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General Considerations. Unless otherwise noted, all reactions were performed under an air 

atmosphere in oven-dried glassware. Commercially available reagents were purchased from Sigma-

Aldrich and used without further purification.  Reactions were stirred using Teflon-coated magnetic stir 

bars. Reactions were monitored via thin layer silica gel chromatography (TLC) using 0.25 mm silica gel 

60F plates with fluorescent indicator.  Plates were visualized under UV light without further staining. 

Products were purified via column chromatography using Silica gel 60, 230-400 mesh and the solvent 

system(s) indicated. 

 All compounds were characterized by 1H NMR spectroscopy and high-resolution mass spectrometry.  

Spectroscopic data for known compounds was compared to a literature reference. NMR spectra were 

measured on a Bruker 400 (1H at 400 MHz) nuclear magnetic resonance spectrometer. 1H chemical shifts 

are reported relative to the residual solvent peak (chloroform = 7.26 ppm) or tetramethylsilane (0.0 ppm) 

as follows: chemical shift (δ), (proton ID, multiplicity (s = singlet, bs = broad singlet, d = doublet, dd = 

doublet of doublet, t = triplet, q = quartet, etc.), coupling constant(s) in Hz, integration). High-resolution 

mass spectra were obtained using an ultra performance liquid chromatography mass spectrometer (UPLC-

MS).  

 The numbering scheme for the indolactam dipeptide scaffold is depicted in Figure S1.  
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Figure S1. Numbering Scheme for Indolactam Scaffold.
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Indolactam V (1). Compound 1 was synthesized by our established route and characterization data 

was consistent with the literature.1  1H NMR data for major conformer of 1 (400 MHz, CDCl3): δ 8.02 

(bs, 1H), 7.16 (bs, 1H), 7.08 (d, J = 8 Hz, 1H), 6.91 (m, 2H), 6.52 (d, J = 8 Hz, 1H), 4.41 (d, J = 10 Hz, 

1H), 4.33 (m, 1H), 3.75 (d, J = 8 Hz, 1H), 3.56 (m, 1H), 3.19 (d, J = 15 Hz, 1H), 3.06-3.14 (m, 2H), 2.94 

(s, 3H), 2.55–2.66 (m, 1H), 0.94 (d, J = 7 Hz, 3H), 0.64 (d, J = 7 Hz, 3H) ppm.  HRMS-ESI+ for 1: 

calculated for C17H23N3O2+H: 302.1869; Found: 302.1864. 

 

Pendolmycin (2).  Compound 1 (0.064 mmol, 19.3 mg) was charged into an oven-dried round bottom 

flask equipped with a magnetic stir and then dissolved in DMF (0.65 mL).  tert-Butyldimethylsilyl chloride 

(0.064 mmol, 9.5 mg), imidazole (0.32 mmol, 21.5 mg), and tetrabutylammonium iodide (0.0064 mmol, 

2.3 mg) were added directly to the stirring solution.  After 12 h at room temperature, the reaction was 

quenched with saturated aqueous NH4Cl (2.5 mL) and diluted with EtOAc (5 mL). The organic layer was 

separated, and the aqueous layer was extracted with EtOAc (2 × 5 mL).  The combined organic layers 

were washed with brine (20 mL), dried over MgSO4, concentrated in vacuo, and then purified by flash 

chromatography (20% EtOAc/hexanes) to afford TBSO-ILV (23.8 mg, 89% yield) as a colorless solid.  

Characterization data was consistent with the literature.2  The product was used directly in the subsequent 

transformation.  

Compound TBSO-ILV (0.031 mmol, 13.0 mg) was charged into an oven-dried round bottom flask 

equipped with a magnetic stir and then dissolved in THF (3.0 mL).  The solution was cooled to -78 °C 

using a dry ice-acetone bath.  N-bromosuccinimide (0.031 mmol, 5.6 mg) in THF (3.0 mL) was slowly 

added directly to the stirring solution over 2 min.  After 10 min at -78 °C, the reaction was warmed to -10 

°C using a saltwater ice bath. After an additional 10 min at -10 °C, the reaction was quenched with water 

(1 mL) and diluted with EtOAc (5 mL). The organic layer was separated, and the aqueous layer was 

extracted with EtOAc (2 × 5 mL).  The combined organic layers were washed with brine (10 mL), dried 

over MgSO4, concentrated in vacuo, and then purified by flash chromatography (25% EtOAc/hexanes) to 

afford Int-A (9.9 mg, 64% yield) as a colorless solid. Characterization data was consistent with the 

literature.2  The product was used directly in the subsequent transformation. 

Compound Int-A (0.056 mmol, 27.8 mg) was dried into a reaction tube equipped with magnetic stir 

bar. [(allyl)PdCl]2 (0.0056 mmol, 2.0 mg) and dicyclohexyl(2-(2-methoxynaphthalen-1-

yl)phenyl)phosphine (0.022 mmol, 12.2 mg) were charged into reaction tube.  The tube was sealed, and 

then evacuated and backfilled with argon (repeated twice).  3-methyl-2-butenylboronic acid pinacol 

boronate ester (0.083 mmol, 18.3 µL) followed by THF (0.40 mL) and 2.5 M K3PO4 (0.40 mL) in that 

order were added via syringe.  The reaction was then transferred to an oil bath preheated to 40 °C for 24 
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hours and then cooled to room temperature.  The reaction was quenched with water diluted with EtOAc 

(2.5 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (2 × 2.5 mL).  

The combined organic layers were dried over MgSO4, concentrated in vacuo, and then purified by flash 

chromatography (10% EtOAc/hexanes) to afford TBSO-2 (12.7 mg, 46% yield) as a yellow oil. The 

product was used directly in the subsequent transformation.   

Compound TBSO-2 (0.026 mmol, 12.7 mg) was charged into an oven-dried round bottom flask 

equipped with a magnetic stir and then dissolved in THF (0.60 mL).  The flask was cooled to 0 °C with 

ice water bath.  1.0 M TBAF in THF (0.26 mmol, 0.26 mL) was added dropwise to the stirring solution.  

After 15 min, the reaction was quenched with water (2 mL) and diluted with EtOAc (5 mL). The organic 

layer was separated, and the aqueous layer was extracted with EtOAc (3 × 5 mL).  The combined organic 

layers were dried over MgSO4, concentrated in vacuo, and then purified by flash chromatography (70% 

EtOAc/hexanes) to afford 2 (8.5 mg, 87% yield) as a colorless oil.  Characterization data was consistent 

with the literature.2  1H NMR data for major conformer of 2 (400 MHz, CDCl3): δ 8.48 (bs, 1H), 7.02 (d, 

J = 8 Hz, 1H), 6.84 (m, 1H), 6.49 (d, J = 8 Hz, 1H), 6.15-6.22 (dd, J = 11,18 Hz, 1H), 5.33 (d, J = 18 Hz, 

1H), 5.22 (d, J = 11 Hz, 1H), 4.34 (d, J = 10 Hz, 1H), 4.30–4.35 (m, 1H), 3.74 (d, J = 12 Hz, 1H), 3.39–

3.57 (m, 2H), 3.39–3.32 (m, 1H), 3.17 (d, J = 17 Hz, 1H), 2.96-3.10 (m, 1H), 2.92 (s, 3H), 2.60 (m, 1H), 

1.51 (s, 3H), 1.48 (s, 3H), 0.92 (d, J = 7 Hz, 3H), 0.64 (d, J = 7.0, 3H) ppm.  HRMS-ESI+ for 2: calculated 

for C22H31N3O2+H: 370.2495; Found: 370.2491. 

 

Indolactam I (4).  Compound 4 was synthesized by our established route and characterization data 

was consistent with the literature.3  1H NMR data for for major conformer of 4 (400 MHz, CDCl3): δ 8.00 

(bs, 1H), 7.08 (t, J = 8 Hz, 1H), 6.84-6.98 (m, 3H), 6.50 (d, J = 8 Hz, 1H), 4.52 (d, J = 10 Hz, 1H), 4.30 

(m, 1H), 3.77 (d, J = 11 Hz, 1H), 3.56 (m, 1H), 3.21 (d, J = 17 Hz, 1H), 3.03 (dd, J = 4,17 Hz, 1H), 2.93 

(s, 3H), 2.42 (m, 1H), 2.36 (m, 1H), 1.34 (m, 1H), 0.91 (d, J = 6 Hz, 3H), 0.57-0.62 (m, 4H) ppm.  HRMS-

ESI+ for 4: calculated for C18H25N3O2+H: 316.2025; Found: 316.2023. 

 

 (9R,12S)-Indolactam V (5).  Compound 5 was synthesized by our established route and 

characterization data was consistent with the literature.4  1H NMR data for for major conformer of 5 (400 

MHz, CDCl3): 8.05 (bs, 1H), 7.05 (t, J = 8 Hz, 1H), 6.99 (d, J = 2 Hz, 1H), 6.96 (d, J = 8 Hz, 1H), 6.78 

(d, J = 8 Hz, 1H), 6.67 (d, J = 8 Hz, 1H), 4.49 (t, J = 3 Hz, 1H), 3.92 (s, 3H), 3.80 (d, J = 11 Hz, 1H), 3.46 

(dd, J = 3,3 Hz, 1H), 3.31 (dd, J = 4,4 Hz, 1H), 3.12 (s, 3H), 2.65 (m, 1H), 0.75 (d, J = 7 Hz, 3H), 0.70 (d, 

J = 7 Hz, 3H) ppm.  HRMS-ESI+ for 5: calculated for C17H23N3O2+H: 302.1869; Found: 302.1865. 
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Methyl indolactam V-9-carboxylate (6). Compound 6 was synthesized by our established route and 

characterization data was consistent with the literature.1  1H NMR data for for major conformer of 5 (400 

MHz, CDCl3): δ 8.20 (bs, 1H), 7.26 (m, 1H), 6.99 (d, J = 8 Hz, 1H), 6.94 (m, 1H), 6.91 (d, J = 8 Hz, 1H), 

5.26 (m, 1H), 5.11 (m, 1H), 3.70 (s, 3H), 3.28 (d, J = 15 Hz, 1H), 3.12 (d, J = 15 Hz, 1H), 3.05 (m, 1H), 

2.74 (s, 3H), 2.38 (m, 1H), 1.20 (d, J = 7 Hz, 3H), 0.94 (d, J = 7 Hz, 3H) ppm.  HRMS-ESI+ for 6: 

calculated for C18H23N3O3+H: 330.1818; Found: 330.1815. 

 

N-Acetylindolactam V (7).  Compound TBSO-ILV (0.048 mmol, 20.0 mg) was charged into an 

oven-dried round bottom flask equipped with a magnetic stir and then dissolved in DMSO (0.20 mL).  

NaH (60% in mineral oil, 2.9 mg) was added to the solution, and then the flask was cooled to 0 °C with 

an ice water bath.  After 10 min, acetic anhydride (0.10 mL) in DMF (0.10 mL) was added to the solution.  

After an additional 30 min at 0 °C, the reaction was quenched with water (1 mL) and diluted with EtOAc 

(3 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (2 × 3 mL).  

The combined organic layers were dried over MgSO4, concentrated in vacuo, and then purified by flash 

chromatography (20% EtOAc/hexanes) to afford protected N-Ac-TBSO-ILV (4.5 mg, 20% yield) and 

deprotected 7 (0.3 mg, 2% yield) as colorless solids.  N-Ac-TBSO-ILV can be converted to 7 in 54% 

yield by a literature procedure.5  Characterization data was consistent with the literature.5  1H NMR data 

for for major conformer of 7 (400 MHz, CDCl3): δ 8.10 (d, J = 8 Hz, 1H), 7.65 (bs, 1H), 7.22 (t, J = 8 Hz, 

1H), 7.14 (s, 1H), 6.76 (d, J = 8 Hz, 1H), 4.31 (m, 1H), 4.18 (d, J = 10 Hz, 1H), 3.78 (m, 1H), 3.60 (m, 

1H), 3.29 (m, 1H), 3.14 (d, J = 18 Hz, 1H), 3.07 (dd, J = 4,18 Hz, 1H), 2.92 (s, 3H), 2.60 (s, 3H), 2.57 (m, 

1H), 0.94 (d, J = 7 Hz, 3H), 0.64 (d, J = 7 Hz, 3H) ppm.  HRMS-ESI+ for 7: calculated for C19H25N3O3+H: 

344.1974; Found: 344.1972. 

 

N-Hexylindolactam V (8).  Compound TBSO-ILV (0.016 mmol, 6.7 mg) was charged into an oven-

dried round bottom flask equipped with a magnetic stir and then dissolved in DMSO (0.10 mL).  NaH 

(60% in mineral oil, 0.50 mg) was added, and the solution was allowed to stir at room temperature.  After 

30 min, 1-iodohexane (0.018 mmol, 2.6 µL) was added to the solution.  After an additional 2 h, the reaction 

was quenched with ice water (0.25 mL) and diluted with EtOAc (1 mL). The organic layer was separated, 

and the aqueous layer was extracted with EtOAc (2 × 1 mL).  The combined organic layers were dried 

over MgSO4, concentrated in vacuo, and then purified by flash chromatography (30% EtOAc/hexanes) to 

afford protected N-Hexyl-TBSO-ILV (2.8 mg, 35% yield) as a colorless solid. The product was used 

directly in the subsequent transformation. 
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Compound N-Hexyl-TBSO-ILV (0.006 mmol, 2.8 mg) was charged into an oven-dried round bottom 

flask equipped with a magnetic stir and then dissolved in THF (0.25 mL).  The flask was cooled to 0 °C 

with ice water bath.  1.0 M TBAF in THF (0.01 mmol, 0.01 mL) was added dropwise to the stirring 

solution.  After 15 min, the reaction was quenched with water (0.25 mL) and diluted with EtOAc (1 mL). 

The organic layer was separated, and the aqueous layer was extracted with EtOAc (2 × 1 mL).  The 

combined organic layers were dried over MgSO4, concentrated in vacuo, and then purified by flash 

chromatography (70% EtOAc/hexanes) to afford 8 (0.8 mg, 36% yield) as a colorless solid. 

Characterization data was consistent with the literature.6   1H NMR data for for major conformer of 8 (400 

MHz, CDCl3): δ 7.07 (t, J = 8 Hz, 1H), 6.97 (bs, 1H), 6.84 (t, J = 8 Hz, 1H), 6.77 (s, 1H), 6.50 (d, J = 8 

Hz, 1H), 4.39 (d, J = 10 Hz, 1H), 4.28 (m, 1H), 3.98 (d, J = 7 Hz, 2H), 3.77 (m, 1H), 3.50 (m, 1H), 3.18 

(m, 1H), 2.90–2.99 (m, 1H), 2.92 (s, 3H), 2.60 (m, 1H), 2.41 (m, 1H), 1.80 (m, 2H), 1.23–1.33 (m, 6H), 

0.93 (d, J = 7 Hz, 3H), 0.88 (t, J = 7 Hz, 3H), 0.64 (d, J = 7 Hz, 3H) ppm.  HRMS-ESI+ for 8: calculated 

for C23H35N3O2+H: 386.2808; Found: 386.2802. 

 

N-Isopropylindolactam V (9).  Compound TBSO-ILV (0.054 mmol, 22.3 mg) was charged into an 

oven-dried round bottom flask equipped with a magnetic stir and then dissolved in DMSO (0.35 mL).  

NaH (60% in mineral oil, 1.7 mg) was added, and the solution was allowed to stir at room temperature.  

After 30 min, 2-bromopropoane (0.059 mmol, 5.6 µL) was added to the solution.  After an additional 5 h, 

the reaction was quenched with ice water (0.25 mL) and diluted with EtOAc (1 mL). The organic layer 

was separated, and the aqueous layer was extracted with EtOAc (2 × 1 mL).  The combined organic layers 

were dried over MgSO4, concentrated in vacuo, and then purified by flash chromatography (10% 

EtOAc/hexanes) to afford protected N-Isopropyl-TBSO-ILV (5.0 mg, 35% yield) as a colorless solid. 

The product was used directly in the subsequent transformation. 

Compound N-Isopropyl-TBSO-ILV (0.011 mmol, 5.0 mg) was charged into an oven-dried round 

bottom flask equipped with a magnetic stir and then dissolved in THF (0.25 mL).  The flask was cooled 

to 0 °C with ice water bath.  1.0 M TBAF in THF (0.015 mmol, 0.015 mL) was added dropwise to the 

stirring solution.  After 15 min, the reaction was quenched with water (0.25 mL) and diluted with EtOAc 

(1 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (2 × 1 mL).  

The combined organic layers were dried over MgSO4, concentrated in vacuo, and then purified by flash 

chromatography (70% EtOAc/hexanes) to afford 9 (1.6 mg, 40% yield) as a colorless solid. 

Characterization data was consistent with the literature.5   1H NMR data for for major conformer of 9 (400 

MHz, CDCl3): δ 7.01-7.19 (m, 2H), 6.89 (bs, 1H), 6.89 (bs, 1H), 6.51 (bs, 1H), 4.59 (m, 1H), 4.39 (d, J = 

10 Hz, 1H), 4.28 (m, 1H), 3.75 (d, J = 8 Hz, 1H), 3.53 (d, J = 8 Hz, 1H), 3.18 (d, J = 17 Hz, 1H), 3.01 (dd, 
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J = 4,17 Hz, 1H), 2.91 (s, 3H), 2.62 (m, 1H), 2.60 (m, 1H), 1.53 (d, J = 7 Hz, 3H), 1.45 (d, J = 7 Hz, 3H), 

0.92 (d, J = 7 Hz, 3H), 0.64 (d, J = 7 Hz, 3H) ppm.  HRMS-ESI+ for 9: calculated for C20H29N3O2+H: 

344.2338; Found: 344.2339. 

 

N-Methylindolactam V (10) and (N1,O14)-Dimethylindolactam V (11).  Compound TBSO-ILV 

(0.058 mmol, 24.1 mg) was charged into an oven-dried round bottom flask equipped with a magnetic stir 

and then dissolved in DMSO (0.35 mL).  NaH (60% in mineral oil, 1.8 mg) was added, and the solution 

was allowed to stir at room temperature.  After 30 min, iodomethane (0.064 mmol, 4.0 µL) was added to 

the solution.  After an additional 2 h, the reaction was quenched with ice water (0.25 mL) and diluted with 

EtOAc (1 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (2 × 1 

mL).  The combined organic layers were dried over MgSO4, concentrated in vacuo, and then purified by 

flash chromatography (70% EtOAc/hexanes) to afford 10 (7.3 mg, 41% yield) and 11 (0.4 mg, 2% yield) 

as colorless solids. Characterization data was consistent with the literature.6    1H NMR data for for major 

conformer of 10 (400 MHz, CDCl3): δ  7.10–7.21 (m, 2H), 6.83 (d, J = 7 Hz, 1H), 6.75 (s, 1H), 6.50 (d, J 

= 7 Hz, 1H), 4.41 (d, J = 8 Hz, 1H), 4.29 (m, 1H), 3.74 (dd, J = 7,12 Hz, 1H), 3.69 (s, 3H), 3.55 (dd, J = 

7,12 Hz, 1H), 3.45 (m, 1H), 2.99–3.18 (m, 2H), 2.92 (s, 3H), 2.59 (m, 1H), 0.93 (d, J = 7 Hz, 3H), 0.64 

(d, J = 7 Hz, 3H) ppm; HRMS-ESI+ for 10: calculated for C18H25N3O2+H: 316.2025; Found: 316.2025.  
1H NMR data for for major conformer of 11 (400 MHz, CDCl3): δ 7.12 (t, J = 8.0 Hz, 1H), 6.86 (t, J = 8.0 

Hz, 1H), 6.75 (s, 1H), 6.54 (d, J = 8 Hz, 1H), 6.29 (bs, 1H), 4.40 (d, J = 10 Hz, 1H), 3.78 (m, 1H), 3.71 

(s, 3H), 3.35–3.47 (m, 3H), 3.34 (s, 3H), 3.17–3.22 (m, 1H), 2.94 (s, 3H), 2.63 (m, 1H), 0.93 (d, J = 7 Hz, 

3H), 0.64 (d, J = 7 Hz, 3H) ppm.  HRMS-ESI+ for 11: calculated for C19H27N3O2+H: 330.2182; Found: 

330.2179. 

 

7-Bromo-Indolactam V (12).  Compound Int-A (0.020 mmol, 10 mg) was charged into an oven-

dried round bottom flask equipped with a magnetic stir and then dissolved in THF (0.50 mL).  The flask 

was cooled to 0 °C with ice water bath.  1.0 M TBAF in THF (0.20 mmol, 0.20 mL) was added dropwise 

to the stirring solution.  After 15 min, the reaction was quenched with water (5 mL) and diluted with 

EtOAc (10 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (2 × 

10 mL).  The combined organic layers were dried over MgSO4, concentrated in vacuo, and then purified 

by flash chromatography (15% EtOAc/hexanes) to afford 11 (2.1 mg, 27% yield) as a colorless solid.  1H 

NMR data for for major conformer of 11 (400 MHz, CDCl3): δ 8.01 (bs, 1H), 7.18 (d, J = 8 Hz, 1H), 6.95 

(m, 2H), 6.40 (d, J = 8 Hz, 1H), 4.32 (d, J = 8 Hz, 1H), 4.23 (m, 1H), 3.74 (dd, J = 7,12 Hz, 1H), 3.55 (dd, 
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J = 7,12 Hz, 1H), 2.99–3.18 (m, 3H), 2.89 (s, 3H), 2.62 (m, 1H), 0.94 (d, J = 7 Hz, 3H), 0.62 (d, J = 7 Hz, 

3H) ppm.  HRMS-ESI+ for 12: calculated for C17H22N3O2Br+H: 380.0974; Found: 380.0969. 

 

7-Hydroxy-Indolactam V (13).  (1,5-cyclooctadiene)(methoxy)iridium(I) dimer (0.0038 mmol, 2.5 

mg), 4,4′-di-tert-butyl-2,2′-bipyridine (0.0075 mmol, 2.1 mg), and 1 (0.15 mmol, 45.6 mg) were charged 

into an oven-dried reaction tube equipped with a magnetic stir bar. The reaction tube was sealed and then 

evacuated and backfilled with argon (this process was repeated a total of 3 times).  THF (1 mL) was 

introduced to the flask to afford a clear-brown solution. Pinacolborane (0.75 mmol, 108 μL) was added in 

a single portion via a gastight syringe, the reaction tube was sealed and the resulting red solution was 

stirred at 60 °C. After 24 h, the reaction contents were cooled to 0 °C, and anhydrous dichloromethane 

(1.5 mL) was added while maintaining the argon atmosphere. Trifluoroacetic acid (1 mL) was then added 

dropwise via a gastight syringe (over ~3 min) to afford an orange solution, which was stirred at 0 °C for 

10 min and then warmed to 23 °C for another 30 min. The resulting solution was diluted with 

dichloromethane (25 mL) and washed with saturated aqueous sodium bicarbonate solution (25 mL). The 

organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure 

to give a brown residue that was purified by flash column chromatography on silica gel to provide the 7-

BPin-ILV (16 mg, 25% yield) as a colorless waxy solid. 

Compound 7-BPin-ILV (0.0468 mmol, 20 mg) was charged into an oven-dried round bottom flask 

equipped with a magnetic stir and then dissolved in THF (0.35 mL).  The solution was cooled to 0 °C with 

an ice water bath.  After 5 min, 3.0 M aqueous NaOH (42 μL) followed by 30% H2O2 (20 μL) were added 

via syringe.  After an additional 1 h at 0 °C, the reaction was quenched with water (0.15 mL) and the pH 

was adjusted (pH ≤ 7) via dropwise addition of 1% HCl.  The reaction was quenched with diluted with 

EtOAc (1 mL). The organic layer was separated, and the aqueous layer was extracted with EtOAc (2 × 1 

mL).  The combined organic layers were dried over MgSO4, concentrated in vacuo, and then purified by 

flash chromatography (60% EtOAc/hexanes) to afford 13 (3.1 mg, 21% yield) as a colorless solid.  1H 

NMR data for for major conformer of 13 (400 MHz, CDCl3): δ 7.60 (bs, 1H), 7.24 (m, 1H), 6.89 (d, J = 8 

Hz, 1H), 6.45 (d, J = 8 Hz, 1H), 6.31 (bs, 1H), 4.61 (m, 1H), 4.57 (d, J = 11 Hz, 1H), 4.18 (m, 2H), 3.90 

(d, J = 11 Hz, 1H), 3.36 (m, 1H), 2.95 (s, 3H), 2.81 (m, 2H), 2.55 (m, 1H), 0.79 (d, J = 7 Hz, 3H), 0.61 (d, 

J = 7 Hz, 3H) ppm.  HRMS-ESI+ for 13: calculated for C17H23N3O3+H: 318.1818; Found: 318.1817. 
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Biological Materials.  Vismodegib and (–)-lyngbyatoxin A (3) were purchased from Santa Cruz 

Biotechnology and Cayman Chemical Company, respectively.  Test compounds were prepared by the 

described synthetic procedures.  Compound 13 was found to be unstable.   All other biological reagents 

were of molecular biology grade and purchased from Sigma.  Unless noted otherwise, tissue culture media 

and additives were from Invitrogen. The Dual Luciferase Reporter Assay System, Bright-Glo reagent, and 

CellTiter 96 AQueous One Solution Cell Proliferation Assay System were from Promega.  

 

Ki values for inhibition of the specific binding of [3H]PDBu by Compound 8.6  PKC C1 peptide: a-

C1A = 5.8 ± 1.1 nM; b-C1A = 9.8 ± 1.6 nM; g-C1A = 18 ± 2.4 nM; d-C1A = 0.22 ± 0.04 nM; e-C1A = 

0.47 ± 0.12 nM; h-C1A = 0.34 ± 0.11 nM; q-C1A = 1.41 ± 0.03 nM. 

 

Cell Culture. Shh-LIGHT2 and NIH-3T3 cells were grown in DMEM containing 1% sodium pyruvate, 

1% penicillin/streptomycin, and 10% calf serum. Sufu-KO-LIGHT cells were grown in DMEM 

containing 1% sodium pyruvate, 1% penicillin/streptomycin, 10% fetal bovine serum, 150 μg/mL zeocin, 

and 400 μg/mL geneticin. C3H10T1/2 cells were grown in DMEM containing 1% sodium pyruvate, 1% 

penicillin/streptomycin, and 10% fetal bovine serum. ASZ001 cells were grown in M154CF containing 

1% penicillin/streptomycin, 2% chelated fetal bovine serum, human keratinocyte growth supplement 

(Invitrogen), and 0.05 mM CaCl2. All cell lines were grown at 37 °C with 5% CO2. Serum starvation was 

performed with media containing 0.5% fetal bovine serum for Sufu-KO-LIGHT, C3H10T1/2, and 

ASZ001 cells, 0.5% calf serum for Shh-LIGHT2 and NIH-3T3 cells, and 0.4% horse serum and 0.1% 

fetal bovine serum for TM3-Gli-Luc cells. 

 

Shh-LIGHT2 Assays. Shh-LIGHT2 cells were seeded in 96-well plates at a density of 3.5 x 104 

cells/well.  After 24 h, medium was changed to starvation media containing compounds at the 

concentration specified for 30 h. After 30 h, media was removed from all wells.  Cells were washed with 

PBS and then treated with Passive Lysis Buffer (20 µL/well, Promega Dual Luciferase Assay kit).  After 

15 min of rocking, 10 µL lysate was transferred to a white bottom assay plate, and Bright-Glo and Stop 

& Glo reagents were used to measure Firefly and Renilla luciferase signal on a GloMax luminometer.  Gli 

activity was calculated as the ratio of Firefly/Renilla luciferase signal.  For each compound, percent Gli 

inhibition was assessed versus Gli-driven luciferase activity induced by 200 nM SAG as a control (100%).  

All dose-response curves were generated using GraphPad Prism software, where the IC50 of a compound 

corresponds to the concentration that provokes a response halfway between the maximal (Top) response 

and the maximally inhibited (Bottom) response. 
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Sufu-KO-LIGHT Assays. Sufu-KO-LIGHT cells were seeded in 96-well plates at a density of 3.5 x 104 

cells/well.  After 24 h, medium was changed to starvation media containing compounds at the 

concentration specified. After 30 h, cells were incubated with 20 µL/well CellTiter AQueous One at 37 

°C for 30 min. Cell viability was measured at 490 nm on a Molecular Devices Spectramax M2 

spectrophotometer. Cells were then washed with PBS and incubated with 100 µL/well Bright-Glo reagent 

for 5 minutes at room temperature.  Firefly luciferase signal from total cell lysate was measured on a 

GloMax luminometer. Gli activity was calculated as the ratio of Firefly/CellTiter signal. For each 

compound, percent Gli inhibition was assessed Gli-driven luciferase activity in the presence of DMSO as 

a control (100%). All dose-response curves were generated using GraphPad Prism software, where the 

IC50 of a compound corresponds to the concentration that provokes a response halfway between the 

maximal (Top) response and the maximally inhibited (Bottom) response. 

 

NIH-3T3 Luciferase Assays.  NIH-3T3 cells were seeded 10-cm plates at a density of 2.5 x 105 cells/plate 

to 80% confluence over 36 h.   Cells were transfected with the pGL4.23-GW plasmid (Addgene plasmid 

#60323) using Lipofectamine 3000 (Invitrogen) according to manufacturer’s protocol.  After 24 h cells 

were dissociated and reseeded into 96-well plates at a density of 3.5 x 104 cells/well.  After 24 h, media 

was changed to starvation media containing compounds at the concentration specified.  After 30 h, cells 

were incubated with either 20 µL CellTiter AQueous One at 37 °C for 30 min or 100 µL Bright-Glo 

reagent at room temperature for 5 min.  Cell viability was measured as absorbance at 490 nm on a Tecan 

Spark 10M.  Firefly luciferase signal from total cell lysate was measured on a Tecan Spark 10M.  

Luciferase activity was calculated as the ratio of Firefly/CellTiter relative to DMSO (100%).  All dose-

response curves were generated using GraphPad Prism software. 

 

C3H10T1/2 Assays.  C3H10T1/2 cells were seeded in 96-well plates at a density of 1x104 cells/well.  

After 24 h, medium was changed to starvation media containing compounds at the concentration specified.  

After 48 h, cells were incubated with either 20 µL CellTiter AQueous One at 37 °C for 1 h or lysed in 50 

µL lysis buffer (100 mM Tris pH 9.5, 250 mM NaCl, 25 mM MgCl2, 1% Triton X-100) for 45 min at 

room temperature with rocking.  Cell viability was measured as absorbance at 490 nm on a Tecan Spark 

10M.  Alkaline phosphatase activity was measured by transferring 10 µL lysate to a 96-well white bottom 

assay plate and adding 50 µL of CDP-Star chemiluminescence reagent (Perkin-Elmer) and measuring the 

resulting chemiluminescence on a Tecan Spark 10M.  Gli activity was calculated as chemiluminescence 

relative to 200 nM SAG (100%).  All dose-response curves were generated using GraphPad Prism 
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software, where the IC50 of a compound corresponds to the concentration that provokes a response halfway 

between the maximal (Top) response and the maximally inhibited (Bottom) response. 

 

mBCC Assays.  ASZ001 cells were seeded in 96-well plates at a density of 3x104 cells/well.  After 24 h, 

medium was changed to starvation media containing compounds at the concentration specified.  After 72 

h, cells were incubated with 20 µL CellTiter AQueous One at 37 °C for 1 h.  Cell viability was measured 

as absorbance at 490 nm on a Tecan Spark 10M and calculated relative to DMSO (100%).  All dose-

response curves were generated using GraphPad Prism software, where the IC50 of a compound 

corresponds to the concentration that provokes a response halfway between the maximal (Top) response 

and the maximally inhibited (Bottom) response.  
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Table S1. Activation of luciferase enzyme by test compounds in NIH-3T3 cells transiently transfected 

with CMV-driven luciferase, normalized to CellTiter and calculated relative to DMSO (100%).  All values 

are the mean of n > 3 biological replicates ± s.e.m. 

   

  

Compound CMV luciferase at 100 nM (%) error
1 102.5 22.8
2 141.5 24.7
3 130.6 30.4
4 119.5 20.2
5 113.1 13.2
6 93.1 7.6
7 90.6 9.5
8 157.7 12.1
9 68.8 9.6
10 116.6 9.0
11 117.4 12.2
12 134.7 14.4

NIH-3T3



 S13 

References. 

1. Haynes-Smith, J.; Diaz, I.; Billingsley, K. L. Modular Total Synthesis of Protein Kinase C 

Activator (–)-Indolactam V. Org. Lett. 2016, 18 (9), 2008–2011. 

2. Nathel, N. F. F.; Shah, T. K.; Bronner, S. M.; Garg, N. K. Total Syntheses of Indolactam Alkaloids 

(–)-Indolactam V, (–)-Pendolmycin, (–)-Lyngbyatoxin A, and (–)-Teleocidin A-2.  Chem. Sci. 

2014, 5, 2184–2190. 

3. Mendoza, M.; Rao, N.; Tran, U.; Castaneda, C.; Billingsley, K. L. The Total Synthesis of (–)-

Indolactam I. Tetrahedron 2019, 75 (32), 4337–4342. 

4. Mendoza, M.; Eom, R.; Salas, C.; Haynes-Smith, J.; Billingsley, K. L. The Synthesis and 

Biological Evaluation of Indolactam Alkaloids. Synthesis 2019, 51 (23), 4443–4451.  

5. Irie, K.; Yanagita, R.C.; Torii, K.; Nakagawa, Y. Binding Selectivity of 1- or 12-Substituted 

Indolactam Derivatives for Protein Kinase C Isozymes. Heterocycles 2007, 72, 289–302. 

6. Nakagawa, Y.; Irie, K.; Komiya, Y.; Ohigashi, H.; Tsuda, K. Synthesis, Conformation and PKC 

Isozyme Surrogate Binding of Indolinelactam-Vs, New Conformationally Restricted Analogues 

of (−)-Indolactam-V. Tetrahedron 2004, 60 (33), 7077–7084. 

7. Irie, K.; Tokuda, H.; Hagiwara, N.; Koshimizu, K.; Hayashi, H.; Murano, S.; Ito, Y. Structure-

Activity Relationship in the Induction of Epstein-Barr Virus by Teleocidin Serivatives. Int. J. 

Cancer 1985, 36 (4), 485–488.  

 
 

 

 

 

 

 

 

 

 

 

 

  



 S14 
 

NH
N

O
O

H

N H

(−
)-p

en
do

lm
yc

in
 (2

)

[e
xis

ts
 a

s 
a 

m
ixt

ur
e 

of
 tw

o 
ro

ta
m

er
s]

CD
Cl
3



 S15 

 

0
1

2
3

4
5

6
7

8
9

1
0

f1
 (

p
p
m

)

0
.0

1
.0

×
1
0

6

2
.0

×
1
0

6

3
.0

×
1
0

6

4
.0

×
1
0

6

5
.0

×
1
0

6

6
.0

×
1
0

6

7
.0

×
1
0

6

8
.0

×
1
0

6

3.05

3.05
3.39

6.75

2.20

1.07

3.02
1.40

1.02

1.11

1.08

2.03

1.02

1.10

1.00

0.99
1.03
0.91
1.06

0.62

0.64

0.88

0.92

0.93

1.31

1.32

1.79

1.81

1.83

2.60

2.61

2.63

2.92

2.97

3.00

3.02

3.15

3.19

3.54

3.55

3.73

3.75

3.97

3.99

4.00

4.29

4.29

4.39

4.41

6.48

6.50

6.55

6.78

6.83

6.85

6.97

7.05

7.07

7.09

NH
N

O
O

H

N

N-
he

xy
lin

do
la

ct
am

 V
 (8

)

[e
xis

ts
 a

s 
a 

m
ixt

ur
e 

of
 tw

o 
ro

ta
m

er
s]

CD
Cl
3


