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1. General Remarks

Materials were obtained from commercial suppliers and used without further purification unless
otherwise mentioned. All reactions were carried out in oven-dried glassware under a slight positive
pressure of argon unless otherwise noted. Anhydrous Et;O, THF, MeCN, and CH,Cl, were
purchased from Kanto Chemical Co. Inc. Anhydrous toluene and DMF were purchased from Wako
Pure Chemical Industries. Anhydrous MeOH and 1,2-dichloroethane were dried and distilled
according to the standard protocols. Flash column chromatography was performed on Silica Gel
60N (Kanto, spherical neutral, 40-50 um) using the indicated eluent. Preparative TLC was
performed on Merck 60 Fas4 glass plates precoated with a 0.50 mm and a 0.25 mm thickness of
silica gel. Analytical TLC was performed on Merck 60 F»s4 glass plates precoated with a 0.25 mm
thickness of silica gel. IR spectra were measured on a JASCO FT/IR-4100 spectrometer. NMR
spectra were recorded on a JNM-AL400 or JINM-AL600 spectrometer with tetramethylsilane (0
ppm), MeCN (1.93 ppm), acetone (2.04 ppm), methanol (3.31 ppm), and chloroform (7.26 ppm) as
an internal standard. Chemical shifts were expressed in o (ppm) values, and coupling constants were
expressed in hertz (Hz). The following abbreviations are used for spin multiplicity: s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet, and br = broad. Mass spectra were recorded on a

Brucker micrOTOF II (ESI).
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2. Experimental Procedure for Construction of Indole Structure

Preparation of Substrates

Pyrroloindoline S2

H Me,
H’ H COZMe LHMDS H’ H COZMG
i Mel e
N\Co M N\Co M
2Me THF 2Vie
N H —78°Ctort, 3h N H
COzMe COZMe
St 92% S2

To a stirred solution of pyrroloindoline S1 (1.53 g, 4.58 mmol) and DMPU (670 pL, 5.54 mmol)
in THF (43 mL) was added LHMDS (8.54 mL, 11.1 mmol, 1.3 M in THF) at —78 °C. After 1 h, Mel
was added to the reaction mixture and the resulting mixture was allowed to room temperature. After
2 h, the reaction mixture was concentrated under reduced pressure. The residue was diluted with
EtOAc and washed with 1 M aqueous HCI and brine. The organic layer was dried over MgSOs,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (hexanes/EtOAc = 1/1) to afford pyrroloindoline S2 (1.48 g, 4.23
mmol, 92%) as a white foam. Ry= 0.28 (hexanes/EtOAc = 1/1); [a]p *> = —18.7 (¢ 0.715, CHCl3);
IR (film, cm™) 3015, 2952, 1714, 1483, 1446, 1064, 752; '"H NMR (400 MHz, CDCl3) § 7.61 (1H,
d, J=8.0 Hz), 7.21 (1H, dd, /= 8.0, 7.6 Hz), 7.08 (1H, d, /= 7.2 Hz), 7.01 (1H, dd, /= 7.6, 7.2
Hz), 6.43 (1H, d, J = 6.4 Hz), 3.91-3.85 (4H, m), 3.71 (3H, s), 3.05 (3H, s), 2.82 (1H, d, /= 13.6
Hz), 2.31 (1H, dd, J = 13.6, 7.2 Hz), 1.68 (3H, s); *C NMR (100 MHz, CDCl3) § 173.6, 154.1,
154.0,142.6,131.7,128.1, 123.4, 123.3, 116.8, 78.3, 66.0, 52.6, 52.0, 51.8, 42.8, 42.5,25.2; HRMS
(ESI) calced. for C17H20N2NaOs [M+Na]", 371.1214; found 371.1203.

Bromopyrroloindoline 4i

Me Me,
- CO,Me : CO,Me
H ~ NBS, AIBN Br, ~p>2
N‘Co M ccl N‘Co M
-, Me 4 -, Hvie
N H reflux, 3 h N H
COQMG COZMe
S2 99% 4i

To a stirred solution of pyrroloindoline S2 (694 mg, 1.99 mmol) and NBS (354 mg, 1.99 mmol)
in CCls (40 mL) was AIBN (32.7 mg, 0.199 mmol) added at room temperature and the resulting
mixture was heated to reflux. After 3 h, the reaction mixture was concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (hexanes/EtOAc
= 3/2) to afford bromopyrroloindoline 4i (839 mg, 1.96 mmol, 99%) as a white foam. Ry = 0.40

(hexanes/EtOAc = 1/1); [a]p® = 121 (¢ 0.331, CHCls); IR (film, cm™) 3017, 2953, 1716, 1480,
1445, 754; '"H NMR (400 MHz, CDCls) § 7.64 (1H, d, J = 7.6 Hz), 7.34-7.27 (2H, m), 7.08 (1H,
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dd, J=17.6, 7.2 Hz), 6.49 (1H, brs), 3.94 (3H, s), 3.71 (3H, s), 3.48 (1H, d, J = 13.2 Hz), 3.03 (3H,
s), 2.88 (1H, d, J = 13.2 Hz), 1.73 (3H, s); *C NMR (100 MHz, CDCls) § 172.2, 153.8, 153.4,
141.9, 132.4,130.5, 124.1, 123.5, 117.6, 85.5, 66.9, 58.2, 53.1, 52.1, 51.7, 25.3; HRMS (ESI) calcd.
for C17H sBrN;NaO, [M+Na]*, 449.0319; found 449.0332.

Bromolactone 4m

o} Br, (0]
N CH,Cl, N H
‘BOC -15 OC‘ 2h ‘BOC
S3 59%, 4m

unstable

To a stirred solution of carboxylic acid S3 (386 mg, 1.40 mmol) in CH>Cl, (14 mL) was added
NBS (274 mg, 1.54 mmol) at —15 °C. After 2 h, the reaction was quenched with saturated aqueous
Na,COs at —15 °C. The resulting mixture was extracted with CH>Cl, three times. The combined
organic extracts were dried over MgSQs, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (hexanes/EtOAc = 7/1) to afford
bromolactone 4m (294 mg, 0.830 mmol, 59%) as a pale orange foam. Ry= 0.35 (hexanes/EtOAc =
7/1); IR (film, cm™) 3004, 2980, 2934, 2906, 1799, 1724, 1481, 1386, 1347, 1154, 974, 950, 754;
"H NMR (400 MHz, CDCls) & 8.00-7.80 (1H, m), 7.42— 7.36 (2H, m), 7.16 (1H, dt, J = 7.6, 1.2
Hz), 6.60 (1H, s), 3.59 (1H, d, /= 18.0 Hz), 3.54 (1H, d, /= 18.0 Hz), 1.62 (9H, s). '"H NMR of 4m
was almost identical with that of the known chlorolactone reported by Ishihara and co-workers’;
3C NMR data could not be obtained due to the product instability; HRMS (ESI) calcd. for
Ci5sH1sBrNNaO4 [M+Na]", 376.0155; found 376.0143.

NH, NHBoc
Q{l Boc,O
| . |
N 0 1,2-dichloroethane o

\ 60 °C, 58 h N

Boc-aniline S5

sS4 81% S5
To a stirred solution of aniline S4 (293 mg, 1.05 mmol) in 1,2-dichloroethane (11 mL) was added

Boc,0 (344 mg, 1.58 mmol) at room temperature and the resulting mixture was heated at 60 °C.

* Reported "H NMR data of chrololacetone; 8.00—7.81 (1H, m), cl. 0
7.42-7.38 (2H, m), 7.17 (1H, dt, /= 7.6, 1.0 Hz), 6.45 (1H, s), @\/Qf
3.52 (1H, d, J = 18.4 Hz), 3.47 (1H, d, J = 18.4 Hz), 1.62 (9H, s) N H
Horibe, T.; Ohmura, S.; Ishihara, K. Org. Lett. 2017, 19, 5525. Boc

chlorolactone
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After 17 h, to the reaction mixture was added additional Boc,O (229 mg, 1.05 mmol). After 41 h,
the reaction was quenched with H>O at 0 °C. The resulting mixture was extracted with CH»Cl, three
times. The combined organic extracts were dried over Na>SOs, filtered, and concentrated under
reduced pressure. The residue was purified by flash column chromatography on silica gel
(hexanes/EtOAc = 3/1) to afford Boc-aniline S5 (323 mg, 0.853 mmol, 81%) as a white foam. Ry=
0.62 (hexanes/EtOAc = 1/1); IR (film, cm™) 3420, 3300, 3063, 3030, 3006, 2978, 2932, 2902, 1723,
1669, 1514, 1158, 754; "H NMR (400 MHz, CDCl5) § 7.82 (1H, d, J= 7.6 Hz), 7.33-7.19 (6H, m),
7.06-6.90 (2H, m), 6.40 (1H, brs), 6.17 (1H, s), 4.73 (2H, s), 2.75-2.59 (4H, m), 1.49 (9H, s); *C
NMR (100 MHz, CDCl3) & 168.5, 152.8, 136.8, 135.0, 130.1, 128.82, 128.76, 128.7, 128.0, 127.63,
127.57, 123.6, 121.3, 116.8, 70.5, 49.2, 31.5, 28.2, 25.6; HRMS (ESI) calcd. for C23H26N2NaOs
[M+Na]", 401.1836; found 401.1826.

a-Carboline 4n

NHBoc
Br,’ o
NBS = g
| — [ >N
CH,Cl, XN H Bn

N

N0 ~15°C, 30 min Boc
Bn
S5 86% 4n

To a stirred solution of Boc-aniline S5 (320 mg, 0.846 mmol) in CH>Cl, (8.5 mL) was added
NBS (166 mg, 0.930 mmol) at —15 °C. After 30 min, the reaction was quenched with saturated
aqueous NaHCOs at —15 °C. The resulting mixture was extracted with CH>Cl three times. The
combined organic extracts were dried over Na>SOs, filtered, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel (hexanes/EtOAc
= 2/1) to afford a-carboline 4n (331 mg, 0.724 mmol, 86%) as a white foam. Ry = 0.40
(hexanes/EtOAc = 2/1); IR (film, cm™) 3028, 3006, 2979, 2932, 1708, 1663, 1479, 1371, 1163,
1144, 754; '"H NMR (400 MHz, CDCl3) § 7.37-7.12 (9H, m), 6.21 (1H, brs), 4.83 (1H, d, J=15.6
Hz), 4.76 (1H, d, J= 15.6 Hz), 3.06-2.89 (2H, m), 2.50-2.30 (2H, m), 1.47 (9H, s); *C NMR (100
MHz, CDCls) 6 168.8, 152.1, 141.1, 137.3, 132.3, 130.6, 128.4, 128.1, 126.7, 124.6, 122.1, 119.0,
88.2, 83.6, 82.8, 47.7, 32.2, 30.3, 28.0; HRMS (ESI) calcd. for C23H26BrN>Os; [M+H]", 457.1121;
found 457.1102.
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Based on our working hypothesis, we initially tested the key reaction in a stepwise manner.

Initial Trial of AgNTf, Mediated Amination

Aniline 6aa

CO,Me 0°C,0.5h N ”/H "AcC
4a 28% CO,Me
6aa

To a stirred solution of bromopyrroloindoline 4a (8.5 mg, 25 pumol) and 2-ethynylaniline 5a

(8.8 mg, 75 umol) in CH2Cl> (0.25 mL) was added AgNTf; (29.1 mg, 75.0 umol) at 0 °C.
After 0.5 h, the reaction was quenched with saturated aqueous NaHCO3 at 0 °C. The mixture
was extracted with CH>Cls three times. The combined organic extracts were filtered through
a pad of Celite and concentrated under reduced pressure. The residue was purified by
preparative TLC (hexanes/EtOAc = 1/4) to afford aniline 6aa (2.6 mg, 6.9 umol, 28%) as a
pale orange foam. Ry= 0.37 (hexanes/EtOAc = 1/4); IR (film, cm™') 3401, 3283, 3010, 2955,
1716, 1654, 1602, 1508, 1483, 1444, 1325, 1193, 750; 'H NMR (400 MHz, CDCl3, 55 °C, a
mixture of rotamers) & 7.77 (1H, brs), 7.35-7.24 (3H, m), 7.09—7.07 (1H, m), 7.01-6.97 (1H,
m), 6.67-6.63 (1H, m), 6.20 (1H, brs), 6.07 (1H, brs), 5.12 (1H, brs), 4.51 (1H, brs), 3.87 (3H,
s), 3.41 (1H, s), 2.81 (1H, brs), 2.31 (5H, brs); 3C NMR (100 MHz, CDCl3, 55 °C, a mixture
of rotamers) & 154.0, 146.3, 142.1, 133.2, 131.6, 130.8, 130.2, 130.0, 126.1, 124.9, 124.5,
123.5,122.3,118.2, 115.8, 111.9, 108.8, 102.4, 83.5, 80.4, 80.1, 53.0, 41.9, 41.6, 29.7, 21.4;
HRMS (ESI) caled. for C22H22N303 [M+H]", 376.1656; found 376.1642.
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Initial Trial of AgNTf, Mediated Cyclization

Indole 7aa
=
Z
@( = | A\
NH AgNT?, NN
’,
N CH,Cl, @j@ Noae
N ’/'H “Ac 0°Ctort,1h N H
CO,Me 17% CO_Me
6aa 7aa

To a stirred solution of aniline 6aa (9.4 mg, 25 umol) in CH>Cl (0.25 mL) was added AgNTf,
(29.1 mg, 75.0 umol) at 0 °C. After 1 min, the resulting mixture was allowed to warm up to
room temperature. After 1 h, the reaction was quenched with saturated aqueous NaHCO3 at
0 °C. The mixture was extracted with CH2Cl, three times. The combined organic extracts were
filtered through a pad of Celite and concentrated under reduced pressure. The residue was
purified by preparative TLC (hexanes/EtOAc = 1/4) to afford indole 7aa (1.6 mg, 4.3 umol,
17%) as a pale orange foam. Ry= 0.34 (hexanes/EtOAc = 1/4); IR (film, cm™") 3009, 2954, 1718,
1484, 1443, 1401, 1325, 741; '"H NMR (400 MHz, CDCls, 55 °C, a mixture of rotamers) & 7.81
(1H, brs), 7.63-7.60 (1H, m), 7.41 (1H, dd, J = 8.0, 8.0 Hz), 7.29-7.24 (2H, m), 7.16-7.06 (4H,
m), 6.52 (1H, brs), 6.48 (1H, d, J = 2.8 Hz), 4.63 (1H, brs), 3.85 (3H, s), 3.18 (1H, brs), 2.91
(IH, brs), 2.51 (1H, brs), 2.31 (3H, brs); 1*C NMR (100 MHz, CDCl3, 55 °C, a mixture of
rotamers) & 170.2, 153.6, 142.4, 135.0, 130.7, 130.1, 129.9, 129.7, 126.0, 124.8, 124.4, 122.3,
121.7, 120.3, 116.7, 111.0, 102.4, 81.5, 75.4, 53.0, 52.8, 43.3, 37.2, 21.6; HRMS (ESI) calcd.
for C2oH22N303 [M+H]", 376.1656; found 376.1654.
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General Procedure for AgNTf, Mediated Amination/Cyclization Cascade
Indole 7aa

o

_ P _

NH, 5a = Z
Br. AgNTf, U
N DTBP, MS4A NH N
-, ~N _— ‘ B — e
. A P
N H C MeCN ©f<;N 70°C,3h “Moae

CO,Me 0°Ctort,5h Ny Ac one-pot N H
4a bOZMe CO2Me
- 6aa - 7aa

To a stirred solution of bromopyrroloindoline 4a (49.2 mg, 0.145 mmol), pre-activated MS4A
(75 mg), DTBP (49 uL, 0.22 mmol), and 2-ethynylaniline 5a (51.0 mg, 0.435 mmol) in MeCN
(1.5 mL) was added AgNTf> (169 mg, 0.435 mmol) at 0 °C. After 5 min, the resulting mixture
was allowed to warm up to room temperature and stirred for 5 h. After TLC indicated complete
consumption of 4a, the reaction mixture was allowed to 70 °C and stirred for 3 h. The reaction
was quenched with saturated aqueous NaHCO3 at 0 °C. The mixture was extracted with EtOAc
three times and washed with brine. The combined organic extracts were filtered through a pad
of Celite and concentrated under reduced pressure. The residue was diluted with CH>Cl» and
filtered through a pad of Celite and concentrated under reduced pressure again to remove
polymer-like insoluble material. The residue was purified by flash column chromatography on
silica gel (hexanes/CH>CL/EtOAc = 1/1/1) to afford indole 7aa (40.2 mg, 0.107 mmol, 74%)
as a pale orange foam. Ry = 0.34 (hexanes/EtOAc = 1/4); IR (film, cm™) 3009, 2954, 1718,
1484, 1443, 1401, 1325, 741; '"H NMR (400 MHz, CDCls, 55 °C, a mixture of rotamers) & 7.81
(1H, brs), 7.63-7.60 (1H, m), 7.41 (1H, dd, J = 8.0, 8.0 Hz), 7.29-7.24 (2H, m), 7.16-7.06 (4H,
m), 6.52 (1H, brs), 6.48 (1H, d, J = 2.8 Hz), 4.63 (1H, brs), 3.85 (3H, s), 3.18 (1H, brs), 2.91
(IH, brs), 2.51 (1H, brs), 2.31 (3H, brs); 1*C NMR (100 MHz, CDCl3, 55 °C, a mixture of
rotamers) & 170.2, 153.6, 142.4, 135.0, 130.7, 130.1, 129.9, 129.7, 126.0, 124.8, 124.4, 122.3,
121.7, 120.3, 116.7, 111.0, 102.4, 81.5, 75.4, 53.0, 52.8, 43.3, 37.2, 21.6; HRMS (ESI) calcd.
for C22H22N303 [M+H]", 376.1656; found 376.1654.
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Indole 7ba
@ According to the general procedure described for 7aa, indole 7ba was
/fCN obtained from bromopyrroloindoline 4b (temp': 0 °C to rt, time': 6 h, temp*:
Q | N H A 70 °C, time?: 3 h) in 0.100 mmol scale (32.0 mg, 76.6 pmol, 77%) as a pale
7baB * orange foam. Ry=0.75 (hexanes/EtOAc = 1/3); IR (film, cm™) 3006, 2979, 2932,
2889, 1709, 1661, 1482, 1404, 1153, 754, 742; "H NMR (600 MHz, CDCl;, a mixture of rotamers)
8 7.64-7.62 (2H, m), 7.39 (1H, dd, J = 7.8, 7.8 Hz), 7.31 (1H, d, /= 7.2 Hz), 7.17-7.08 (5H, m),
6.55 (1H, brs), 6.48 (1H, d, J=2.0 Hz), 4.60—4.56 (1H, m), 3.19-3.13 (1H, m), 2.87-2.84 (1H, m),
2.52-2.49 (1H, m), 2.41 (3H, brs), 1.59 (9H, s); *C NMR (150 MHz, CDCls, a mixture of rotamers)
5 170.9, 152.4, 142.6, 134.9, 130.6, 130.0, 126.1, 124.9, 124.3, 122.2, 121.7, 120.2, 117.5, 111.0,
102.1, 83.3, 80.8, 74.8, 43.6, 36.5, 28.2, 22.1 (one signal is missing due to overlap); HRMS (ESI)
calcd. for C2sH27N3NaOs [M+Na]", 440.1945; found 440.1941.

Indole 7ca
Z I According to the general procedure described for 7aa, indole 7ca was obtained
XN

@C from bromopyrroloindoline 4¢ (temp': 0 °C to rt, time': 6 h, temp*: 70 °C, time*:
N ”’HN\AC 3.5h) in 0.100 mmol scale (27.6 mg, 76.8 umol, 77%) as a pale orange foam. Ry

7c:C = 0.34 (CH,Cl/EtOAc = 3/1); IR (film, cm™) 3048, 3009, 2964, 2889, 1667,
1479, 1409, 754, 745; '"H NMR (600 MHz, CDCls, 45 °C, a mixture of rotamers) § 8.21 (1H, d, J
=7.2 Hz), 7.62 (1H, d, J=9.0 Hz), 7.45 (1H, dd, J= 7.8, 7.2 Hz), 7.37 (1H, d, /= 7.2 Hz), 7.23—
7.11 (4H, m), 6.96 (1H, d, J=3.0 Hz), 6.73 (1H, brs), 6.44 (1H, d, /= 3.0 Hz), 3.90 (1H, brs), 3.31
(1H, brs), 3.23 (1H, brs), 2.58 (1H, brs), 2.43 (3H, s), 2.16 (3H, s); *C NMR (150 MHz, CDCl;,
45 °C, a mixture of rotamers) & 171.1, 170.0, 143.9, 134.8, 130.9, 130.7, 129.5, 126.3, 124.9, 124.5,
122.4,121.8, 120.3, 120.0, 110.9, 102.3, 79.1, 73.6, 46.9, 35.8, 23.7, 22.7; HRMS (ES]I) calcd. for
C2H21N3NaO> [M+Na]", 382.1526; found 382.1525.
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Indole 7da
= Y According to the general procedure described for 7aa, indole 7da was
©f</\"\‘ obtained from bromopyrroloindoline 4d (temp': 0 °C to rt, time': 6 h, temp®:
N y A 70 °C, time* 6 h) in 0.100 mmol scale (24.3 mg, 51.5 pmol, 52%) as a pale
7da orange foam. Ry=0.22 (toluene/EtOAc = 3/1); IR (film, cm™) 3048, 3009, 2962,
2929, 2888, 1666, 1456, 1399, 1356, 1171, 752, 655, 578; 'H NMR (600 MHz, CDCl3, 45 °C, a
mixture of rotamers) 6 7.85 (1H, d, /= 7.8 Hz), 7.60 (1H, d, /= 6.6 Hz), 7.52-7.50 (1H, m), 7.37—
7.34 (2H, m), 7.24-7.18 (6H, m), 6.90-6.88 (1H, m), 6.64 (1H, brs), 6.07 (1H, brs), 6.02 (1H, brs),
441 (1H, dd, J = 6.4, 5.6 Hz), 3.06-3.03 (1H, m), 2.79 (1H, brs), 2.60 (3H, brs), 2.25-2.22 (4H,
m); *C NMR (150 MHz, CDCls, 45 °C, a mixture of rotamers) 8 171.1, 144.1, 142.7, 133.9, 133.7,
131.8, 131.3, 130.6, 129.5, 126.6, 126.5, 126.2, 125.6, 122.4, 121.8, 120.4, 120.3, 110.7, 101.8,
82.8, 75.7, 44.6, 34.3, 23.0, 21.4; HRMS (ESI) calcd. for C27H26N303S [M+H]", 472.1689; found
472.1671.

Indole 7ea

g,

A\
Efc obtained from bromopyrroloindoline 4e (temp': 0 °C to rt, time': 6 h, temp?:
N\
N H Boc 70 °C, time?: 3 h) in 0.100 mmol scale (32.1 mg, 67.5 pmol, 68%) as a pale
oC
7ea

According to the general procedure described for 7aa, indole 7ea was

B
yellow oil. Ry = 0.32 (hexanes/acetone = 10/1); the 'H NMR spectrum of 7ea

was identical with those reported in the literature’.

Indole 7fa
@ According to the general procedure described for 7aa, indole 7fa was
d@” obtained from bromopyrroloindoline 4f (temp': 0 °C to rt, time': 5 h, temp®:

N H “CO,Me 70 °C, time?: 3 h) in 0.100 mmol scale (35.6 mg, 82.1 umol, 82%) as a pale

\

Boc

7fa orange oil. Ry = 0.23 (hexanes/EtOAc = 5/1); IR (neat, cm™) 3049, 3008,
2980, 2955, 2931, 2891, 1714, 1655, 1392, 1254, 754, 742; "H NMR (400 MHz, CDCls, 55 °C) §
7.84 (1H, d, J= 7.6 Hz), 7.60-7.57 (1H, m), 7.35 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.24-7.21 (1H,
m), 7.11-7.04 (5H, m), 6.72 (1H, brs), 6.45 (1H, d, J = 3.6 Hz), 4.17 (1H, dd, J = 11.6, 7.6 Hz),
3.75 (3H, s), 3.20-3.12 (1H, m), 3.07-3.00 (1H, m), 2.55 (1H, dd, J = 11.6, 5.2 Hz), 1.53 (9H, s);
BC NMR (100 MHz, CDCls, 55 °C) 8 155.1, 152.2, 143.4, 135.3, 130.6, 129.8, 126.1, 124.4, 123.8,
122.1, 121.4, 120.1, 117.0, 111.4, 102.2, 82.2, 80.2, 74.4, 52.8, 45.4, 37.2, 28.3 (one signal is
missing due to overlap); HRMS (ESI) calcd. for CasH»7N3NaOs [M+Na]", 456.1894; found
456.1884.
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Indole 7ga

@ According to the general procedure described for 7aa, indole 7ga was
©%</\\ obtained from bromopyrroloindoline 4g (temp': 0 °C to rt, time': 6 h, temp®:
N

N T 70 °C, time?: 3.5 h) in 0.100 mmol scale (38.5 mg, 72.7 umol, 73%) as a pale

\

Boc

79a yellow foam. Ry=0.41 (hexanes/EtOAc = 3/1); IR (film, cm™') 3023, 3012, 2979,
2931, 1713, 1482, 1455, 1378, 1164, 768, 757, 664; 'H NMR (400 MHz, CDCl3) § 7.77-7.72 (3H,
m), 7.58 (1H, d, J=8.0 Hz), 7.35 (1H, dd, /= 7.2, 7.2 Hz), 7.28-7.24 (2H, m), 7.19 (1H, d, J="7.6
Hz), 7.10-7.00 (3H, m), 6.92-6.90 (2H, m), 6.71 (1H, brs), 6.42 (1H, d, /= 3.6 Hz), 4.05 (1H, brs),
3.10-3.06 (2H, m), 2.48-2.43 (4H, m), 1.50 (9H, s); *C NMR (100 MHz, CDCl;) § 151.8, 143.4,
142.8, 137.4, 134.9, 130.7, 130.4, 129.7, 129.4, 127.0, 126.0, 124.5, 123.9, 122.1, 121.4, 120.1,
116.9,111.1, 102.0, 83.0, 81.2, 74.8,47.6, 37.1, 28.1, 21.5; HRMS (ESI) calcd. for C3oH31N3NaO4sS
[M+Na]", 552.1927; found 552.1918.

Indole 7ha
A According to the general procedure described for 7aa, indole 7ha was
@ H co.Me  obtained from bromopyrroloindoline 4h (temp': 0 °C to tt, time': 6 h, temp?:
@j\g’[%c 70 °C, time*: 3 h) in 0.100 mmol scale (44.0 mg, 82.5 umol, 83%) as a white
Boc foam. Ry= 0.12 (hexanes/EtOAc = 10/1); the '"H NMR spectrum of 7ha was

7ha

identical with those reported in the literature’.

Indole 7ia

= | N\

Me
A N :_CO,Me

@Eg obtained from above bromopyrroloindoline 4i (temp': 0 °C to rt, time': 6 h,
N HoCoMe temp?: 70 °C, time*: 3 h) in 0.100 mmol scale (33.7 mg, 72.7 umol, 73%) as
CO,Me

7ia an orange oil. Ry = 0.35 (hexanes/EtOAc = 1/1); [a]p ?’ = —133 (c 0.290,
CHCls); IR (neat, cm™) 3017, 2953, 1731, 1716, 752; '"H NMR (400 MHz, CDCl3) § 7.80 (1H, d, J
=17.6 Hz), 7.64 (1H, d, J = 7.6 Hz), 7.47-7.42 (2H, m), 7.38 (1H, dd, J = 7.6, 0.8 Hz), 7.31-7.27
(1H, m), 7.21-7.16 (2H, m), 6.88 (1H, brs), 6.77 (1H, d, /= 3.2 Hz), 6.38 (1H, d, /=3.2 Hz), 3.78
(3H, s), 3.76 (3H, s), 3.40 (1H, d, /= 14.0 Hz), 3.17 (1H, d, J = 14.0 Hz), 3.12 (3H, s), 1.90 (3H,
s); *C NMR (150 MHz, CDCls) & 173.0, 154.3, 153.9, 143.6, 134.1, 131.2, 130.8, 129.5, 126.6,
125.6,123.9, 122.1, 121.9, 120.2, 118.4, 111.2, 101.9, 80.9, 69.8, 66.9, 53.1, 52.6, 52.4, 46.3, 26.0;
HRMS (ESI) calcd. for CosHasN3NaOg [M+Na]", 486.1636; found 486.1631.

According to the general procedure described for 7aa, indole 7ia was
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Indole 7ja
@ According to the general procedure described for 7aa, indole 7ja was
/fCN obtained from bromopyrroloindoline 4j (temp': 0 °C to rt, time': 4 h, temp®:
( | N “Me COMe 70 °C, time2: 6.5 h) in 0.100 mmol scale (36.9 mg, 82.4 umol, 82%) as a pale
EjoaC orange foam. Ry = 0.22 (hexanes/EtOAc = 4/1); IR (film, cm™) 3048, 3006,
2979, 2954, 2934, 2889, 1698, 1451, 1374, 1353, 1148, 755, 741; '"H NMR (600 MHz, CDCl;, a
mixture of rotamers) 6 7.91 (1H, brs), 7.53—7.48 (2H, m), 7.38 (1H, brs), 7.18-6.98 (3H, m), 6.83
(1H, brs), 6.60-6.44 (2H, m), 3.78-3.71 (4H, m), 3.09 (1H, brs), 2.95 (1H, brs), 2.64 (1H, brs), 1.55
(12H, brs); *C NMR (150 MHz, CDCls, a mixture of rotamers) § 154.4, 151.9, 144.3, 136.3, 130.3,
130.2, 129.5, 125.4, 124.2, 123.9, 122.2, 120.9, 120.0, 118.5, 112.4, 102.6, 87.9, 81.8, 76.1, 52.3,
44.8,33.3,28.4, 19.8; HRMS (ESI) calcd. for C26H30N304 [M+H]", 448.2231; found 448.2216.

Indole 7ka

@ e According to the general procedure described for 7aa, indole 7ka was
o z
©%</\Hj\ NMe obtained from bromopyrroloindoline 4k (temp': 0 °C, time': 6.5 h, temp?:
N
NH 5

(' H Y't“;'ms 70 °C, time?: 4 h) in 1.29 mmol scale (513 mg, 0.832 mmol, 64%) as a

P orange foam. Ry = 0.44 (CH,Cl/EtOAc = 10/1); [a]o =179 (c 0.352,
CHCls): TR (film, con'') 3009, 2956, 2929, 2857, 1722, 1675, 1482, 1455, 1335, 1253, 1156, 837,
755; 'H NMR (400 MHz, CDCl5) 8 7.77 (1H, d, J = 8.4 Hz), 7.65-7.63 (1H, m), 7.48 (1H, d, J =
7.8 Hz), 7.41 (1H, ddd, J = 8.8, 8.4, 1.6 Hz), 7.20-7.15 (4H, m), 6.68 (1H, d, /= 3.2 Hz), 6.46 (1H,
$), 6.38 (1H, d, J = 3.2 Hz), 5.08 (1H, dd, J = 10.4, 8.0 Hz), 4.19 (1H, dd, J = 10.8, 2.4 Hz), 3.95
(1H, dd, J = 10.8, 2.4 Hz), 3.76 (1H, dd, J = 2.4, 2.4 Hz), 3.49 (1H, dd, J = 14.4, 10.4 Hz), 3.27
(1H, dd, J = 14.4, 8.0 Hz), 2.90 (3H, 5), 1.52 (9H, 5), 0.95 (9H, s), 0.14 (3H, s), 0.12 3H, 5); 1°C
NMR (150 MHz, CDCls) § 167.3, 165.8, 151.8, 141.5, 1343, 132.0, 130.9, 130.8, 126.8, 126.1,
124.2,121.99, 121.95, 120.4, 117.6, 110.8, 102.0, 82.7, 80.1, 70.4, 67.0, 63.0, 56.5, 36.1, 32.1, 28.2,
259, 18.4, -5.35, —5.41; HRMS (ESI) caled. for CsHuN,NaOsSi [M+Na]*, 639.2973; found
639.2956.

Indole 7la
Z B According to the general procedure described for 7aa, indole 7la was obtained
XN

@C from bromofuroindoline 41 (temp': 0 °C to rt, time': 6 h, temp?: 70 °C, time’: 3 h)
0
N H in 0.100 mmol scale (24.3 mg, 64.5 pumol, 65%) as a white foam. Ry = 0.33

v

Boc

7la (hexanes/acetone = 9/1); IR (film, cm™) 3005, 2980, 2932, 2879, 1713, 1483, 1456,
1387, 1369, 1149, 754, 742; '"H NMR (600 MHz, CDCls, a mixture of rotamers) & 7.98 (1H, brs),
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7.63 (1H, d, J= 8.4 Hz), 7.36 (1H, dd, J= 8.4, 7.2 Hz), 7.33-7.24 (2H, m), 7.16-7.10 (3H, m), 7.07
(1H, dd, J= 7.8, 7.8 Hz), 6.49 (1H, d, J = 3.0 Hz), 6.43 (1H, brs), 4.33 (1H, dd, J = 8.4, 7.8 Hz),
3.73-3.69 (1H, m), 3.42-3.35 (1H, m), 2.56 (1H, dd, J = 12.0, 4.2 Hz), 1.57 (9H, s); '3C NMR (150
MHz, CDCls, a mixture of rotamers)  152.0, 143.4, 134.9, 130.6, 130.3, 128.9, 126.2, 125.0, 123.4,
122.1, 121.4, 120.1, 115.2, 111.4, 101.7, 96.3, 82.1, 74.3, 67.6, 39,6, 28.3; HRMS (ESI) calcd. for
C23H24N,NaOs [M+Na]", 399.1679; found 399.1668.

Indole 7ma

@ According to the general procedure described for 7aa, indole 7ma was obtained
©%<;f © from above bromopyrroloindoline 4m (temp': 0 °C to rt, time': 6 h, temp?: 70 °C,
N ”'Ho

time*: 3 h) in 0.100 mmol scale (13.7 mg, 35.1 umol, 35%) as a pale orange foam.

Boc

7ma R;= 0.34 (hexanes/EtOAc = 8/1); IR (film, cm™) 3006, 2979, 2932, 1798, 1723,
1484, 1388, 1357, 1154, 984, 756, 742; "H NMR (600 MHz, CDCls, 55 °C) § 7.92 (1H, brs), 7.66
(1H, d, J = 7.8 Hz), 7.47 (1H, dd, J = 8.4, 7.2 Hz), 7.45 (1H, d, J = 7.2 Hz), 7.29-7.18 (4H, m),
6.87 (1H, d, J = 3.0 Hz), 6.76 (1H, brs), 6.45 (1H, d, J = 3.0 Hz), 4.05 (1H, d, J = 18.6 Hz), 3.35
(1H, d,J = 18.6 Hz), 1.56 (9H, s); 3C NMR (150 MHz, CDCl, 55 °C) § 171.5, 150.8, 141.4, 134.1,
131.9, 131.0, 128.6, 126.2, 125.9, 124.4, 122.8, 122.3, 120.8, 116.9, 110.6, 102.7, 94.8, 83.7, 68.5,
40.0, 28.2; HRMS (ESI) calcd. for Co3H23N204 [M+H]", 391.1652; found 391.1622.

Indole 7na
7 T According to the general procedure described for 7aa, indole 8na was
SN o obtained from above a-carboline 4n (temp': —15 °C, time': 2 h, temp?: 70 °C,
@g}; time*: 3.5 h) in 0.100 mmol scale (37.5 mg, 76.0 umol, 76%) as a pale yellow
7na foam. Ry= 0.39 (hexanes/EtOAc = 2/1); IR (film, cm™) 3050, 3007, 2978, 2932,

1707, 1661, 1483, 1454, 1370, 1140, 753, 742; 'H NMR (600 MHz, CDCls, 55 °C) & 7.59 (1H, d,
J=8.4Hz),7.54 (1H, d, J = 8.4 Hz), 7.46 (1H, dd, J = 8.4, 7.8 Hz), 7.36-7.22 (7H, m), 7.03 (1H,
dd, J=17.8, 7.2 Hz), 6.89 (1H, dd, J = 8.4, 7.8 Hz), 6.81 (1H, d, J = 8.4 Hz), 6.63 (1H, d, J= 3.0
Hz), 6.43 (1H, brs), 6.29 (1H, d, J = 3.0 Hz), 5.27 (1H, d, J = 15.0 Hz), 4.54 (1H, d, J = 15.0 Hz),
3.20 (1H, ddd, J = 14.4, 13.8, 3.0 Hz), 2.55-2.50 (1H, m), 2.41-2.38 (1H, m), 2.28-2.22 (1H, m),
1.33 (9H, s); '*C NMR (150 MHz, CDCls, 55 °C) § 170.4, 152.8, 143.1, 137.9, 134.5, 131.0, 130.8,
129.8,128.5, 128.3,127.3, 125.9, 124.7, 124.5, 121.8, 121.6, 120.0, 119.3, 115.5, 101.7, 83.0, 79.6,
66.4, 47.9, 29.5, 28.3, 28.1; HRMS (ESI) calcd. for CsHiN3Os [M+Na]*, 494.2438; found
494.2423.
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Indole 7fb

MeO. ~ B According to the general procedure described for 7aa, indole 7fb was
S d@ obtained from  2-ethynyl-4-methoxyaniline (5b)* and
N
N H “COMe  bromopyrroloindoline 4f (temp': 0 °C to rt, time': 1 h, temp?: 70 °C,
B
. time? 1.5 h) in 0.100 mmol scale (40.4 mg, 87.2 pmol, 87%) as a white

foam. Ry=0.21 (hexanes/EtOAc = 3/1); IR (film, cm™) 3006, 2980, 2954, 2935, 2893, 1713, 1619,
1604, 1479, 1447, 1392, 1369, 1238, 1157, 753; '"H NMR (400 MHz, CDCl5) § 7.83 (1H,d, J=7.6
Hz), 7.38-7.34 (1H, m), 7.22 (1H, d, /= 8.0 Hz), 7.10-7.05 (3H, m), 6.98 (1H, d, /= 9.2 Hz), 6.77
(1H, dd, J=9.2, 2.4 Hz), 6.68 (1H, brs), 6.39 (1H, d, /= 3.6 Hz), 4.19-4.15 (1H, m), 3.82 (3H, s),
3.75(3H,s), 3.11-2.99 (2H, m), 2.54 (1H, dd, 11.2, 4.4), 1.53 (9H, s); *C NMR (100 MHz, CDCls)
o 154.2,152.1, 143.1, 131.0, 130.6, 130.2, 129.6, 126.7, 124.4, 123.8, 116.8, 112.1, 111.9, 103.0,
101.6, 82.3, 79.9, 74.2, 55.7, 52.9, 45.4, 37.2, 28.3 (one signal is missing due to overlap); HRMS
(ESI) calcd. for C26H2oN3NaOs [M+Na]", 486.1999; found 486.2016.

Indole 7fc
Mem According to the general procedure described for 7aa, indole 7fc was
N, obtained from 2-ethynyl-4-methylaniline (5¢)’ and
@E,f/"\H‘N\COzMe bromopyrroloindoline 4f (temp': 0 °C to rt, time': 2.5 h, temp?: 70 °C,
el time?: 2.5 h) in 0.100 mmol scale (41.4 mg, 92.5 umol, 93%) as a pale

yellow foam. Ry=0.32 (hexanes/EtOAc = 3/1); IR (film, cm™) 3010, 2979, 2955, 2931, 2895, 1714,
1706, 1481, 1463, 1445, 1392, 1202, 1164, 1147, 786, 753; '"H NMR (400 MHz, CDCl;, a mixture
of rotamers) & 7.83 (1H, d, /= 7.6 Hz), 7.39-7.32 (2H, m), 7.24-7.20 (1H, m), 7.08-7.04 (2H, m),
6.98-6.93 (2H, m), 6.70 (1H, brs), 6.38 (1H, brs), 4.17-4.15 (1H, m), 3.75 (3H, s), 3.15-3.10 (1H,
m), 3.06-2.99 (1H, m), 2.54-2.50 (1H, m), 2.40 (3H, s), 1.53 (9H, s); *C NMR (100 MHz, CDCl;,
a mixture of rotamers) 6 155.1, 152.1, 143.1, 133.4, 130.7, 130.5, 129.6, 129.3, 126.1, 124.4, 123.7,
121.1, 116.7, 110.9, 101.5, 82.2, 79.8, 74.2, 52.8, 45.4, 37.2, 28.3, 21.1; HRMS (ESI) calcd. for
Ca6H20N3NaO4 [M+Na]", 470.2050; found 470.2072.
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Indole 7fd
Brm According to the general procedure described for 7aa, indole 7fd was

©%</\\ obtained from 4-bromo-2-ethynylaniline (5d)° and bromopyrroloindoline
N
N H COMe 4f (temp': 0 °C to rt, time': 5 h, temp?: 70 °C, time*: 3 h) in 0.100 mmol

v
Boc

7td scale (43.6 mg, 85.1 umol, 85%) as a pale orange foam. Ry = 0.35
(hexanes/EtOAc = 3/1); IR (film, cm™) 3008, 2979, 2955, 2932, 2892, 1714, 1446, 1392, 1146,
753; '"H NMR (400 MHz, CDCls, a mixture of rotamers) & 7.83 (1H, d, J = 7.6 Hz), 7.73 (1H, s),
7.37 (1H, dd, J=7.2, 7.2 Hz), 7.22-7.13 (3H, m), 7.08 (1H, dd, /= 7.2, 7.2 Hz), 6.94 (1H, d, J =
8.8 Hz), 6.67 (1H, brs), 6.41 (1H, brs), 4.18 (1H, brs), 3.76 (3H, s), 3.11-3.03 (2H, m), 2.55 (1H,
brs), 1.53 (9H, s); '*C NMR (100 MHz, CDCls, a mixture of rotamers) & 155.0, 152.0, 143.1, 133.7,
132.1, 130.8, 129.2, 127.3, 124.9, 124.3, 123.9, 116.9, 113.5, 112.5, 101.6, 82.4, 79.8, 74.3, 52.9,
45.3, 37.2, 28.2 (one signal is missing due to overlap); HRMS (ESI) calcd. for C2sH26BrN3NaOy
[M+Na]", 534.0999; found 534.0980.

Indole 7fe
FC 7 B According to the general procedure described for 7aa, indole 7fe was
XN

@f@ obtained from 2-ethynyl-4-(trifluoromethyl)aniline ~ (5e)* and
N
N

H "COMe  bromopyrroloindoline 4f (temp': 0 °C to rt, time': 6 h, temp? 70 °C,

7feBOC time?: 24 h) in 0.100 mmol scale (33.6 mg, 67.0 umol, 67%) as a pale

yellow foam. Ry=0.45 (hexanes/EtOAc = 3/1); IR (film, cm™) 3006, 2979, 2957, 2933, 2895, 1714,
1481, 1447, 1393, 1333, 1146, 1116, 754; '"H NMR (600 MHz, CDCl3) § 7.90 (1H, s), 7.84 (1H, d,
J=1.2 Hz), 7.41-7.38 (1H, m), 7.35 (1H, d, /= 9.0 Hz), 7.26-7.22 (2H, m), 7.16 (1H, d, J=9.0
Hz), 7.10 (1H, dd, J = 7.8, 7.2 Hz), 6.70 (1H, brs), 6.57 (1H, d, J = 3.6 Hz), 4.21-4.18 (1H, m),
3.77 (3H, s), 3.16-3.04 (2H, m), 2.60 (1H, dd, J = 12.0, 4.8 Hz), 1.54 (9H, s); *C NMR (150 MHz,
CDCl3) 8 155.1, 152.0, 143.2, 136.3, 130.9, 129.8, 129.1, 127.8, 125.1(q, /=271 Hz), 124.4, 123.9,
122.6 (q,J=31.5Hz), 119.1 (q,J=4.2 Hz), 118.8 (q, /= 2.9 Hz), 117.0, 111.4, 103.0, 82.5, 79.9,
74.4, 53.0, 45.4, 37.3, 28.3; HRMS (ESI) calcd. for C26H26F3N3NaO,s [M+Na], 524.1768; found

524.1731.

Indole 7ff
mn_su According to the general procedure described for 7aa, indole 7ff was
/fCN obtained from 2-(hex-1-yn-1-yl)aniline (5f)° and bromopyrroloindoline 4f
( | N “H CO:Me (temp': 0 °C to rt, time': 6 h, temp?: 70 °C, time>: 6.5 h) in 0.100 mmol scale
Em?fc (30.5 mg, 62.2 pmol, 62%) as a pale yellow foam. Ry=0.73 (toluene/EtOAc
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=20/1); IR (film, cm™) 3006, 2956, 2932, 2871, 1713, 1482, 1445, 1395, 1378, 1147, 754; '"H NMR
(400 MHz, CDCl3, 55 °C, a mixture of rotamers) o 7.84 (1H, d, J = 8.4 Hz), 7.48-7.46 (1H, m),
7.31-7.27 (2H, m), 7.15 (1H, d, J = 7.2 Hz), 7.04-7.02 (2H, m), 6.97 (1H, dd, J = 7.2, 7.2 Hz), 6.87
(1H, brs), 6.34 (1H, brs), 4.22 (1H, brs), 3.70 (3H, s), 3.37-3.29 (1H, m), 2.98-2.91 (1H, m), 2.81—
2.78 (1H, m), 2.60-2.54 (1H, m), 2.47-2.40 (1H, m), 1.56-1.50 (11H, m), 1.30~1.24 (1H, m), 0.83
(3H, t, J = 7.2 Hz); *C NMR (100 MHz, CDCl;, 55 °C, a mixture of rotamers) & 155.4, 152.3,
143.6, 143.2, 138.2, 131.1, 130.6, 129.6, 124.8, 124.0, 121.5, 120.5, 120.0, 116.2, 112.5, 104.2,
82.6,82.3,76.7,53.2,45.3,41.6,32.0,29.4,28.7,22.9, 14.0; HRMS (ESI) calcd. for C20H35N3NaO4
[M+Na]", 512.2520; found 512.2523.

Indole 7fg
mph According to the general procedure described for 7aa, indole 7fg was
N obtained  from  2-(phenylethynyl)aniline (5¢)° and  known

Me  bromopyrroloindoline 4f (temp': 0 °C to rt, time': 4 h, temp?: 70 °C, time’:

\

Boc

7fg 6 h) in 0.100 mmol scale (33.0 mg, 64.8 pumol, 65%) as a white foam. Ry =
0.21 (hexanes/EtOAc = 6/1); IR (film, cm™) 3056, 3047, 3012, 2981, 2954, 2931, 2894, 1709, 1483,
1445, 1396, 1380, 1370, 1150, 750, 702; "H NMR (400 MHz, CDCl;, a mixture of rotamers) & 7.78
(1H,d,J=7.6 Hz), 7.59 (1H, d, /= 8.0 Hz), 7.45 (1H, d, /= 6.8 Hz), 7.33-7.12 (9H, m), 6.91 (1H,
dd, J=17.6, 7.2 Hz), 6.74 (1H, brs), 6.42 (1H, s), 4.03 (1H, brs), 3.66 (3H, s), 3.04-2.96 (1H, m),
2.88-2.82 (1H, m), 2.56 (1H, brs), 1.46 (9H, s); "*C NMR (100 MHz, CDCl3, a mixture of rotamers)
5 155.0, 151.6, 142.8, 142.2, 137.8, 135.0, 131.5, 130.0, 129.5, 128.8, 128.1, 127.8, 124.2, 123 .4,
122.1,120.9,120.3,115.3, 112.8, 107.5, 81.8, 81.7, 76.4, 52.8, 44.7, 42.8, 28.4; HRMS (ESI) calcd.
for C31H3N3NaO4 [M+Na]", 532.2207; found 532.2213.

Indole 7th
MeO,C S According to the general procedure described for 7aa, the indole 7fh was
0C
> obtained from methyl 5-(2-aminophenyl)-2-((tert-

Nz
@f@N\CO " butoxycarbonyl)amino)pent-4-ynoate (5h)’ and bromopyrroloindoline 4f
N H 02V

\

Boc (temp': 0 °C to rt, time': 5 h, temp?: reflux, time?: 18 h) in 50.0 pmol scale
a mixture °f7‘§ir“i5tere°mers (10.0 mg, 15.8 umol, 32%, a mixture of diastereomers: the diastereomeric
ratio could not be determined due to the romamers.) as a pale brown oil. Ry=0.24 (hexanes/EtOAc
=2/1); IR (film, cm™) 3364, 3357, 3349, 3006, 2979, 2955, 2929, 1747, 1739, 1715, 1483, 1456,
1447, 1369, 1162, 750; '"H NMR (600 MHz, CDCl;, a mixture of rotamers) § 7.87 (1H, brs), 7.51—
7.50 (1H, m), 7.35-7.31 (1H, m), 7.23-7.18 (2H, m), 7.08-7.02 (3H, m), 6.83 (1H, brs), 6.40 (1H,
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brs), 5.33 (0.22H, brs), 4.99 (0.46H, brs), 4.76 (0.32H, brs), 4.55 (0.32H, brs), 4.47 (0.18H, brs),
436-4.22 (1.5H, m), 3.81-3.61 (7H, m), 3.29-3.26 (1H, m), 3.05 (1H, brs), 2.98-2.96 (1H, m),
2.82-2.76 (1H, m), 1.60-1.36 (18H, m); '*C NMR (150 MHz, CDCls, a mixture of rotamers) &
172.3,172.2, 170.8, 155.1, 151.9, 142.7, 137.8, 137.7, 136.7, 136.6, 131.0, 130.6, 130.5, 130.25,
130.18, 128.8,1 127.77, 128.5, 124.6, 123.9, 123.8, 121.9, 120.6, 120.0, 116.0, 112.1, 112.0, 105.1,
104.9, 82.5, 81.9, 80.4, 80.14, 80.06, 76.2, 53.0, 52.9, 52.8, 52.52, 52.45, 51.9, 45.0, 32.3, 31.6,
29.7,29.4,28.43, 28.4, 28.34, 28.30, 28.25, 28.21, 23.8, 22.7, 21.0, 14.2, 14.1; HRMS (ESI) calcd.
for C34H43N4Os [M+H]", 635.3075; found 635.3050.
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3. Total synthesis of (+)-pestalazine B

Amide S6
0 H
H NHCbz EtsN : CO,Me
OMe 4o DMT-MM L NHCbz
) NHzHC oH THF/MeOH N
N 0°Ctort, 4h H of
8 9 82% s6

To a stirred solution of L-tryptophan methyl ester hydrochloride (8) (13.5 g, 53.1 mmol), N-Cbz-
protected p-leucine (9) (15.5 g, 58.5 mmol) in THF (240 mL) and MeOH (26 mL) were added
DMT-MM (17.6 g, 63.7 mmol) and Et;N (8.14 mL, 58.4 mmol) at 0 °C. After 1 min, the resulting
mixture was allowed to warm up to room temperature and stirred for 4 h. After the solvent was
removed under reduce pressure, the residue was diluted with EtOAc. The resulting mixture was
washed with saturated aqueous NaHCO3, H>0, aqueous 1 M HCI, H,O, and brine respectively. The
organic layer was dried over NaxSQOy, filtered, and concentrated under reduced pressure. The residue
was purified by flash column chromatography on silica gel (eluent: CH>Cl,/EtOAc =9/1—3/1) and
recrystallization (EtOAc/hexanes) to afford amide S6 (20.3 g, 43.5 mmol, 82%) as a white solid;
mp 132-134 °C (EtOAc/hexanes); Ry = 0.34 (hexanes/CH,Cl/EtOAc = 1/1/1); [a]p * = 47.6 (c
0.630, CHCIs); IR (film, cm™) 3336, 3033, 2955, 1739, 1715, 1706, 1668, 1654, 1520, 1507, 1457,
1253, 1232, 1215, 742; "H NMR (400 MHz, CDCl;, 55 °C, a mixture of rotamers) § 7.87 (1H, brs),
7.50 (1H, d, J= 8.0 Hz), 7.32-7.24 (7H, m), 7.16 (1H, dd, J = 8.0, 6.8 Hz), 7.09 (1H, dd, J = 7.6,
7.2 Hz), 6.91 (1H, brs), 5.10 (1H, d, /= 12.0 Hz), 5.04 (1H, d, J = 12.0 Hz), 4.96 (1H, brs), 4.90—
4.85 (1H, m), 4.14 (1H, brs), 3.65 (3H, s), 3.27 (2H, brs), 1.59-1.55 (2H, brs), 1.40 (1H, dd, J =
9.2, 8.0 Hz), 0.842 (6H, d, J = 5.6 Hz); '3*C NMR (100 MHz, CDCl;, 55 °C, a mixture of rotamers)
8 172.2, 172.0, 156.1, 136.4, 136.3, 128.5, 128.1, 128.0, 127.6, 123.0, 122.2, 119.6, 118.5, 111.3,
109.8, 67.0, 53.9, 52.8, 52.2, 41.4, 27.6, 24.7, 22.8, 21.7; HRMS (ESI) calcd. for C2sH31N3NaOs
[M+Na]", 488.2156; found 488.2141.

Boc-amide 10

H H
: CO.Me Boc,0O :_CO,Me
NHCbz DMAP NHCbz
D HN — D HN
N H MeCN N H
H le} 0°Ctort,5.5h ‘Boc le}
S6 quant. 10

To a stirred solution of amide S6 (13.2 g, 28.5 mmol) and DMAP (347 mg, 2.84 mmol) in MeCN
(360 mL) was added a solution of Boc,O (7.44 g, 34.1 mmol) in MeCN (18 mL) at 0 °C via cannula.

After 3 h, the resulting mixture was allowed to room temperature. After 2.5 h, the reaction mixture
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was concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (hexanes/EtOAc = 2/1) to afford Boc-amide 10 (16.1 g, 28.5 mmol,
quant.) as a white foam. Ry= 0.28 (hexanes/EtOAc = 2/1); [a]p?’ = 36.8 (¢ 0.440, CHCl3); IR (film,
cm™) 3315, 2955, 1733, 1716, 1706, 1683, 1654, 1557, 1540, 1456, 1372, 1255, 747; "H NMR (400
MHz, CDCls, 55 °C, a mixture of rotamers) 6 8.10 (1H, d, J = 8.4 Hz), 7.47 (1H, d, J = 8.0 Hz),
7.39 (1H, s), 7.32-7.18 (7H, m), 6.52 (1H, brs), 5.10-5.02 (2H, m), 4.90 (1H, dd, /= 14.0, 6.4 Hz),
4.15 (1H, brs), 3.66 (3H, s), 3.22-3.14 (1H, m), 1.64 (9H, s), 1.58-1.40 (4H, m), 0.854 (6H, d, J =
5.2 Hz); 3C NMR (100 MHz, CDCl;, 55 °C, a mixture of rotamers) & 172.0, 171.8, 156.1, 149.5,
136.4, 135.5, 130.5, 128.5, 128.1, 128.0, 124.6, 124.2, 122.6, 118.8, 115.4, 114.9, 83.7, 67.1, 53.7,
52.5, 52.3, 41.6, 28.2, 27.6, 24.7, 22.8, 21.9; HRMS (ESI) calcd. for C3;H4N307; [M+H],
566.2861; found 566.2840.

Boc-diketopiperazine S7

o}
H CO,Me 1) H,, Pd/C H
S NHCbz MeOH z NH
_—
N HN\[ 2) 25% NH,OH ag. ) HN
\ 0 H MeOH N o H
Boc 86% (2 steps) ‘Boc
10 S7

To a mixture of 10% Pd/C (2.63 g, 2.47 mmol) and Boc-protected amide 10 (14.0 g, 24.7 mmol)
was added MeOH (247 mL) at room temperature. After stirring of the resulting suspension under
hydrogen atmosphere for 1.5 h, the mixture was filtered through a pad of Celite and concentrated
under reduced pressure to afford the corresponding amine. The residue was subjected to the next
reaction without further purification.

To a stirred solution of the above amine in MeOH (2.06 L) was added 25% aqueous NH4OH (86
mL) dropwise over 10 min at 0 °C. After 5 min, the resulting mixture was allowed to warm up to
room temperature and stirred for 72 h. The reaction mixture was concentrated under reduced
pressure to give a crude product as a white solid. The solid was washed with cold Et,O three times
to afford Boc-diketopiperazine S7 (8.48 g, 21.2 mmol, 86%) as a white solid. Ry = 0.40
(hexanes/EtOAc = 1/1); mp 188-190 °C (CH2Cly/hexanes); [a]p > = —11.5 (¢ 0.720, CHCl;); IR
(film, cm™) 3187, 3087, 3054, 2958, 2934, 2871, 1733, 1675, 1455, 1370, 1329, 1255, 1159, 1085,
758, 745; "H NMR (400 MHz, CDCl3) § 8.10 (1H, d, J = 8.0 Hz), 7.57 (1H, d, J = 8.0 Hz), 7.52
(1H,s), 7.36 (1H, dd, /= 8.0, 7.2 Hz), 7.27 (1H, dd, /= 8.0, 7.2 Hz), 6.10 (1H, brs), 5.88 (1H, brs),
4.29 (1H, dd, J=9.6, 3.2 Hz), 3.76 (1H, dd, J=9.2, 2.4 Hz), 3.56 (1H, dd, /= 15.2, 3.2 Hz), 3.02
(1H, dd, J=15.2, 9.6 Hz), 1.77-1.56 (12H, m), 0.95 (3H, d, J = 6.4 Hz), 0.87 (3H, d, J = 6.0 Hz);
BC NMR (100 MHz, CDCl3) § 169.1, 168.3, 149.4, 135.6, 129.6, 125.0, 124.8, 122.7, 118.8, 115.4,
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114.3, 83.9, 54.0, 53.3, 42.3, 29.2, 28.1, 24.0, 23.0, 21.1; HRMS (ESI) caled. for CoHaoN:NaO4
[M+Na]*, 422.2050; found 422.2030.

Bromopyrroloindoline 11 and S8

NBS
BF3 OEt,
\ HN
CH,Cl,
—40°C.9h N H N H
Boc Boc Boc

71 %
(dr=6:1) exo endo

To a stirred solution of Boc-diketopiperazine S7 (2.00 g, 5.00 mmol) in CH>Cl> (96 mL) was
added BF3*OEt; (1.26 mL, 10.0 mmol) at —40 °C. After 25 min, to the reaction mixture was added
a solution of NBS (979 mg, 5.50 mmol) in CH>Cl, (144 mL) dropwise over 40 min. After 9 h, the
reaction was quenched with saturated aqueous NaHCOs. The resulting mixture was extracted with
CH,Cl; three times. The combined organic extracts were washed with brine, dried over Na>SOs,
filtered, and concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (hexanes/EtOAc = 2/1) to afford bromopyrroloindoline 11 (exo) (1.44
g, 3.01 mmol, 60%) as a white foam and S8 (endo) (255 mg, 0.533 mmol, 11%) as a white foam,
respectively.

Bromopyrroloindoline 11 (exo); Ry= 0.89 (hexanes/EtOAc = 1/1); [a]p >’ = 83.6 (¢ 0.525, CHCl3);
IR (film, cm™) 3253, 3008, 2960, 2932, 2871, 1716, 1684, 1478, 1369, 1157, 754; '"H NMR (400
MHz, CDCl3) 6 7.60 (1H, d, J = 8.0 Hz), 7.39 (1H, d, J = 8.0 Hz), 7.23 (1H, dd, /= 8.0, 7.6 Hz),
7.06 (1H, dd, J = 8.0, 7.6 Hz), 6.41 (1H, brs), 6.27 (1H, s), 4.37 (1H, dd, J = 10.4, 4.4 Hz), 3.76—
3.71 (1H, m), 3.61 (1H, dd, J=14.0, 4.4 Hz), 3.13 (1H, dd, /= 14.0, 10.4 Hz), 1.73-1.57 (12H, m),
0.97 (3H, d, J = 6.8 Hz), 0.89 (3H, d, J = 6.4 Hz); >*C NMR (100 MHz, CDCl3) § 167.6, 166.3,
151.7, 139.9, 133.1, 130.6, 124.4, 124.3, 116.9, 85.3, 82.6, 59.6, 56.4, 55.9, 41.1, 39.0, 28.2, 24.5,
23.0,21.0; HRMS (ESI) calcd. for C22H2sBrN3NaO4 [M+Na]", 500.1155; found 500.1129.

Bromopyrroloindoline S8 (endo); Ry = 0.80 (hexanes/EtOAc = 1/1); [a]p ** = —141 (¢ 0.490,
CHCls); IR (film, cm™) 3005, 2960, 2933, 2904, 2871, 1716, 1685, 1479, 1416, 1154, 754; '"H NMR
(400 MHz, CDCl3) 6 7.76 (1H, d, J= 8.4 Hz), 7.42 (1H, d, J= 7.6 Hz), 7.34 (1H, dd, /= 8.4, 7.2
Hz), 7.14 (1H, dd, J=7.6, 7.2 Hz), 6.70 (1H, s), 6.18 (1H, brs), 3.97-3.92 (1H, m), 3.85 (1H, dd, J
=12.0,5.2 Hz), 3.32 (1H, dd, /= 12.4, 5.2 Hz), 2.88 (1H, dd, J = 12.4, 12.0 Hz), 1.67-1.51 (12H,
m), 0.93 (3H, d, J= 6.4 Hz), 0.90 (3H, d, J = 6.8 Hz); *C NMR (100 MHz, CDCl3) § 166.8, 164.9,
151.6, 142.1, 131.2, 130.9, 124.4, 124.1, 116.8, 83.5, 82.8, 58.3, 58.0, 56.0, 46.8, 43.8, 28.1, 24.2,
23.0,21.3; HRMS (ESI) calcd. for C22H2sBrN3NaO4 [M+Na]", 500.1155; found 500.1127.
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Indole 12

o
_ P _
Z

0] NH, = N o}
H AGNTE, . ()\/ 0 @ H

Br, /~"">NH DTBP, MS4A NN N ~“SNH
_N
N H

N _ ., NH —

N ZH H MeCN N H
\ le} 0°C,5h; H \ 0
Boc 70°C,3h NH o Boc

Boc
1 - s9 - 12
1.43 g scale 67%

To a stirred solution bromopyrroloindoline 11 (1.43 g, 2.99 mmol), pre-activated MS4A (1.50 g),
DTBP (1.01 mL, 4.49 mmol), and 2-ethynylaniline (1.05 g, 8.96 mmol) in MeCN (30 mL) was
added AgNTf, (3.48 g, 8.96 mmol) at 0 °C. After TLC indicated complete consumption of S9, the
reaction mixture was stirred at 70 °C for 3 h. The reaction was quenched with saturated aqueous
NaHCO:; at 0 °C. The mixture was extracted with EtOAc three times and washed with brine. The
combined organic extracts were dried over NaxSOs, filtered through a pad of Celite and
concentrated under reduced pressure. The residue was purified by flash column chromatography on
silica gel (CH,Cl/EtOAc =9/1) to afford indole 12 (1.03 g, 2.00 mmol, 67%) as a pale orange foam.
R;=0.37 (CH2CL/EtOAc = 9/1); [a]p 2 = 119 (¢ 1.07, CHCl3); IR (film, cm™) 3283, 3276, 2961,
2931, 1715, 1694, 1684, 1481, 1370, 1337, 1157, 753; 'H NMR (400 MHz, CDCl3) § 7.69 (1H, d,
J=8.4Hz),7.64 (1H, d, J=8.0 Hz), 7.51 (1H, d, J = 7.6 Hz), 7.40-7.36 (2H, m), 7.26-7.13 (3H,
m), 6.69 (1H, d, J=3.2 Hz), 6.62 (1H, s), 6.39 (1H, d, /= 3.2 Hz), 6.01 (1H, brs), 4.70 (1H, t, J =
8.0 Hz), 3.87-3.82 (1H, m), 3.50 (2H, d, /= 8.0 Hz), 1.76-1.74 (3H, m), 1.53 (9H, s), 1.00 (3H, d,
J=5.6 Hz), 0.93 (3H, d, J = 5.6 Hz); *C NMR (150 MHz, CDCl3) § 168.0, 166.9, 151.6, 141.1,
134.2,130.9, 130.8, 130.7,236.6, 235.9, 124.0, 122.0, 121.9, 120.3, 117.6, 111.0, 120.1, 82.7, 80.3,
70.1, 54.5, 55.9, 41.1, 33.6, 28.2, 24.6, 23.1, 21.0; HRMS (ESI) calcd. for C3oH3sN4Os [M+H]",
515.2653; found 515.2635.
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Indoline S10

‘Boc
12 88%

N 0-CgH,Cly ( [ N
N Hm 200 °C, 4 h X N Hm

s10
A stirred solution of indole 12 (317 mg, 0.616 mmol) in 0-CsH4Cl» (6.2 mL) was heated at
200 °C. After 4 h, the reaction mixture was cooled to room temperature. The residue was purified
directly by flash column chromatography on silica gel (hexanes/EtOAc = 1/1) to afford indoline
S10 (225 mg, 0.543 mmol, 88%) as a pale yellow foam. Ry= 0.25 (hexanes/EtOAc = 1/1); [a]p *®
=233 (¢ 0.135, CHCls); IR (film, cm™) 3324, 3261, 2957, 2930, 2871, 1683, 1675, 1655, 1613,
1456, 1436, 1320, 1215, 1145, 742; '"H NMR (400 MHz, CDCl;) & 7.62 (1H, d, J = 8.0 Hz), 7.45
(1H,d,J=4.0 Hz), 7.21 (1H, dd, /= 8.0, 7.2 Hz), 7.08 (1H, dd, /= 8.0, 6.8 Hz), 7.00 (1H, dd, J =
8.0, 6.8 Hz), 6.90 (1H, d, /= 7.2 Hz), 6.76-6.70 (3H, m), 6.61 (1H, d, J=3.6 Hz), 6.12 (1H, d, J =
3.6 Hz), 5.64 (1H, d, J=4.0 Hz), 4.63 (1H, dd, /= 11.2, 6.0 Hz), 3.96-3.91 (1H, m), 3.65 (1H, dd,
J=15.2,6.0Hz),2.73 (1H, dd, J=15.2, 11.2 Hz), 1.79-1.73 (1H, m), 1.64-1.56 (2H, m), 0.96 (3H,
d, J=6.4 Hz), 0.92 (3H, d, J= 6.8 Hz); *C NMR (100 MHz, CDCl3) § 168.2, 167.5, 146.7, 135.2,
130.33, 130.32, 128.1, 124.1, 123.3, 122.1, 121.4, 120.3, 119.9, 112.1, 110.2, 102.8, 82.9, 73.3,
56.8, 56.3, 42.3, 40.1, 24.5, 22.9, 21.2; HRMS (ESI) calcd. for C2sH»7N4O, [M+H]", 415.2134;

found 415.2105.
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TFA-indoline 13

oS
TFAA, DTBP
MeCN
Ctort,2h N H

92% TFA

To a stirred solution of indoline S10 (54.4 mg, 0.131 mmol) and DTBP (147 uL, 0.655 mmol) in
MeCN (2.6 mL) was added TFAA (55 uL, 0.39 mmol) at room temperature. After 2 h, the reaction
was quenched with H,O at 0 °C. The mixture was extracted with EtOAc twice. The combined
organic extracts were dried over Na,SQOs, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (hexanes/EtOAc = 2/1—1/1)
and preparative TLC (hexanes/EtOAc = 1/1) to afford TFA-indoline 13 (61.5 mg, 0.120 mmol,
92%) as a colorless oil; [a]p > = —189 (c 0.170, CHCL3); IR (neat, cm™) 2959, 2919, 2851, 1714,
1696, 1685, 1456, 1254, 1221, 1188, 1147, 761, 741; "H NMR (600 MHz, CDCl3) § 8.21 (1H, d, J
=7.8 Hz), 7.67 (1H, d, J= 7.2 Hz), 7.65 (1H, d, /= 7.2 Hz), 7.52 (1H, dd, J = 8.4, 7.8 Hz), 7.40—
7.37 (2H, m), 7.31 (1H, dd, J="7.8, 7.2 Hz), 7.22 (1H, dd, /= 8.4, 7.2 Hz), 6.73 (1H, s), 6.53 (1H,
d,J=3.6 Hz), 6.40 (1H, d, /= 3.6 Hz), 6.02 (1H, brs), 4.76 (1H, dd, J=10.8, 4.8 Hz), 3.84-3.80
(1H, m), 3.63 (1H, dd, J=15.6, 11.4 Hz), 3.57 (1H, dd, /= 15.6, 3.6 Hz), 1.76-1.71 (3H, m), 1.00
(3H, d, J = 6.0 Hz), 0.93 (3H, d, J = 6.0 Hz); *C NMR (150 MHz, CDCl3) § 167.7, 167.5, 156.3
(q, J=38.7 Hz), 140.6, 134.0, 131.8, 130.9, 130.4, 126.7, 126.6, 126.5, 122.4, 120.7, 119.2, 115.8
(q,J=288 Hz), 110.3,102.8, 79.4 (q,J=4.2 Hz), 71.1, 56.3, 56.1, 41.2, 32.6, 24.6, 23.0, 21.1 (one
signal is missing due to overlap); HRMS (ESI) calcd. for C27H26F3N4O3 [M+H]", 511.1957; found
511.1929.

Ac-enamide 14

o o

VJ\NH yJ\NAC
HN% Ac,0 ACNW/*\
H 130°C,1h H

O Ph ’ O Ph
S11 65% 14

A stirred solution of enamide S11 (150 mg, 0.640 mmol) in Ac2O (6.4 mL) was heated to 130 °C.
After 1 h, the reaction mixture was cooled down to room temperature. The mixture was diluted with
toluene and EtOAc and concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexanes/EtOAc = 4/1—3/1) to afford Ac-enamide 14 (124
mg, 0.413 mmol, 65%) as a colorless oil. Ry = 0.46 (hexanes/EtOAc = 3/1); [a]p?’ =121 (c 0.55,
CHCIs); IR (neat, cm™) 3063, 3029, 3007, 2939, 1730, 1715, 1623, 1338, 1369, 1226, 1194; 'H
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NMR (400 MHz, CDCL) & 7.27-7.02 (3H, m), 7.03 (2H, dd, J = 7.2, 1.2 Hz), 6.02 (1H, s), 5.61
(1H, s), 5.52 (1H, dd, J = 6.4, 5.6 Hz), 3.23 (1H, dd, J = 14.0, 5.6 Hz), 3.14 (1H, dd, J = 14.0, 6.4
Hz), 2.55 (3H, s), 2.54 (3H, s); *C NMR (100 MHz, CDCl5) § 171.2, 170.3, 167.3, 161.6, 134.1,
130.8, 129.9, 128.8, 127.8, 120.4, 58.4, 38.7, 27.5, 26.5; HRMS (ESI) calcd. for C16H;eN;NaO,
[M+Na]", 323.1008; found 323.1002.

Indole adduct 15

Ny 40 ACN% 14

N ~Z"“NH oHen
< ZnCl, NaHyHoO
NGh m 1,2-dichloroethane ~ THF

85°C,9h rt, 10 min

17% (2 steps)

To a stirred solution of TFA-indoine 13 (14.7 mg, 28.8 umol) and Ac-enamide 14 (17.0 mg,
56.6 umol) in 1,2-dichloroethane (1.2 mL) was added a solution of ZnCl, (28.8 uL, 28.8 umol, 1
M in Et;0) at room temperature and the resulting mixture was heated at 85 °C. After 3.5 h, the
additional solution of ZnCl, (57.6 uL, 57.6 umol, 1 M in Et,O) was added to the reaction mixture.
After 5.5 h, the reaction was quenched with saturated aqueous NaHCO; at 0 °C. The resulting
mixture was extracted with CH>Cl, three times and washed with brine. The combined organic
extracts were dried over NaxSQs, filtered, and concentrated under reduced pressure. The residue
was purified roughly by preparative TLC (CH2Cl2/EtOAc = 3/1) to afford a mixture of inseparable
compounds.

To a stirred solution of the mixture in THF (0.90 mL) was added NoH4*H>0 (4.4 uL, 90.5 umol)
at room temperature. After 10 min, the reaction was quenched with saturated aqueous NH4Cl. The
resulting mixture was extracted with CH>Cl, three times. The combined organic extracts were dried
over NaSQOs, filtered, and concentrated under reduced pressure. The residue was purified by
preparative TLC (CH2CL/EtOAc = 3/1) to afford indole adduct 15 (3.0 mg, 4.76 umol, 17% in 2
steps) as a white foam. Ry=0.29 (hexanes/EtOAc = 1/3); [a]p** = 18.2 (¢ 0.0700, CHCl5); IR (film,
cm™) 2952, 2924, 2851, 1733, 1716, 1698, 1684, 1671, 1653, 1558, 1541, 1507, 772; 'H NMR (600
MHz, acetone-ds) 6 7.82 (1H, d, J= 8.4 Hz), 7.71 (1H, s), 7.65 (1H, d, J = 4.8 Hz), 7.60 (1H, brs),
7.35-7.30 (4H, m), 7.34 (2H, d, J= 6.6 Hz), 7.31 (2H, dd, J="7.8, 7.2 Hz), 6.87-6.83 (3H, m), 6.63
(1H, dd, J=17.8, 6.6 Hz), 6.94 (1H, dd, J = 8.4, 7.2 Hz), 6.87-6.83 (3H, m), 6.63 (1H, dd, /= 7.8,
6.6 Hz), 6.58 (1H, d, J = 3.6 Hz), 6.08 (1H, d, J = 3.6 Hz), 4.83 (1H, dd, J = 11.4, 6.6 Hz), 4.48
(1H, dd, J=6.0,4.8 Hz), 3.92-3.88 (1H, m), 3.74 (1H, dd, J=15.0, 6.0 Hz), 3.27 (1H, dd, /= 14.4,
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5.4 Hz),3.21 (1H, dd, J= 14.4, 4.8 Hz), 2.49 (1H, dd, J = 14.4, 11.4 Hz), 1.80-1.75 (1H, m), 1.68—
1.63 (1H, m), 1.54-1.49 (1H, m), 1.44 (3H, s), 1.08 (1H, dd, J= 9.6, 6.6 Hz), 0.92 3H, d, J= 7.2
Hz), 0.88 (3H, d, J = 6.6 Hz); *C NMR (150 MHz, acetone-ds) 8 169.7, 168.7, 168.5, 168.0, 148.8,
137.5, 137.2, 131.1, 130.8, 129.7, 129.2, 128.3, 127.7, 124.0, 123.6, 122.5, 121.8, 120.6, 119.6,
118.7, 113.1, 111.0, 83.3, 74.5, 59.0, 57.1, 56.9, 56.7, 43.0, 40.9, 38.8, 27.0, 25.0, 23.1, 21.7; HRMS
(ESI) caled. for C37HzsNgNaO, [M+Na]", 653.2847; found 653.2815.

Aldehyde 17

Oy H
(@]
@ y o Cl,CHOMe Y H
N : NH AgNTf, N,, 2 NH
; - 5 )z
~N CH,Cl, Q [ >N
~ Coas . . H
N H o H 78 °C, 25 min NBOCH o)
Boc 85%
12 17

To a stirred solution of indole 12 (300 mg, 1.99 mmol) and AgNTf; (679 mg, 1.75 mmol) in
CH>Cl, (12 mL) was added C1,CHOMe (158 uL, 1.75 mmol) at —78 °C. After 25 min, the reaction
was quenched with saturated aqueous NaHCO3. The resulting mixture was extracted with CH>Cl,
three times. The combined organic extracts were dried over Na,SOs, filtered, and concentrated
under reduced pressure. The residue was purified by flash column chromatography on silica gel
(CH2Cl/EtOAc = 2/1) to afford aldehyde 17 (269 mg, 0.500 mmol, 85%) as a white solid. mp 233-
235 °C (CHaCly/hexanes); Ry = 0.42 (CH2Clo/EtOAc = 2/1); [a]p 2* = —138 (c 0.474, CHCl3); IR
(film, cm™) 3290, 3276, 3253, 3009, 2959, 2935, 2871, 1715, 1695, 1684, 1669, 1654, 1156, 750;
"H NMR (400 MHz, CDCl3) & 9.84 (1H, s), 8.40-8.38 (1H, m), 7.74 (1H, d, J = 8.4 Hz), 7.55 (1H,
d, J = 7.6 Hz), 7.49-7.23 (6H, m), 6.67 (1H, s), 6.19 (1H, brs), 4.75 (1H, dd, J = 10.4, 5.6 Hz),
3.88-3.86 (1H, m), 3.58-3.50 (2H, m), 1.77-1.69 (3H, m), 1.53 (9H, s), 1.01 (3H, d, J = 5.2 Hz),
0.93 3H, d, J = 5.2 Hz); C NMR (100 MHz, CDCl3) § 184.7, 167.5, 166.9, 151.4, 141.3, 137.6,
135.1, 131.8, 129.1, 127.2, 126.2, 124.4, 123.6, 123.3, 118.2, 118.0, 111.4, 83.2, 80.0, 70.5, 56.5,
55.8,41.1, 32.9, 28.1, 24.6, 23.1, 21.0 (one signal is missing due to overlap); HRMS (ESI) calcd.
for C31H3sN4Os [M+H]", 543.2602; found 543.2562.
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Imidate 16

O BF3'OEt2
LA _c E40

$12 40°C,1h

o OEt

NH Et;OBF, =N

HN 1,2-dichloroethane NS !

40°C,25h
0 H Ph OEt Ph
S13 88% 16

To a stirred solution of epichlorohydrin S12 (408 uL, 5.29 mmol) in Et;O (10 mL) was added
BF;+OEt; (864 uL, 6.88 mmol) at room temperature and the resulting mixture was heated at 40 °C.
After 1 h, the reaction mixture was cooled to room temperature and a white solid precipitated in
situ. The solvent was removed via syringe and the solid was washed with Et;O. This protocol was
repeated three times and the resulting suspension was concentrated under reduced pressure. The
resulting solid (Et;OBF.) was used in the next step without further purification.’

A stirred solution of the above solid (Et;OBF,4) and diketopiperazine S13 (270 mg, 1.32 mmol)
in 1,2-dichloroethane (17 mL) was heated at 40 °C. After 25 h, the reaction mixture was cooled to
room temperature and the reaction was quenched with saturated aqueous NaHCO3 at 0 °C. The
resulting mixture was extracted with CH>Cl, three times. The combined organic extracts were dried
over NaySOys, filtered, and concentrated under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexanes/EtOAc = 4/1) to afford imidate 16 (301 mg, 1.16
mmol, 88%) as a colorless oil. Ry= 0.36 (hexanes/EtOAc = 4/1); [a]p % = 162 (¢ 0.407, CHCl5);
IR (neat, cm™) 3062, 3030, 2979, 2931, 2871, 1694, 1368, 1242, 1035, 702; '"H NMR (400 MHz,
CDCl3) 6 7.23-7.19 (3H, m), 7.07-7.04 (2H, m), 4.41-4.37 (1H, m), 4.20-4.06 (4H, m), 3.66 (1H,
dd, J=20.0,3.2 Hz), 3.14 (1H, dd, /= 13.2, 4.4 Hz), 3.02 (1H, dd, /= 13.2, 4.4 Hz), 2.90 (1H, dd,
J=20.0,3.2 Hz), 1.33 3H, t,J= 7.2 Hz), 1.28 (3H, t,J = 7.2 Hz); *C NMR (100 MHz, CDCls) §
163.4, 162.9, 136.8, 130.0, 127.8, 126.4, 60.8, 60.7, 57.0, 46.3, 39.7, 14.32, 14.28; HRMS (ESI)
calcd. for CisH21N20> [M+H]", 261.1598; found 261.1589.

S25



Imidate 18

OEt
O._H S
N NN
N Ao N N
W/ 14 = = ABN
OEt Ph DMAPO n-BugSnH
LHMDS MeCN toluene
THF/DMPU (3:1) —-40t00°C,5h 100°C,9.5h
—78 °C, 30 min
40% (3 steps)
ca. 72%

Imidate 16 (111 mg, 0.426 mmol) was dried azeotropically (concentration of a benzene solution)
under reduced pressure and placed under an argon atmosphere. To the stirred solution of imidate 16
in THF (1.4 mL) was added LHMDS (655 pL, 0.852 mmol, 1.3 M in THF) dropwise at —78 °C.
After 30 min, a solution of aldehyde 17 (77.1 mg, 0.142 mmol) in a mixture of DMPU (0.71 mL)
and THF (0.71 mL) was added to the reaction mixture via cannula. After 30 min, the reaction was
quenched with H>O. The resulting mixture was extracted with EtOAc three times. The combined
organic extracts were dried over Na,SOs, filtered, and concentrated under reduced pressure. The
residue was purified roughly by flash column chromatography on silica gel (CH2Clo./EtOAc = 2/1)
to afford a mixture of inseparable diastereomers (81.6 mg, ca. 0.102 mmol, ca. 72%) This mixture
was subjected to next reaction due to the difficulty of separation of the diastereomers.

The mixture (48.5 mg, ca. 60.4 umol) was dried azeotropically (concentration of a benzene
solution) under reduced pressure and placed under an argon atmosphere. To a stirred solution of the
mixture of diastereomers and DMAPO (8.3 mg, 60 pumol) in MeCN (2.4 mL) was added 1,1’-
thiocarbonyldiimidazole (21.5 mg, 0.121 mmol) at —40 °C. The additional DMAPO (24.9 mg, 0.180
mmol) was added to the reaction mixture and the reaction temperature was gradually raised to 0 °C
before a consumption of the starting material. After 5 h, the reaction was quenched with H,O. The
resulting mixture was extracted with EtOAc three times. The combined organic extracts were dried
over NaxSQy, filtered, and concentrated under reduced pressure. The residue was purified roughly
by flash column chromatography on silica gel (CH2Clo/EtOAc = 2/1—1/1) to afford a mixture of
inseparable diastereomers. This mixture was subjected directly to the next reaction due to the
difficulty of separation of diastereomers.

The mixture was dried azeotropically (concentration of a benzene solution) under reduced
pressure and placed under an argon atmosphere. A stirred solution of the mixture in toluene (1.2
mL) was bubbled with Argon gas for 30 min. To the reaction mixture was added a solution of AIBN
(7.5 mg, 46 mmol) and n-BuzSnH (183 uL, 0.693 mmol) in toluene (1.7 mL) dropwise over 9.5 h
at 100 °C. The reaction mixture was cooled to room temperature and the resulting mixture was

concentrated under reduced pressure. The residue was purified by flash column chromatography on
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silica gel (hexanes/EtOAc = 1/0—1/1—1/3) to afford imidate 18 (26.7 mg, 33.9 umol, 40% in 3
steps) as a white foam; Ry=0.21 (hexanes/EtOAc = 1/1); [a]p ** = —109 (¢ 0.778, CHCl3); IR (film,
cm™) 3281, 3250, 3210, 3028, 2976, 2961, 2931, 2900, 2871, 1715, 1691, 1369, 1240, 1157, 754;
"H NMR (600 MHz, CDCl3) § 7.72 (1H, d, J = 8.4 Hz), 7.60 (1H, d, J = 8.4 Hz), 7.39 (1H, dd, J =
8.4, 7.8 Hz), 7.25 (1H, d, J = 8.4 Hz), 7.23-7.09 (6H, m), 7.00 (1H, d, J = 7.8 Hz), 6.52 (1H, s),
6.27 (1H, s), 6.05 (1H, d, J = 4.8 Hz), 4.69 (1H, dd, J = 10.4, 5.4 Hz), 4.07-4.03 (1H, m), 3.96—
3.93 (1H, m), 3.90-3.86 (1H, m), 3.85-3.81 (1H, m), 3.79-3.76 (1H, m), 3.62-3.56 (2H, m), 3.45
(1H, dd, J=14.4,10.4 Hz), 3.34 (1H, dd, J = 14.4, 5.4 Hz), 2.96 (2H, d, /= 4.8 Hz), 2.93 (1H, dd,
J=13.2,5.4Hz),2.88 (1H, dd, J=13.2, 4.8 Hz), 1.78-1.74 (3H, m), 1.52 (9H, s), 1.22-1.16 (6H,
m), 1.00 (3H, d, J= 5.4 Hz), 0.92 (3H, d, J = 6.0 Hz); *C NMR (150 MHz, CDCl3) § 167.9, 166.9,
162.8, 162.4, 151.6, 141.3, 137.5, 133.8, 131.1, 130.8, 130.0, 127.7, 126.3, 126.2, 125.7, 123.8,
121.7, 120.6, 119.5, 117.5, 110.8, 110.5, 82.5, 80.0, 69.9, 60.5, 60.4, 56.54, 56.52, 56.1, 55.9, 41.2,
39.6, 33.5, 28.8, 28.2, 24.6, 23.2, 21.0, 14.44, 14.37 (one signal is missing due to overlap); HRMS
(ESI) calced. for C4sHssNeOs [M+H]", 787.4178; found 787.4138.
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(+)-Pestalazine B (3)

EtO, N o) H
— N H RN
ZOATRL ) . Ph
N™ okt TMSCI N"No
N, > >NH MeCN N 2 SNH
s m/‘ 70°C,3.5h e
_N__A-, N1
\ 0 N H
Boc H 0o
(+)-pestalazine B (3)

Imidate 18 (30.6 mg, 38.9 umol) was dried azeotropically (concentration of a benzene solution)
under reduced pressure and placed under an argon atmosphere. To the stirred solution of the imidate
18 and Nal (29.2 mg, 195 pl) in MeCN (1.9 mL) was added TMSCI (15 pl, 195 umol) at room
temperature and the mixture was heated at 70 °C. The additional Nal (40.9 mg, 272 pmol) and
TMSCI (21 uL, 272 pmol) were added to the reaction mixture. After 3.5 h, the reaction was
quenched with H>O. The resulting mixture was extracted with EtOAc three times and washed with
10% aqueous Na>S;0; and H>O. The combined organic extracts were dried over Na>SOg, filtered,
and concentrated under reduced pressure. The residue was purified by recrystallization
(MeOH/hexanes) to afford (+)-pestalazine B (3) (19.1 mg, 30.3 umol, 78%) as a white solid; Ry=
0.58 (hexanes/acetone = 1/3); [a]p %’ = 4218 (c 0.1, MeOH), [a]p*® = +199 (c 0.1, MeOH) (lit.'?),
[a]p?® = +194 (c 0.1, MeOH) (lit.")), [a]p® = +204 (¢ 0.2, MeOH) (lit.'?), [a]p® = +191 (¢ 0.1,
MeOH) (lit."*); IR (film, em™) 3320, 3265, 3255, 3159, 3084, 3062, 2956, 2921, 2871, 1682, 1456,
1445, 1321, 1218, 745; 'H NMR (600 MHz, acetone-ds) 8 7.67-7.61 (2H, m), 7.50 (1H, d, J = 8.4
Hz), 7.22-7.13 (4H, m), 7.10-7.09 (2H, m), 7.00-6.90 (4H, m), 6.84 (1H, d, J = 7.8 Hz), 6.79-6.75
(2H, m), 6.63 (1H, dd, J=7.8, 7.2 Hz), 6.58 (1H, d, J=3.0 Hz), 6.04 (1H, d, /= 3.6 Hz), 4.85 (1H,
dd, J=12.0, 5.4 Hz), 3.91-3.88 (1H, m), 3.69-3.64 (2H, m), 3.51 (1H, br t, /=4.8 Hz), 3.23 (2H,
d, J=5.4 Hz), 3.05 (1H, dd, J = 13.8, 5.4 Hz), 2.99 (1H, dd, J = 14.4, 4.8 Hz), 2.46 (1H, dd, J =
14.4,12.0 Hz), 1.82-1.77 (1H, m), 1.76-1.71 (1H, m), 1.55-1.49 (1H, m), 0.95 (3H, d, /= 6.8 Hz),
0.90 (3H, d, J = 6.8 Hz); *C NMR (150 MHz, acetone-ds) & 168.9, 168.5, 148.8, 137.0, 136.5,
130.8, 130.7, 130.69, 129.8, 129.1, 127.6, 126.5, 123.5, 122.4, 120.4, 120.3, 119.6, 112.9, 110.9,
111.0, 83.4, 74.3, 57.3, 56.8, 56.2, 55.8, 42.9, 41.2, 39.2, 30.3, 25.0, 23.2, 21.7 (two signals are
missing due to overlap); HRMS (ESI) caled. for C37H30NsO4 [M+H]", 631.3027; found 631.3000.
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Comparison of "H NMR chemical shifts of natural and synthetic (+)-pestalazine B

(+)-pestalazine B (3)

position Synthetic Natural'? Synthetic Synthetic
(This work) (600 MHz, (de Lera)! (Deng/Liao)'?
(600 MHz, acetone-ds) (600 MHz, (600 MHz,
acetone-ds) acetone-ds) acetone-dp)
8.05(1H,d,J= | 7.81(1H,d,J=
C22,N35 | 7.67-7.61 (2H, m) 7.69-7.61 (2H, m)
3.5 Hz) 43 Hz)
- 7.64 (1H, s) 7.66 (1H, s) -
7.50 (1H, d, J = 7.52 (1H, d, J =
C25 7.38 (1H, brs) 7.53-7.48 (1H, m)
8.4 Hz) 7.8 Hz)
C7, C39,
C40, C41, | 7.22-7.09 (6H, m) 7.32 (1H, brs) 7.2-7.1 (6H, m) 7.25-7.15 (4H, m)
C42, C43
7.20-7.14 (6H,
- - 7.12-7.06 (2H, m)
m)
C5,N14,
7.00-6.90 (4H, m) | 7.0-6.9 (7H, m) | 7.0-6.9 (4H,m) | 7.00-6.90 (4H, m)
C26, C27
N 6.84(1H,d,J= | 683(1H,d,J= | 685(1H,d,J= | 6.85(IH,dtJ=
7.8 Hz) 7.8 Hz) 7.9 Hz) 5.2,0.4 Hz)
6.83(IH,d,J= | 678 (IH,d,J= | 6.79 (1H, dt,J=
C28,N32 | 6.79-6.75 (2H, m)
3.0 Hz) 8.2 Hz) 5.6, 0.8 Hz)
6.75 (1H, d, J =
_ ; 6.76 (1H, s)
7.8 Hz)
6.63(1H,dd,J= | 6.62(1H,t,7= | 6.64(1H,t,J= | 6.64(1H,td,J=
Co6
7.8,7.2 Hz) 7.2 Hz) 7.2 Hz) 5.6, 0.8 Hz)
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6.58 (1H, d, J = 6.65(1H,d,J= | 6.58 (1H,d, J=2.4
N 3.0 Hz) - 3.0 Hz) Hz)
6.04 (1H, d,J= | 6.03(1H,d,J= | 6.05(1H,d,J= | 6.05(1H,d,J=4
2 3.6 Hz) 3.0 Hz) 3.3 Hz) Hz)
i 485(1H,dd,J= | 4.82 (1H,dd,J= | 4.84 (1H,dd,J= | 4.85(1H,dd,J=
12.0, 5.4 Hz) 12.0, 6.0 Hz) 11.7, 6.0 Hz) 7.6, 4.0 Hz)
3.89 (1H, dt,J= | 3.91 (1H, quint, J=
Cl15 3.91-3.88 (1H, m) | 3.85 (1H, m)
9.6, 4.8 Hz) 3.2 Hz)
C12,C31 | 3.69-3.64 (2H, m) 368 (I, dd, /= 3,69 (1, dd, J= 3.72-3.65 (2H, m)
14.0, 6.0 Hz) 14.8, 6.0 Hz)
3.62 (1H, dd, J =
- 52,48 H0) 3.7-3.6 (1H, m) -
cu 351 (10, brt,J= | 347 (1H, brt,J | 3.50 (IH, brt,J= | 3.51 (1H, t,J=3.6
4.8 Hz) =4.8 Hz) 4.7 Hz) Hz)
323 (2H,d,J= | 3.21(2H,dd,J= | 3.21 (2H, app. dd, | 3.23 (2H, d,J=3.6
30 5.4 Hz) 14.0, 5.4 Hz) J=32Hz) Hz)
3.15 (2H, dd, J =
- 14.0, 4.8 Hz) - -
3.05 (1H, dd,J= | 3.06 (1H,dd,J= | 3.06 (1H,dd,J= | 3.05(1H,dd,J=
&7 13.8, 5.4 Hz) 14, 4.8 Hz) 13.9, 5.4 Hz) 9.2,3.6 Hz)
2.99 (1H, dd, J= 2.88 2.96 (1H,dd,J= | 2.99 (1H, dd,J=
&7 14.4, 4.8 Hz) (overlapped) 13.9, 4.6 Hz) 9.2,3.2 Hz)
246 (1H,dd, J= | 242 (11, dd,J= | 2.41 (1H,dd,J= | 2.47 (1H,dd,J=
cr 14.4, 12.0 Hz) 14.0, 12.0 Hz) 14.6, 11.7 Hz) 10.0, 8.0 Hz)
C18 1.82-1.77 (1H, m) |  1.80 (1H, m) 1.9-1.8 (1IH, m) | 1.75-1.67 (1H, m)
C17 1.76-1.71 (1H, m) |  1.73 (1H, m) 1.8-1.7 (1IH, m) | 1.58-1.47 (1H, m)
C17 1.55-1.49 (1IH, m) |  1.50 (1H, m) 152 (1H, ddd, /= -
13.6, 8.5, 5.3 Hz)
i 0.95H,d,J= | 095BH,d,J= | 095@3H,d,J= |0.953H,d, J=44
6.8 Hz) 6.6 Hz) 6.5 Hz) Hz)
0.90 BH, d,J= | 090(3H,d,J= | 0.90(3H,d,J= |0.90(3H,d,J J=4.4
20 6.8 Hz) 6.0 Hz) 6.5 Hz) Hz)
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Comparison of *C NMR chemical shifts of natural and synthetic (+)-pestalazine B

position Synthetic Natural'’ Synthetic Synthetic
(150 MHz, (150 MHz, (de Lera)"! (Deng/Liao)'?
acetone-dp) acetone-ds) (150 MHz, (150 MHz,
acetone-ds) acetone-dp)
168.9 168.9 169.0 168.9
C13,C33
Overlapped 168.8 169.0 —
168.6 168.6 168.6 168.52
Cl12,C36
Overlapped 168.4 168.6 168.49
C9 148.8 148.9 148.9 148.8
C38 137.0 137.1 137.1 137.0
C29 136.6 136.3 136.6 136.6
C39,C43 130.8 130.9 131.0 130.8
130.71 130.9 131.0 130.7
C7,C24
130.69 130.8 130.8 -
Cc4 129.8 130.5 130.8 129.8
C40, C42 129.1 129.8 129.1 129.1
C41 127.6 127.4 127.7 127.6
C22 126.5 126.4 126.6 126.48
- - - 126.45
Cs 123.5 123.3 123.6 123.5
C27 122.4 122.2 122.4 122.4
C26 120.4 120.3 120.5 120.5
C25 120.3 120.3 120.4 120.27
- - - 120.26
Co6 119.6 119.4 119.7 119.7
C28 112.9 112.8 113.0 112.9
C8 110.9 110.9 111.0 111.0
C23 110.0 109.9 110.0 -
C2 83.4 83.4 83.5 83.4
C3 74.3 74.2 74.4 76.4
Cl1 57.3 57.2 57.3 57.30
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CI5 56.8 56.7 56.9 57.26
C34 56.2 56.1 56.3 56.2
C31 55.8 55.8 55.8 55.8
C17 429 42.8 429 -
Cl12 41.2 41.2 41.3 -
C37 39.2 38.9 39.1 -
C30 30.3 30.2 30.3 -
CI18 25.0 24.9 25.1 25.1
C19 23.2 23.2 233 23.2
- - - 23.2
C20 21.7 21.7 21.8 21.8
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a mixture of rotamers)
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13C-NMR (150 MHz, CDCl3)
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13C-NMR (150 MHz, CDCls,

a mixture of rotamers)
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13C-NMR (100 MHz, CDCl5)
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13C-NMR (150 MHz, CDCl3)

000"

8L0"
886"
GGG °

96G°

6vC"

160"
TTE”

el
G€8”
S¥0°
SS¢”
oLE"
AN
A4
LY

9SL”

oze”
LEG®
Ly8"
LoL-:
989°
61T
269°
(4
667"
"9C1
8zL"
LSE”
268"
TLL®
jado
ST9°

€8T

2v9

6€0°
L8C"
S¥S-
€08°

8€G”
res”

12
(44
144

(43

187

96
99§

L
9L
LL
LL
6L
6L
6L
6L

20T

0Tt
[N
PIT
911
81T

0zt
cet
9zt

921
0€T
0€T
TET
VET
0vT

96T
96T
98T
96T

L9T
L9T

It

/

N

S100

140

150

190

200

210

o
N
~



000"

0€s”
[N
LSS*

196

896"
(A%
8¢T"
8vT"
€91
002"
[hnA
GeT”
052"

G6% "
605"
Gzs”
6€9°
79"

cT0°
v10°

610"
€20°
6€0°
€v0°
€02
90¢"
otz
viece
Gce”
8¢C"
€€T”
8€T"
€ve”
8¥C"
652"
192"
cLe”
8LT"

MO MM MMO®MmNNN NN

WY

0

VWO Lo W!nwWn

[ e e e e T T S S N S o

B G

"H-NMR (400 MHz, CDCl5)

89"

NAc

AcN

Ph

S101

99"

00"

PPM

10



€€G”
SSP

969°

14
we-

6L9

14

€9L°
r8L”
“6cl
808"
60T"

116

68G°

60€"
962"
8TZ"

9z
Lz

8¢

8G
86

"9L
000"
TCe”

LL
LL

02T

LTT
8¢CT

0€T
PET

191

L9T
0LT
TLT

13C-NMR (100 MHz, CDClj)
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