4731

Synthesis A.S. Eastabrook, |. Sperry

Synthetic Access to 3,5,7-Trisubstituted Indoles Enabled by

Iridium-Catalyzed C-H Borylation

Andrew S. Eastabrook
Jonathan Sperry*

School of Chemical Sciences, 23 Symonds Street, University
of Auckland, Auckland, New Zealand
j.sperry@auckland.ac.nz

Published as part of the Special Topic Modern Strategies for
Borylation in Synthesis

Received: 13.03.2017

Accepted after revision: 10.04.2017

Published online: 08.05.2017

DOI: 10.1055/5-0036-1589018; Art ID: ss-2017-z0155-fa

Abstract A one-pot conversion of 3-substituted indoles into their 5,7-
diboryl derivatives is reported. The simultaneous functionalization of
the C5-H and C7-H sites is achieved using an iridium-catalyzed tribory-
lation-protodeborylation sequence. The 5,7-diborylindoles are useful
intermediates that can be readily derivatized into a variety of indoles
possessing the rare 3,5,7-trisubstitution pattern, including the natural
product (+)-plakohypaphorine C.
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The indole ring system is present in a huge amount of
biologically active natural products and pharmaceuticals.
Given the wide range of biological activity displayed by in-
dole derivatives,? efficient methods that provide access to
indoles bearing new and rare substitution patterns are
highly coveted.?> We were particularly interested in devel-
oping a simple route to 3,5,7-trisubstituted indoles (Figure
1), a substitution pattern that is rare in the literature. A
general approach to 3,5,7-trisubstituted indoles using
Mori-Ban and Larock cyclizations has been reported,* but
this methodology requires ortho-haloanilines that are not
easily attainable. There are limited examples of 3,5,7-tri-
substituted indoles being prepared using a variety of cy-
clization strategies,> C7-H functionalization of 3,5-disubsti-
tuted indoles®’ and the electrophilic substitution of 5,7-
disubstituted indoles at C3.2 Conceptually, the simplest
route to 3,5,7-trisubstituted indoles would be to simultane-
ously functionalize the C5-H and C7-H positions on 3-sub-
stituted indoles, substrates that are commercially available
or easily prepared. Herein we report a simple C-H boryla-
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tion procedure that facilitates the conversion of 3-substi-
tuted indoles into 3,5,7-trisubstituted indoles, including
the natural product (+)-plakohypaphorine C.

Figure 1 3,5,7-Trisubstituted indoles

We have previously reported that 3-substituted indoles
undergo iridium-catalyzed triborylation® at C2-H, C5-H,
and C7-H.'° It was envisaged that this procedure could be
modified to access 3,5,7-trisubstituted indoles by conduct-
ing a selective C2-protodeborylation!! after the triboryla-
tion event. When 3-methylindole (skatole) was subjected to
the previously reported triborylation conditions,'® the tri-
borylindole 1 was formed as the sole product. Concentra-
tion of the reaction mixture followed by subjecting the
crude material to acid-mediated protodeborylation!'? gave
the 3-methyl-5,7-diborylindole 2 in a simple, good-yielding
one-pot process (Scheme 1).

Having successfully functionalized the C5-H and C7-H
sites of skatole with excellent pot-economy, the derivatiza-
tion of diborylated indole 2 was subsequently investigated
(Scheme 2). The 5,7-dichloro-, 5,7-dibromo-, and 5,7-diio-
doskatoles 3-5 were easily attainable using standard hal-
odeborylation chemistry.'? Subjecting 2 to simultaneous
Suzuki couplings with iodobenzene provided the 3-methyl-
5,7-diphenylindole (6). Upon subjecting 2 to the Chan-Lam
conditions reported by Batey,'* 3-methyl-5,7-dimethoxyin-
dole was formed and subsequently protected as the tert-
butyl carbamate 7 for stability reasons. Indoles differential-
ly substituted at the C5 and C7 sites are also accessible
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Scheme 1 One-pot preparation of 3-methyl-5,7-diborylindole 2

(Scheme 2). By reducing the amount of copper acetate and
methanol in the Chan-Lam coupling, the reaction occurred
regioselectively at the C7-boronate in 2 to give 8, which was
itself readily converted to the differentially substituted in-
doles 9-12 using the same chemistry described above. All
of the indoles in Scheme 2 are novel.

Next, we decided to apply this methodology to natural
product synthesis. (+)-Plakohypaphorine C is an unusual
diiodinated tryptophan derivative isolated from the Carib-
bean marine sponge Plakortis simplex'* (Figure 2). Plakohy-
paphorine C shows good antihistamine activity, reducing
histamine-induced contractions on isolated guinea pig ile-
um.”
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Figure 2 (+)-Plakohypaphorine C

The synthesis of (+)-plakohypaphorine C began with
subjecting diprotected tryptophan 13'° to a one-pot tribor-
ylation-protodeborylation process to give 14. In this in-
stance, the protodeborylation step was carried out using
Pd(OAc),/AcOH'? so as to prevent cleavage of the Boc
group. Diiododeborylation gave the 5,7-diiodotryptophan
15, which underwent Boc-removal, trimethylation, and es-
ter hydrolysis to give (+)-plakohypaphorine C (Scheme 3).
The spectroscopic data were in agreement with the isola-
tion report'41® and the optical rotation of synthetic plako-
hypaphorine C {[a]p*? +23.4 (¢ 0.1, MeOH-TFA, 8:1)} was in
agreement with the literature value {[a]y?> +29.1 (c 0.1,
MeOH-TFA, 8:1)}.14

In conclusion, we have developed a procedure to trans-
form 3-substituted indoles into their 5,7-diboryl derivatives
by way of a one-pot iridium-catalyzed triborylation-pro-
todeborylation sequence. The resulting 5,7-diborylindoles
are useful synthetic intermediates that can be derivatized
into a variety of indoles possessing the rare 3,5,7-trisubsti-
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Scheme 2 Synthesis of 3,5,7-trisubstituted indoles 3-12; Phen = phenanthroline
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Scheme 3 Synthesis of (+)-plakohypaphorine C

tution pattern. The utility of this methodology has been
demonstrated in a short synthesis of the natural product
(+)-plakohypaphorine C.

All reactions were carried out in oven-dried glassware under a N, at-
mosphere, unless otherwise stated. Analytical TLC was performed us-
ing 0.2 mm silica plates and compounds were visualized under 365
nm ultraviolet irradiation followed by staining with either alkaline
KMnO, or ethanolic vanillin solution. IR spectra were obtained as thin
films between NaCl plates. Absorption maxima are expressed in
wavenumbers (cm'). Melting points were recorded on a melting
point apparatus and are uncorrected. NMR spectra were recorded as
indicated on an NMR spectrometer operating at 500, 400, and 300
MHz for 'H nuclei and 125, 100, and 75 MHz for '3C nuclei. Chemical
shifts are reported in parts per million (ppm) relative to the TMS peak
recorded as & (0.00 ppm) in CDCl;/TMS solvent, or the residual ace-
tone (0 = 2.05), CHCl; (6 = 7.24), DMSO (& = 2.50), or MeOH (6 = 3.31)
peaks. The 3C NMR values were referenced to the residual acetone
(8= 29.9), CHCl; (8 = 77.1), DMSO (5 = 39.5), or MeOH (5 = 49.0)
peaks. 3C NMR values are reported as chemical shift & and assign-
ment. 'H NMR shift values are reported as chemical shift §, multiplic-
ity (standard abbreviations), coupling constant (J in Hz), relative inte-
gral, and assignment. Assignments are made with the aid of DEPT 90,
DEPT 135, COSY, NOESY, and HSQC experiments. High-resolution
mass spectra were obtained by electrospray ionization in positive ion
mode at a nominal accelerating voltage of 70 eV on a microTOF mass
spectrometer.
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3-Methyl-5,7-bis(4,4,5,5,-tetramethyl-1,3,2-dioxaborolan-2-yl)in-
dole (2)

In a sealed tube, a mixture of 3-methylindole (100 mg, 0.76 mmol),
bis(pinacolato)diboron (971 mg, 3.80 mmol), [Irf(OMe)cod], (30 mg, 6
mol%), and 3,4,7,8-tetramethyl-1,10-phenanthroline (22 mg, 12
mol%) in THF (4 mL) was heated to 80 °C for 65 h. The reaction mix-
ture was cooled to r.t. and concentrated in vacuo. The resulting crude
material was suspended in CH,Cl, (15 mL) at 0 °C and TFA (0.58 mL)
was added dropwise. The mixture was allowed to warm to r.t., then
stirred for 1 h. Sat. aq NaHCO; (30 mL) was added and the whole ex-
tracted with CH,Cl, (3 x 30 mL). The combined organic extracts were
washed with brine (30 mL), dried (Na,SO,), filtered, and concentrated
in vacuo. Purification by flash chromatography on silica gel using
hexanes-EtOAc (19:1) as eluent gave the title compound (180 mg,
0.47 mmol, 62%) as a colorless solid; mp 134.6-137.4 °C.

IR (neat): 2980, 1596, 1489, 1451, 1428, 1380, 1359, 1297, 1269,
1205, 1133, 1090, 1047, 1029, 992, 966, 905, 850, 798, 733, 755, 696
cm !,

'H NMR (CDCl;, 400 MHz): 6 = 1.36 (s, 12 H, 4 x CH;), 1.38 (s, 12 H, 4 x
CHs), 2.35 (d, ] = 0.7 Hz, 3 H, CH,), 6.99 (s, 1 H, ArH), 8.14 (s, 1 H, ArH),
8.22 (s, 1 H, ArH), 8.99 (br s, 1 H, NH).

13C NMR (CDCl;, 100 MHz): & = 9.8 (CH;), 25.0 (4 x CHs), 25.1 (4 x
CH3), 83.4 (2 x C), 83.8 (2 x C), 112.0 (C), 121.6 (CH), 127.0 (C), 130.1
(CH), 135.9 (CH), 143.6 (C); 2 C not observed.

HRMS (ESI): m/z [M + HJ" calcd for [C,;H3,B,NO, + H]*: 384.2519;
found: 384.2512.

5,7-Dichloro-3-methylindole (3)

To a suspension of 2 (100 mg, 0.26 mmol) in MeOH (7.2 mL) and H,0
(0.8 mL) were added NaCl (46 mg, 0.79 mmol), 1,10-phenanthroline
(19 mg, 0.10 mmol, 40 mol%), and CuCl (5.0 mg, 0.05 mmol, 20 mol%).
The reaction mixture was heated to 50 °C and stirred for 16 h under
air. H,0 (30 mL) was added, and the whole was extracted with EtOAc
(3 x 30 mL). The combined organic extracts were washed with H,0
(30 mL) and brine (30 mL), dried (Na,SO,), filtered and concentrated
in vacuo. Purification by flash chromatography on silica gel using
hexanes-EtOAc (4:1) as eluent gave the title compound (15 mg, 0.08
mmol, 29%) as a white solid; mp 87.0-92.6 °C.

IR (neat): 3452, 2920, 2857, 1565, 1556, 1467, 1397, 1380, 1344,
1304, 1285, 1233, 1195, 1080, 1068, 857, 826, 801, 766, 742, 683 cm~'.

'H NMR (CDCl5, 400 MHz): 6 = 2.28 (d, J = 0.6 Hz, 3 H, CH;), 7.04 (s, 1
H, ArH), 7.18 (d,J = 1.4 Hz, 1 H, ArH), 7.45 (d, ] = 1.0 Hz, 1 H, ArH), 8.10
(brs, 1 H, NH).

13C NMR (CDCl;, 100 MHz): 6 = 9.7 (CH,), 112.8 (C), 116.8 (C), 117.3
(CH), 121.4 (CH), 123.6 (CH), 124.8 (C), 130.2 (C), 132.1 (C).

HRMS (ESI): m/z [M - H] calcd for [CqH,3>CILN - HJ: 197.9883;
found: 197.9879.

5,7-Dibromo-3-methylindole (4)

To a suspension of 2 (100 mg, 0.26 mmol) in MeOH (7.2 mL) and H,0
(0.8 mL) were added KBr (93 mg, 0.78 mmol), 1,10-phenanthroline
(19 mg, 40 mol%), and CuBr (7 mg, 20 mol%). The resulting mixture
was heated at 50 °C for 30 h under air. H,0 (30 mL) was added and the
whole was extracted with CH,Cl, (3 x 30 mL). The combined organic
extracts were washed with H,0 (30 mL) and brine (30 mL), dried
(Na,S0,), filtered, and concentrated in vacuo. Purification by flash
chromatography on silica gel using hexanes-EtOAc (9:1) as eluent
gave the title compound (26 mg, 0.09 mmol, 35%) as a colorless solid;
mp 73.7-79.9 °C.

IR (MeOH): 3090, 2980, 2936, 1686, 1618, 1442, 1393, 1349, 1289,
1233, 1204, 1053, 991, 856, 842 cm.

H NMR (CDCl;, 400 MHz): 6 = 2.27 (d, ] = 0.8 Hz, 3 H, CH,), 7.02 (d, ] =
0.8 Hz, 1 H, ArH), 7.45 (d, ] = 1.5 Hz, 1 H, ArH), 7.64 (d, J = 1.1 Hz, 1 H,
ArH), 8.07 (brs, 1 H, NH).

13C NMR (CDCl;, 100 MHz): & = 9.7 (CH3), 105.0 (C), 112.1 (C), 112.8
(C), 120.9 (CH), 123.4 (CH), 126.3 (CH), 130.6 (C), 133.8 (C).

HRMS (ESI): m/z [M - HJ- caled for [CoH,7°Br,N - H]": 285.8872;
found: 285.8881.

5,7-Diiodo-3-methylindole (5)

To a suspension of 2 (100 mg, 0.26 mmol) in MeOH (7.2 mL) and H,0
(0.8 mL) were added KI (130 mg, 0.78 mmol), 1,10-phenanthroline
(19 mg, 40 mol%), and Cul (10 mg, 20 mol%). The reaction mixture
was heated at 50 °C for 30 h under air. H,0 (15 mL) was added and the
whole was extracted with EtOAc (3 x 15 mL). The combined organic
extracts were washed with H,0 (15 mL) and brine (15 mL), dried
(Na,S0,), filtered, and concentrated in vacuo. Purification by flash
chromatography on silica gel using hexanes-EtOAc (9:1) as eluent
gave the title compound (42 mg, 0.11 mmol, 42%) as a pale yellow sol-
id; mp 77.2-83.9 °C.

IR (neat): 3436, 3056, 2909, 2850, 2172, 1704, 1681, 1597, 1559,
1535, 1489, 1447, 1434, 1413, 1377, 1336, 1297, 1272, 1231, 1200,
1141, 1092, 1075, 981, 912, 865, 842, 819, 801, 755, 726, 698 cm™".

H NMR (CDCl, 400 MHz): § = 2.26 (d, = 0.9 Hz, 3 H, CH,), 6.99 (d, ] =
0.8 Hz, 1 H, ArH), 7.78 (d, ] = 1.3 Hz, 1 H, ArH) 7.86 (d, ] = 0.7 Hz, 1 H,
ArH), 7.97 (br's, 1 H, NH).

13C NMR (CDCl;, 100 MHz): & = 9.9 (CHs), 82.3 (C), 112.8 (C), 122.8
(CH), 128.0 (CH), 130.5 (C), 137.1 (CH), 137.5 (C); 1 C not observed.
HRMS (ESI): m/z [M - H]- calcd for [CoH,I,N - H]~: 381.8595; found:
381.8599.

3-Methyl-5,7-diphenylindole (6)

To a solution of 2 (50 mg, 0.13 mmol) in 1,4-dioxane (2.5 mL) were
added iodobenzene (57 mg, 0.28 mmol), Pd(PPh;), (20 mol%, 30 mg),
and Cs,C0O3 (212 mg, 0.65 mmol). The reaction mixture was heated at
100 °C under an atmosphere of N, for 16 h. H,O (10 mL) was added
and the whole was extracted with EtOAc (3 x 10 mL). The combined
organic extracts were washed with brine (10 mL), dried (Na,SO,), fil-
tered, and concentrated in vacuo. Purification by flash chromatogra-
phy on silica gel using toluene-hexanes (3:1) as eluent gave the title
compound (29 mg, 0.10 mmol, 78%) as a colorless oil.

IR (MeOH): 3426, 2915, 1648, 1600, 1496, 1470, 1453, 1438, 1356,
1336, 1302, 1254, 1182, 1076, 1051, 1028, 965, 908, 869, 801, 753,
696, 656 cm™.

H NMR (CDCl;, 400 MHz): 6 = 2.41 (d, ] = 0.8 Hz, 3 H, CH,), 7.03 (d, ] =
0.9 Hz, 1 H, ArH), 7.32 (t,J = 7.3 Hz, 1 H, ArH), 7.38-7.54 (m, 6 H, ArH),
7.67-7.72 (m, 4 H, ArH), 7.78 (d, J = 1.3 Hz, 1 H, ArH), 8.15 (br s, 1 H,
NH).

13C NMR (CDCls, 100 MHz): 8 = 9.8 (CH;) 112.6 (C), 116.7 (CH), 121.8
(CH), 122.5 (CH), 125.7 (C), 126.4 (CH), 127.5 (3 x CH), 128.3 (2 x CH),
128.7 (2 x CH), 129.2 (2 x CH), 129.3 (C), 133.5 (C), 133.7 (C), 139.2
(C), 142.6 (C).

HRMS (ESI): m/z [M + H]* calcd for [C,;H;N + H]*": 284.1434; found:
284.1427.

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2017, 49, 4731-4737

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



4735

Synthesis A.S. Eastabrook, |. Sperry

N-Boc-3-Methyl-5,7-methoxyindole (7)

To a solution of 2 (100 mg, 0.26 mmol) in CH,Cl, (5 mL) and MeOH (5
mL) were added Cu(OAc),-H,0 (52 mg, 0.26 mmol), 4-dimethylamino-
pyridine (64 mg, 0.52 mmol), and molecular sieves 4 A (500 mg). The
reaction mixture was stirred at 40 °C under an atmosphere of air for
16 h. The mixture was filtered through a pad of MgSO,, then H,0 (20
mL) was added, and the whole was extracted with EtOAc (3 x 20 mL).
The combined organic extracts were washed with sat. aqg NH,CI (20
mL) and brine (20 mL), dried (Na,SO,), filtered, and concentrated in
vacuo. Purification by flash chromatography on silica gel using PE-
EtOAc (4:1) as eluent gave a colorless oil. This oil was suspended in
THF (1 mL) to which NaH (21 mg, 0.52 mmol) and (Boc),0 (113 mg,
0.52 mmol) were added. The reaction mixture was stirred at r.t. for 16
h. H,0 (20 mL) was added and the whole extracted with CH,Cl, (3 x
20 mL). The combined organic extracts were washed with sat. aq
NH,CI (20 mL), brine (20 mL), dried (Na,SO,), filtered, and concentrat-
ed in vacuo. Purification by flash chromatography on silica gel using
PE-EtOAc (19:1) as eluent gave the title compound (21 mg, 0.07
mmol, 27%) as a colorless oil.

IR (acetone): 2977, 2936, 1751, 1717, 1606, 1577, 1489, 1451, 1421,
1389, 1366, 1332, 1277, 1237, 1209, 1149, 1068, 1048, 1021, 995,
941, 908, 855, 815, 765, 739, 725, 670 cm™.

H NMR (CDCl,, 400 MHz): 8 = 1.60 (s, 9 H, 3 x CH,), 2.19(d, J = 1.4 Hz,
3 H, CH,), 3.86 (s, 3 H, OCH;), 3.90 (s, 3 H, OCH;), 6.46 (d, J = 2.2 Hz, 1
H, ArH), 6.51 (d,J=2.2 Hz, 1 H, ArH), 7.28 (d, ] = 1.2 Hz, 1 H, ArH).

13C NMR (CDCl;, 100 MHz): & = 9.7 (CHs), 28.1 (3 x CHs) 55.7 (CHj5),
55.9 (CH3), 82.6 (C), 93.1 (CH), 97.3 (CH), 115.8 (C), 119.7 (C), 126.1
(CH), 134.6 (C), 148.9 (C), 149.6 (C), 156.9 (C=0).

HRMS (ESI): m/z [M + Na]* calcd for [C;¢H,;NO4 + Na]*: 314.1363;
found: 314.1359.

7-Methoxy-3-methyl-5-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolan-
2-yl)indole (8)

To a solution of 2 (50 mg, 0.13 mmol) in CH,Cl, (4 mL) and MeOH (1
mL) was added Cu(OAc),-H,0 (15 mg, 60 mol%), DMAP (19 mg, 1.2
equiv) and molecular sieves 4 A (150 mg). The reaction mixture was
stirred at 40 °C for 8 h. The reaction mixture was filtered through
Celite®, washing with CH,Cl, (3 x 15 mL), then concentrated in vacuo.
Purification by flash chromatography on silica gel using PE-EtOAc
(9:1) as eluent gave the title compound (19 mg, 0.07 mmol, 51%) as a
colourless solid; mp 81.6-83.5 °C.

IR (neat): 3328, 2978, 2935, 1631, 1617, 1596, 1489, 1463, 1451,
1425, 1378, 1351, 1314, 1290, 1270, 1231, 1206, 1171, 1141, 1091,
1051, 995, 970, 913, 876, 858, 844, 835, 817, 799, 755, 711,692 cm™".
H NMR (CDCl;, 400 MHz): & = 1.38 (s, 12 H, 4 x CH,), 2.33 (d, ] = 0.8
Hz, 3 H, CH;), 3.99 (s, 3 H, CH3), 6.93 (d,J = 0.8 Hz, 1 H, ArH), 7.05 (s, 1
H, ArH), 7.76 (s, 1 H, ArH), 8.12 (br s, 1 H, NH).

13C NMR (CDCl3, 100 MHz): & = 9.9 (CHs), 24.9 (4 x CH;), 55.4 (CHs),
83.5 (2 x C), 106.7 (CH), 112.9 (C), 120.2 (CH), 121.2 (CH), 129.1 (C),
129.5 (C), 145.6 (C); 1 C not observed.

HRMS (ESI): m/z [M + NaJ* calcd for [C;6H,,BNO; + Na]*: 310.1581;
found: 310.1588.

5-Chloro-7-methoxy-3-methylindole (9)

To a solution of 8 (14 mg, 0.049 mmol) in MeOH (4.5 mL) and H,0 (0.5
mlL) were added CuCl (4.8 mg 0.049 mmol) and 1,10-phenanthroline
(8.8 mg, 0.049 mmol). The reaction mixture was stirred at r.t. for 16 h.
H,0 (20 mL) was added and the whole was extracted with CH,Cl, (3 x
20 mL). The combined organic extracts were washed with H,0 (20

mL) and brine (20 mL), dried (Na,SO,), filtered, and concentrated in
vacuo. Purification by flash chromatography on silica gel using hex-
anes-EtOAc (9:1) as eluent gave the title compound (5.3 mg, 0.027
mmol, 56%) as a colorless oil.

IR (MeOH): 3433, 2925, 2856, 1718, 1575, 1481, 1454, 1385, 1372,
1311, 1294, 1244, 1227, 1177, 1135, 1084, 1057 cm™.

H NMR (CDCls, 400 MHz): & =2.27 (d, J = 1.0 Hz, 3 H, CH,), 3.93 (s, 3
H, CH,), 6.61(d,J= 1.7 Hz, 1 H, ArH), 6.94 (q,J = 1.1 Hz, 1 H, ArH), 7.16
(d,J=1.3 Hz, 1 H, ArH), 8.07 (brs, 1 H, NH).

13C NMR (CDCls, 100 MHz): 8 = 9.7 (CHs), 55.6 (CH,), 103.1 (CH), 111.3
(CH), 112.0 (C), 122.2 (CH), 124.9 (C), 133.0 (C), 134.1 (C), 146.1 (C).
HRMS (ESI): m/z [M - H]J- caled for [C;oH;(**CINO - H]: 194.0378;
found: 194.0374.

5-Bromo-7-Methoxy-3-methylindole (10)

To a solution of 8 (15 mg, 0.052 mmol) in MeOH (1.8 mL) and H,0 (0.2
mL) were added CuBr (2.0 mg, 20 mol%), 1,10-phenanthroline (1.9
mg, 20 mol%), and KBr (9 mg, 0.076 mmol). The reaction mixture was
stirred at 50 °C for 16 h. H,0 (20 mL) was added and the whole was
extracted with CH,Cl, (3 x 20 mL). The combined organic extracts
were washed with H,0 (20 mL) and brine (20 mL), dried (Na,S0O,), fil-
tered, and concentrated in vacuo. Purification by flash chromatogra-
phy on silica gel using hexanes-EtOAc (9:1) as eluent gave the title
compound (5.0 mg, 0.021 mmol, 40%) as a colorless oil.

IR (MeOH): 3428, 2920, 2852, 1562, 1477, 1447, 1385, 1370, 1310,
1291, 1276, 1244, 1227, 1175, 1081, 1055 cm™.

H NMR (CDCls, 400 MHz): & =2.27 (d, J = 1.0 Hz, 3 H, CH,), 3.93 (s, 3
H, CH;), 6.73 (d,J = 1.4 Hz, 1 H, ArH), 6.93 (d,J = 1.0 Hz, 1 H, ArH), 7.32
(d,J=1.4Hz, 1H, ArH), 8.08 (brs, 1 H, NH).

13C NMR (CDCls, 100 MHz): 8 = 9.7 (CHs), 55.6 (Me), 95.5 (C), 105.6
(CH), 111.9 (C), 112.1 (C), 114.4 (CH), 122.0 (CH), 130.5 (C), 146.3 (C).
HRMS (ESI): m/z [M - H]" calcd for [C;oH;o’°BrNO - H]: 237.9873;
found: 237.9870.

5-lodo-7-methoxy-3-methylindole (11)

To a solution of 8 (11 mg, 0.038 mmol) in MeOH (4.5 mL) and H,0 (0.5
mL) were added Cul (7.3 mg 0.038 mmol) and 1,10-phenanthroline
(6.9 mg, 0.038 mmol). The reaction mixture was stirred at r.t. for 16 h.
H,0 (20 mL) was added and the whole was extracted with CH,Cl, (3 x
20 mL). The combined organic extracts were washed with H,0 (20
mL) and brine (20 mL), dried (Na,SO,), filtered, and concentrated in
vacuo. Purification by flash chromatography on silica gel using hex-
anes-EtOAc (9:1) as eluent gave the title compound (5.0 mg, 0.017
mmol, 45%) as a colorless oil.

IR (CDCl;): 3431, 2923, 2858, 1620, 1560, 1471, 1445, 1421, 1405,
1385, 1388, 1309, 1289, 1264, 1248, 1228, 1174, 1088, 1055 cm™.

H NMR (CDCl, 400 MHz): & = 2.26 (s, 3 H, CH,), 3.92 (s, 3 H, OCH),
6.87 (d,J =13 Hz, 1 H, ArH), 6.89 (q,J = 0.9 Hz, 1 H, ArH), 7.54 (d, ] =
1.3 Hz, 1 H, ArH), 8.08 (br s, 1 H, NH).

13C NMR (CDCl;, 100 MHz): § = 9.7 (CH3), 55.6 (CH3), 110.8 (CH), 111.5
(C), 121.1 (CH), 121.7 (CH), 126.1 (C), 131.5 (C), 146.5 (C), 153.0 (C).
HRMS (ESI): m/z [M - H]- caled for [CioH;oINO - H]: 285.9734;
found: 285.9737.

7-Methoxy-3-methyl-5-phenylindole (12)

To a solution of 8 (25 mg, 0.087 mmol) in 1,4-dioxane (1 mL) were
added iodobenzene (27 mg, 0.13 mmol), Pd(PPhs), (10 mol%, 10 mg),
and Cs,C0; (85 mg, 0.26 mmol). The reaction mixture was heated at
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100 °C under an atmosphere of N, for 24 h. H,O (10 mL) was added
and the whole was extracted with EtOAc (3 x 10 mL). The combined
organic extracts were washed with brine (10 mL), dried (Na,SO,), fil-
tered, and concentrated in vacuo. Purification by flash chromatogra-
phy on silica gel using toluene-PE (1:1) as eluent gave the title com-
pound (10 mg, 0.042 mmol, 48%) as a colorless oil.

IR (MeOH): 3422, 2934, 2857, 1628, 1586, 1477, 1450, 1427, 1408,
1385, 1373, 1322, 1304, 1278, 1221, 1165, 1077, 1052, 1027 cm™".

H NMR (CDCls, 400 MHz): & = 2.35 (d, J = 1.1 Hz, 3 H, CH,), 4.01 (s, 3
H, CH,), 6.88 (d,J= 1.1 Hz, 1 H, ArH), 6.97 (d, ] = 1.1 Hz, 1 H, ArH), 7.31
(tt,J=7.4,1.0 Hz, 1 H, ArH), 7.38 (s, 1 H, ArH), 7.44 (t, ] = 7.5 Hz, 2 H,
ArH), 7.66 (dd, ] = 7.8, 1.0 Hz, 2 H, ArH), 8.09 (br s, 1 H, NH).

13C NMR (CDCl;, 100 MHz): 6 = 9.8 (CH3;), 55.4 (CH;), 102.1 (CH), 110.4
(CH), 112.6 (C), 121.8 (CH), 126.2 (C), 126.3 (CH), 127.5 (2 x CH),
128.6 (2 x CH), 129.9 (C), 133.7 (C), 143.1 (C), 146.1 (C).

HRMS (ESI): m/z [M + NaJ* calcd for [C;4H;5NO + Na]*: 260.1046;
found: 260.1045.

5,7-Bis(4,4,5,5,-tetramethyl-1,3,2-dioxaborolan-2-yl)-N-(tert-bu-
toxycarbonyl)-L-tryptophan Methyl Ester (14)

N-Boc-L-tryptophan methyl ester (13; 150 mg, 0.47 mmol), bis(pinac-
olato)diboron (600 mg, mmol), [Ir(OMe)cod], (29 mg, 9 mol%), and
3,4,7,8-tetramethyl-1,10-phenanthroline (20 mg, 18 mol%) were sus-
pended in THF (3 mL) in a sealed tube and the reaction mixture was
heated to 80 °C for 70 h. The mixture was cooled to r.t. and concen-
trated in vacuo. The resulting crude material was suspended in AcOH
(0.5 mL) and Pd(OAc), (11 mg, 10 mol%) was added. The reaction mix-
ture was stirred at 30 °C for 16 h. Sat. aq NaHCO; (15 mL) was added
and the whole was extracted with EtOAc (3 x 15 mL). The combined
organic extracts were washed with brine (15 mL), dried (Na,SO,), fil-
tered, and concentrated in vacuo. Purification by flash chromatogra-
phy on silica gel using PE-EtOAc (4:1) as eluent gave the title com-
pound (111 mg, 0.19 mmol, 41%) as a colorless solid; mp 207.9-
211.6 °C; [a]p?° +25.4 (c 1.0, EtOAC).

IR (neat): 3451, 3348, 2979, 1754, 1699, 1591, 1504, 1371, 1332,
1313, 1265, 1210, 1137, 1065, 963, 851, 686, 694 cm™".

H NMR (CDCls, 400 MHz): § = 1.35 (d, ] = 4.0 Hz, 12 H, 4 x CH;), 1.38
(s, 12 H, 4 x CH,), 1.42 (s, 9 H, 3 x CHs), 3.33 (t, ] = 5.4 Hz, 2 H, CH,),
3.72's, (3 H, CH,), 4.63 (m, 1 H, CH), 5.05 (d, J = 8.0 Hz, 1 H, NH), 7.05
(d,J=2.2 Hz, 1H, ArH), 8.13 (d,J = 0.9 Hz, 1 H, ArH), 8.15 (s, 1 H, ArH),
9.19 (brs, 1 H, NH).

13C NMR (CDCl;, 100 MHz): § = 24.8 (2 x CHs), 25.0 (6 x CHs), 27.8
(CH,), 28.3 (3 x CHs), 52.2 (CH;), 54.0 (CH), 79.7 (C), 83.4 (2 C), 83.8 (2
(), 110.2 (C), 122.9 (CH), 126.2 (C), 129.9 (CH), 136.1 (CH), 143.3 (C),
155.3 (C=0), 172.7 (C=0); 2 C not observed.

HRMS (ESI): m/z [M + Na]* calcd for [CygH44B,N,0g + NaJ*: 593.3186;
found: 593.3174.

5,7-Diiodo-N-(tert-butoxycarbonyl)-L-tryptophan Methyl Ester
(15)

To a suspension of 14 (70 mg, 0.12 mmol) in MeOH (6.5 mL) and H,0
(0.7 mL) were added Cul (4.6 mg, 20 mol%), 1,10-phenanthroline (8.8
mg, 40 mol%), and KI (62 mg, 0.37 mmol). The reaction mixture was
heated to 40 °C for 16 h, then H,0 (20 mL) was added, and the whole
was extracted with EtOAc (3 x 20 mL). The combined organic extracts
were washed with sat. ag NH,CI (20 mL) and brine (20 mL), dried
(Na,S0,), filtered, and concentrated in vacuo. Purification by flash

chromatography on silica gel using PE-EtOAc (4:1) as eluent gave the
title compound (25 mg, 0.04 mmol, 36%) as a colorless solid; mp
129.8-131.6 °C; [x]p22 +27.7 (¢ 1.0, MeOH).

IR (neat): 3399, 2974, 1693, 1500, 1455, 1365, 1201, 1160, 1061 cm~'.

H NMR (CDCl,, 400 MHz): 8 = 1.45 (s, 9 H, 3 x CH,), 3.15 - 3.25 (m, 2
H, CH,), 3.71 (s, 3 H, CH,), 4.62-4.64 (m, 1 H, CH), 5.09 (d, J = 7.8 Hz, 1
H, NH), 7.03 (d, ] = 1.9 Hz, 1 H, ArH), 7.79 (d, J = 1.2 Hz, 1 H, ArH), 7.81
(d,J=1.0 Hz, 1 H, ArH), 8.20 (br's, 1 H, NH).

13C NMR (CDCl;, 100 MHz): § = 28.4 (CH, + 3 x CH;), 52.4 (CH,), 54.0
(CH), 80.1 (C), 83.0 (C), 111.5 (C), 124.0 (CH), 128.0 (CH), 129.8 (C),
137.4(C), 137.6 (CH), 155.0 (C=0), 172.3 (C=0); 1 C not observed.
HRMS (ESI): m/z [M + NaJ* calcd for [C;;H,0I,N,04 + Na]*: 592.9405;
found: 592.9405.

(+)-Plakohypaphorine C
The entire sequence was conducted at room temperature.

To a solution of 15 (24 mg, 0.042 mmol) in 1,4-dioxane (1 mL) was
added a solution of HCI in 1,4-dioxane (4.0 M, 0.5 mL). The reaction
mixture was stirred for 16 h and concentrated in vacuo. The crude
material was suspended in MeOH (3 mL) and K,CO5 (23 mg, 0.17
mmol) and Mel (0.02 mL, 0.25 mmol) were added. The mixture was
stirred for 6 h and then a 1 M solution of LiOH in H,0 (1 mL) was add-
ed. The mixture was stirred for 16 h and concentrated in vacuo. Puri-
fication by reverse phase chromatography using a gradient of H,0 to
H,0-MeOH (6:4) as eluent gave the title compound (15 mg, 0.030
mmol, 72%) as a pale yellow solid; mp 212.2-215.0 °C (Lit."* mp not
stated); [a]p?% +23.4 (¢ 0.1, MeOH-TFA, 8:1) {Lit."* [a]p** +29.1 (c 0.1,
MeOH-TFA, 8:1)}.

IR (neat): 3265, 1623, 1439, 1025, 958, 861, 846, 816 cm™".

H NMR (DMSO-d, 500 MHz): & =3.18 (s, 9 H, 3 x CH3), 3.22-3.09 (m,
2 H, CH,), 3.66 (dd, J = 10.3,3.4 Hz, 1 H, CH), 7.24 (s, 1 H, ArH), 7.69 (d,
J=0.8Hz, 1H,ArH),8.01(d,J = 1.0 Hz, 1 H, ArH), 11.04 (br s, 1 H, NH).

13C NMR (DMSO-dg, 125 MHz): § = 23.0 (CH,), 51.0 (3 x CH,), 78.4
(CH), 78.7 (C), 82.5 (C), 110.6 (C), 126.2 (CH), 127.1 (CH), 129.9 (C),
135.9 (CH), 137.1 (C), 166.7 (C=0).

HRMS (ESI): m/z [M + HJ* calcd for [C;,H;6l,N,0, + H]*: 498.9374;
found: 498.9378.
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