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1. General 

 

The NMR spectra were recorded on a Bruker Avance III (500 MHz) spectrometer. Chemical shifts 

are given in parts per million (δ) downfield from tetramethylsilane as the internal standard. 

Deuterochloroform was used as a solvent, unless otherwise stated. Mass spectral data were recorded 

using Agilent MSD TOF spectrometer coupled with Agilent 1200 HPLC or Agilent Technologies 

5975C MS coupled with Agilent Technologies 6890N GC. IR spectra were recorded on a IR Termo 

Scientific NICOLET iS10 (4950) spectrometer. Flash chromatography employed silica gel 60 (230-400 

mesh) while thin layer chromatography was carried out using alumina plates with 0.25 mm silica layer 

(Kieselgel 60 F254, Merck). Compounds were visualized by staining with potassium permanganate 

solution. The solvents were purified by distillation before use. Melting points were not corrected. 
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2. Synthetic procedures 

 

2.1. General procedure for the t-BuOK promoted N-allyl to N-vinyl double bond migration  
 

A mixture of allyl indoles (0.1 mmol), and t-BuOK (0.45 mmol, 4.5 eq) in DMSO (3.0 mL) was 

stirred at r.t. The reaction was monitored by t.l.c. and when completed (1-3 h) Et2O (30 mL) was added 

and the mixture washed with H2O (3 x 5 mL). The combined etheral layers were then dried (Na2SO4) 

and the solid separated by filtration. The filtrate was evaporated under reduced pressure and the oily 

residue was purified by column chromatography (SiO2, petroleum ether/ether) to afford the product. 

 

 

2.2. General procedure for the NaH promoted N-allyl to N-vinyl double bond migration 

 

 A mixture of allyl indoles (0.38 mmol), and NaH (1.72 mmol, 4.5 eq) in DMSO (11.5 mL) was 

stirred at r.t. The reaction was monitored by t.l.c. and when completed (3-24 h) Et2O (50 mL) was 

added and the mixture washed with H2O (3 x 10 mL). The combined etheral layers were then dried 

(Na2SO4) and the solid separated by filtration. The filtrate was evaporated under reduced pressure and 

the oily residue was purified by column chromatography (SiO2, petroleum ether/ether) to afford the 

product. 

 

2.3. Spectral data for synthesised compounds 

 

 

1-(Prop-1-enyl)-1H-indole (6) 

N

 
Isolated after column chromatography (SiO2 petroleum ether) as colourless oil in 85 % yield as E 

isomer. The other isomer is present in trace amount. 

IR νmax: 1671, 1460, 1325, 1228, 737 cm-1.  

1H NMR (500 MHz, CDCl3) δ 1.88 (dd, 3H, CH3, J=6.5 and 1.5 Hz,), 5.71-5.79 (m, 1H, 

CH3CHCHN), 6.56 (d, 1H, ArH, J=3.0 Hz), 6.97 (dd, 1H, CH3CHCHN, J=14.0 and 1.5 Hz), 7.10-7.14 

(m, 1H, ArH), 7.21-7.24 (m, 1H, ArH), 7.32 (d, 1H, ArH, J=3.0 Hz), 7.44 (dd, 1H, ArH, J=8.0 and 0.5 

Hz), 7.60 (dt, 1H, ArH, J=8.0 and 1.0 Hz ); 
13C NMR (125 MHz, CDCl3) δ 15.3, 103.7, 109.5, 110.8, 120.2, 121.0, 122.2, 124.3, 124.8, 128.7, 

135.3; 

m/z (EI): 157.1 (M+), 142, 130.1, 117, 102, 89.1. 

HRMS (ESI): calculated for C11H11N (M+H)+ 158.09643, found  158.09503. 
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6,7,8,9-(Tetrahydro-9-prop-1-enyl)-5H-carbazole (8) 

N

 
Isolated after column chromatography (SiO2  98:2 v/v petroleum ether-ether) as a colourless oil in 99 % 

yield as 1:5 mixture of Z/E isomers. 

IR νmax: 2923, 1668, 1460, 1373, 734 cm-1 
1H NMR (500 MHz, CDCl3) δ 1.59 (dd, 3H, CH3, Z isomer, J=7.0 and 2.0 Hz), 1.84-1.91 (dd+m, 8H, 

CH3, E  isomer+5H Z/E CH2 groups, J=7.0 and 2.0 Hz), 2.60-2.62 (m, 2H, Z isomer, CH2 groups), 

2.69-2.73 (m, 9H, Z/E CH2 groups), 5.77-5.84 (m, 2H, CH3CHCHN, E and Z isomers), 6.52 (dq, 1H, 

CH3CHCHN Z isomer, J=8.0 and 2.0 Hz), 6.71 (dq, 1H, CH3CHCHN, E isomer, J=14.3 and 2.0 Hz), 

7.07-7.16 (m, 5H, ArH, Z and E isomers), 7.43-7.46 (m, 3H, ArH, Z and E isomers); 
13C NMR (125 MHz, CDCl3) δ 13.3, 15.8, 21.0, 22.6, 22.9, 23.2, 23.3, 23.4, 110.1, 110.2, 111.0, 

116.3, 117.6, 117.7, 119.1, 119.6, 120.8, 121.2, 123.9, 124.3, 125.5, 127.9, 135.1, 135.7; 

m/z (EI): 211.1 (M+), 196.1, 183.1, 168.1, 154.1, 143.0. 

HRMS (ESI): calculated for C15H17N (M+H)+  212. 14338, found  212.14269. 

     

 

1-(Prop-1-enyl)-1H-benzo[d]imidazole (10) 

N

N

 
Isolated after column chromatography (SiO2 ether) as colourless oil in 68 % yield as 5:1 mixture of Z/E 

isomers. 

IR νmax: 1489, 1458, 1229, 934, 739 cm-1 
1H NMR (500 MHz, CDCl3) δ 1.80 (dd, 3H, CH3, Z isomer, J=7.0 and 2.0 Hz), 1.93 (dd, 3H, CH3, E 

isomer, J=7.0 and 1.5 Hz), 5.81-5.87 (m, 1H, CH3CHCHN, Z isomer), 6.03-6.10 (m, 1H, CH3CHCHN, 

E isomer), 6.75 (dq, 1H, CH3CHCHN, Z isomer, J=8.3 and 2.0 Hz), 6.87 (dq, 1H, CH3CHCHN, E 

isomer, J=14.0 and 1.5 Hz), 7.30-7.36 (m, 5H, ArH, Z/E isomer), 7.48-7.51 (m, 1H, ArH, E isomer), 

7.82-7.84 (m, 2H, ArH, Z/E isomer), 7.99, (s, 1H, ArH, Z isomer), 8.06 (s, 1H, ArH, E isomer); 
13C NMR (125 MHz, CDCl3) δ 12.8, 15.3, 110.2, 117.8, 120.2, 120.4, 121.7, 122.6, 122.6, 123.4, 

123.5, 123.6, 133.7, 140.9, 142.3, 142.9; 

m/z (EI): 158.1 (M+), 141.9, 130.0, 118.1, 104.0, 91.0; 

HRMS (ESI): calculated for C10H10N2 (M+H)+ 159.09167 found 159.09170. 
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1-(Prop-1-enyl)-1H-benzo[d][1,2,3]triazole (12) 

N

N

N

 
Isolated after column chromatography (SiO2 4:1 v/v petroleum ether-ethyl-acetate) as colourless oil in 

51 % yield as 1:8 mixture of Z/E isomers. 

IR νmax: 1677, 1453, 1175, 1053, 934 cm-1 
1H NMR (500 MHz, CDCl3) δ 1.98 (dd, 3H, CH3, Z isomer, J=7.0 and 2.0 Hz), 2.01 (dd, 3H, CH3, E 

isomer, J=7.0 and 1.5 Hz), 5.96-5.99 (m, 1H, CH3CHCHN, Z isomer), 6.50-6.57 (m, 1H, CH3CHCHN, 

E isomer), 7.06 (dd, 1H, CH3CHCHN, Z isomer, J=9.0 and 2.0 Hz), 7.32 (dq, 1H, CH3CHCHN, E 

isomer,  J=14.3 and 1.5 Hz), 7.34-7.42 (m, 2H, ArH, Z/E), 7.47-7.64 (m, 3H, ArH, Z/E), 7.64-7.66 (m, 

1H, ArH, E isomer), 8.06-8.09 (m, 2H, ArH, Z/E); 
13C NMR (125 MHz, CDCl3) δ 15.5, 110.0, 118.7, 120.2, 123.8, 124.3, 127.9, 146.1; 

m/z (EI): 159.0 (M+), 130.0, 116.0, 103.0, 91.0, 77.1; 

HRMS (ESI): calculated for C9H9N3 (M+H)+ 160.08692 found 160.08708. 

 

 

2-Iodo-N-(1-(1-(prop-1-enyl)-1H-indol-2-yl)but-3-enyl)benzamide (14) 

N

HN

O

I

 
Isolated after column chromatography (SiO2 3:2 v/v petroleum ether-ether) as colourless solid (mp 127-

129 °C) in 95 % yield as 2:1 mixture of Z/E isomers. 

IR νmax: 3272, 1661, 1521, 1458, 739 cm-1 
1H NMR (500 MHz, CDCl3) δ 1.57 (d, 3H, CH3, Z isomer, J=5.0 Hz), 1.97 (d, 3H, CH3, E isomer, 

J=6.5 Hz), 2.81-2.87 (m, 2H, =CHCH2CH), 5.12-5.26 (m, 2H, CH2=CHCH2CH), 5.48 (q, 1H, 

CH2CHNH, Z isomer, J=7.0 Hz), 5.60 (q, 1H, CH2CHNH, E isomer, J=7.0 Hz), 5.89-5.96 (m, 2H, 

=CHCH2CHNH,), 6.03-6.06 (m, 1H, CH3CH=CHN, Z and E isomers), 6.55 (d, 1H, ArH, J=15.0 Hz ), 

6.74 (d, 1H, CH3CH=CHN, Z isomer, J=8.0 Hz), 6.86 (d, 1H, CH3CH=CHN, E isomer, J=14.0 Hz), 

7.08-7.21 (m, 4H, ArH), 7.33-7.34 (m, 2H, ArH), 7.50-7.59 (m, 1H, ArH), 7. 85 (d, 1H, ArH, J=8.0 

Hz); 
13C NMR (125 MHz, CDCl3) δ 13.1 (CH3, Z isomer), 15.7 (CH3, E isomer), 38.8 (=CHCH2CH), 38.9 

(=CHCH2CH), 45.8, 46.2, 92.4, 100.5, 100.9, 110.9, 111.0, 118.7 (CH2=CHCH2CH), 120.1, 120.4, 

120.5 (2C), 122.2, 122.4, 123.6 (CH3CH=CHN Z isomer), 124.3(CH3CH=CHN E isomer), 127.4, 

127.7, 128.1, 128.2, 129.0, 131.2, 133.6, 133.7, 136.7, 136.8, 138.8, 139.4, 140.1, 141.7, 167.9;  

m/z (EI): 456.1 (M+), 415.1, 281.0, 253.1, 230.9, 207.0, 168.0; 
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HRMS (ESI): calculated for C22H21IN2O (M+H)+ 457.07713 found 457.07780. 

 

 

Ethyl 1-(1-(prop-1-enyl)-1H-indol-2-yl)but-3-enylcarbamate (16) 

N

NHCO2Et

 
Isolated after column chromatography (SiO2 4:1 v/v petroleum ether-ether) as a white solid (mp 104-

106 °C) in 56 % yield as 4:1 mixture of Z/E isomers. 

IR νmax: 3294, 1688, 1541, 1460, 1265, 742 cm-1 
1H NMR (500 MHz, CDCl3) δ 1.23 (t, 3H, NHCO2CH2CH3, J=7.0 Hz), 1.53-1.55 (m, 3H, 

CH3CHCHN), 2.62-2.67 (m, 2H, CH2=CHCH2CH), 4.11 (q, 2H, NHCO2CH2CH3, J=7.0 Hz), 4.83-

4.86 (m, 1H, NH), 4.96-4.98 (m, 1H, CH2=CHCH2CH), 5.09-5.17 (m, 2H, CH2=CHCH2CH), 5.73-5.81 

(m, 1H, CH2=CHCH2CH), 5.97-6.03 (m, 1H, CH3=CHCH2N), 6.50 (s, 1H, ArH), 6.62-6.63 (m, 1H, 

CH3CH=CHN), 7.09-7.14 (m, 2H,  ArH), 7.17-7.20 (m, 1H, ArH), 7.56-7.58 (m, 1H, ArH); 
13C NMR (125 MHz, CDCl3) δ 12.9 (CH3CHCHN), 14.6 (NHCO2CH2CH3), 39.4 (CH2CHCH2CH), 

47.6 (CH2=CHCH2CH), 60.9 (NHCO2CH2CH3), 99.9, 110.7, 118.4, 120.00 (CH2=CHCH2CH), 120.4, 

122.0, 123.7, 127.5, 129.0, 133.6, 136.7 (CH2=CHCH2N), 140.4 (CH2=CHCH2CH), 155.7; 

m/z (EI): 298.1 (M+), 257.1, 211.1, 196.1, 183.1, 168.1; 

HRMS (ESI): calculated for C18H22N2O2 (M+H)+ 299.17540 found 299.17567. 

 

 

N-((Z)-9,10-Dihydro-8H-azepino[1,2-a]indol-10-yl)-2-iodobenzamide (18) 

N

HN

O
I

 
Flash chromatography (SiO2, 4:1 v/v ether-petroleum ether) afforded the product 18 (79 %) as a white 

solid (mp 182-185 oC). 

IR νmax: 3289, 2923, 2853, 1636, 1518, 1463, 732 cm-1 
1H NMR (500 MHz, CDCl3) δ 2.26-2.32 (m, 1H, CH2CH2CH ring), 2.43-2.49 (m, 1H, CH2CH2CH 

ring), 2.61-2.64 (m, 2H, CH2CH2CH ring), 5.24 (dt, 1H, =CHCH2CH2 ring, J=10.0 and 4.5 Hz), 5.69 (t, 

1H, CH2CH2CH ring, J=8.5 Hz), 6.23 (d, 1H, NH, J=8.0 Hz), 6.57 (s, 1H, ArH), 7.00-7.02 (m, 1H, 

CH=CHCH2 ring), 7.09-7.16 (m, 2H, ArH), 7.22-7.25 (m, 1H, ArH), 7.35-7.44 (m, 3H, ArH), 7.56 (d, 

1H, ArH, J=7.5 Hz), 7.87 (d, 1H, ArH, J=8.0 Hz) 
13C NMR (125 MHz, CDCl3) δ 25.6, 30.6, 48.1, 92.3, 102.6, 109.4, 112.0, 120.7, 120.9, 122.5, 122.5, 

127.5, 128.2, 128.4, 131.3, 137.1, 139.9, 140.3, 141.9, 168.3; 

m/z (EI): 429.0, 354.9, 331.1, 281.0, 252.9, 207.0. 
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HRMS (ESI): calculated for C20H17IN2O (M+H)+ 429.04583 , found  429.04578. 

 

 

Ethyl (Z)-9,10-dihydro-8H-azepino[1,2-a]indol-10-ylcarbamate (20) 

N

NHCO2Et

 
Isolated after column chromatography (SiO2  7:3 v/v petroleum ether-ethyl acetate) as a white solid (mp 

118-120 oC) in 97 % yield. 

IR νmax: 3320, 1683,1525, 1245, 1041, 742 cm-1 
1H NMR (500 MHz, CDCl3) δ 1.26 (t, 3H, NHCO2CH2CH3, J=7.0 Hz), 2.12-2.18 (m, 2H, 

=CHCH2CH2 ring), 2.21-2.26 (m, 2H, =CHCH2CH2 ring), 4.15 (q, 2H, NHCO2CH2CH3, J=7.0 Hz), 

5.16-5.23 (m, 3H, (NH + =CHCH2CH2CH ring)), 6.45 (s, 1H, ArH), 6.98 (dt, 1H, CH=CHCH2 ring, 

J=9.5 and 2.0 Hz), 7.13 (dd, 1H, ArH, J=7.5 and 1.0 Hz), 7.21 (dd, 1H, ArH, J=7.0 and 1.0 Hz), 7.34 

(d, 1H, ArH, J=8.5 Hz), 7.54 (d, 1H, ArH, J=8.0 Hz); 
13C NMR (125 MHz, CDCl3) δ 14.6, 25.4, 31.4, 49.0, 61.1, 101.8, 109.3, 111.9, 120.63, 120.8, 122.3, 

122.5, 127.6, 137.0, 141.4, 155.7; 

m/z (EI): 270.1 (M+), 224.1,197.1, 181.1, 168.1, 154.1. 

HRMS (ESI): calculated for C16H18N2O2 (M+H)+ 271.14410 found 271.14323. 

 

 

(Z)-9,10-Dihydro-8H-azepino[1,2-a]indol-10-ol (22) 

N

OH

 
 Isolated after column chromatography (SiO2  4:1 v/v petroleum ether-ether) as a yellow solid 

(mp 98-99 oC) in 98 % yield. 

IR νmax: 3274, 15670, 1458, 1343, 1292, 1040, 733 cm-1 

1H NMR (500 MHz, CDCl3) δ 1.98 (d, 1H, OH, J=5.0 Hz), 2.13-2.19 (m, 1H, CH2CHHCH ring), 

2.26-2.32 (m, 1H, CH2CHHCH ring), 2.41-2.48 (m, 1H, =CHCHHCH2 ring), 2.63-2.71 (m, 1H, 

=CHCHHCH2 ring), 5.12 (ddd, 1H, CH2CHOH ring, J=8.0, 5.0 and 1.0 Hz), 5.21 (dt, 1H, CH=CHN 

ring, J=10.0 and 4.5 Hz), 6.53 (s, 1H, ArH), 6.99 (dt, 1H, CH=CHN ring, J=10.0 and 1.5 Hz), 7.14 (td, 

1H, ArH, J=8.0 and 1.0 Hz ), 7.21-7.25 (m, 1H, ArH), 7.37 (d, 1H, ArH, J=8.0 Hz), 7.55-7.57 (m, 1H, 

ArH); 
13C NMR (125 MHz, CDCl3) δ 24.2, 32.1, 67.8, 102.30, 109.4, 111.9, 120.7, 122.0, 122.4, 127.5, 

137.1, 143.3; 

m/z (EI): 199.1, 181.1, 167.0, 152.0; 

HRMS (ESI): calculated for C13H13NO (M+H)+ 200.10699 , found  200.10651. 
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1-(Prop-1-enyl)-1H-indole-2-carbonitrile (24) 

 

N

CN

 
Isolated after column chromatography (SiO2  99:1 v/v petroleum ether-ether) as a colourless oil in 73 % 

yield as 3.2:1 mixture of Z/E isomers. 

IR νmax: 2223, 1449, 1345, 936, 735 cm-1 
1H NMR (500 MHz, CDCl3) δ 1.67 (dd, 3H, J=7.0 and 2.0 Hz, CH3, Z isomer), 1.96 (dd, 3H, J=7.0 

and 1.5 Hz, CH3, E isomer), 6.05-6.11 (m, 1H, CH3CHCHN, Z isomer), 6.17-6.24 (m, 1H, 

CH3CHCHN, E isomer), 6.71 (dq, 1H, J=8.0 and 2.0 Hz, CH3CHCHN, Z isomer), 6.87 (dq, 1H, J=13.5 

and 1.5 Hz, CH3CHCHN, E isomer), 7.21-7.25 (m, 4H, ArH), 7.38-7.41 (m, 4H, ArH), 7.48 (dd, 1H, 

ArH, J=8.5 and 0.5 Hz), 7.63-7.68 (m, 1H, ArH); 
13C NMR (125 MHz, CDCl3) δ 13.2, 15.5, 108.9, 110.1, 111.1, 111.3, 113.6, 113.7, 113.9, 114.8, 

121.8, 122.0, 122.2, 122.3, 122.4, 122.5, 123.1, 126.0, 126.1, 126.2 (2C), 129.7, 136.9, 137.4; 

m/z (EI): 182.1 (M+), 167.0, 154.0, 142.1, 128.0, 115.0.  

HRMS (ESI): calculated for C12H10N2 (M+H)+  183. 09167, found  183.09084. 

 

 

N-(8,9-Dihydropyrido[1,2-a]indol-9-yl)-2-iodobenzamide (25) 

N

HN

O
I

 
Isolated after column chromatography (SiO2 3:2 v/v petroleum ether-ether) as a white needles (mp 178-

181 °C) in 92 % yield. 

IR νmax: 3436, 2921, 1647, 1462, 740 cm-1 
1H NMR (500 MHz, CDCl3) δ 2.58-2.63 ( m, 1H, =CH2CHNH ring), 2.83-2.87 (m, 1H, =CH2CHNH 

ring), 5.40-5.43 (dt, 1H, CH2CHNH ring, J=7.5 and 4.4 Hz), 5.66-5.70 (m, 1H, CH=CHCH2 ring), 6.17 

(d, 1H, CH=CHCH2 ring, J=8.0 Hz), 6.62 (s, 1H, ArH), 7.08-7.15 (m, 2H, ArH), 7.18-7.25 (m, 2H, 

ArH), 7.36-7.43 (m, 3H, ArH), 7.58 (d, 1H, ArH, J=7.7 Hz), 7.85 (d, 1H, ArH, J=8.0 Hz); 
13C NMR (125 MHz, CDCl3) δ 27.9 (=CH2CHNH ring), 43.7 (CH=CHCH2 ring), 92.3, 101.1, 105.7 

(=CHCH2CH ring), 108.6, 120.9, 121.1, 122.6, 122.8, 128.0, 128.2, 128.4, 131.3, 133.9, 134.4, 139.9, 

141.8, 168.5; 

m/z (EI): 413.1 (M+-1), 281.1, 230.9, 207.0, 167.0, 139.0 

HRMS (ESI): calculated for C19H15IN2O (M+H)+ 415.03018 found 415.02942. 
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Ethyl 8,9-dihidropyrido [1,2-a]indole-9-ylcarbamate (26) 

N

NHCO2Et

 
Isolated after column chromatography (SiO2 4:1 v/v petroleum ether-ether) as a pale yellow solid (mp 

125-128 °C) in 88 % yield.  

IR νmax: 3290, 1683, 1543, 1461, 1313, 716 cm-1 
1H NMR (500 MHz, CDCl3) δ 1.26 (t, 3H, NHCO2CH2CH3, J=7.0 Hz), 2.34-2.38 (m, 1H, CH2 ring), 

2.68-2.71 (m, 1H, CH2 ring), 4.15 (q, 2H, NHCO2CH2CH3, J=7.0 Hz), 5.10-5.19 (m, 2H, CH=CH-N), 

5.32-5.36 (m, 1H, CHNHCO2CH2CH3), 6.49 (s, 1H, ArH), 7.10-7.14 (m, 2H, 1 ArH + NH), 7.20-7.25 

(m, 1H, ArH), 7.34 (d, 1H, ArH, J=4.0 Hz ), 7.55 (d, 1H, ArH, J=4.0 Hz); 
13C NMR (125 MHz, CDCl3) δ 14.6 (NHCO2CH2CH3), 28.4 (CH2 ring),  44.9 (CH=CH-N), 61.1 

(NHCO2CH2CH3), 100.3, 105.6 (CHNHCO2CH2CH3), 108.5, 120.7, 120.9, 122.4, 122.7, 128.0, 134.4, 

135.0, 155.8; 

m/z (EI): 281.1 (M+), 256.1 209.1 183.1, 167.1, 154.1; 

HRMS (ESI): calculated for C15H16N2O2 (M+H)+ 257.12845 found 257.12879. 

 

 

4. Synthesis of (±)-debromoarborescidine B 
 

9-Allyl-4,9-dihydro-3H-β-carboline (28)1 

N

N

 
To a suspension of sodium hydride (44 mg, 1.0 mmol of a 60 % dispersion in mineral oil) in anhydrous 

DMF (1.0 mL) a solution of 3,4-dihydro-β-carboline 27 (100 mg, 0.59 mmol) in DMF (0.5 mL) was 

added dropwise with stirring at −10 oC under nitrogen. The mixture was stirred for 1 h at −10 oC and 

then cooled to −60 oC followed by dropwise addition of a solution of allyl bromide (78 mg, 0.64 mmol) 

in DMF (0.5 mL). Stirring was maintained for 2 h at −60 oC and methanol (0.1 mL), water (0.1 mL) 

and brine (6 mL) were added successively. The solution was extracted with dichloromethane (3 x 15 

mL), the organic extracts were combined, washed with water (10 mL) and dried over sodium sulphate. 

The solvent was removed under reduced pressure and the residue was purified by flash chromatography 

(SiO2, ether saturated with aqueous ammonia) to afford 28 as a colourless crystals (49 mg, 40 %), mp 

125-127oC. 
1H NMR (500 MHz, CDCl3) δ  2.89 (t, 2H, CH2CH2N, J=8.5 Hz),  3.91 (dd, 2H, CH2CH2N, J=8.5 and 

2.5 Hz), 4.83 (dt, 2H, CH2CH=CH2, J=5.0 and 1.5 Hz), 4.99 (dq, 1H, CH2CH=CH2, J=17.0 and 1.0 Hz), 

5.18 (dq, 1H, CH2CH=CH2, J=10.5 and 1.0 Hz), 6.01-5.94 (m, 1H, CH2CH=CH2), 7.14 (ddd, 1H, ArH, 
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J= 8.2, 8.0 and 2,0 Hz), 7.29-7.30 (m, 2H, ArH),  7.59 (d, 1H, ArH, J=8.0 Hz), 8.44 (t, 1H, CH=N, 

J=2.5 Hz);  
13C NMR (125 MHz, CDCl3) δ 19.1, 45.5, 48.5, 110.2, 115.9, 117.0, 120.1, 120.2, 124.3, 124.9, 

129.0, 133.1, 137.3, 150.2; 

 

 

Ethyl 1,9-diallyl-1,2,3,4-tetrahydro-β-carboline carboxylate (29)  

N

N

O

OEt

 
Compound 29 was synthesised following the modified literature procedure2: To a solution of 28 (75 

mg, 0.36 mmol) in THF (2 mL) ethyl chloroformate (43 mg, 0.40 mmol) was added dropwise with 

stirring under nitrogen at room temperature. The mixture was stirred at room temperature for additional 

40 minutes. Indium powder (83 mg, 0.72 mmol) and allyl bromide (124 mg, 1.0 mmol) were added to 

the solution and the resulting mixture was stirred at room temperature for 2 hours. The reaction was 

monitored by t.l.c. Upon completion of the reaction, the solvent was removed under reduced pressure 

and the residue was purified by flash chromatography (SiO2, 4:1 v/v petroleum ether-ether) to afford 

the product 29 (93 mg, 81 %) as a colourless oil. 

 

IR νmax: 3054, 2979, 2914, 1697, 1465, 1423, 1232, 1190, 1107,  1027, 920, 743 cm-1. 
1H NMR (500 MHz, CDCl3) δ (rotamers): 1.26 (t, 3H, J=7.0 Hz, CH3),  1.29 (t, 3H, CH3 J=7.0 Hz), 

2.49-2.56 (m, 2H), 2.64-2.68 (m, 2H), 2.72-2.77 (m, 2H), 2.82-2.95 (m, 2H), 3.24-3.52 (m, 2H), 4.14-

4.26 (m, 4H), 4.34 (dd, 1H, J=13.5 and 5.5 Hz), 4.56 (dd, 1H, J=13.5 and 5.5 Hz), 4.63-4.74 (m, 4H), 

4.94 (t, 2H, J=16.0 Hz), 5.06-5.19 (m, 6H), 5.31 (dd, 1H, J= 9.0 and 4.5 Hz), 5.54 (dd, 1H, J=10.0 and 

3.0 Hz), 5.80-5.98 (m, 4H), 7.08-7.11 (m, 2H), 7.16-7.19 (m, 2H), 7.23-7.25 (m, 2H), 7.46-7.50 (m, 

2H); 
13C NMR (125 MHz, CDCl3) δ (rotamers): 14.6 (2 C), 20.9, 21.3, 37.4, 37.9, 38.8, 38.9, 45.9, 46.0, 

50.0, 50.3, 62.0, 62.2, 107.6, 108.3, 109.6, 109.8, 116.8, 116.9, 117.4, 117.7, 118.1, 118.3, 119.3, 

119.5, 121.5, 121.7, 126.7,  133.0, 133.1, 133.9, 134.2, 134.5, 134.9, 136.9, 155.9, 156.3;  

m/z (EI): 324.2 (M+), 283.1, 255.1, 211.1, 169.1; 

HRMS (ESI): calculated for C20H24N2O2 (M+H)+ 325.19105 , found 325.19007. 
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2-Carbethoxy-1,9-(2-butenediyl)-1,2,3,4-tetrahydro-β-carboline (30)          

N

N

O

OEt

 
To a solution of 29 (39 mg, 0.1 mmol) in dry dichloromethane (2.0 mL) Grubbs catalyst 2nd generation 

(4.1 mg, 4 mol %) was added under nitrogen atmosphere. The resulting mixture was stirred under 

reflux for 30 minutes. Upon completion of the reaction, the solvent was removed under reduced 

pressure and the residue was purified by flash chromatography (SiO2, 7:3 v/v petroleum ether-ether) to 

afford the product 30 (35 mg, 98 %) as a colourless oil. Compound 30 was used in following reaction 

of isomerisation without further purification. 

 

IR νmax: 3351, 2979, 2917, 1696, 1466, 1423, 1238, 1109, 909, 738 cm-1.  
1H NMR (500 MHz, CDCl3) δ (rotamers) 1.31 (t, 3H, CH3, J=7.0 Hz), 2.59-2.77 (m, 2H), 2.77-2.83 

(m, 2H), 3.13-3.18 (m, 1H), 4.21-4.22 (m, 2H), 4.39-4.64 (m, 2H), 4.77-4.80 (m, 1H), 5.47-5.63 (m, 

1H), 5.82-5.84 (m, 2H), 7.09 (t, 1H, ArH, J= 7.5 Hz),  7.19 (t, 1H, ArH, J=7.5 Hz), 7.27 (d, 1H, ArH, 

J=8.0 Hz), 7.50 (d, 1H, ArH, J=6.0 Hz);  

HRMS (ESI): calculated for C18H20N2O2 (M+H)+ 297.15975 , found  297.15828. 

 

 

2-Carbethoxy-1,9-(1-butenediyl)-1,2,3,4-tetrahydro-β-carboline (31)                                 

N

N

O

OEt

 
Compound 31 was synthesised from carbamate 30 following the general isomerisation procedure 2.1 

and 2.2. The product was isolated after column chromatography (SiO2, 7:3 v/v petroleum ether-ether) 

as a colourless oil in 75 % yield. 

 

IR νmax: 3051, 2924, 1697, 1445, 1442, 1306, 1231, 1109, 739 cm-1.  
1H NMR (500 MHz, CDCl3) δ  1.31 (t, 3H, CH3, J=7.0 Hz), 2.11-2.18 (m, 2H, CH2CHN), 2.48-2.49 

(m, 2H, CH2CH=CHN), 2.74-2.83 (m, 2H, CH2CH2N), 3.04-3.09 (m, 1H, CH2CH2N), 4.22 (q, 2H, 

J=5.0 Hz), 4.47-4.55 (m, 1H, CH2CH2N), 5.07-5.17 (m, 1H, CH2CHN), 5.19 (dt, 1H, NCH=CH, J=9.5 

and 5.0 Hz), 6.96 (dt, 1H, NCH=CH, J=10.0 and 1.5 Hz), 7.13-7.16 (m, 1H, ArH), 7.22 (td, 1H, ArH, 

J=7.0 and 1.0 Hz), 7.35 (d, 1H, ArH, J=8.0 Hz), 7.49 (d, 1H, ArH, J=8.0 Hz) 
13C NMR (125 MHz, CDCl3) δ 14.7 (CH3), 21.7 (CH2CH2N), 26.7 (CH2CH=CHN), 31.9 (CH2CHN), 

39.1 (CH2CHN), 52.3 (CH2CH2N), 61.5 (CH2O), 109.2 (ArC), 111.6 (NCH=CH), 118.2 (ArC), 120.3 

(ArC), 121.7 (ArC), 122.0 (NCH=CH), 126.8 (ArC), 135.9 (ArC), 155.5 (C=O); 
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m/z (EI): 296.1 (M+), 267.1, 223.1, 194.1, 167.1; 

HRMS (ESI): calculated for C18H20N2O2 (M+H)+ 297.15975 , found 297.15863. 

 

 

(±)-Debromoarborescidine B (1b)                                                               

N

N

 
To a suspension of LiAlH4 (14 mg, 0.37 mmol, 60 % dispersion in mineral oil) in dry THF (2.0 mL) 

solution of  31 (21 mg, 0.07 mmol) in THF  (1.0 mL) was added dropwise with stirring under nitrogen 

atmosphere at room temperature. The resulting mixture was stirred under reflux for 3 hours. The 

reaction mixture was than cooled to room temperature, and the excess of LiAlH4 decomposed with H2O 

(0.1 mL) and 15 % NaOH (0.02 mL). After the filtration the residue was extracted with Et2O (3 x 15 

mL). The combined organic extracts were dried over sodium sulphate. The solvent was removed under 

reduced pressure and the residue was purified by flash chromatography (SiO2, ether saturated with 

aqueous ammonia) to afford the product 1b (13.5 mg, 80 %) as a colourless amorphous solid (mp 97-

102 oC). 

 

IR νmax: 3047, 2924, 2845, 2785, 1673, 1464, 1438, 1384, 1309, 740 cm-1.  
1H NMR (500 MHz, CDCl3) δ 1.85-1.92 (m, 1H, CH2CHN), 2.33-2.38 (m, 1H, CH2CHN), 2.40-2.45 

(m, 1H, CH2CH=CHN), 2.51-2.57 (m, 4H, CH3, CH2CH=CHN), 2.69-2.75 (m, 2H, CH2CH2N, 

CH2CH2N), 2.90-2.97 (m, 1H, CH2CH2N), 3.14 (ddd, 1H, CH2CH2N, J=11.0, 5.5 and 2.0 Hz), 3.41 

(brd, 1H, CH2CHN, J=10.5 Hz), 5.04-5.08 (m, 1H, NCH=CH), 6.93 (dt, 1H, NCH=CH, J=10.0 and 2.0 

Hz), 7.11-7.15 (m, 1H, ArH), 7.18-7.21 (m, 1H, ArH), 7.33 (d, 1H, ArH, J=8.0 Hz), 7.47 (d, 1H, ArH, 

J=7.5 Hz); 
13C NMR (125 MHz, CDCl3) δ 20.7 (CH2CH2N), 28.0 (CH2CH2CH=), 30.0 (CH2CH2CH=), 42.5 

(NCH3), 52.9 (CH2CH2N), 62.6 (CH2CHN), 109.1, 109.3, 110.0 (NCH=CH), 118.2 (ArC), 120.1 

(ArC), 121.8 (ArC), 122.0 (NCH=CH), 127.0 (ArC), 136.2 (ArC), 137.3 (ArC); 

m/z (EI): 238.2 (M+), 223.1, 209.1, 195.1, 180.1, 167.1;  

HRMS (ESI): calculated for C16H18N2 (M+H)+ 239.15428 , found 239.15319.  
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Compound 31 
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