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General Information 

 
1H-NMR data were recorded on a Bruker Avance III 500 MHz spectrometer (TBI probe) and a 

Bruker Avance III 600 MHz spectrometer (BBFO probe) with calibration of spectra to CHCl3 

(7.26 ppm). 13C-NMR data were recorded at 150 MHz on a Bruker Avance III 600 MHz spectrom-

eter (BBFO probe) at ambient temperature (unless otherwise stated) and are expressed in ppm 

using solvent as the internal standard (CDCl3 at 77.16 ppm, CD2Cl2 at 53.84 ppm). Two-dimen-

sional NMR spectra, including COSY, HSQC, HMBC and NOESY were recorded on a Bruker 

Avance III 600 MHz spectrometer (BBFO probe). Infrared spectra were recorded on a JASCO 

FT/IRM4100 Fourier Transform Infrared Spectrometer. Electronic Paramagnetic Resonance spec-

tra was recorded on an Elexsys E500 CW-EPR spectrometer. Chemical shift values (δ) are ex-

pressed in ppm downfield relative to internal standard (tetramethylsilane at 0 ppm). Multiplicities 

are indicated as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet) and br s (broad singlet). 

Coupling constants are reported in hertz (Hz). Analytical thin layer chromatography (TLC) was 

performed on SILICYCLE pre-coated TLC plates (silica gel 60 F-254, 0.25 mm). Visualization 

was accomplished with UV light and/or with ceric ammonium molybdate (CAM) or KMnO4 stain-

ing solutions. Flash column chromatography was performed using Biotage® Isolera System on 

Biotage® SNAP Ultra columns (part No. FSUL-0442-0010 and FSUL-0442-0025). High resolu-

tion mass spectra were acquired from the Mass Spectrometry Laboratory of University of Illinois 

(Urbana-Champaign, IL).  

Reagents were used as received without purification unless stated otherwise. THF, methylene chlo-

ride and DMF were dried and purified by solvent system using the Glass Contour Solvent Purifi-

cation System® (from Pure Process Technology, LLC) by passing the solvents through two drying 

columns. 1,4-dioxane was purchased from TCI Chemical and dried over activated molecular 

sieves. 

 

ReI(CO)5 and [ReBr(CO)3thf]2 were prepared according to literature procedure.1-2 Starting mate-

rial compounds indoles 5a–l and precursor compounds 4a–e were prepared according to literature 

procedure.3-8 
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General Procedure for the Re-catalyzed Allylic Alkylation of Indole 

 

To a screw-capped vial, ReI(CO)5 powder (0.015 mmol, 6.7 mg) and 1.5 mL of 1,4-dioxane were 

added. The mixture was subjected to sonication for 1 min, followed by the addition of 1-methyl-

1-H-indole 5a (0.3 mmol, 37 µL) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.3 mmol, 

42.1 mg). The reaction mixture was stirred in an oil bath at 100 C until the indole was completely 

consumed as judged by TLC analysis.  The reaction was quenched by diluting with 30 mL of ethyl 

acetate, then washed with 2 x 10 mL water and 3 x 10 mL brine. The organic phase was then dried 

over anhydrous Na2SO4, and the crude product was obtained by the removal of the volatiles via 

rotary evaporation. The crude residue was then purified by flash silica chromatography (gradient 

from 100% hexanes to 95:5 Hexanes/EtOAc) on a Biotage Isolera system to obtain pure product 

7a as a colorless oil in 91% isolated yield.  

3-allyl-1-methyl-1H-indole (7a): colorless oil in 91% yield. Rf 0.21 in 2% 

EtOAc/Hexanes. 

 ¹H NMR (500 MHz, CDCl3) δ, ppm 7.60 (1H, td, J = 0.6, 8.0 Hz), 7.30 (1H, d, J 

= 7.2 Hz), 7.23 (1H, td, J = 7.1, 1.1 Hz), 7.11 (1H, td, J = 7.5, 0.9 Hz), 6.86 (1H, 

s), 6.12–6.04 (1H, m), 5.17 (1H, ddd, J = 1.8, 3.5, 17.1 Hz), 5.07 (1H, ddd, J = 1.9, 

3.4, 11.8 Hz), 3.76 (3H, s), 3.53 (2H, ddd, 1.3, 2.4, 6.5 Hz);  
13C NMR (150 MHz, CDCl3): 137.5, 137.2, 127.8, 126.5, 121.5, 119.2, 118.7, 115.0, 112.9, 109.1, 

32.6, 29.8. 

This is a known compound and the NMR spectra are consistent with literature data.9 

 

By applying the general allylic alkylation procedure to 1-methyl-1-H-indole 5a (0.3 mmol, 37 µL) 

and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-furan 4b (0.3 mmol, 37.9 mg), 7a was isolated in 86% 

yield. 

 

By applying the general allylic alkylation procedure to 1-methyl-1-H-indole 5a (0.45 mmol, 56 

µL) and ((prop-2-yn-1-yloxy)methyl)benzene 4c (0.3 mmol, 43.8 mg), 7a was isolated in 81% 

yield. 
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By applying the general allylic alkylation procedure to 5-chloro-1-methyl-1H-indole 5b (0.3 mmol, 

49.5 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.3 mmol, 42.2 mg), product 7b was 

isolated in 83% isolated yield. 

3-allyl-5-chloro-1-methyl-1H-indole (7b): pale yellow oil. Rf 0.31 in 20% 

EtOAc/Hexanes. 

¹H NMR (500 MHz, CDCl3) δ, ppm 7.55 (1H, d, J = 1.8 Hz), 7.20–7.15 (2H, 

m), 6.86 (1H, s), 6.07–6.00 (1H, m), 5.16 (1H, ddd, J = 1.8, 3.6, 17.0 Hz), 5.08 

(1H, ddd, J = 1.3, 2.9, 10.1 Hz), 3.73 (3H, s), 3.47 (2H, dd, J = 0.8, 6.4 Hz);  
13C NMR (150 MHz, CDCl3): 137.1, 135.6, 128.8, 127.9, 124.6, 121.8, 118.7, 115.4, 112.6, 110.2, 

32.8, 29.6. 

IR (film, cm-1): 2915, 1478, 1422, 1283, 1143, 913, 791. 

HRMS (ESI) calcd. for C12H13NCl (m/z M+H+): 206.0737, found: 206.0736. 

 

By applying the general allylic alkylation procedure to 5-methoxy-1-methyl-1H-indole 5c (0.3 

mmol, 48.3 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.3 mmol, 42.2 mg), product 

7c was isolated in 88% isolated yield. 

3-allyl-5-methoxy-1-methyl-1H-indole (7c): colorless oil. Rf 0.28 in 10% 

EtOAc/Hexanes. 

¹H NMR (500 MHz, CDCl3) δ, ppm 7.19 (1H, d, J = 8.7 Hz), 7.04 (1H, d, J = 

2.5 Hz), 6.90 (1H, d, J = 2.5, 8.7 Hz), 6.83 (1H, s), 6.10–6.04 (1H, m), 5.17 

(1H, ddd, J = 1.9, 3.6, 17.0 Hz), 5.08 (1H, dd, J = 1.7, 10.0 Hz), 3.87 (3H, s), 

3.72 (3H, s), 3.49 (2H, dd, J = 1.0, 6.7 Hz);  
13C NMR (150 MHz, CDCl3): 153.6, 137.4, 132.6, 128.0, 127.2, 115.0, 112.3, 111.7, 109.9, 

101.1, 56.0, 32.8, 29.8. 

IR (film, cm-1): 2943, 2830, 2040, 1578, 1491, 1226, 1037, 911, 792. 

HRMS (ESI) calcd. for C13H16NO (m/z M+H+): 202.1232, found: 202.1226. 

 

 

By applying the general allylic alkylation procedure to tert-butyl (1-methyl-1H-indol-5-yl)carba-

mate 5d (0.3 mmol, 73.8 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.45 mmol, 63.3 

mg), product 7d was isolated in 77% isolated yield. 
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tert-butyl (3-allyl-1-methyl-1H-indol-5-yl)carbamate (7d): colorless oil. Rf 

0.36 in 30% EtOAc/Hexanes.  

¹H NMR (500 MHz, CDCl3) δ, ppm 7.58 (1H, br s), 7.19–7.16 (2H, m), 6.82 

(1H, s), 6.46 (1H, br s), 6.08–6.02 (1H, m), 5.14 (1H, ddd, J = 1.8, 3.5, 17.0 

Hz), 5.12 (1H, dd, J = 1.8, 10.0 Hz), 3.48 (2H, d, J = 5.8 Hz), 1.54 (9H, s);  
13C NMR (150 MHz, CDCl3): 153.5, 137.4, 134.2, 130.1, 127.9, 127.3, 115.2, 115.0, 112.8, 

109.7, 109.3, 79.9, 32.7, 29.6, 28.5. 

IR (film, cm-1): 3338, 2976, 2920, 1698, 1540, 1493, 1360, 1240, 1163. 

HRMS (ESI) calcd. for C17H23N2O2 (m/z M+H+): 287.1760, found: 287.1766. 

 

 

By applying the general allylic alkylation procedure to 5-nitro-1-methyl-1H-indole 5e (0.3 mmol, 

52.8 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.45 mmol, 63.3 mg), product 7e was 

isolated in 71% isolated yield. 

3-allyl-1-methyl-5-nitro-1H-indole (7e): bright yellow oil. Rf 0.28 in 20% 

EtOAc/Hexanes. 

¹H NMR (500 MHz, CDCl3) δ, ppm 8.55 (1H, d, J = 2.2 Hz), 8.12 (1H, dd, J 

= 3.0, 9.8 Hz), 7.29 (1H, d, J = 9.0 Hz), 6.99 (1H, s), 6.08–5.99 (1H, m), 5.17 

(1H, ddd, J = 1.6, 3.3, 17.0 Hz), 5.12 (1H, ddd, J = 1.4, 3.1, 10.2 Hz), 3.81 

(3H, s), 3.53 (2H, dd, J = 1.1, 6.4 Hz);  
13C NMR (150 MHz, CDCl3): 141.1, 139.9, 136.3, 129.6, 127.1, 117.4, 116.7, 116.1, 116.0, 

109.0, 33.1, 29.3. 

IR (film, cm-1): 3082, 2910, 2987, 1619, 1513, 1089, 922, 894, 806. 

HRMS (ESI) calcd. for C12H13N2O2 (m/z M+H+): 217.0977, found: 217.0983. 

 

By applying the general allylic alkylation procedure to 1-methyl-1H-indole-5-carbonitrile 5f (0.3 

mmol, 47.8 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.45 mmol, 63.3 mg), product 

7f was isolated in 51% isolated yield. 

3-allyl-1-methyl-1H-indole-5-carbonitrile (7f): yellow oil. Rf 0.33 in 30% 

EtOAc/Hexanes. 

¹H NMR (500 MHz, CDCl3) δ, ppm 7.93 (1H, d, J = 0.8 Hz), 7.44 (1H, dd, J 

= 1.4, 8.7 Hz), 7.32 (1H, d, J = 8.3 Hz), 6.96 (1H, s), 6.05–5.97 (1H, m), 5.15 

(1H, ddd, J = 1.6, 3.3, 16.8 Hz), 5.10 (1H, ddd, J = 1.2, 3.0, 10.0 Hz), 3.78 

(3H, s), 3.54 (2H, dd, J = 1.0, 6.4 Hz);  
13C NMR (150 MHz, CDCl3): 138.6, 136.5, 128.7, 125.0, 124.5, 121.0, 115.9, 114.2, 110.0, 

101.7, 32.8, 29.4. 
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IR (film, cm-1): 2921, 2220, 1619, 1491, 1385, 995, 912, 800. 

HRMS (ESI) calcd. for C13H13N2 (m/z M+H+): 197.1079, found: 197.1075. 

 

 

By applying the general allylic alkylation procedure to methyl 1-methyl-1H-indole-5-carboxylate 

5g (0.3 mmol, 56.8 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.45 mmol, 63.3 mg), 

methyl 3-allyl-1-methyl-1H-indole-5-carboxylate 7g was isolated along with an unknown impu-

rity, the yield was adjusted to 68% based on an estimate of approximately 90% purity of 7g 

Methyl 3-allyl-1-methyl-1H-indole-5-carboxylate (7g): colorless oil. Rf 

0.29 in 15% EtOAc/Hexanes. 

¹H NMR (500 MHz, CDCl3) δ, ppm 8.36 (1H, d, J = 0.6 Hz), 7.93 (1H, dd, 

J = 1.2, 8.2 Hz), 7.28 (1H, d, J = 8.8 Hz), 6.90 (1H, s), 6.11–6.03 (1H, m), 

5.17 (1H, dd, J = 2.5, 17.6 Hz), 5.09 (1H, dd, J = 1.2, 10.0 Hz), 3.94 (3H, 

s), 3.76 (3H, s), 3.54 (2H, d, J = 6.4 Hz);  
13C NMR (150 MHz, CDCl3): 168.3, 139.6, 137.0, 128.4, 127.9, 123.0, 122.2, 120.7, 115.5, 

114.9, 108.8, 51.8, 32.8, 29.5. 

IR (film, cm-1): 2949, 1709, 1615, 1435, 1247, 1104, 769. 

HRMS (ESI) calcd. for C14H16NO2 (m/z M+H+): 230.1181, found: 230.1180. 

 

 

By applying the general allylic alkylation procedure to 4-bromo-1-methyl-1H-indole 5h (0.3 mmol, 

63.0 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.3 mmol, 42.2 mg), product 7h was 

isolated in 81% isolated yield. 

3-allyl-4-bromo-1-methyl-1H-indole (7h): colorless oil. Rf 0.30 in 10% 

EtOAc/Hexanes. 

¹H NMR (500 MHz, CDCl3) δ, ppm 7.26 (1H, dd, J = 0.5, 7.4 Hz), 7.22 (1H, dd, 

J = 0.8, 8.3 Hz), 7.02 (1H, t, J = 8.1 Hz), 6.87 (1H, s), 6.20–6.12 (1H, m), 5.17 

(1H, ddd, J = 1.8, 3.7, 8.6 Hz), 5.12 (1H, apparent t, J = 1.2 Hz), 3.82 (2H, dd, J 

= 1.2, 6.4 Hz), 3.73 (3H, s);  
13C NMR (150 MHz, CDCl3): 138.4, 138.3, 128.3, 125.7, 123.3, 122.3, 115.2, 114.5, 114.2, 

108.5, 32.8, 30.6. 

IR (film, cm-1): 3071, 2909, 2035, 1540, 1451, 1412, 1257, 1012, 912. 

HRMS (ESI) calcd. for C12H13NBr (m/z M+H+): 250.0231, found: 250.0226. 
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By applying the general allylic alkylation procedure to 1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-di-

oxaborolan-2-yl)-1H-indole 5i (0.3 mmol, 77.1 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-py-

ran 4a (0.3 mmol, 42.2 mg), 7i was isolated with an unknown impurity, the yield was adjusted to 

79% based on the assumption of 90% purity of 7i. 

3-allyl-1-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-in-

dole (7i): light yellow oil. Rf 0.21 in 10% EtOAc/Hexanes. 

¹H NMR (500 MHz, CDCl3) δ, ppm 8.11 (1H, s), 7.68 (1H, dd, J = 1.2, 8.0 

Hz), 7.28 (1H, d, J = 8.8 Hz), 6.82 (1H, s), 6.14–6.05 (1H, m), 5.15 (1H, 

ddd, J = 1.7, 3.3, 17.1 Hz), 5.06 (1H, ddd, J = 1.4, 3.3, 10.0 Hz), 3.74 (3H, 

s), 3.54 (2H, dd, J = 1.2, 6.6 Hz), 1.38 (12H, s);  
13C NMR (150 MHz, CDCl3): 139.1, 137.4, 127.9, 127.5, 127.1, 126.8, 126.6, 115.1, 114.0, 

108.5, 83.4, 32.6, 29.5, 24.9. 

IR (film, cm-1): 2981, 2931, 2041, 1985, 1613, 1378, 1346, 1139, 962, 689. 

HRMS (ESI) calcd. for C18H25NO2B (m/z M+H+): 298.1978, found: 298.1971. 

 

 

By applying the general allylic alkylation procedure to 1,2-dimethyl-1H-indole 5j (0.3 mmol, 43.5 

mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.3 mmol, 42.2 mg), product 7j was iso-

lated with inseparable starting material 1,2-dimethyl-1H-indole. The yield is adjusted to 83% 

based on H-NMR integrations. 

3-allyl-1,2-dimethyl-1H-indole (7j): colorless oil. Rf 0.30 in 5% EtOAc/Hex-

anes. 

¹H NMR (500 MHz, CDCl3) δ, ppm 7.51 (1H, d, J = 8.0 Hz), 7.26 (1H, d, J = 8.0 

Hz), 7.16 (1H, t, J = 7.4 Hz), 7.07 (1H, t, J = 7.4 Hz), 6.00–5.94 (1H, m), 5.06 

(1H, ddd, J = 1.6, 3.7, 17.0 Hz), 4.99 (1H, dd, J = 1.7, 9.9 Hz), 3.66 (3H, s), 3.49 

(2H, d, J = 6.8 Hz), 2.36 (3H, s);  
13C NMR (150 MHz, CDCl3): 137.7, 136.6, 133.2, 127.7, 120.5, 118.7, 118.1, 114.2, 108.6, 

108.5, 29.5, 28.9, 10.2. 

IR (film, cm-1): 3059, 2915, 1474, 1368, 1252, 1184, 990, 906, 739. 

HRMS (ESI) calcd. for C13H16N (m/z M+H+): 186.1283, found: 186.1287. 
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By applying the general allylic alkylation procedure to 1-benzyl-1H-indole 5k (0.3 mmol, 62.1 

mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.45 mmol, 63.3 mg), product 7k was iso-

lated with inseparable starting material 1-benzyl-1H-indole 5k. The yield is adjusted to 64% based 

on H-NMR integrations.  

3-allyl-1-benzyl-1H-indole (7k): a yellow oil. Rf 0.35 in 5% EtOAc/Hexanes. 

This is a known compound and the 1H-NMR and 13C-NMR spectra of the isolated mixture con-

tains compound 7k according to the literature data.10 

 

 

By applying the general allylic alkylation procedure to 1-benzyl-5-methoxy-1H-indole 5l (0.3 

mmol, 71.1 mg) and 2-(prop-2-yn-1-yloxy)tetrahydro-2H-pyran 4a (0.45 mmol, 63.3 mg), product 

7l was isolated with inseparable unknown impurity in 71% yield. The actual yield of 7l was esti-

mated at around 62% based on the 90% purity. 

3-allyl-1-benzyl-5-methoxy-1H-indole (7l): yellow oil. Rf 0.32 in 15% EtOAc/Hexanes.  

This is a known compound and the 1H-NMR and 13C-NMR spectra of the isolated mixture con-

tains compound 3l according to the literature data.11 

 

 

By applying the general allylic alkylation procedure to 1-methyl-1H-indole 5a (0.3 mmol, 39.3 

mg) and 2-((2-methylbut-3-yn-2-yl)oxy)tetrahydro-2H-pyran 4e (0.6 mmol, 100.8 mg), product 8 

was isolated with 90% yield.  

1-methyl-3-(3,3,6-trimethylhepta-1,5-dien-4-yl)-1H-indole (8): yellow oil. Rf 

0.36 in 5% EtOAc/Hexanes 
1H NMR (600 MHz, CDCl3) δ, ppm 7.67 (1H, d, J = 7.5 Hz), 7.27 (1H, d, J = 

10.0 Hz), 7.20 (1H, t, J = 8.4 Hz), 7.10 (1H, t, J = 6.7 Hz), 6.85 (1H, s), 6.01 (1H, 

dd, J = 11.1, 17.8 Hz), 5.56 (1H, dd, J = 2.2, 10.4 Hz), 4.96 (2H, ddd, J = 2.2, 

11.0, 18.6 Hz), 3.75 (4H, m), 1.73 (3H, s), 1.64 (3H, s), 1.08 (3H, s), 1.02 (3H, s).  
13C NMR (150 MHz, CDCl3) δ, ppm 147.2, 136.3, 130.7, 128.7, 126.8, 126.2, 121.1, 119.9, 118.5, 

116.3, 111.1, 109.0, 45.0, 41.2, 32.7, 26.1, 25.6, 25.5, 18.1. 

IR (film, cm-1): 3053, 2961, 2924, 2901, 1468, 1373, 1328, 1154, 909, 738. 

HRMS (ESI) calcd. for C19H26N2 (m/z M+H+): 268.2065, found: 268.2066. 
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Isotopic Labeling and KIE Experiments 
 

Deuterated compound 9, 14 and 17 were prepared according to the literature procedure.12-14 

 

1. Isotopic Labeling Experiment 

 

 
By applying the general allylic alkylation procedure to 1-methyl-1H-indole (0.3 mmol, 39.3 mg) 

5a and ((prop-2-yn-1-yloxy)methyl-d2)benzene 9 (D, 98%) (0.3 mmol, 44.5 mg), deuterio product 

(Z)-12 and protio product 7a were isolated as an inseparable 9:1 mixture, respectively, with a com-

bined yield of 77%. 

2. Determination of Rate Determining Step by Kinetic Isotopic Effect 

 

 
To a screw capped vial, ReI(CO)5 powder (0.05 mmol, 22.4 mg) and 8 mL of 1,4-dioxane were 

added. The mixture was subjected to sonication for 1 min, followed by the addition of 1-methyl-

1-H-indole 5a (1 mmol, 131.7 mg), deuterio propargyl ether 14 (D, 89%) (2 mmol, 294.4 mg) and 

protio propargyl ether 4c (2 mmol, 292.0 mg). The reaction mixture was stirred in an oil bath which 

was preheated to 100 ºC.  Aliquots of 0.5 mL of the reaction mixture were taken respectively 0.5 

h, 1 h, 2 h and 3 h after the reaction started. The residue of the reaction mixture was collected by 

the removal of organic solvent via rotary evaporation and then subjected to 1H-NMR spectroscopy. 

The residue of the 3 h aliquot was purified by flash silica chromatography (gradient from 100% 

hexanes to 95:5 Hexanes/EtOAc) on a Biotage Isolera system to obtain an inseparable mixture of 

both the deuterio and protio allylic alkylation products 16 and 7a, along with unreacted starting 

materials.  After the mass of the starting material contaminants was subtracted from the total mass 

of the purified sample (as judged by 1H NMR), we calculated a 53% combined yield of 16 and 7a 

based on the 0.5 mL volume of the 3 h aliquot. The ratio between 16 and 7a was found to be 1:2.4, 

respectively.  This ratio, which was corrected to 1:2 to account for the starting deuterium level of 

14 (D, 89%), was similar to the ratio observed in the unpurified 3 h sample and was interpreted to 

represent the KIE for this reaction. 
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3. Determination of the Product Distribution Step by Kinetic Isotopic Effect. 

 

 
By applying the general allylic alkylation procedure to 1-methyl-1H-indole 5a (0.3 mmol, 39.3 

mg) and ((prop-2-yn-1-yloxy)methyl-d)benzene 17 (D, 92%) (0.3 mmol, 44.1 mg), deuterio prod-

uct (Z)-12 and protio product 7a were isolated as an inseparable 1:2.1 mixture, respectively, with 

a combined yield of 77%.  This ratio was corrected to 1:1.9 to account for the starting deuterium 

level of 17 (D, 91.5%) and interpreted to represent the KIE for this reaction, 
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