottom flask was charged with but-3-yn-1-yl 4-methylbenzenesulfonate (11, 7.35 g, 32.77 mmol,
1.0 equiv) and THF (82.5 mL, 0.4 M). The solution was cooled to —78 °C and n-BuLi (15.73 mL,
39.33 mmol, 1.2 equiv) was added dropwise over 10 min. The solution was stirred at —78 °C for
30 min, at which point TESCI (6.6 mL, 39.33 mmol, 1.2 equiv) was added dropwise over 5 min.
The reaction was stirred at —78 °C for 2 h, at which point TLC analysis indicated consumption of
the starting material. The reaction mixture was warmed to 23 °C and saturated aq. NH4Cl (100
mL) and EtOAc (100 mL) were added. The product was extracted with EtOAc (3 x 150 mL), the
combined organic layers were washed with brine, dried over Na>SOs, filtered, and concentrated
under reduced pressure to afford the title compound (10.27 g, 93% yield) as a yellow oil which
was taken forward without additional purification. A small sample was purified via column
chromatography (SiO2, 5% EtOAc/Hexanes) for characterization.

TH NMR (600 MHz, CDCl3): 6 7.80 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.10 (t,J = 7.3
Hz, 2H), 2.62 (t, J = 7.3 Hz, 2H), 2.45 (s, 3H), 0.94 (t, ] = 7.9 Hz, 9H), 0.54 (q, J = 7.9 Hz, 6H).
13C NMR (100 MHz, CDCls): § 145.0, 133.1, 130.0, 128.1, 101.5, 84.9, 67.8, 21.8,20.9, 7.5, 4.4.
IR (Neat film, NaCl): 3859, 3552, 2955, 2911, 2875, 2732, 2178, 1598, 1494, 1458, 1413, 1367,
1307, 1290, 1237, 1189, 1179, 1097, 1062, 1018, 984, 905, 814, 763, 737, 686, 665 cm'.

HRMS (GCFI+): m/z calc’d for C17H2703SSi [M+H]™: 339.1450, found 339.1450.
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1. NaN3,
DMF, 80 °C
2. PPh;, THF,
23 °C, then H,0 o

OTs NHBoc
/\/ 3. Boc,0, E;N, /\/

TES DMAP, CH,Cl,, TES
12 23 °C 13

53% yield
over 3 steps

tert-butyl (4-(triethylsilyl)but-3-yn-1-yl)carbamate (13): A flame dried 100 mL round-bottom
flask was charged with tosylated alkyne 12 (10.27 g, 30.34 mmol, 1.0 equiv), DMF, (30.34 mL,
1.0 M), and NaN3 (2.96 g, 45.5 mmol, 1.5 equiv). The reaction mixture was heated at 80 °C for
Sh, at which point TLC analysis indicated consumption of the starting material. The reaction
mixture was diluted with Et2O (100 mL) and H>O (200 mL). The product was extracted with EtoO
(3 x 150 mL), the combined organic layers were washed with 1M aq. LiCI (5 x 50 mL), dried over
NaxSOq, filtered, and concentrated under reduced pressure to near dryness to afford the title
compound in a solution of Et;0 (~15 mL), which was taken forward to the next step without
additional purification.

A flame dried 250 mL round-bottom flask was charged with a solution of the intermediate
azide in Et,0O (15 mL, not shown) and THF (90 mL, 0.3 M). PPh3 (11.94 g, 45.5 mmol, 1.5 equiv)
was added in 5 portions over 5 min at 23 °C. The reaction mixture was stirred for 2 h at 23 °C, at
which point 'H NMR analysis indicated consumption of the azide. H,O (6 mL, 5 M) was added
and the reaction mixture was further stirred at 23 °C for 12 h. The reaction mixture was diluted
with Et;0 (100 mL) and H>O (200 mL). The product was extracted with Et;0 (3 x 150 mL), the
combined organic layers were washed with brine, dried over Na>SOs, filtered, and concentrated
under reduced pressure to near dryness to afford the title compound in a solution of Et;O (~15
mL), which was taken forward to the next step without additional purification.

A flame dried 250 mL round-bottom flask was charged with a solution of the intermediate
primary amine in Et:O (15 mL, not shown), BocoO (7.28 g, 33.37 mmol, 1.1 equiv), CH2Cl, (90
mL, 0.3 M), EtsN (6.3 mL, 45.5 mmol, 1.5 equiv), and DMAP (366.0 mg, 3 mmol, 0.1 equiv). The
reaction mixture was stirred at 23 °C for 12 h, at which point TLC analysis indicated consumption
of the primary amine. The reaction mixture was diluted with EtO (200 mL) and H>O (200 mL).
The product was extracted with Et,O (3 x 150 mL), the combined organic layers were washed with

brine, dried over Na>SQg, filtered, and concentrated under reduced pressure. The crude product
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was purified by column chromatography (SiO2, 5% EtOAc/Hexanes) to afford the title compound
(4.56 g, 53% yield over 3 steps) as a yellow oil.

Additionally, we found that after isolation, another drying process of alkyne 13 led to better yields
in the subsequent cyclization/annulation. This was achieved by first dissolving alkyne 13 in EtOAc
and adding MgSOs. This solution was then passed through a short plug of basic alumina followed
by concentration under reduced pressure.

'"H NMR (600 MHz, CDCl3): 5 4.81 (brs, 1H), 3.27 (q, J = 6.5 Hz, 2H), 2.43 (t, J = 6.6 Hz, 2H),
1.44 (s, 9H), 0.98 (t, J = 7.9 Hz, 9H), 0.58 (q, J = 7.9 Hz, 6H).

13C NMR (100 MHz, CDCl3): 3 155.9, 105.3, 83.8, 79.5, 39.5, 28.5, 21.4, 7.6, 4.6.

IR (Neat film, NaCl): 3354, 2954, 2912, 2875, 2173, 1696, 1520, 1458, 1391, 1365, 1248, 1176,
1072, 1004, 971, 870, 719, 738, cm.

HRMS (GCFI+): m/z calc’d for CisH30NO2Si [M+H]": 284.2046, found 284.2041.
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Pd(OAc), (15 mol%), OMe
TES OMe XPhos (15 mol%), H NHAG

\ AcHN NHAc  D'BPF (15 mol%), N

\ > TES—\
+ K2CO3!
Br 4A mol. sieves, NBoc
cl NMP, 90 °C
NHBoc ’
13 10 69% yield 14

General procedure A: Larock/Buchwald—Hartwig annulation/cyclization.

Note: This reaction was found to be water sensitive. It is critical to use freshly flame-dried K>CO3,
freshly activated 44 molecular sieves, and anhydrous NMP (Sigma-Aldrich, item# 328634).
tert-butyl  7-acetamido-8-methoxy-2-(triethylsilyl)-3,4-dihydropyrrolo[4,3,2-de|quinoline-
S5(1H)-carboxylate (14): In a nitrogen filled glovebox, to a flame dried 8 mL vial equipped with
a magnetic stir bar was sequentially added KoCOs3 (granular, freshly flame-dried, 303.4 mg, 2.2
mmol, 5.0 equiv), 4A molecular sieves (powdered, freshly activated, 150 mg, 50 wt% with respect
to K2CO3), Pd(OAc); (Strem, 14.8 mg, 0.066 mmol, 0.15 equiv), XPhos (Combi Blocks, 31.4 mg,
0.066 mmol, 0.15 equiv), D/BPF (TCI, 31.3 mg, 0.066 mmol, 0.15 equiv), aryl bromide 10 (147.7
mg, 0.44 mmol, 1.0 equiv), alkyne 13 (622.6 mg, 2.2 mmol, 5.0 equiv), and NMP (4.4 mL, 0.1
M). The vial was sealed with a PTFE cap, removed from the glovebox, stirred at 1000 rpm, and
heated at 90 °C for 24 h at which point LC/MS indicated consumption of the starting material. The
reaction mixture was pushed through a short pad of celite with EtOAc (20 mL) and was diluted
with 1 M aq. LiCl (30 mL). The product was extracted with EtOAc (5 x 30 mL). The combined
organic layers were washed with 1M aq. LiCl (x3, 30 mL), dried over Na>SOs, filtered, and
concentrated under reduced pressure. The crude product was purified by column chromatography
(S102, 50%-60-70% EtOAc/Hexanes) to afford the title compound (139.7 mg, , 69% yield) as a
brown solid. Additionally, unreacted alkyne 13 could be recovered in the first few collected
fractions (483 mg, 90% recovery).

TH NMR (600 MHz, CD30D): § 10.10 (s, 1H), 7.54 (s, 1H), 3.98 (t, J = 5.7 Hz, 2H), 3.89 (s, 3H),
2.99 (t, J = 5.6 Hz, 2H), 2.18 (s, 3H), 1.56 (s, 9H), 1.00 (t, J = 7.7 Hz, 9H), 0.91 (q, J = 8.0 Hz,
6H).

Note: Two carbon signals are observed as a doublet due to hindered rotation about the C—N bond
of the carbamate.

13C NMR (100 MHz, CD30D): § 172.3, 155.4, 136.0, 131.2 (d, J = 15.0 Hz), 129.8 (d, J = 16.7
Hz), 128.9, 125.0, 123.2, 121.7, 109.2, 82.4, 61.3, 46.8, 28.7, 25.6, 23.3, 7.7, 4.4.
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IR (Neat film, NaCl): 3307, 2952, 2930, 2873, 2485, 1667, 1622, 1539, 1516, 1456, 1388, 1368,
1312, 1364, 1160, 1077, 1050, 1003, 977, 855, 737 cm.
HRMS (ESI+): m/z cale’d for C24H3sN304Si [M+H]": 460.2626, found 460.2625.
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Figure S1. Calibration curve for LC/MS assay for ligand stoichiometry experiments.
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TES OMe OMe
\ AcHN NHAC  pd(OAc), (15 mol%) H NHAc
A\ D#BPF (X mol%)
XPhos (Y mol%) TES—\
+ Br - >
cl K>COg3, 4 A mol. sieves, NBoc
NHBoc NMP, 90 °C, 24 h
13 10 14
Entry D#BPF mol % XPhos mol% Yield?
1 30 0 3%
2 25 5 8%
3 20 10 10%
4 15 15 72%
5 10 20 64%
6 5 25 47%
7 0 30 36%

Ligand stoichiometry experiments: The reactions were set up according to general procedure A
on 0.05 mmol scale, using the following modifications: A stock solution of XPhos was prepared
in CH2Clz and the necessary amount was added to each vial via Hamilton syringe. The CH>Cl, was
evaporated by blowing air into the vial using a pipette. After the CH>Cl> was evaporated, the vial
was charged with K,COs and 4 A mol. sieves. Stock solutions of bromoarene 10, D¢-BPF, and
Pd(OAc), were prepared in NMP, and added to the reaction vial via Hamilton syringe. Alkyne 13
was then added. After 24 h, 0.05 mmol of 1,3,5-trimethoxybenzene was added to the reaction vial.
It was sealed and stirred for 20 seconds to ensure mixing. A pipette tip of the reaction mixture was
then added to an LC/MS vial which was further diluted with 1 mL of MeCN. Yields were
calculated based on the areas under the curve at 230 nM using the calibration curves shown on the

previous page.
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A) Investigation of the Larock indolization step

TES OMe OMe
H
\ AcHN NHAc  pd(OAc), (15 mol%) N NHAc
\ D#-BPF (X mol%) TES
XPhos (Y mol%) \
+ Br . >
cl K>CO3, 4 A mol. sieves, cl
NHBoc NMP, 90 °C, t
BocHN
13 10 15
Entry Dt#-BPF mol % XPhos mol% Time Yield?
1 30 0 20 h 45%
2 15 15 8h 62%
3 0 30 11h 44%
B) Investigation of the Buchwald—-Hartwig cyclization step
OMe OMe
H H
N NHAc Pd(OAc), (15 mol%) N NHAc
TES D#BPF (X mol%)
\ XPhos (Y mol%) TESTN\
cl K,CO3, 4 A mol. sieves, NBoc
NMP, 90 °C, t
BocHN
15 14
Entry Dt#-BPF mol % XPhos mol% Time Yield?
1 30 0 24h 20%
2 15 15 16 h 87%
3 (] 30 8h 88%P

Ligand stoichiometry experiments of each individual step of the

15

tandem

annulation/cyclization: These experiments were set up following the procedure described on the

previous page with the following modification: Reaction vials were sealed with a red septa cap

and connected to a nitrogen line. Aliquots were taken every 1 h until bromoarene 10 was fully

consumed, at which point the reaction vial was opened to air and yields were obtained as described

on the previous page.
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OMe

Pd(OAc), (15 mol%), NHAc

TES OMe XPhos (15 mol%),  TES
\\ AcHN NHAc  D'BPF (15 mol%),
+ K,CO3, cl
Br A ;
4A mol. ,
mol. sieves BocHN

(o] NMP, 90 °C, 8 h
NHBoc 15

60% yield

7 “zx

13 10
tert-butyl (2-(6-acetamido-4-chloro-7-methoxy-2-(triethylsilyl)-1H-indol-3-
yDethyl)carbamate (15): Prepared according to general procedure A, except the reaction was
monitored by LC/MS every hour until bromo arene 10 was consumed. Purification by column
chromatography (SiOz, 40-50-60% ethyl acetate/hexanes) afforded the title compound (60% yield)
as an off white foam.

'H NMR (400 MHz, DMSO-de): 5 10.61 (s, 1H), 9.40 (s, 1H), 7.43 (s, 1H), 6.97 (t, ] = 5.6 Hz,
1H), 3.78 (s, 3H), 3.17 3.11 (m, 2H), 3.01 —2.97 (m, 2H), 2.10 (s, 3H), 1.38 (s, 9H), 0.94 — 0.92
(m, 15H).

13C NMR (100 MHz DMSO-d¢): 6 168.7, 155.5, 136.2, 134.2, 133.4, 124.6, 123.3, 122.5, 118.3,
116.4,77.3, 60.6, 43.5, 28.3, 26.8, 23.6, 7.4, 3.1.

IR (Neat film, NaCl): 3298, 2954, 2874, 2173, 1693, 1618, 1585, 1506, 1366, 1249, 1169, 1062,
1002, 962, 856, 734, 683 cm!.

HRMS (ESI+): m/z cale’d for C20H31CIN304Si [M+H]": 440.1767, found 440.1773.



Supporting Information for Rezgui, Farhi, Sercel, Yu, Virgil, and Stoltz 17

B NHBoc  Zn, CuCN - 2 LiCl, _ TES
/ . TMSCI > BocHN \/\/
TES
[
S1

DMF, —20 to 19 °C

41% yield
S2 S3

tert-butyl (5-(triethylsilyl)pent-4-yn-1-yl)carbamate (S3 ): Alkyl iodide S2 and bromo alkyne
S1 were prepared as previously described?, then coupled by the conditions by Baran and
coworkers?S. Briefly, a flame-dried flask was charged with zinc dust (235 mg, 3.6 mmol, 3.6
equiv), DMF (1.5 mL), and 1,2-dibromoethane (0.017 mL, 0.2 mmol, 0.2 equiv). The suspension
was heated at 80 °C for 30 minutes. After cooling to 19 °C, trimethylsilylchloride (0.013 mL, 0.1
mmol, 0.1 equiv, freshly distilled over CaH;) was added and the suspension was stirred an
additional 30 minutes at 19 °C. To this suspension was slowly added (ca. 2 min) a DMF solution
of the alkyl iodide S2 (285.1 mg, 1 mmol, 1 equiv, 0.1 mL DMF) which resulted in an exotherm.
After returning to 19 °C, stirring was ceased and the alkyl zinc reagent was transferred dropwise
via cannula to a cooled (—20 °C) DMF solution of CuCN (80.6 mg, 0.9 mmol, 0.9 equiv) and LiCl
(76.3 mg, 1.8 mmol, 1.8 equiv) in DMF (2.5 mL; 0.25 M, total volume relative to alkyl iodide).
After a period of 15 minutes, neat bromo acetylene S1 (306.6 mg, 1.4 mmol, 1.4 equiv)
was added dropwise to the reaction mixture at —20 °C. The reaction mixture was then allowed to
slowly warm to 19 °C over a 3 hour period, and was further stirred at that temperature for an
additional 8 hours. At this time the reaction was quenched by the addition of brine (20 mL) and
extracted with Et,0 (4 x 50 mL). The organic extracts were washed with brine (5 x 100 mL), dried
over MgSO0y, filtered, and concentrated under reduced pressure. The product was purified using
silica gel flash column chromatography (5 to 15% EtOAc/hexanes) to afford the title compound
(168 mg, 41 %) as a light yellow oil.
'H NMR (400 MHz, CDCl3): 6 4.78 (s, 1H), 3.23 (q, ] = 6.5 Hz, 2H), 2.29 (t, ] = 6.9 Hz, 2H),
1.74 - 1.67 (m, 2H), 1.43 (s, 9H), 0.97 (t, ] = 7.9 Hz, 9H), 0.56 (q, J = 7.9 Hz, 6H);
13C NMR (100 MHz, CDCl3): & 156.1, 107.6, 82.7, 79.3, 40.0, 28.9, 28.5, 17.7, 7.6, 4.6;
IR (Neat film, NaCl): 3351, 2925, 2171, 1684, 1404, 1298, 1169, 1112, 983, 739 cm'.
HRMS (GCFI+): m/z calc’d for CisH32NO2Si [M+H]": 298.2202, found 298.2200.
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H,N MeHN
2 MeLi, then Mel
THF,-78
Br to 23 °C Br

Cl 74% yield Cl
S4 S5

2-bromo-3-chloro-/N-methylaniline (S5): A flame dried round-bottom flask was charged with 2-
bromo-3-chloroaniline (S4, 300.0 mg, 1.45 mmol, 1.0 equiv) in THF (14.5 mL, 0.1 M). The
solution was cooled to —78 °C and MeLi (3.1 M in diethoxymethane, 4.68 mL, 1.45 mmol, 1.0
equiv) was added dropwise over 1 h. The resultant solution was stirred for 30 min at —78 °C, at
which point Mel (0.118 mL, 1.89 mmol, 1.3 equiv) in THF (0.63 mL) was added dropwise over 1
min. The resultant solution was stirred for 1 h at —78 °C, and was then warmed to 23 °C. The
reaction was diluted with EtOAc (50 mL) and water (50 mL) and the product was extracted with
EtOAc (3 x 50 mL). The combined organic layers were washed with brine, dried over Na;SOs,
filtered, and concentrated under reduced pressure. The crude product was purified by column
chromatography (SiO2, 5%-10% EtOAc/Hexanes) to afford the title compound (234.5 mg, 74%
yield) as a yellow oil.

'H NMR (400 MHz, MeOD): § 7.13 (t, J = 8.1 Hz, 1H), 6.75 (dd, J= 7.9, 1.4 Hz, 1H), 6.54 (dd,
J=28.3, 1.4 Hz, 1H), 2.85 (s, 3H).

13C NMR (100 MHz, MeOD): & 149.6, 135.7, 129.8, 118.2, 109.5, 109.4, 30.8.

IR (Neat film, NaCl): 3423, 3075, 2988, 2934, 2901, 2821, 1906, 1715, 1595, 1508, 1457, 1426,
1390, 1319, 1281, 1171, 1135, 1100, 1070, 1019,862, 762, 718, 697 cm'.

HRMS (ESI+): m/z calc’d for C;HgBrCIN [M+H"]: 219.9523, found 219.9517.
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NaHMDS, then

H2N BOC,0 BocHN
THF,23°C
Br Br

Cl 47% yield Cl

S4 S6

tert-butyl (2-bromo-3-chlorophenyl)carbamate (S6): A flame dried round-bottom flask was
charged with 2-bromo-3-chloroaniline (S4, 300.0 mg, 1.45 mmol, 1.0 equiv) in THF (10.0 mL,
0.145 M). NaHMDS (531.0 mg, 2.9 mmol, 2.0 equiv) in THF (3.0 mL) was added dropwise over
2 min at 23 °C. The resulting solution was allowed to stir for 20 min. BOC>0 (348.0 mg, 1.6 mmol,
1.1 equiv) in THF (2 mL) was then added dropwise over 2 min, and the reaction mixture was
stirred for 2 h. The reaction was diluted with EtOAc (50 mL) and water (50 mL) and the product
was extracted with EtOAc (3 x 50 mL). The combined organic layers were washed with brine,
dried over Na,SQOs, filtered, and concentrated under reduced pressure. The crude product was
purified by column chromatography (SiO, 1-2-3-5% EtOAc/Hexanes) to afford the title
compound (207.2 mg, 47% yield) as an orange solid.

'H NMR (400 MHz, MeOD): 6 7.73 (dd, J = 7.2, 2.4 Hz, 1H), 7.33 — 7.22 (m, 2H), 1.52 (s, 9H).
13C NMR (100 MHz, MeOD): & 154.8, 139.9, 135.9, 129.5, 126.6, 122.9, 117.3, 82.0, 28.5.

IR (Neat film, NaCl): 3140, 3106, 2997, 2930, 1849, 1721, 1570, 1520, 1453, 1400, 1368, 1329,
1297, 1232, 1178, 1165, 1063, 1024, 878, 772, 758, 697, 622 cm'.

HRMS (GCFI+): m/z calc’d for Ci11HisNO>CIBr [M]™": 304.9818, found 304.9805.
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16

tert-butyl 2-(triethylsilyl)-3,4-dihydropyrrolo[4,3,2-de]quinoline-5(1 H)-carboxylate (16):
Prepared according to general procedure A using 2-bromo-3-chloroaniline S4 (Combi Blocks, 20.6
mg, 0.1 mmol) and alkyne 13. Purification by column chromatography (SiO2, 2-5%
EtOAc/Hexanes) afforded the title compound (27.6 mg, 75% yield) as a white solid.
Additionally, this compound could be prepared according to general procedure A with only 5
mol% catalyst and ligand loading to afford the title compound in 71% yield (26.5 mg).

'H NMR (600 MHz, CDCl3): 8 7.82 (s, 1H), 7.29 (s, 1H), 7.11 (t, J = 7.9 Hz, 1H), 7.02 (d, J =
8.1 Hz, 1H), 4.10 — 4.06 (m, 2H), 3.05 — 3.03 (m, 2H), 1.58 (s, 9H), 1.00 (t, J = 7.8 Hz, 9H), 0.85
(q, J=7.8 Hz, 6H).

13C NMR (100 MHz, MeOD): § 155.6, 139.4, 133.7, 128.4, 123.6, 122.9, 120.5, 110.0, 107.1,
82.2,46.9,28.7,25.7,7.7,4.5.

IR (Neat film, NaCl): 3356, 2953, 2877, 2505, 1673, 1594, 1391, 1313, 1232, 1210, 1165, 1005,
9811, 845, 765, 737, 720 cm'.

HRMS (ESI+): m/z calc’d for C21H33N20,Si [M+H]": 373.2306, found 373.2303.
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Me
N

TES N\

NBoc

17
tert-butyl-1-methyl-2-(triethylsilyl)-3,4-dihydropyrrolo[4,3,2-de]quinoline-5(1H)-
carboxylate (17): Prepared according to general procedure A using 2-bromo-3-chloro-N-
methylaniline (S5, 22.0 mg, 0.1 mmol) and alkyne 13. Purification by column chromatography
(S10,, 2-4-6-8% EtOAc/Hexanes), followed by preparative TLC (10% EtOAc/Hexanes) afforded
the title compound (29.4 mg, 76% yield) as a white solid.

'H NMR (400 MHz, MeOD): 5 7.22 (m, 1H), 7.08 (t, J= 7.9 Hz, 1H), 6.96 (d, J= 8.2, 1H), 3.98
(t,J=5.6 Hz, 2H), 3.78 (s, 3H), 3.03 (t, J 5.7 Hz, 2H), 1.55 (s, 9H), 1.01 — 0.91 (m, 15H).

Note: The product was observed as a mixture of rotamers in the >C NMR.

13C NMR (100 MHz, MeOD): § 169.3, 155.4, 140.6, 133.9, 133.6, 132.4, 130.6, 129.8, 124.1,
122.4, 122.2, 110.1, 105.0, 82.3, 69.1, 46.8, 40.1, 33.6, 31.6, 30.1, 28.7, 26.2, 24.9, 24.0, 14.4,
11.4,7.8,5.2.

IR (Neat film, NaCl): 2952, 2926, 2874, 1694, 1598, 1463, 1454, 1388, 1352, 1316, 1293, 1227,
1162, 1129, 103, 938, 834, 811, 779, 764, 734.

HRMS (ESI+): m/z calc’d for C1gH21N20:Si (- #-Bu) [M+H]": 331.1836, found 331.1835.
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18

di-fert-butyl 2-(triethylsilyl)-3,4-dihydropyrrolo[4,3,2-de]quinoline-1,5-dicarboxylate (18):
Prepared according to general procedure A using tert-butyl (2-bromo-3-chlorophenyl)carbamate
(arene S6, 30.6 mg, 0.1 mmol) and alkyne 13. Purification by column chromatography (SiO2, 2%
to 3% to 5% ethyl acetate/hexanes) afforded the title compound (13.5 mg, 29% yield) as a white
solid.

'H NMR (400 MHz, MeOD): 5 7.53 (d, /= 8.2 Hz, 1H), 7.44 (d, J=7.9 Hz, 1H), 7.20 (t,J = 8.1
Hz, 1H), 4.00 —3.93 (m, 2H), 3.04 (dd, /= 6.4, 5.3 Hz, 2H), 1.70 (s, 9H), 1.57 (s, 9H), 0.96 — 0.93
(m, 15H).

Note: The product was observed as a mixture of rotamers in the >C NMR.

13C NMR (100 MHz, MeOD): § 155.0, 153.1, 137.9, 134.3, 132.4, 131.5, 129.9, 129.2, 126.5,
124.3,114.6, 111.4, 84.9, 82.7, 69.1, 46.2, 40.2, 28.6, 28.5, 8.3, 5.9.

IR (Neat film, NaCl): 3124, 3052, 2932, 2856, 1726, 1595, 1508, 1449, 1365, 1265, 1147, 1107,
1056, 996, 739, 703, 661 cm'.

HRMS (ESI+): m/z calc’d for C22H33N2048Si (- -Bu) [M+H]": 417. 2204, found 417.2200.
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19

tert-butylS-(triethylsilyl)-6,7-dihydropyrrolo[2,3,4-de][1,8]naphthyridine-8(4H)-carboxylate
(19): Prepared according to general procedure A using 4-amino-3-bromo-2-chloropyridine
(Combi Blocks, 20.7 mg, 0.1 mmol) and alkyne 13. Purification by column chromatography (SiO2,
4% acetone/hexanes) afforded the title compound (15.1 mg, 41% yield) as a brown solid.

'H NMR (600 MHz, CDCl3): 8 8.11 (s, 1H) 8.09 (d, /= 5.8 Hz, 1H), 6.94 (d, J = 5.9 Hz, 1H),
4.14 (t, J=5.7 Hz, 2H), 3.02 (t, /= 5.7 Hz, 2H), 1.57 (s, 9H), 0.99 (t, J = 7.9 Hz, 9H), 0.85 (q, J
= 7.8 Hz, 6H).

13C NMR (100 MHz, CDCl3): § 152.7, 148.2, 141.1, 140.9, 128.5,121.9, 117.4,102.7, 81.4, 47.0,
28.5,24.5,7.5, 3.6.

IR (Neat film, NaCl): 3302, 2954, 1700, 1600, 1380, 1311, 1244, 1153, 1052, 1007, 982, 906,
729 cm!,

HRMS (ESI+): m/z calc’d for C16H24N30:Si (- #-Bu) [M+H]": 318.1632, found 318.1646.
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tert-butyl-5-(triethylsilyl)-2,3,4,6-tetrahydro-1H-azepino[4,3,2-cd]indole-1-carboxylate (20):
Prepared according to general procedure A using 2-bromo-3-chloroaniline (S4, 20.6 mg, 0.1
mmol) and alkyne S3. Purification by column chromatography (SiO2, 4% acetone/hexanes)
afforded the title compound (22.0 mg, 57% yield) as a white solid.
'H NMR (600 MHz, CDCl3): & 7.84 (s, 1H), 7.14 — 7.05 (m, 2H), 7.01 (d, J = 7.5 Hz, 1H), 3.87
(t, J=6.2 Hz, 2H), 3.01 (t, ] = 6.9 Hz, 2H), 2.17 (tt, ] = 6.9, 6.2 Hz, 2H), 1.52 (s, 9H), 1.01 (t,J =
7.8 Hz, 9H), 0.87 (q, J = 7.8 Hz, 6H).
Note: This compound was observed as a mixture of rotamers in the >C NMR spectrum.
13C NMR (100 MHz, MeOD): § 156.5, 141.7, 141.6, 137.4, 131.1, 131.0, 126.3, 126.2, 124.7,
124.6, 115.8, 109.5, 109.5, 81.5, 50.9, 29.5, 24.9, 7.8, 4.6.
IR (Neat film, NaCl): 3344, 2952, 2874, 2496, 1667, 1609, 1581, 1453, 1392, 1366, 1324, 1219,
1172, 1107, 1003, 982, 735 cm!.
HRMS (ESI+): m/z calc’d for CisH27N20,Si (- +-Bu) [M+H]*: 331.1836, found 331.1836.
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OMe OMe

H NHAc H NHAc
HCI (aq.)
TES

N\ THF, 23 °C

NBoc > 99% yield NBoc

21
14

tert-butyl 7-acetamido-8-methoxy-3,4-dihydropyrrolo[4,3,2-de]quinoline-5(1 H)-carboxylate
(21): To a 20 mL vial under an ambient atmosphere was added tricycle 14 (134.0 mg, 0.29
mmol, 1.0 equiv), THF (2.9 mL, 0.1 M), and 2 M aq. HCI (2.9 mL, 0.1 M). The reaction mixture
was stirred at 23 °C for 4 h, at which point LC/MS analysis indicated complete consumption of
the starting material. Aq. saturated NaHCO3 (10 mL) was added, and the reaction mixture was
transferred to a separatory funnel with EtOAc. The mixture was further diluted with EtOAc (30
mL) and water (30 mL). The product was extracted with EtOAc (3 x 30 mL), the combined
organic layers were washed with brine, dried over Na>SOs, filtered, and concentrated under
reduced pressure to afford the title compound (97.1 mg, quantitative yield) as a brown solid,
which was taken directly forward without further purification.

'H NMR (400 MHz, CD30D) § 7.54 (s, 1H), 6.88 (s, 1H), 3.97 (t, ] = 5.6 Hz, 2H), 3.92 (s, 3H),

2.92 (t,J=5.7 Hz, 2H), 2.17 (s, 3H), 1.56 (s, 9H).

13C NMR (100 MHz, CD;0D): § 172.3, 155.4, 136.4, 128.9, 127.7, 124.2, 122.5, 119.4, 111.2,
109.6, 82.4, 60.9, 46.6, 28.7, 23.8, 23.3.

IR (Neat film, NaCl): 3317, 2972, 2929, 2444, 1668, 1510, 1389, 1367, 1326, 1264, 1247, 1206,
1160, 1125, 1037, 969, 873 cm!.

HRMS (ESI+): m/z calc’d for C14H16N304 (loss of /Bu) [M+H]": 290.1135, found 290.1135.
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ZT

NHAc

21
48% yield

One-step Larock/Buchwald-Hartwig/silyl deprotection procedure.

Prepared according to general procedure A using 100 mg of bromo arene 10 (0.298 mmol). After
24 h of stirring at 90 °C, LC/MS analysis indicated consumption of the starting material and
formation of direct Larock/Buchwald-Hartwig product 14 (not shown). The reaction mixture was
cooled to 23 °C and THF (3.0 mL, 0.1 M) and aq. 2 M HCI (3.0 mL, 0.1 M) were added. The
reaction mixture was stirred at 23 °C for 5 h, at which point LC/MS analysis indicated complete
formation of the desilylated product. The reaction mixture was transferred to a separatory funnel
with EtOAc, and further diluted with saturated aq. NaHCO3 (20 mL), 1 M aq. LiCl (30 mL) and
EtOAc (30 mL). The product was extracted with EtOAc (5 x 30 mL). The combined organic layers
were washed with 1 M aq. LiCl (x 3), dried over Na>SOg, filtered, and concentrated under reduced
pressure. The crude product was purified by column chromatography (SiO2, 60-70%-80%-90%
EtOAc/Hexanes) to afford the title compound (21, 49.1 mg, 48% yield) as a brown solid.
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OMe OMe
¥ NHAc NoHe NH H NH,
N\ EtOH, 80 °C N\

NBoc 91% yield NBoc

21 22

tert-butyl 7-amino-8-methoxy-3,4-dihydropyrrolo[4,3,2-de]quinoline-5(1 H)-carboxylate
(22): Prepared using a modified procedure.?’ Under an ambient atmosphere, a flame dried 4 mL
vial was charged with indole 21 (66.3 mg, 0.19 mmol, 1.0 equiv). EtOH (1.9 mL, 0.1M),
N2H4eH>0 (0.288 mL, 5.76 mmol, 30.0 equiv), and NH4l (275.5 mg, 1.9 mmol, 10.0 equiv) were
then added. The solution was degassed with argon for 1 minute and sealed with a PTFE cap. The
reaction mixture was heated at 80 °C for 24 h, at which point LC/MS analysis indicated complete
consumption of the starting material. The reaction mixture was concentrated under reduced
pressure to near dryness. Ethyl acetate (10 mL) was used to transfer the mixture to a separatory
funnel. Water (10 mL) was then added and the product was extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine, dried over Na;SOs, filtered, and
concentrated under reduced pressure. The crude product was purified by column chromatography
(S102, 60% EtOAc/Hexanes) to afford the title compound (52.7 mg, 91% yield) as a brown solid.
TH NMR (600 MHz, CD30D): 5 6.93 (s, 1H), 6.67 (s, 1H), 3.96 —3.91 (m, 2H), 3.88 (s, 3H), 2.90
—2.85 (m, 2H), 1.56 (s, 9H);

13C NMR (100 MHz, CD;0D): 6 155.4, 134.3, 130.7, 129.6, 128.8, 118.3, 116.8, 111.1, 103.8,
82.1, 60.1, 46.9, 28.7, 23.9.

IR (Neat film, NaCl): 3345, 2916, 2849, 1684, 1635, 1524, 1443, 1589, 1364, 1241, 1217, 1160,
1127, 963, 835 cm'.

HRMS (ESI+): m/z calc’d for C16H22N303 [M+H]": 304.1656, found 304.1652.

Note: This compound is stable under ambient conditions (i.e., air atmosphere) frozen in benzene
at =20 °C for up to 1 month. However, this compound is indefinitely stable when stored at room

temperature in a nitrogen filled glovebox.
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H NH, H NH,
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N\ THF, air, 66 °C \ I
NBoc 62% yield & Me
22 Makaluvamine C
(23)

Makaluvamine C (23): Under an ambient atmosphere, a flame dried 4 mL vial was charged
lithium aluminum hydride (LAH, 406 mg, 10.7 mmol, 30.0 equiv) and THF (3.57 mL, 0.1M). This
solution was cooled to 0 °C and stirred for 1 minute. Amino indole 22 (108.2 mg, 0.357 mmol, 1.0
equiv) in THF (0.8 mL) was then added dropwise. This solution was stirred at 0 °C for 5 minutes.
The vial was sealed with a PTFE cap and heated to 66 °C for 36 h, at which point LC/MS analysis
indicated complete consumption of the starting material. The reaction mixture was then cooled to
0 °C and Rochelle’s salt (6 mL) was added dropwise. This mixture was stirred for 5 minutes at 0
°C and then transferred to a separatory funnel with ethyl acetate (20 mL). Water (20 mL) was then
added and the product was extracted with EtOAc (8 x 20 mL). The combined organic layers were
directly dried over Na,SOys, filtered, and concentrated under reduced pressure. The crude product
was purified by column chromatography (SiO2, 10% MeOH/CH:Cl,, 1% TFA) to afford
Makaluvamine C as a brown solid. This solid was dissolved in MeOH (1 mL) and TFA (5 drops)
was added. The resulting purple solution was concentrated under reduced pressure to yield the
TFA salt of Makaluvamine C (23, 70.0 mg, 62% yield) as a purple solid.

TH NMR (600 MHz, DMSO-d6): 5 13.09 (s, 1H), 9.42 (s, 1H), 8.65 (s, 1H), 7.28 (s, 1H), 5.71 (s,
1H), 3.89 (t, ] = 7.6 Hz, 2H), 3.31 (s, 3H), 2.91 (t, J = 7.6 Hz, 2H).

13C NMR (100 MHz, DMSO-d6): 5 167.5, 156.6, 155.8, 126.7, 123.4, 123.3, 118.1, 85.4, 52.7,
18.9. Note: The carbon signal at 39.0 was obscured by the DMSO peatk.

'H NMR (600 MHz, MeOD): 6 7.11 (s, 1H), 5.71 (s, 1H), 3.94 (t, J = 7.6 Hz, 2H), 3.38 (s, 3H),
3.00 (t, J =7.6 Hz, 2H).

13C NMR (100 MHz, MeOD): 5 167.1, 157.1, 156.8, 125.5, 123.6, 123.4, 118.1, 85.3, 52.9, 38.2,
18.9.

IR (Neat film, NaCl): 3742, 3136, 3045, 2921, 2852, 2364, 1610, 1435, 1409, 1401, 1036, 730.
HRMS (ESI+): m/z calc’d for Ci11Hi2N30 [M]™: 202.0975, found 202.0975.

These characterization data are in good agreement with those previously reported.?!®
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H NH, Ne NH,
NaH, Mel
\ DMF, 0 °C \
NBoc 71% yield NBoc
22 24
tert-butyl 7-amino-8-methoxy-1-methyl-3,4-dihydropyrrolo[4,3,2-de]quinoline-5(1H)-

carboxylate (24): A flame dried 4 mL vial was charged with NaH (12.0 mg, 0.3 mmol, 1.5 equiv),
DMF (0.5 mL, 2.5 M), and brought to 0 °C. Aniline 22 (60.8 mg, 0.2 mmol, 1.0 equiv) in DMF
(4.0 mL, 0.05M) was then added dropwise. The solution was stirred at 0 °C for 30 min, at which
point Mel (0.0125 mL, 0.2 mmol, 1.0 equiv) was added. The solution was stirred for 30 min at 0
°C, at which point LC/MS analysis indicated complete consumption of the starting material.
Saturated aq. NH4ClI (2 mL), water (20 mL) and EtOAc (20 mL) were added, and the product was
extracted with EtOAc (3 x 30 mL). The combined organic layers were washed with 1M aq. LiCl
(x2), dried over Na>SOa, filtered, and concentrated under reduced pressure. The crude product was
purified by column chromatography (SiOz, 40%-50% EtOAc/Hexanes) to afford the title
compound (44.8 mg, 71% yield) as a brown foam.

'TH NMR (400 MHz, CD30D): § 6.91 (s, 1H), 6.50 (s, 1H), 3.93 —3.88 (m, 2H), 3.87 (s, 3H), 3.81
(s, 3H), 2.86 — 2.81 (m, 2H), 1.56 (s, 9H).

13C NMR (100 MHz, CD;0D): 6 155.4, 135.8, 131.2, 130.1, 129.5, 122.1, 118.6, 110.6, 103.9,
82.2,61.8,46.7,34.6, 28.7, 23.8.

IR (Neat film, NaCl): 3356, 2929, 2500, 2218, 2068, 1693, 1623, 1518, 1454, 1389, 1375, 1268,
1255, 1215, 1160, 1123, 1017, 960, 847, 765 cm!.

HRMS (ESI+): m/z calc’d for C17H24N303 [M+H]": 318.1812, found 318.1817.
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OMe 0
Ne NH, ZnBr,, Ne NH,
CH,Cl,, 23 °C
—_—
then, H,0,
air, 23 °C |
NBoc 69% yield g”
24 Makaluvamine A
(26)

Makaluvamine A (26): To a flame dried 20 mL scintillation vial in a nitrogen filled glove box
were added amino indole 24 (44.8 mg, 0.14 mmol, 1.0 equiv), anhydrous ZnBr> (252.2 mg, 1.12
mmol, 8.0 equiv), and CH>Cl> (1.4 mL, 0.1M). The vial was sealed with a red septum, removed
from the glovebox, and stirred under N> at 23 °C for 2 h. Water (4.0 mL, 0.035 M) was then added,
and the mixture was stirred at 23 °C for 10 min. The red septum was removed and a gas dispersion
tube connected to a compressed air line was fitted onto the vial and lowered into the solution. The
mixture was further stirred at 23 °C with air bubbling into the solution for 20 min, at which point
LC/MS analysis indicated consumption of most of the starting material and formation of the
product. The reaction mixture was diluted with saturated aqg. NaHCOs3; (20 mL) and a 4:1
CH3Cl:MeOH mixture (20 mL). The product was extracted with a 4:1 CH3Cl:MeOH mixture (20
mL x 15). The combined organic layers were dried over Na>SOy, filtered, and concentrated under
reduced pressure. The crude product was purified by column chromatography (SiO2, 10%
MeOH/DCM + 1% TFA). The combined product fractions were concentrated under reduced
pressure, were redissolved in MeOH (2 mL) and TFA (0.1 mL), and concentrated under reduced
pressure to afford the TFA salt of makaluvamine A (26, 30.4 mg, 69% yield) as a brown/purple
solid.

'H NMR (400 MHz, DMSO-d6): 5 10.64 (s, 1H), 9.15 (s, 1H), 8.35 (s, 1H), 7.30 (s, 1H), 5.64 (s,
1H), 3.88 (s, 3H), 3.74 (td, J = 7.7, 2.8 Hz, 2H), 2.82 (t, ] = 7.6 Hz, 2H); (600 MHz, MeOD): &
7.11 (s, 1H), 5.62 (s, 1H), 3.96 (s, 3H), 3.82 (t, J = 7.6 Hz, 2H), 2.92 (t, ] = 7.6 Hz, 2H).

13C NMR (100 MHz, DMSO-d6): 5 168.4, 156.8, 156.0, 131.1, 123.1, 122.4, 117.9, 86.6, 42.1,
35.9, 18.0.

IR (Neat film, NaCl): 2914, 1667, 1601, 1527, 1430, 1392, 1320, 1251, 1169, 801, 708 cm'.
HRMS (ESI+): m/z calc’d for C11Hi2N30 [M]": 202.0975, found 202.0976.

The characterization data are in good agreement with those previously reported.?!¢
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OMe OMe H

i NH, 0 H N
STAB, AcOH \/\©\
+ —_—

N\ H CH,Cl,, 23 °C \ OH

NBoc NBoc

82% yield
22 27 O 28
tert-butyl 7-((4-hydroxyphenethyl)amino)-8-methoxy-3,4-dihydropyrrolo[4,3,2-

de|quinoline-5(1H)-carboxylate (28): A flame dried 4 mL vial was charged with aniline 22 (41.8
mg, 0.138 mmol, 1.0 equiv), and CH>Cl: (1.4 mL, 0.1M). Aldehyde 27?? (18.76 mg, 0.138 mmol,
1.0 equiv) in CH2Cl; (0.5 mL), sodium triacetoxyborohydride (STAB, 58.5 mg, 0.276 mmol, 2.0
equiv), and AcOH (0.004 mL, 0.276 mmol, 2.0 equiv) were then added. The reaction mixture was
stirred at 23 °C for 30 min, at which point LC/MS analysis indicated consumption of the starting
material. The reaction mixture was transferred to a separatory funnel with EtOAc, and further
diluted with EtOAc (10 mL) and saturated aq. NaHCO3 (10 mL). The product was extracted with
EtOAc (10 mL x 3). The combined organic layers were dried over Na>SOs, filtered, and
concentrated under reduced pressure. The resulting crude brown solid (48.1 mg, 82% yield) was

taken directly to the next step without further purification.
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OMe H (0] H

H N ZnBr,, H N
\/\©\ CHyCl,, 23 °C \/\©\
—_—_——
\ OH then, H,0, \ OH
air, 0 to 23 °C |
NBoc NH
17% yield ®
28 Makaluvamine D

(29)
Makaluvamine D (29): To a flame dried 20 mL scintillation vial in a nitrogen filled glove box

was added amino indole 28 (32.0 mg, 0.076 mmol, 1.0 equiv), anhydrous ZnBr; (136.0 mg, 0.6
mmol, 8.0 equiv), and CH>Cl, (1.5 mL, 0.05M). The vial was sealed with a red septum, removed
from the glovebox, and stirred under N at 23 °C for 2 h. Water (7.6 mL, 0.01 M) was then added,
and the mixture was stirred at 23 °C for 10 min. The red septum was removed and a gas dispersion
tube connected to a compressed air line was fitted onto the vial and lowered into the solution. The
mixture was further stirred at 23 °C with air bubbling into the solution for 1 h, at which point
LC/MS analysis indicated consumption of most of the starting material and formation of the
product. The reaction mixture was diluted with saturated aq. NaHCO3 (20 mL) and a 4:1 CH3Cl:i-
PrOH mixture (20 mL). The product was extracted with a 4:1 CH3Cl: i-PrOH mixture (20 mL x
10). The combined organic layers were dried over NaxSOs, filtered, and concentrated under
reduced pressure. The crude product was purified by column chromatography (SiO2, 10%
MeOH/DCM + 1% TFA). The combined product fractions were concentrated under reduced
pressure, were redissolved in MeOH (2 mL) and TFA (0.1 mL), and concentrated under reduced
pressure to afford the TFA salt of makaluvamine D (29, 4.0 mg, 17% yield) as a brown/purple
solid.

'H NMR (600 MHz, CD30D):  7.15 (s, 1H), 7.07 (d, J = 8.4 Hz, 2H), 6.72 (d, J = 8.5 Hz, 2H),
5.38 (s, 1H), 3.84 (t, J = 7.6 Hz, 2H), 3.55 (t, ] = 7.3 Hz, 2H), 2.95 (t, ] = 7.5 Hz, 2H), 2.88 (t, ] =
7.3 Hz, 2H).

13C NMR (100 MHz, CD;0D): 6 168.5, 159.7, 157.4, 155.1, 130.9, 130.0, 127.2, 125.5, 124.0,
120.2, 116.5, 85.2,46.5,44.2,34.4, 19.5.

IR (Neat film, NaCl): 3442, 2921, 2368, 1688, 1440, 1211, 1143, 1025, 835, 737, 727, 629 cm'.
HRMS (ESI+): m/z calc’d for C1gHisN302 [M]": 308.1394, found 308.1391.

The characterization data are in good agreement with those previously reported.?
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OMe OMe
H NHAc H NHA
N N ¢

MeSClI
\ » MeS \
CH,Cl,, —78 °C
NBoc i NBoc
50% yield,
18% recovered 21
21 30

tert-butyl 7-acetamido-8-methoxy-2-(methylthio)-3,4-dihydropyrrolo[4,3,2-de]quinoline-
5(1H)-carboxylate (30): Prepared using a modified procedure.?* To a flame dried 4 mL vial was
added CH>Cl; (1 mL, 0.56 M) and Me:S; (0.15 mL, 1.72 mmol, 4.0 equiv). The solution was
cooled to 0 °C and SO,Cl; (0.035 mL, 0.43 mmol, 1.0 equiv) was added. The reaction mixture was
stirred at 0 °C for 1 h to provide a 0.86 M solution of MeSCl in CH2Cl.

To a separate flame dried 4 mL vial was added indole 21 (43.0 mg, 0.125 mmol, 1.0 equiv)
and CH2Cl, (2.5 mL, 0.05 M). The solution was cooled to —78 °C, and freshly prepared 0.86 M
MeSCl solution in CH2Clz (0.145 mL, 0.125 mmol, 1.0 equiv) was added dropwise over 2 min.
The reaction mixture was stirred for 5 min at —78 °C, at which point LC/MS analysis indicated
near complete consumption of the starting material. Saturated aq. Na>S>O3 solution (1 mL) was
added at —78 °C, and the reaction mixture was warmed to 23 °C. The reaction mixture was
transferred to a separatory funnel with EtOAc, and further diluted with EtOAc (30 mL) and H>O
(30 mL). The product was extracted with EtOAc (3 x 30 mL), the combined organic layers were
washed with brine, dried over Na,SOs, filtered, and concentrated under reduced pressure. The
product was purified via preparative TLC (2 plates, SiO, 80% EtOAc/hexanes) to afford the title
compound (24.6 mg, 50% yield) as a yellow foam. 7.9 mg of indole 21 was re-isolated (18%
recovered SM).
'H NMR (600 MHz, CD30OD): & 7.58 (s, 1H), 3.98 (t, ] = 5.6 Hz, 2H), 3.90 (s, 3H), 2.91 (t,J =
5.7 Hz, 2H), 2.41 (s, 3H), 2.18 (s, 3H), 1.56 (s, 9H).
13C NMR (100 MHz, CD;0D): 6 172.3, 155.3, 128.7, 128.6, 125.3, 125.0, 122.5, 115.9, 110.6,
109.7, 82.5, 61.1, 46.4, 28.7, 23.6, 23.3, 19.6.
IR (Neat film, NaCl): 3280, 2977, 2926, 1674, 1537, 1385, 1317, 1265, 1248, 1157, 1131, 1084,
1046, 1026, 958, 853, 737 cm!.
HRMS (ESI+): m/z calc’d for Ci9H25N304SNa [M+Na]": 414.1458, found 414.1464.
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OMe OMe

NHAc H NH,

N,H,4, NH,l
MeS \ 274 4 » MeS \
EtOH, 80 °C

NBoc NBoc

2T

30 S7

tert-butyl 7-amino-8-methoxy-2-(methylthio)-3,4-dihydropyrrolo[4,3,2-de]quinoline-5(1H)-
carboxylate (S7): Under an ambient atmosphere, a flame dried 8 mL vial was charged with indole
30 (51.0 mg, 0.13 mmol, 1.0 equiv). EtOH (1.3 mL, 0.1M), N>H4*H>O (0.122 mL, 3.9 mmol, 30.0
equiv), and NH4I (188.5 mg, 0.1.3 mmol, 10.0 equiv) were then added. The solution was degassed
with argon for 1 minute and sealed with a PTFE cap. The reaction mixture was heated at 80 °C for
16 h, at which point TLC analysis indicated complete consumption of the starting material. The
reaction mixture was concentrated under reduced pressure to near dryness. Ethyl acetate (10 mL)
was used to transfer the mixture to a separatory funnel. Water (10 mL) was then added and the
mixture was extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with
brine, dried over Na,SOs, filtered, and concentrated under reduced pressure to afford the titled
compound (45.1 mg, crude) as a brown solid which was used directly in the next step without
further purification.

Note: This compound was found to be unstable upon standing in air for >1 h, and was thus carried

immediately forward after its preparation.
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OMe Me OMe
H NH, N NH,
NaH, Mel
MeS ’ » MeS
=N DMF, 0 °C SN
NBoc NBoc
S7 31
tert-butyl 7-amino-8-methoxy-1-methyl-2-(methylthio)-3,4-dihydropyrrolo[4,3,2-

de|quinoline-5(1H)-carboxylate (31): A flame dried 4 mL vial was charged with NaH (2.2 mg,
0.055 mmol, 1.5 equiv), DMF (0.074 mL, 0.5 M), and brought to 0 °C. Aniline S7 (12.9 mg, 0.037
mmol, 1.0 equiv) in DMF (0.74 mL, 0.05M) was then added dropwise. The solution was stirred at
0 °C for 30 min, at which point Mel (0.0023 mL, 0.037 mmol, 1.0 equiv) was added. The solution
was stirred for 30 min at 0 °C, at which point TLC analysis indicated complete consumption of the
starting material. Saturated aq. NH4Cl (2 mL), water (2 mL) and EtOAc (2 mL) were added, and
the product was extracted with EtOAc (3 x 3 mL). The combined organic layers were washed with
IM aq. LiCl (x2), dried over Na>SOs, filtered, and concentrated under reduced pressure to afford
the title compound (9.2 mg, crude) as a brown solid which was used directly in the next step
without further purification.

Note: This compound was found to be unstable upon standing in air for >1 h, and was thus carried

immediately forward after its preparation
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OMe (o] o
Me\ 4M HCI Me\ Me\
N NHz  1,4-dioxane, 23 °C N NH, N NH,
MeS—\\ then, MnO,, 23 °C " Mes \ + MeS—\
Cl
I I
NBoc N N
31 Isobatzelline B Isobatzelline A (37)
(32) (tentative assignment)
29% yield 14% yield
over 3 steps over 3 steps

Isobatzelline B (32) and Isobatzelline A (37): A flame dried 8 mL vial was charged with
sulfide 31 (15.0 mg, 0.041 mmol, 1.0 equiv) and 4M HCI in dioxane (2.5 mL, 0.0165M). The
reaction was stirred at 23 °C for 2 hours, at which point MnO> (35.7 mg, 0.41 mmol, 10.0 equiv)
was added in one portion. The reaction was further stirred for 5 minutes, at which point saturated
aq. NaHCOs3 (3 mL) was added. The reaction mixture was transferred to a separatory funnel and
saturated aq. NaHCO3 was added until the pH of the mixture was 7. The products were extracted
with 4:1 CHCls:iso-propanol (10 mL X 10). The combined organic layers were dried over
NaxSOq, filtered, and concentrated under reduced pressure. The crude brown solid was purified
by preparatory TLC (4 plates, 9:1 DCM:MeOH) to afford isobatzelline B (4.4 mg, 29% yield
over three steps) as a red/brown solid and isobatzelline A (2.3 mg, 14% yield over three steps) as
red solid.

Isobatzelline B (32):

'"H NMR (600 MHz, 1:1 CD3;0D:CDCl): 3 5.71 (s, 1H), 3.98 (s, 3H), 3.89 (t, ] = 7.7 Hz, 2H),
2.87 (t,J=7.7 Hz, 2H), 2.34 (s, 3H).

'H NMR (600 MHz, CD30D, TFA salt): 5 5.65 (s, 1H), 4.01 (s, 3H), 3.86 (t, ] = 7.6 Hz, 2H),
2.98 (t, ] =7.6 Hz, 2H), 2.40 (s, 3H).

13C NMR (100 MHz, CD3;0D, TFA salt): 6 169.1, 159.2, 158.0, 136.5, 126.3, 124.5, 123.0, 87.7,
43.8,33.7,19.8, 18.4.

IR (Neat film, NaCl): 3214, 2921, 2853, 1665, 1616, 1463, 1265, 1122, 736 cm'.

HRMS (ESI+): m/z calc’d for C12H1aN30S [M+H]": 248.0852, found 248.0855.

The characterization data are in good agreement with those previously reported.?

Isobatzelline A (37):
THNMR (600 MHz, 1:1 CD30D:CDCl3): 5 4.05 (t,J = 7.8 Hz, 2H), 3.95 (s, 3H), 2.75 (d, I = 7.7
Hz, 2H), 2.31 (s, 3H). This data is in good agreement with those previously reported.?®
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Note: Decomposition of isobatzelline A was observed when acquiring the >C NMR, thus we have
reported this as a tentative assignment.

13C NMR (100 MHz, 1:1 CD3:0D:CDCl3): 6 169.5, 153.2, 142.5, 133.4, 131.7, 129.3, 127.4,
123.5,121.9, 113.2, 68.8, 39.4, 32.9, 30.2, 23.2, 19.0.

IR (Neat film, NaCl): 3332, 3222, 2921, 2358, 1666, 1591, 1525, 1425, 1401, 1266, 1233, 1000,
721 em!,

HRMS (ESI+): m/z calc’d for Ci2Hi3CIN;OS [M+H]*: 282.0462, found 282.0463.
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OMe OMe
N NHAc i NHAc
TsCl, NaOH
\ >
BU4NB|', CH2C|2,
2 0
NBoc 3°C NBoc
79% yield
21 33

tert-butyl 7-acetamido-8-methoxy-1-tosyl-3,4-dihydropyrrolo[4,3,2-de]quinoline-5(1H)-
carboxylate (33): A flame-dried 1 dram vial was charged with indole 21 (25 mg, 0.0724 mmol,
1.0 equiv), TsCl (28 mg, 0.145 mmol, 2.0 equiv), BusNBr (2.4 mg, 0.00724 mmol, 0.1 equiv), and
powdered KOH (13 mg, 0.217 mmol, 3.0 equiv). The vial was evacuated and backfilled with
nitrogen, then CH>Cl> (0.72 mL, 0.1M) was added, and the resulting suspension was stirred at 23
°C for 30 min. The reaction was diluted with CH»>Cl, (5 mL) and water (5 mL) and the layers were
separated. The aqueous layer was extracted with CH2Cl> (3x3 mL), the combined organic extracts
were dried with Na;SOs4, and concentrated under reduced pressure. The crude product was purified
by silica gel flash chromatography (15% EtOAc/hexanes to 50% EtOAc/hexanes) to afford the
title compound (28.5 mg, 0.0571 mmol, 79%) as a yellow solid.

'H NMR (400 MHz, C¢D¢): 5 9.11 (s, 1H), 7.85 (d, J = 8.3 Hz, 2H), 7.33 — 7.20 (m, 2H), 6.65 (d,
J=8.3 Hz, 2H), 3.76 (t, ] = 5.7 Hz, 2H), 3.66 (s, 3H), 2.29 (m, 2H), 1.67 (s, 3H), 1.64 — 1.46 (m,
12H).

13C NMR (100 MHz, C¢Ds): 6 167.1, 153.5, 144.4, 144.3, 136.6, 132.8, 130.9, 130.5, 129.7,
125.8,121.7, 121.6, 117.0, 110.5, 81.8, 61.6, 44.3, 28.5, 24.3, 22.5, 21.1.

IR (Neat film, NaCl): 3301, 3133, 2978, 2933, 1693, 1681, 1613, 1530, 1470, 1370, 1328, 1306,
1271, 1168, 1094, 849, 800, 766, 735, 703, 681, 667.

HRMS (FD+): m/z calc’d for CasH20N306S [M+H]": 500.1855, found 500.1866.
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OMe OMe
Is NHAc 1) TFA I NHAc
CH,Cly, 23°C
2) PyH*Brj~ N Br
NBoc MeCN, 0 °C NH
70% yield
33 over 2 steps 34

N-(6-bromo-8-methoxy-1-tosyl-1,3,4,5-tetrahydropyrrolo[4,3,2-de|quinolin-7-yl)acetamide
(34): A flame-dried 1 dram vial was charged with indole 33 (28.5 mg, 0.0571 mmol, 1.0 equiv),
CHCl> (0.57 mL, 0.1M), and TFA (0.13 mL, 1.71 mmol, 30 equiv). The resulting mixture was
stirred at 23 °C for 2 h, at which point LC/MS analysis showed full consumption of starting
material. The reaction was diluted with CH>Cl> (7 mL), washed with sat. NaHCOs (3x5 mL), and
dried over Na>SQO4, and concentrated under reduced pressure afford the intermediate secondary
aniline (not shown) which was used directly without further purification.

A 20 mL flame-dried vial containing intermediate secondary aniline (not shown, ca.0.0571
mmol, 1.0 equiv) was charged with MeCN (4.0 mL, 0.14M). The resulting solution was cooled to
0 °C with ice/water bath, and pyridinium tribromide (PyHBr3, 16.4 mg, 0.0514 mmol, 0.9 equiv)
in MeCN (1.7 mL) was then added. The mixture was stirred at 0 °C for 30 min, at which point
LC/MS indicated near full consumption of the starting material. The reaction mixture was
concentrated under reduced pressure, and resulting residue was purified by preparatory TLC
(100% EtOAc) to afford the title compound (19.3 mg, 0.0404 mmol, 70% over 2 steps) as a brown
oil.

Note: This compound was observed as a mixture of rotamers due to hindered rotation about the
amide C—N bond.

TH NMR (400 MHz, C¢Ds): 6 7.97 — 7.79 (m, 2H), 7.31 (s, 1H), 6.73 — 6.57 (m, 2H), 3.87 (s, 1H),
3.79 -3.71 (m, 3H), 2.66 — 2.52 (m, 2H), 2.32 — 2.44 (m, 2H), 1.74 — 1.61 (m, 6H).

13C NMR (100 MHz, C¢Ds): & 172.5, 168.0, 144.3, 137.7, 137.4, 136.8, 136.1, 129.7, 129.6,
126.2,122.0, 121.7, 121.2, 115.5, 115.0, 100.9, 99.8, 62.1, 61.8, 42.0, 22.9, 22.2, 21.0.

IR (Neat film, NaCl): 2919, 1813, 1688, 1504, 1353, 1288, 1167, 1138, 1106, 1055, 814, 665.
HRMS (FD+): m/z calc’d for C20H21BrN3O4S [M+H]": 478.0436, found 478.0441.
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OMe OMe
N NHAC 1) Boc,0, DMAP. e NH,
CH,Cl,, 23 °C
Br 2) NH,, NH,| Br
NH EtOH, 75 °C NBoc
95% yield
34 over 2 steps 35
tert-butyl 7-amino-6-bromo-8-methoxy-1-tosyl-3,4-dihydropyrrolo[4,3,2-de]quinoline-

5(1H)-carboxylate (35): A flame-dried 1 dram vial was charged with bromoindole 34 (19.3 mg,
0.0403 mmol, 1.0 equiv), DMAP (0.5 mg, 0.00403 mmol, 0.1 equiv), Boc,O (26.4 mg, 0.121
mmol, 3.0 equiv), and CH2Cl> (4 mL, 0.1M). The resulting mixture was stirred at 23 °C, and after
1 h the mixture was concentrated under reduced pressure to afford crude N-Boc bromoaniline (not
shown), which was used directly without further purification.

A flame-dried '% dram vial was charged with N-Boc bromoaniline (not shown, ca. 0.0403
mmol, 1.0 equiv), NH4I (175 mg, 1.21 mmol, 30 equiv), EtOH (0.4 mL, 0.1M) and N>H4.H>O
(0.26 mL, 4.03 mmol, 100 equiv). The resulting mixture was stirred at 75 °C for 2 days, at which
point LC/MS analysis showed full consumption of the starting material. The reaction mixture was
diluted with H>O (2 mL) and extracted with CH>Cl, (4x4 mL). The combined organic extracts was
dried over Na;SO4and concentrated under reduced pressure. The resulting residue was purified by
preparatory TLC (65% EtOAc/Hex) to the title compound (20.4 mg, 0.0382 mmol, 95% over 2
steps) as a brown solid.

'H NMR (400 MHz, C¢Ds): 6 7.92 (d, J = 8.4 Hz, 2H), 7.30 (s, 1H), 6.69 (d, J = 7.9 Hz, 2H), 5.69
(s, 1H), 3.89 (s, 3H), 3.82, (s, 1H), 2.53 (t,J = 5.9 Hz, 2H), 2.24 (t,J = 6.0, 2H), 1.70 (s, 3H), 1.43
(s, 9H).

13C NMR (100 MHz, C¢Ds): & 154.0, 144.2, 137.7,137.0, 135.9, 129.7 (2C), 126.1, 121.5, 120.9,
115.2,101.3,79.6,61.9, 42.0, 28.4,22.2,21.1. (Note: an additional 13C resonance associated with
the tosyl group is likely obscured by the solvent signal).

IR (Neat film, NaCl): 2921, 1722, 1688, 1633, 1501, 1350, 1286, 1228, 1171, 1106, 850, 813,
664, 611.

HRMS (FD+): m/z calc’d for C23H27BrN3OsS [M+H]*: 536.0855, found 536.0852.
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OMe (o]
Ts NH H NH
N 2 1) Cs,CO,, MeOH/THF, N 2
70 °C
Br 2) CAN, MeCN/H,0, 0 °C, | Br
NBoc then TFA, 23 °C NH
15% yield ®
35 over 2 steps Makaluvamine N (36)

Makaluvamine N (36): A flame-dried 1 dram vial was charged with bromoaniline 35 (19.1 mg,
0.0356 mmol, 1.0 equiv), Cs2CO;3 (116 mg, 0.356 mmol, 10 equiv), MeOH (0.3 mL, 0.1M), and
THF (0.6 mL, 0.05M), and the resulting mixture was stirred at 70 °C for 1.5 h. The reaction mixture
was diluted with H>O (5 mL), and extracted with CH2Cl> (3x3 mL). The combined organic extracts
were dried over Na;SOs and concentrated under reduced pressure to afford the intermediate
deprotected indole (not shown) as a brown solid which was used immediately in the next reaction
without purification.

To a 20 mL vial containing deprotected indole (ca. 0.0356 mmol, 1.0 equiv) under nitrogen
was added MeCN (2.0 mL). The resulting solution was cooled to 0 °C, then added CAN (25.4 mg,
0.0463 mmol, 1.3 equiv) in H>O (1 mL). The reaction mixture was stirred at 0 °C for 5 min at
which point LC/MS analysis showed full consumption of starting material. The reaction was
diluted with H>O (5 mL), extracted with DCM (3x5 mL). The combined organic phases were dried
over Na>SOys, concentrated under reduced pressure, and the resulting residue was dissolved in TFA
(1.8 mL). The mixture was allowed to stand at 23 °C for 10 min before being concentrated in vacuo
to afford crude makaluvaine N (36). The crude product was purified by preparative reverse-phase
HPLC (Eclipse XDB-C18, 5 um, 9.4 x 250 mm, MeCN-H20 (0.1% TFA) = 0:100 to 100:0, linear
gradient for 6 min, flow rate = 5 mL/min) to afford makaluvamine N (36) as the TFA salt (2 mg,
0.00526 mmol, 15% over 2 steps).

IH NMR (400 MHz, MeOD): & 7.17 (s, 1H), 3.94 (t, J = 7.6 Hz, 2H), 2.9 (t, J = 7.6 Hz, 2H).
13C NMR (100 MHz, MeOD): § 166.4, 157.1, 155.5, 127.5, 125.1, 123.7, 120.9, 82.1, 45.0,

19.5.
IR (Neat film, NaCl): 3386, 3111, 1681, 1612, 1409, 1206, 721.
HRMS (FD+): m/z calc’d for C1oHoBrN3;O [M+H]": 265.9929, found 265.9930.

The characterization data are in good agreement with those previously reported.?®



Supporting Information for Rezgui, Farhi, Sercel, Yu, Virgil, and Stoltz

Table of comparison of 'H resonance signals of synthetic vs natural*® makaluvamine N (36).

Natural (J)

Synthetic (3)

2.98 (2H, t, J = 7.5 Hz)

2.99 (t, J= 7.6 Hz, 2H).

3.93 2H,t,J = 7.5 Hz)

3.94 (t,J= 7.6 Hz, 2H),

7.15 (1H, s,)

7.17 (s, 1H),

*Spectra acquired in MeOD.

Table of comparison of '*C resonance signals of synthetic vs natural*® makaluvamine N (36).

Natural (9) Synthetic (9)
19.5 19.5
45.1 45.0
82.3 82.1
121.0 120.9
123.7 123.7
125.1 125.1
127.6 127.5
1554 155.5
157.2 157.1
166.3 166.4

*Spectra acquired in MeOD.
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Discussion on Strategies to Access Common Intermediate 10:

Given that most syntheses of pyrroloiminoquinones proceed through the common iminoquinone
intermediate, much of the research in the field has focused on its construction, which has resulted
in three major strategies. The first utilizes an oxidative cyclization strategy, wherein the
iminoquinone is constructed from a tryptamine through a sequential arene oxidation and nitrogen
cyclization (Figure S1). This Approaches to Common Intermediate

A) Oxidative cyclization:
tryptamine 1m turn 1S

R1
. . OMe \
accessed through iterative N OMe N
o R? ) — &l R p— | R
arene functionalizations B
N_ - iterative
. . ® R3: functionalizations
from a simple arene starting :
oxidative RRN

material. The second iS a coeeeeeeo...! Oyt O e

B) Tetrahydroquinoline formation:
tetrahydroquinoline arene oxidation
formation  approach, in
which the iminoquinone

oxidation state 1is first

adjusted back to an anisole

C) Indole formation:

derivative. The arene oxidation
. . 0: OMe
tetrahydroquinoline ~ C—N R :
N A
i R
bond is then forged through  ge |
a cyclization event, once IN\ \ : NG,
®R indole formation R

again tr. acing baCk to a Successive nature of arene functionalization leads to lengthy synthetic sequences

. . . to access requisite cyclization precursor for these strategies
tryptamine derivative. The

third approach focuses on an indole formation, where again arene oxidation state adjustment leads
back to an anisole type intermediate. The indole is then disconnected tracing back to a
tetrahydroquinoline derivative which is accessed through iterative functionalizations from a simple
arene starting material. Although these approaches have proved successful in numerous syntheses,
the successive nature of arene functionalization leads to lengthy synthetic sequences in order to
access the requisite cyclization precursor. Refer to references 4 and 5 in the main text for examples

of these strategies.
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Additional Larock/Buchwald—Hartwig Annulation/Cyclization Optimization:

OMe ol OMe
NHAc
AcHN NHAc TES catalyst, ligand R RN
+ Z N NHA TES
HN base (2.5 equiv), TES N \
Br Boc NMP(0.1M)
cl temp, time NBoc
cl
(1.2 equiv)
BocHN A:
. B:R=H
C:R=Ac D:R=Ac
Entry Catalyst Ligand Base Temp Time Yield
Pd(OAc), D'BPF .
1 7 mol%i; 10 mat%) K,CO3 110°C 24h 15% B
@Be v of Pd(OAc), D'BPF K,CO 110°c 24h 19% B
alkyne) (5 mol%) (8 mol%) 200 °
Pd(OAc), D'BPF . 0%
3 (11 mol%) (12 mol%) Cs2C0; 1o-c 24h just SM
Pd(OAc), XPhos o
4 (8 mol (7 moi) K,CO3 110°C 24h 1%B
Pd(OAc), D'BPF
5 7 molg (10 mat%) K,COs3 110°C 24h 25% A
XPhos Pd G3 . 22% A +
6 (10 mol®%) - K,CO3 110°C 24h B
Pd(OAc), D'BPF . 7% A+
7 (10 mols) 25 mol%) K,CO3 110°C 24h AN
Pd(OAc), xanthphos .
8 (10 mol?) (17 mol%) K,CO3 110°C 24h 0%, just SM
Pd(OAc), D'BPF K,CO;
9 (15 mol%) (30 mol%) (5 equiv) no°c 48h 19% B
Pd(OAc), D'BPF K,CO; + 31% A
10 (10 mol%) (20mol%) | LiCl (fequiv) 11o°c 48h w/ impurity
1 0%
(toluene Pd(OAc), D'BPF K,CO3 ©
. o A 110 °C 48h mostly proto-
mstv;j) of (10 mol%) (23 mol%) (5 equiv) debromination
(DMAl'iﬁstead Pd(OAc), D'BPF K,CO, 110°C 48h 3%A
of NMP) (8 mol%) (19 mol%) (5 equiv) °
13 Pd(OAc) D'BPF 19% A +
-freshly dried 2 K,CO. o e
KoCO, (9 mol%) (18 mol%) 2C0s f1o°c 48h 19%B
14 +BuXPhos
-freshly dried Pd G3 - K,CO3 110 °C 48h 1% A
KoCO3 (8 mol%)
15
-freshly dried Pd(OAc), D'BPF K,CO4 .
. Kz.c:oIak (15 mol%) (30 mol%) (5 equiv) 1o°c 48h 32%B
-0 equiv alkyne
16
-freshly dried Pd(OAc), D'BPF K>CO4
. Kz_coIsk (15 mol%) (30 mol%) (5 equiv) 1o°c 48h 15% B
-9 equiv alkyne

Reactions conducted on 0.1 mmol scale. Yields refer to LC/MS yields using 1,3,5-trimethoxy benzene
as an internal standard.
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OMe
AcHN Iy NHA TES Qe RN NHAc
c ¢ — catalyst, ligand IF\*I NHAc
+ =z + TES N\
HN base (2.5 equiv), TES \
Br Boc NMP(0.1M)
cl temp, time NBoc
Cl
(1.2 equiv)
BocHN A:R=H
‘R= B:R=H
C:R=Ac D:R=Ac
Entry Catalyst Ligand Base Temp Time Yield
17
-freshly dried
rels( go " Pd(0Ac), D'BPF KaCOs 110 °C 48h 41% B
2403 (15 mol%) (30 mol%) (5 equiv) °
-5 equiv alkyne
-4 A mol sieves
18
-freshly dried
K2CO, Pd(OAc), D'BPF K,CO3 . "
-5 equiv alkyne (15 mol%) (30 mol%) (5 equiv) Torc 48h 26%8
-4 Amol sieves
20 mg scale
19
-freshly dried
Pd(OAc), XPhos KoCO;, .
2 eq'ffisgfkyne (15 mol%) (30 mol%) (5 equiv) 110°C 48h 23%B
-AuCl (20 mol%)
20
-freshly dried
Pd(OAc), XPhos KoCOs3 .
25 ezﬁ‘ifloglky ne (15 mol%) (30 mol%) (5 equiv) 110°c 48h trace B
-Cul (10 mol%)
(dioz):ane Pd(P(t-Bu)s), ; CyzNMe 80°C 6d trace A
instead of NMP) (10 mol%) (2.5 equiv) race
Pd(OAc), D'BPF KCOy o
22 (16 mol%) (22 mol%) (3.5 equiv) 130 °C 30h trace B
Pd(OAc), pheynyl urea K,CO3 o
23 (10 mol%) (40 mol%) (3 equiv) 130°C 30h SM + decomp
(i 2 e Pd(P(t-Bu)s), ) Cy,NMe 130°C 30h proto-
instead of NMP) (5 mol%) (2.5 equiv) debromination
(OMF Pdy(DBA), D'BPF TEA 130°C aoh | debramnation +
instead of NMP) (10 mol%) (20 mol%) (2.5 equiv) trace C
(DWF instead Pd(OAc), D'BPF TEA 130°C 30h debromination
of NMP) (10 mol%) (20 mol%) (2.5 equiv) +trace C
Pd(OAc), D'BPF K3PO, o
27 (15 mol%) (20 mol%) (2.5 equiv) 130 °C 30h trace A
Pd(OAc), D'BPF K,CO3 o 8% A
28 (16 mol%) (26 mol%) (2.5 equiv) nosc 5h 2%B
Pd(OAc), D'BPF Cy,NMe o sm + proto-
29 (6 mol%) (7 mol%) (2.5 equiv) 110°C 24h debromination
(SI\(I)IF Pd(OAc), D'BPF K,CO, 110°C 24h trace A
instead of NMP) (5 mol%) (7 mol%) (25 equiv)
Pd(P(t-Bu)z), R K,CO3 o
31 (5 mol%) (2.5 equiv) 110°C 24h trace B

45
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"HNMR (400 MHz, CDCI3) of compound 7.
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Infrared spectrum (Thin Film, NaCl) of compound 7.
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"HNMR (400 MHz, CDCI3) of compound 8.
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BCNMR (100 MHz, CDCI3) of compound 8.
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"HNMR (600 MHz, DMSO-ds) of compound 10.
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Infrared spectrum (Thin Film, NaCl) of compound 10.
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BCNMR (100 MHz, DMSO-ds) of compound 10.
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BCNMR (100 MHz, CDCl3) of compound 12.
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"HNMR (600 MHz, CDCIs) of compound 13.
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Infrared spectrum (Thin Film, NaCl) of compound 15.
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BCNMR (100 MHz, DMSO) of compound 15.
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"HNMR (600 MHz, MeOD) of compound S5.



Supporting Information for Rezgui, Farhi, Yu, Sercel, Virgil, and Stoltz

%T

01

40000

Infrared spectrum (Thin Film, NaCl) of compound S5.

3600 2200 200 2400 2000 1200 1600 1400 1200
ol

1000

200

600¢

66

q

©o ~ o o~ wn <
a hooo ® oo b ®
< m o~ — o o g o
S R 5 =23 E a

(. [ v
i ‘

T T T T T T T T T
180 160 140 120 100 80 60 40 20

BCNMR (100 MHz, MeOD) of compound S5.



Supporting Information for Rezgui, Farhi, Yu, Sercel, Virgil, and Stoltz

JEAD TE€E—

Cl

BocHN
Br

S6

=006 |

6T |

=60

67

10

11

12

"HNMR (400 MHz, MeOD) of compound S6.
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"HNMR (400 MHz, MeOD) of compound 17.
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Infrared spectrum (Thin Film, NaCl) of compound 17.
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BBCNMR (100 MHz, MeOD) of compound 17.
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"HNMR (400 MHz, MeOD) of compound 18.
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Infrared spectrum (Thin Film, NaCl) of compound 18.
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BCNMR (100 MHz, MeOD) of compound 18.
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Infrared spectrum (Thin Film, NaCl) of compound 20.
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"HNMR (400 MHz, MeOD) of compound 21.
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BCNMR (100 MHz, MeOD) of compound 21.
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Infrared spectrum (Thin Film, NaCl) of compound 22.
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"HNMR (400 MHz, DMSO-ds) of makaluvamine C (23).
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"HNMR (600 MHz, MeOD) of makaluvamine C (23).
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Infrared spectrum (Thin Film, NaCl) of Makaluvamine C (23).
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BCNMR (100 MHz, DMSO-ds) of makaluvamine C (23).
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"HNMR (400 MHz, MeOD) of compound 24.
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BCNMR (100 MHz, MeOD) of compound 24.
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Infrared spectrum (Thin Film, NaCl) of makaluvamine A (26).
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BCNMR (100 MHz, DMSO-ds) of makaluvamine A (26).
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"HNMR (600 MHz, MeOD) of makaluvamine D (29).
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Infrared spectrum (Thin Film, NaCl) of makaluvamine D (29).
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BBCNMR (100 MHz, MeOD) of makaluvamine D (29).
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"HNMR (600 MHz, MeOD) of compound (30).
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"THNMR (400 MHz, 1:1 MeOD:CDCls) of isobatzelline B(32).
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"HNMR (400 MHz, MeOD) of isobatzelline B TFA salt (32).
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Infrared spectrum (Thin Film, NaCl) of isobatzelline B (32).
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BCNMR (100 MHz, MeOD) of isobatzelline B TFA salt (32).
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Infrared spectrum (Thin Film, NaCl) of isobatzelline A (37).
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BCNMR (100 MHz, 1:1 MeOD:CDCls) of decomposed isobatzelline A (37).
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BCNMR (100 MHz, C¢Ds) of compound 33.
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"HNMR (400 MHz, C¢D¢) of compound (34).
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BCNMR (100 MHz, C¢Ds) of compound 34.
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Infrared spectrum (Thin Film, NaCl) of compound 35.
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"HNMR (400 MHz, MeOD) of makaluvamine N (36).
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Infrared spectrum (Thin Film, NaCl) of makaluvamine N (36).
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BCNMR (100 MHz, MeOD) of makaluvamine N (36).




