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Experimental 

General Experimental: Unless otherwise noted, all reactions were carried out with 

magnetic stirring in flame-dried, round-bottom flasks under nitrogen. Plastic syringes 

were purged with nitrogen prior to use.  Benzyl bromide was passed through basic 

alumina and benzaldehyde was freshly distilled prior to use.  All other solvents and 

reagents were used as supplied (analytical or HPLC grade) without prior purification.   

Compounds 1a
i
, 1c

ii
, 1n

iii
 and 1o

iv
 were prepared according to literature procedures. 

TLC was performed with glass-backed silica gel plates and visualized either by UV 

detection (254 nm) or potassium permanganate (KMnO4) stain. Flash column 

chromatography was performed on an automated column chromatography platform.  

NMR spectra were recorded on 500 or 400 MHz NMR instruments in CDCl3. High 

resolution mass spectra (HRMS) were recorded using electrospray ionization on a Time 

of Flight (TOF) mass spectrometer. 

 

Experimental 

2-[(4-Methoxyphenyl)methylamino]benzaldehyde (1b) 

1. p-anisaldehyde,
    NaBH3CN, EtOH
2. MnO2, DCM

H

O

NHPMB

OH

NH2
1b  

To a solution of 2-aminobenzyl alcohol (41 mmol) in DCE (0.2 M) was added p-

anisaldehyde (1.1 eq) followed by sodium cyanoborohydride (5 eq).  The solution was 

stirred at room temperature overnight.  NaHCO3 (aq) was added and the aqueous phase 

was washed with DCM 3 times.  The combined organic layers were dried over MgSO4, 

filtered and concentrated in vacuo. The crude residue was purified by flash 

chromatography to yield 2-[(4-methoxyphenyl)methylamino]benzyl alcohol in 68% 

yield.  The alcohol (4.1 mmol) was dissolved in DCM (0.28 M) and MnO2 (6 equiv.) was 

added.  The solution was stirred at room temperature for 48 hours and filtered over a 

silica pad.  The pad was rinced with DCM before the organic solvent was removed.  The 

residue was purified by flash chromatography to yield title compound 1b as a yellow 

solid in 76% yield.  
1
H NMR (400 MHz, CDCl3): δ  9.80 (s, 1 H);  8.63 (s, 1 H);  7.44 (d, 

J = 7.72 Hz, 1 H);  7.31-7.26 (m, 1 H);  7.21 (d, J = 8.19 Hz, 2 H);  6.83 (d, J = 8.28 Hz, 2 
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H);  6.65 (t, J = 7.45 Hz, 1 H);  6.61 (d, J = 8.56 Hz, 1 H);  4.36 (d, J = 4.82 Hz, 2 H);  

3.75 (s, 3 H).
13

C NMR (101 MHz, CDCl3): δ 194.1, 158.9, 150.6, 136.7, 135.8, 130.2, 

128.3, 118.6, 115.2, 114.2, 111.3, 55.3, 46.1. HRMS (ESI) m/z calculated for C15H16NO2 

[M+H]
+
, 242.11756, found 242.11776. 

2-(benzylamino)-4,5-dimethoxy-benzaldehyde (1i) 

H

O

NH2

H

O

NHBn
1i

NaH, 18-C-6, BnBr
MeO

MeO

MeO

MeO

 

To a solution of 2-amino-4,5-dimethoxy-benzaldehyde
v
 (1.2 mmol) in THF (1M) was 

added NaH (1.2 equiv.) and 18-crown-6 (0.1 equiv.).  The solution was stirred for 20 

minutes before benzyl bromide (1 equiv.) in solution in THF (1M) was added.  The 

solution was stirred at room temperature for 24 hours before a saturated solution of 

aqueous NH4Cl was added. The aqueous layer was extracted (3x) with EtOAc. The 

combined organic layers were dried over MgSO4, filtered and concentrated in vacuo. The 

crude residue was purified by flash chromatography to yield the title compound 1i in 16% 

yield as an orange oil.  
1
H NMR (400 MHz, CDCl3): δ  9.70 (s, 1 H);  8.97 (s, 1 H);  7.40-

7.27 (m, 5 H);  6.94 (s, 1 H);  6.10 (s, 1 H);  4.50 (s, 2 H);  3.86 (s, 3 H);  3.79 (s, 3 H). 

13
C NMR (101 MHz, CDCl3): δ 191.1, 156.7, 148.4, 140.1, 138.4, 128.8, 127.4, 127.1, 

117.2, 111.1, 94.3, 56.6, 55.8, 47.0. HRMS (ESI) m/z calculated for C16H17NO3Na 

[M+Na]
+
, 294.11061, found 294.10996. 

Synthesis of aldehydes 1d to 1f and 1j to 1n 

OH

O

NH2

R
CH2N2, THF OMe

O

NHBn

R
Bn O

ZnCl2, NaBH3CN
MeOH

1. LiAlH4, THF
2. IBX, DMSO

H

O

NHBn

R

1d-n

3d-n 4d-n

OMe

O

NH2

R

5d-n

 

General Procedure 1 for the methylation of 2-aminobenzoic acids 



 S4 

To a solution of 2-amino-benzoic acid (1.0 equiv.) in EtOAc or THF (0.1 M) was added a 

1M solution of diazomethane in Et2O (5.0 equiv.) and the solution was stirred for 1 hour. 

Acetic acid (4.0 equiv.) was added to stop the reaction. The reaction mixture was poured 

into a saturated aqueous solution of NaHCO3 and it was extracted (3x) with EtOAc. The 

combined organic layers were dried over MgSO4, filtered and concentrated in vacuo to 

furnish methyl 2-aminobenzoate (71-100% yields). No further purification of these 

products was necessary.  

General Procedure 2 for the reductive amination of methyl 2-aminobenzoates  

To a solution of methyl 2-aminobenzoate (1.0 equiv.), benzaldehyde (2.0 equiv.), and 

zinc chloride (1.7 equiv.) in MeOH (0.50 M) was added sodium cyanoborohydride (1.7 

equiv.) at room temperature. The mixture was stirred at room temperature for 2-12 hours 

(if any starting material was still visible by TLC after this time, the mixture was refluxed 

for 1-2 hour).  A saturated solution of aqueous NH4Cl was added to the mixture and the 

later was extracted (3x) with EtOAc. The combined organic layers were dried over 

MgSO4, filtered and concentrated in vacuo. The crude residue was purified by flash 

chromatography to yield the corresponding methyl 2-(benzylamino)benzoate (15-99% 

yields). 

General Procedure 3 for the LiAlH4 reduction of methyl 2-(benzylamino)benzoates  

To a solution of methyl 2-(benzylamino)benzoate (1.0 equiv.) in THF (0.100 M) is added 

LAH (3.5 equiv.) in portions at 0 °C. The mixture is stirred for 30-60 minutes while 

warming up to room temperature. The reaction is stopped by adding a saturated aqueous 

solution of ammonium chloride. The mixture is extracted 3x with EtOAc and the 

combined organic layers are dried over MgSO4, filtered, and concentrated in vacuo. The 

crude residue is then used crude in the IBX oxidation reaction (if sufficiently clean) or 

purified by flash chromatography before being oxidized. This furnishes [2-

(benzylamino)phenyl]methanol (?-? % yields). 

General Procedure 4 for the oxidation of [2-(benzylamino)phenyl]methanol with 

IBX 

IBX (1.2 equiv.) is stirred in DMSO (0.400 M) until dissolution and the solution is added 

to a solution of [2-(benzylamino)phenyl]methanol in DMSO (0.400 M) and stirred for 30 

minutes. Water is added to stop the reaction and the white precipitate is filtered of and 
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rinced with DCM. The filtrate is extracted 3x with DCM and the combined organic layers 

are washed 1x with brine, 1x with 10% Na2S2O3 (aq), and 1x with water before it is dried 

over MgSO4, filtered once again and concentrate in vacuo. The crude residue is purified 

by flash chromatography to yield 2-(benzylamino)benzaldehyde (?-?% yields). 

Methyl 2-(benzylamino)-6-fluorobenzoate (5d) 

O

NHBn

OMe

F

 

The corresponding methyl ester 4d was obtained in 97% yield from corresponding 2-

aminobenzoic acid 3d (6.45 mmol) as a yellow solid using general procedure 1.  
1
H NMR 

(400 MHz, CDCl3): δ  7.12r (dd, J = 14.46, 7.23 Hz, 1 H);  6.45-6.29 (m, 2 H);  5.73 (s, 2 

H);  3.89 (s, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 167.4 (d), 164.7 (s), 162.1 (s), 151.7 

(d), 133.8 (d), 112.1 (d), 103.8 (d), 51.9 (s). HRMS (ESI) m/z calculated for C8H9FNO2 

[M+H]
+
, 170.0612, found 170.0618.  Reductive amination was performed on the crude 

ester (6.22 mmol) using general procedure 2 to give the title compound 5d in 88% yield. 

1
H NMR (400 MHz, CDCl3): δ  8.04 (s, 1 H);  7.35-7.12 (m, 5 H);  6.41-6.26 (m, 2 H);  

4.40 (d, J = 5.51 Hz, 2 H);  3.89 (s, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 168.2 (d), 165.2 

(s), 162.6 (s), 152.0 (d), 138.5 (s), 134.5 (d), 128.8 (s), 127.4 (s), 127.2 (s), 107.4 (d), 

103.0 (d), 52.0 (s), 47.6 (s). HRMS (ESI) m/z calculated for C15H15FNO2 [M+H]
+
, 

260.10813, found 260.10861. 

2-(Benzylamino)-6-fluorobenzaldehyde (1d) 

O

NHBn

H

F

 

Methyl 2-(benzylamino)-6-fluorobenzoate 5d (5.3 mmol) in DCM (0.100 M) is added 

DIBAL-H (3.5 equiv.; 1.5M in toluene) at -78 °C. The mixture is stirred for 30 minutes 

and the reaction is stopped by adding a saturated aqueous solution of ammonium 

chloride.  The mixture is extracted 3x with DCM and the combined organic layers are 

dried over MgSO4, filtered, and concentrated in vacuo.  The residue is filtered on a silica 

gel pad, eluting with 1:1 EtOAc:hexanes to give the crude benzylic alcohol in 74% yield.  

This crude alcohol (4 mmol) was oxidized using general conditions 4 to give the title 
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compound 1d as a yellow solid in 54 % yield from the corresponding [2-

(benzylamino)phenyl]methanol. ¹H NMR (400 MHz, CDCl3): δ  10.30 (s, 1 H);  9.14 (s, 

1 H);  7.37-7.19 (m, 6 H);  6.38 (d, J = 8.70 Hz, 1 H);  6.27 (dd, J = 11.13, 8.02 Hz, 1 H);  

4.45 (d, J = 5.78 Hz, 2 H). ¹³C NMR (101 MHz, CDCl3): δ 189.3, 189.2, 168.3, 165.7, 

152.0, 152.0, 137.9, 137.3, 137.2, 128.8, 127.5, 127.0, 107.8, 107.5, 107.5, 101.1, 100.9, 

46.9. HRMS (ESI) m/z calculated for C14H13FNO [M+H]
+
, 230.09757, found 230.09801. 

Methyl 2-(benzylamino)-5-bromobenzoate (5e) 

NHBn

O

OMe
Br

 

Reductive amination was performed on the commercially available methyl 2-amino-5-

bromobenzoate (4e) (8.7 mmol) using general procedure 2 to give the title compound 5e 

as a yellow solid in 99% yield. 
1
H NMR (400 MHz, CDCl3): δ  8.04 (d, J = 2.49 Hz, 1 

H);  7.42-7.25 (m, 6 H);  6.64 (d, J = 8.95 Hz, 1 H);  4.44 (s, 2 H);  3.87 (s, 3 H). ¹³C 

NMR (101 MHz, CDCl3): δ 168.1, 149.8, 138.3, 137.2, 133.9, 128.9, 128.8, 127.4, 

127.1, 127.1, 113.7, 111.7, 106.3, 51.8, 47.0. HRMS (ESI) m/z calculated for 

C15H15BrNO2 [M+H]
+
, 320.0281, found 320.0302. 

2-(Benzylamino)-5-bromobenzaldehyde (1e) 

O

NHBn

Br

 

Methyl 2-(benzylamino)-5-bromobenzoate (5e) was reduced to the corresponding 

benzylic alcohol in quantitative yield using general procedure 3.  The crude alcohol was 

directly oxidized using general procedure 4 to give the title compound 1e as a yellow 

solid in 89% yield over 2 steps from 5e. 
1
H NMR (400 MHz, CDCl3): δ  9.79 (s, 1 H);  

8.73 (s, 1 H);  7.59 (d, J = 2.53 Hz, 1 H);  6.55 (d, J = 8.98 Hz, 1 H);  4.47 (s, 2 H). 
13

C 

NMR (101 MHz, CDCl3): δ 193.0, 149.4, 138.5, 138.4, 137.8, 128.9, 127.6, 127.0, 120.0, 

113.7, 106.5, 46.8. HRMS (ESI) m/z calculated for C14H12BrNO [M+H]
+
, 290.01750, 

found 290.01754. 

 

Methyl 2-(benzylamino)-4-iodobenzoate (5f) 
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OMe

O

NHBnI  

The corresponding methyl ester 4f was obtained in quantitative yield from corresponding 

2-aminobenzoic acid 3f (3.8 mmol) as a yellow solid using general procedure 1. 
1
H NMR 

(400 MHz, CDCl3): δ  7.13-7.03 (m, 1 H);  6.75 (d, J = 7.86 Hz, 1 H);  6.58 (d, J = 8.28 

Hz, 1 H);  4.85 (s, 2 H);  3.93 (s, 2 H). 
13

C NMR (101 MHz, CDCl3): δ 167.7, 149.0, 

134.1, 132.2, 119.7, 115.0, 52.2. HRMS (ESI) m/z calculated for C8H9INO2 [M+H]
+
, 

277.96725, found 277.96785.  Reductive amination was performed on the crude ester 

(1.8 mmol) using the general procedure 2 to give the title compound 5f as a yellow solid 

in 73% yield.  ZnI2  was employed instead of ZnCl2 to prevent halide replacement (when 

using ZnCl2 under the standard conditions, the 4-chlorobenzoate was isolated). 
1
H NMR 

(400 MHz, CDCl3): δ  8.11 (s, 1 H);  7.57 (d, J = 8.43 Hz, 1 H);  7.41-7.22 (m, 5 H);  

7.05 (s, 1 H);  6.94 (d, J = 8.47 Hz, 1 H);  4.39 (s, 2 H);  3.84 (s, 3 H). 
13

C NMR (101 

MHz, CDCl3): δ 168.9, 151.4, 138.2, 132.7, 128.9, 127.6, 127.4, 124.3, 120.7, 109.8, 

103.1, 51.8, 47.2. HRMS (ESI) m/z calculated for C15H15INO2  [M+H]
+
, 368.01420, 

found 368.01609. 

2-(Benzylamino)-4-iodobenzaldehyde (1f) 

O

NHBnI  

To a solution of methyl 2-(benzylamino)-4-iodobenzoate 5f (1.3 mmol) in DCM (0.100 

M) is added DIBAL-H (3.5 equiv.; 1.5M in toluene) at -78 °C. The mixture is stirred for 

30 minutes and the reaction is stopped by adding a saturated aqueous solution of 

ammonium chloride.  The mixture is extracted 3x with DCM and the combined organic 

layers are dried over MgSO4, filtered, and concentrated in vacuo.  The residue is filtered 

on a silica gel pad, eluting with 1:1 EtOAc:hexanes to give the crude benzylic alcohol 

(yellow solid) in 85% yield.  This crude alcohol (1.1 mmol) was oxidized using general 

conditions 4 to give the title compound 1f as a yellow solid in 76 % yield from the 

corresponding [2-(benzylamino)phenyl]methanol. 
1
H NMR (400 MHz, CDCl3): δ  9.77 

(s, 1 H);  8.69 (s, 1 H);  7.40-7.26 (m, 5 H);  7.17-7.02 (m, 3 H);  4.42 (d, J = 5.67 Hz, 2 
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H). 
13

C NMR (101 MHz, CDCl3): δ 193.7, 150.7, 137.6, 129.0, 127.7, 127.3, 124.8, 

120.6, 118.0, 105.3, 46.8. HRMS (ESI) m/z calculated for C14H12INO [M+H]
+
, 338.0036, 

found 338.0031. 

Methyl 2-(benzylamino)-6-methylbenzoate (5j) 

NHBn

O

OMe

 

The corresponding methyl ester 4j was obtained in quantitative yield from corresponding 

2-aminobenzoic acid 3j (6.6 mmol) as a white solid using general procedure 1. 
1
H NMR 

(400 MHz, CDCl3): δ  7.12-7.03 (m, 1 H);  6.53 (d, J = 7.83 Hz, 2 H);  5.10 (s, 2 H);  

3.89 (s, 3 H);  2.43 (s, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 169.6, 149.1, 140.1, 132.0, 

120.3, 114.5, 113.8, 51.3, 22.9. HRMS (ESI) m/z calculated for C9H12NO2  [M+H]
+
, 

166.0863, found 166.0899.  Reductive amination was performed on the crude ester (6.5 

mmol) using the general procedure 2 to give the title compound 5j as a yellow solid in 

76% yield.  
1
H NMR (400 MHz, CDCl3): δ  7.12 (dd, J = 16.35, 8.06 Hz, 1 H);  6.49 (d, J 

= 7.95 Hz, 1 H);  4.39 (s, 1 H);  3.88 (s, 1 H);  2.44 (s, 2 H). 
13

C NMR (101 MHz, 

CDCl3): δ 170.3, 149.9, 140.5, 139.2, 132.5, 132.4, 128.7, 128.6, 127.2, 127.1, 119.4, 

113.3, 109.6, 109.5, 51.4, 51.4, 47.6, 47.5, 23.5, 23.4. HRMS (ESI) m/z calculated for 

C16H18NO2 [M+H]
+
, 256.1332, found 256.1362. 

2-(Benzylamino)-6-methylbenzaldehyde (1j) 

O

NHBn  

Methyl 2-(benzylamino)-6-methylbenzoate (5j) (5.0 mmol) was reduced to the 

corresponding benzylic alcohol (yellow solid) in 82% yield using general procedure 3.  

1
H NMR (400 MHz, CDCl3): δ  7.04-6.96 (m, 1 H);  6.54-6.44 (m, 2 H);  4.64 (s, 2 H);  

4.29 (s, 2 H);  2.26 (s, 3 H);  1.91 (d, J = 11.07 Hz, 1 H). 
13

C NMR (101 MHz, CDCl3): δ 

147.8, 139.6, 136.4, 129.0, 128.6, 127.4, 127.1, 122.7, 119.6, 109.5, 58.9, 48.0, 19.8. 

HRMS (ESI) m/z calculated for C15H18NO [M+H]
+
, 228.1383, found 228.1439.  The 

crude alcohol (3.9 mmol) was directly oxidized using general procedure 4 to give the title 

compound 1j as a yellow solid in 70% yield. 
1
H NMR (400 MHz, CDCl3): δ  10.38 (s, 1 
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H);  9.43 (s, 1 H);  7.35-7.23 (m, 5 H);  7.19 (t, J = 7.93 Hz, 1 H);  6.52 (d, J = 8.63 Hz, 1 

H);  6.41 (d, J = 7.21 Hz, 1 H);  4.47 (s, 2 H);  2.58 (s, 3 H). ¹³C NMR (101 MHz, 

CDCl3): δ 192.5, 151.7, 143.6, 138.5, 136.1, 128.8, 127.3, 127.0, 118.0, 116.2, 110.4, 

46.7, 19.3. HRMS (ESI) m/z calculated for C15H16NO [M+H]
+
, 226.12264, found 

226.12280. 

Methyl 2-(benzylamino)-5-methylbenzoate (5k) 

O

NHBn

OMe

 

The corresponding methyl ester 4k was obtained in quantitative yield from corresponding 

2-aminobenzoic acid 3k (6.6 mmol) as a white solid using general procedure 1. 
1
H NMR 

(400 MHz, CDCl3): δ  7.57 (s, 1 H);  7.01 (d, J = 8.30 Hz, 1 H);  6.51 (d, J = 8.30 Hz, 1 

H);  5.46 (s, 2 H);  3.78 (s, 3 H);  2.14 (s, 3 H). ¹³C NMR (101 MHz, CDCl3): δ 168.7, 

148.4, 135.4, 131.0, 125.6, 117.0, 110.8, 51.6, 20.4. HRMS (ESI) m/z calculated for 

C9H12NO2  [M+H]
+
, 166.0863, found 166.0879.  Reductive amination was performed on 

the crude ester (6.5 mmol) using the general procedure 2 to give the title compound 5k as 

a yellow solid in 71% yield.  
1
H NMR (400 MHz, CDCl3): δ  8.04 (s, 1 H);  7.78 (s, 1 H);  

7.43-7.33 (m, 4 H);  7.17 (d, J = 8.61 Hz, 1 H);  6.61 (d, J = 8.56 Hz, 1 H);  4.49 (s, 2 H);  

3.91 (s, 3 H);  2.27 (s, 3 H).  
13

C NMR (101 MHz, CDCl3): δ 168.9, 149.0, 139.0, 135.5, 

131.3, 128.5, 126.9, 123.5, 111.7, 109.9, 51.2, 46.9, 20.0.  HRMS (ESI) m/z calculated 

for C16H18NO2  [M+H]
+
, 256.13321, found 256.13346. 

2-(Benzylamino)-5-methylbenzaldehyde (1k) 

O

NHBn  

Methyl 2-(benzylamino)-5-methylbenzoate (5k) (4.4 mmol) was reduced to the 

corresponding benzylic alcohol (yellow solid) in quantitative yield using general 

procedure 3.  The crude alcohol (4.4 mmol) was directly oxidized using general 

procedure 4 to give the title compound 1k as a yellow solid in 71% yield over 2 steps 

from 5k. 
1
H NMR (400 MHz, CDCl3): δ  9.80 (s, 1 H);  8.59 (s, 1 H);  7.34-7.19 (m, 5 

H);  7.12 (d, J = 8.59 Hz, 1 H);  6.53 (d, J = 8.58 Hz, 1 H);  4.42 (d, J = 5.86 Hz, 2 H);  
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2.22 (s, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 194.1, 148.8, 138.6, 137.1, 136.3, 128.8, 

127.3, 127.0, 124.3, 118.6, 111.5, 77.5, 46.7, 20.1. HRMS (ESI) m/z calculated for 

C15H16NO [M+H]
+
, 226.12264, found 226.12322. 

Methyl 2-(benzylamino)-4-methylbenzoate (5l) 

NHBn

O

OMe

 

The corresponding methyl ester 4l was obtained in quantitative yield from corresponding 

2-aminobenzoic acid 3l (6.6 mmol) as a white solid using general procedure 1. 
1
H NMR 

(400 MHz, CDCl3): δ  7.74 (d, J = 8.10 Hz, 1 H);  6.50-6.43 (m, 2 H);  5.76 (s, 2 H);  

3.85 (s, 3 H);  2.26 (s, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 168.6, 150.6, 144.9, 131.2, 

117.8, 116.8, 108.4, 51.4, 21.6. HRMS (ESI) m/z calculated for C9H12NO2  [M+H]
+
, 

166.0863, found 166.0896.  Reductive amination was performed on the crude ester (6.5 

mmol) using the general procedure 2 to give the title compound 5l as a yellow solid in 

98% yield.  
1
H NMR (400 MHz, CDCl3): δ  8.27 (s, 1 H);  7.81 (d, J = 8.12 Hz, 1 H);  

7.38-7.23 (m, 5 H);  6.51 (s, 1 H);  6.46 (d, J = 8.16 Hz, 1 H);  4.44 (s, 2 H);  3.84 (s, 3 

H);  2.26 (s, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 169.2, 150.7, 145.6, 138.7, 131.7, 

128.8, 127.4, 127.4, 117.0, 112.4, 108.3, 51.6, 47.5, 22.3. HRMS (ESI) m/z calculated for 

C16H18NO2  [M+H]
+
, 256.1332, found 256.1393. 

2-(Benzylamino)-4-methylbenzaldehyde (1l) 

NHBn

O

 

Methyl 2-(benzylamino)-4-methylbenzoate (5l) (4.4 mmol) was reduced to the 

corresponding benzylic alcohol (yellow solid) in quantitative yield using general 

procedure 3.  The crude alcohol (4.4 mmol) was directly oxidized using general 

procedure 4 to give the title compound 1l as a yellow solid in 82% yield over 2 steps 

from 5l. 
1
H NMR (400 MHz, CDCl3): δ  9.79 (s, 1 H);  8.75 (s, 1 H);  7.39-7.23 (m, 6 H);  

6.53 (d, J = 7.87 Hz, 1 H);  6.46 (s, 1 H);  4.46 (s, 2 H);  2.27 (s, 3 H). 
13

C NMR (101 

MHz, CDCl3): δ 193.4, 150.7, 147.3, 138.4, 136.8, 128.8, 127.4, 127.2, 117.1, 117.0, 
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111.5, 46.7, 22.6. HRMS (ESI) m/z calculated for C15H16NO [M+H]
+
, 226.1226, found 

226.1251. 

Methyl 3-(benzylamino) naphthalene-2-carboxylate (5m) 

NHBn

O

OMe

 

The corresponding methyl ester 4m was obtained in 71% yield from corresponding 2-

aminobenzoic acid 3m (5.3 mmol) as a white solid using general procedure 1. 
1
H NMR 

(400 MHz, CDCl3): δ  8.52 (s, 1 H);  7.74 (d, J = 8.28 Hz, 1 H);  7.55 (d, J = 8.41 Hz, 1 

H);  7.43 (t, J = 7.55 Hz, 1 H);  7.21 (t, J = 7.50 Hz, 1 H);  7.00 (s, 1 H);  5.60 (s, 2 H);  

3.98 (s, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 168.3, 146.1, 137.4, 133.5, 129.3, 128.8, 

126.1, 125.2, 122.5, 114.7, 110.0, 52.0. HRMS (ESI) m/z calculated for C12H12NO2  

[M+H]
+
, 202.0863, found 202.0884.  Reductive amination was performed on the crude 

ester (3.8 mmol) using the general procedure 2 to give the title compound 5m as a yellow 

solid in 97% yield.  
1
H NMR (400 MHz, CDCl3): δ  8.53 (s, 1 H);  7.93 (s, 1 H);  7.69 (d, 

J = 8.18 Hz, 1 H);  7.51 (d, J = 8.37 Hz, 1 H);  7.44-7.21 (m, 6 H);  7.19-7.11 (m, 1 H);  

6.84 (s, 1 H);  4.50 (s, 2 H);  3.93 (s, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 168.8, 146.6, 

138.9, 137.8, 133.9, 129.3, 128.9, 128.7, 127.3, 127.2, 125.7, 125.1, 122.2, 114.2, 105.1, 

52.0, 47.6. HRMS (ESI) m/z calculated for C19H18NO2 [M+H]
+
, 292.1332, found 

292.1361. 

3-(benzylamino) naphthalene-2-carbaldehyde (1m) 

O

NHBn  

Methyl 3-(benzylamino)-naphthalene-2-carboxylate (5m) (3.7 mmol) was reduced to the 

corresponding benzylic alcohol (yellow solid) in quantitative yield using general 

procedure 3.  The crude alcohol (3.7 mmol) was directly oxidized using general 

procedure 4 to give the title compound 1m as an orange solid in 78% yield over 2 steps 

from 5m. 
1
H NMR (400 MHz, CDCl3): δ 10.06 (s, 1 H);  8.10 (s, 1 H);  8.04 (s, 1 H);  

7.72 (d, J = 8.25 Hz, 1 H);  7.50 (d, J = 8.44 Hz, 1 H);  7.16 (t, J = 7.50 Hz, 1 H);  6.77 (s, 

1 H);  4.51 (d, J = 5.60 Hz, 2 H). 
13

C NMR (101 MHz, CDCl3): δ 195.0, 146.2, 140.8, 
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138.6, 138.4, 130.0, 129.4, 128.8, 127.4, 127.3, 126.0, 125.5, 122.5, 122.2, 104.9, 47.2. 

HRMS (ESI) m/z calculated for C18H16NO [M+H]
+
, 262.12264, found 262.12296. 

Synthesis of aldehydes 1g  and 1h 

OH

O

NH2

O2N

1. BH3
.DMS, THF

2. Benzaldehyde

3. NaBH4, EtOH IBX, DMSO H

O

NHBn

O2N

1g-h3g-h

OH

NHBn
6g-h

O2N

General Procedure 5 for the borane reduction of anthranilic acid 

To a solution of anthranilic acid 3 (1.0 equiv.) in THF (0.280 M) is added borane-methyl 

sulfide complex (6.0 equiv.) and the solution was stirred at room temperature for 24 

hours. The reaction was stopped at room temperature by addition of methanol until the 

solution had stopped bubbling. The solvent was evaporated in vacuo and the residue was 

filtered on a silica gel pad eluting with 50% EtOAc in Hexanes yielding (2-

aminophenyl)methanol (99% yield). 

General Procedure 6 for aminal formation with benzaldehyde and reduction with 

NaBH4 of (2-aminophenyl)methanol 

To a solution of (2-aminophenyl)methanol (1.0 equiv.) in 2-propanol (0.266 M) is added 

benzaldehyde (1.1 equiv.) followed by chloroacetic acid (0.1 equiv.). The mixture is 

stirred for 1-5 days at room temperature (if after 1 day there is no progress, the reaction is 

refluxed for 48 hours) until all starting material is gone by NMR. The solvent is 

evaporated in vacuo and this corresponding crude aminal is used without further 

purification. 

To a solution of the crude aminal in ethanol (0.200 M) is added sodium borohydride (1.0 

equiv.) and the mixture is refluxed for 1-2 hours. Once all the starting material has 

reacted, the reaction is stopped by adding a saturated aqueous solution of ammonium 

chloride and the ethanol is evaporated in vacuo before the solution is extracted 3x with 

EtOAc, dried over MgSO4, filtered, and concentrated in vacuo. The crude residue is 

purified by flash chromatography to furnish [2-(benzylamino)phenyl]methanol (≥95% 

yields) 
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 [2-(benzylamino)-5-nitrophenyl]methanol (6g): 

OH

NHBn

O2N

 

The corresponding benzylic alcohol was obtained in 80% yield from corresponding 2-

aminobenzoic acid 3g (5.5 mmol) using general procedure 5.  The crude alcohol (3.95 

mmol) was used to form an aminal using general procedure 6 yielding the title compound  

6g as an orange solid in 95% yield over 2 steps from the benzylic alcohol.  
1
H NMR (400 

MHz, CDCl3): δ  8.07 (dd, J = 9.06, 2.64 Hz, 1 H);  8.00 (d, J = 2.63 Hz, 1 H);  7.40-7.27 

(m, 5 H);  6.60 (d, J = 9.07 Hz, 1 H);  4.76 (s, 2 H);  4.49 (s, 2 H). 
13

C NMR (101 MHz, 

CDCl3): δ 153.0, 137.6, 137.0, 129.0, 127.8, 127.2, 126.5, 125.2, 123.3, 109.5, 64.2, 47.4. 

HRMS (ESI) m/z calculated for C14H15N2O3 [M+H]
+
, 259.10772, found 259.10843. 

2-(Benzylamino)-5-nitrobenzaldehyde (1g) 

O

NHBn

O2N

 

[2-(benzylamino)-5-nitrophenyl]methanol (6g) (3.7 mmol) was oxidized using general 

procedure 4 to give the title compound 1g as an orange solid in 76% yield. 
1
H NMR (400 

MHz, CDCl3): δ  9.90 (s, 1 H);  9.43 (s, 1 H);  8.49 (s, 1 H);  8.19 (d, J = 9.24 Hz, 1 H);  

7.41-7.28 (m, 5 H);  6.71 (d, J = 9.34 Hz, 1 H);  4.58 (d, J = 5.76 Hz, 2 H). 
13

C NMR 

(101 MHz, CDCl3): δ 193.2, 154.0, 136.9, 136.4, 133.6, 130.9, 129.2, 128.1, 127.1, 

117.2, 111.7, 47.1. HRMS (ESI) m/z calculated for C14H13N2O3 [M+H]
+
, 257.0921, 

found 257.0919. 

[2-(benzylamino)-4-nitrophenyl]methanol (6h): 

OH

NHBnO2N  

The corresponding benzylic alcohol was obtained in 99% yield from corresponding 2-

aminobenzoic acid 3h (5.5 mmol) using general procedure 5.  The crude alcohol (5.4 

mmol) was used to form an aminal using general procedure 6 yielding the title compound 

6h as an orange solid in 72% yield over 2 steps from the benzylic alcohol.  
1
H NMR (400 

MHz, CDCl3): δ   7.46 (d, J = 8.22 Hz, 1 H);  7.42 (s, 1 H);  7.40-7.32 (m, 4 H);  7.32-

7.26 (m, 1 H);  7.16 (d, J = 8.10 Hz, 1 H);  5.53 (s, 1 H);  4.73 (s, 2 H);  4.42 (d, J = 5.04 
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Hz, 2 H);  1.85 (s, 1 H).  
13

C NMR (101 MHz, CDCl3): δ 149.2, 148.0, 138.0, 130.3, 

129.0, 128.9, 127.6, 127.5, 111.5, 105.0, 64.0, 47.7. HRMS (ESI) m/z calculated for 

C14H15N2O3 [M+H]
+
, 259.1077, found 259.1075. 

2-(Benzylamino)-4-nitrobenzaldehyde (1h) 

O

NHBnO2N  

[2-(benzylamino)-4-nitrophenyl]methanol (6h) (3.6 mmol) was oxidized using general 

procedure 4 to give the title compound 1h as an red solid in 94% yield. 
1
H NMR (400 

MHz, CDCl3): δ  10.01 (s, 1 H);  8.96 (s, 1 H);  7.70 (d, J = 8.39 Hz, 1 H);  7.54 (s, 1 H);  

7.49 (dd, J = 8.37, 2.18 Hz, 1 H);  7.46-7.30 (m, 5 H);  4.56 (d, J = 5.68 Hz, 2 H). 
13

C 

NMR (101 MHz, CDCl3): δ 193.6, 152.3, 150.6, 137.9, 137.0, 129.0, 127.9, 127.3, 121.4, 

109.3, 106.6, 46.9. HRMS (ESI) m/z calculated for C14H13N2O3 [M+H]
+
, 257.0921, 

found 257.0919. 

Synthesis of indoles 2a-2o 

EDA (5.0 eq.)

BF3
.OEt2 (1.0 eq)

DCM, rt

Y

R'

O

NHR

X

1
Y

2

N
R

R'

CO2Et

X

 

General Procedure 7 for the synthesis of indoles 2a-2o 

To a solution of aldehyde 1 (1.0 equiv.) and EDA (5.0 eq) in DCM (0.2 M) at 0°C was 

added BF3·Et2O (1.0 eq) dropwise.  The ice bath was removed upon completion of the 

addition and the solution was stirred at room temperature.  The reaction is monitored by 

TLC of LC-MS and when complete consumption of aldehyde 1 is observed, the reaction 

mixture was poured into a saturated aqueous solution of NaHCO3 and it was extracted 

(3x) with DCM.  The combined organic layers were dried over MgSO4, filtered and 

concentrated in vacuo to yield an orange oil.  The crude residue was purified by flash 

chromatography to yield indole 2. 

 

 

 



 S15 

Ethyl 1-benzylindole-3-carboxylate (2a) 

N
Bn

CO2Et

 

Obtained from the corresponding aldehyde 1a (0.47 mmol) using general procedure 7 to 

give the title compound 2a as a light yellow solid in 74% yield.  Caracterization matches 

that of literature.
vi

 
1
H NMR (400 MHz, CDCl3): δ 8.26 (d, J = 7.64 Hz, 1 H);  7.90 (s, 1 

H);  7.37-7.24 (m, 6 H);  7.19 (d, J = 6.76 Hz, 2 H);  5.37 (s, 2 H);  4.53-4.36 (m, 2 H);  

1.47 (t, J = 7.10 Hz, 3 H). 
 13

C NMR (101 MHz, CDCl3): δ 164.7, 136.4, 135.6, 134.2, 

128.6, 127.7, 126.6, 126.4, 122.5, 121.6, 121.4, 109.9, 107.5, 59.3, 50.3, 14.2.  HRMS 

(ESI) m/z calculated for C18H18NO2 [M+H]
+
, 280.1338, found 280.1344. 

Ethyl 1-(4-methoxybenzyl) indole-3-carboxylate (2b) 

N
PMB

CO2Et

 

Obtained from the corresponding aldehyde 1b (0.41 mmol) using general procedure 7 to 

give the title compound 2b as a light yellow solid in 77% yield.  
1
H NMR (400 MHz, 

CDCl3): δ  8.14 (d, J = 7.54 Hz, 1 H);  7.77 (s, 1 H);  7.27 (d, J = 7.73 Hz, 1 H);  7.25-

7.14 (m, 2 H);  7.05 (d, J = 8.24 Hz, 2 H);  6.79 (d, J = 8.28 Hz, 2 H);  5.19 (s, 2 H);  4.32 

(dd, J = 14.22, 7.11 Hz, 2 H);  3.72 (s, 3 H);  1.36 (t, J = 7.11 Hz, 3 H). 
13

C NMR (101 

MHz, CDCl3): δ 165.7, 159.5, 136.7, 134.4, 128.6, 127.9, 126.9, 122.8, 122.0, 121.8, 

114.4, 110.3, 107.7, 59.7, 55.3, 50.2, 14.6. HRMS (ESI) m/z calculated for C19H20NO3 

[M+H]
+
, 310.14377, found 310.14303. 

Ethyl 1-methylindole-3-carboxylate (2c) 

N
Me

CO2Et

 

Obtained from the corresponding aldehyde 1c (0.74 mmol) using general procedure 7 to 

give the title compound 2c as a light yellow solid in 74% yield. Caracterization matches 

that of literature.
vii

 
1
H NMR (400 MHz, CDCl3): δ 8.27-8.22 (m, 1 H);  7.77 (s, 1 H);  

7.33 (d, J = 3.58 Hz, 3 H);  4.43 (q, J = 7.09 Hz, 2 H);  3.76 (s, 3 H);  1.47 (t, J = 7.09 Hz, 
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3 H).  
13

C NMR (101 MHz, CDCl3): δ 165.6, 137.7, 135.7, 127.2, 123.2, 122.3, 122.1, 

110.3, 107.6, 60.1, 33.8, 15.2. HRMS (ESI) m/z calculated for C12H14NO2 [M+H]
+
, 

204.1025, found 204.1022. 

Ethyl 1-benzyl-4-fluoroindole-3-carboxylate (2d) 

N
Bn

CO2EtF

 

Obtained from the corresponding aldehyde 1d (0.44 mmol) using general procedure 7 to 

give the title compound 2d as a light yellow solid in 85% yield.  
1
H NMR (400 MHz, 

CDCl3): δ  7.88 (s, 1 H);  7.39-7.30 (m, 3 H);  7.22-7.07 (m, 4 H);  6.97 (dd, J = 10.20, 

7.96 Hz, 1 H);  5.33 (s, 2 H);  4.40 (q, J = 7.10 Hz, 2 H);  1.43 (t, J = 7.18 Hz, 3 H).  
13

C 

NMR (101 MHz, CDCl3): δ 163.9 (s), 157.5 (s), 155.4 (s), 139.6 (d), 135.5 (d), 129.1 (s), 

128.3 (s), 127.0 (s), 123.7 (d), 114.9 (d), 108.0 (d), 107.3 (d), 106.5 (d), 60.1 (s), 51.0 (s), 

14.5 (s). HRMS (ESI) m/z calculated for C18H17FNO2 [M+H]
+
,298.12378, found 

298.12455. 

Ethyl 1-benzyl-5-bromoindole-3-carboxylate (2e) 

N
Bn

CO2Et
Br

 

Obtained from the corresponding aldehyde 1e (0.46 mmol) using general procedure 7 to 

give the title compound 2e as a light yellow solid in 85% yield.  
1
H NMR (400 MHz, 

CDCl3): δ 8.33 (s, 1 H);  7.82 (s, 1 H);  7.46-7.14 (m, 5 H);  7.17-7.07 (m, 3 H);  5.28 (s, 

2 H);  4.38 (q, J = 7.14 Hz, 2 H);  1.41 (t, J = 7.14 Hz, 3 H). 
13

C NMR (101 MHz, 

CDCl3): δ 164.7, 135.6, 135.5, 135.4, 129.2, 128.5, 128.4, 127.1, 126.0, 124.6, 115.8, 

111.9, 107.7, 60.1, 51.0, 14.7. HRMS (ESI) m/z calculated for C18H17BrNO2 

[M+H]
+
,358.04372, found 358.04346. 
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Ethyl 1-benzyl-6-iodoindole-3-carboxylate (2f) 

N
Bn

CO2Et

I
 

Obtained from the corresponding aldehyde 1f (0.30 mmol) using general procedure 7 to 

give the title compound 2f as a light yellow solid in 86% yield.  
1
H NMR (400 MHz, 

CDCl3): δ  7.98 (d, J = 8.42 Hz, 1 H);  7.78 (s, 1 H);  7.70 (s, 1 H);  7.58 (d, J = 8.43 Hz, 

1 H);  7.36 (t, J = 6.80 Hz, 3 H);  7.16 (d, J = 6.70 Hz, 2 H);  5.31 (s, 2 H);  4.41 (dd, J = 

14.22, 7.11 Hz, 2 H);  1.44 (t, J = 7.10 Hz, 3 H).  
13

C NMR (101 MHz, CDCl3): δ 164.7, 

138.0, 135.5, 134.7, 130.9, 129.1, 128.4, 127.0, 126.2, 123.5, 119.3, 108.2, 87.1, 60.0, 

50.7, 14.6. HRMS (ESI) m/z calculated for C18H17INO2 [M+H]
+
, 406.02985, found 

406.02856. 

Ethyl 1-benzyl-5-nitroindole-3-carboxylate (2g) 

N
Bn

CO2Et
O2N

 

Obtained from the corresponding aldehyde 1g (0.30 mmol) using general procedure 7 to 

give the title compound 2g as a light yellow solid in 84% yield.  
1
H NMR (400 MHz, 

CDCl3): δ  9.13 (d, J = 2.26 Hz, 1 H);  8.16 (dd, J = 9.08, 2.29 Hz, 1 H);  8.01 (s, 1 H);  

7.41-7.35 (m, 4 H);  7.20-7.16 (m, 2 H);  5.41 (s, 2 H);  4.46 (q, J = 7.13 Hz, 2 H);  1.47 

(t, J = 7.13 Hz, 3 H).  
13

C NMR (101 MHz, CDCl3): δ 164.1, 143.7, 139.5, 137.3, 135.0, 

129.4, 128.8, 127.2, 126.3, 119.1, 118.7, 110.7, 110.4, 60.5, 51.4, 14.7. HRMS (ESI) m/z 

calculated for C18H17N2O4 [M+H]
+
, 325.11828, found 325.11741. 

Ethyl 1-benzyl-6-nitroindole-3-carboxylate (2h) 

N
Bn

CO2Et

O2N
 

Obtained from the corresponding aldehyde 1h (0.39 mmol) using general procedure 7 to 

give the title compound 2h as a light yellow solid in 86% yield.  
1
H NMR (400 MHz, 

CDCl3): δ  8.33-8.23 (m, 2 H);  8.13 (dd, J = 8.92, 1.97 Hz, 1 H);  8.08 (s, 1 H);  7.37 (d, 

J = 7.23 Hz, 3 H);  7.21 (d, J = 6.81 Hz, 2 H);  5.43 (s, 2 H);  4.42 (q, J = 7.12 Hz, 2 H);  
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1.48-1.40 (m, 3 H).  
13

C NMR (101 MHz, CDCl3): δ 164.1, 144.0, 138.8, 135.5, 134.8, 

131.5, 129.3, 128.7, 127.2, 122.1, 117.2, 108.9, 107.2, 60.3, 51.2, 14.5. HRMS (ESI) m/z 

calculated for C18H17N2O4 [M+H]
+
, 325.1183, found 325.1184. 

Ethyl 1-benzyl-5,6-dimethoxyindole-3-carboxylate (2i) 

N
Bn

CO2Et
MeO

MeO
 

Obtained from the corresponding aldehyde 1i (0.18 mmol) using general procedure 7 to 

give the title compound 2i as a light yellow solid in 52% yield.  
1
H NMR (400 MHz, 

CDCl3): δ 7.73 (s, 1 H);  7.72 (s, 1 H);  7.39-7.28 (m, 3 H);  7.17 (d, J = 7.01 Hz, 2 H);  

6.74 (s, 1 H);  5.32 (s, 2 H);  4.40 (q, J = 7.12 Hz, 2 H);  4.00 (s, 3 H);  3.87 (s, 3 H).  
13

C 

NMR (101 MHz, CDCl3): δ 165.3, 147.5, 146.7, 136.0, 132.5, 131.0, 129.0, 128.1, 126.9, 

120.1, 107.4, 103.0, 93.5, 59.6, 56.2, 50.9, 14.6. HRMS (ESI) m/z calculated for 

C20H22NO4 [M+H]
+
, 340.1543, found 340.1544. 

Ethyl 1-benzyl-4-methylindole-3-carboxylate (2j) 

N
Bn

CO2Et

 

Obtained from the corresponding aldehyde 1j (0.44 mmol) using general procedure 7 to 

give the title compound 2j as a light yellow solid in 57% yield.  
1
H NMR (400 MHz, 

CDCl3): δ  7.92 (s, 1 H);  7.39-7.28 (m, 3 H);  7.18-7.14 (m, 4 H);  7.07 (t, J = 4.11 Hz, 1 

H);  5.35 (s, 2 H);  4.37 (q, J = 7.11 Hz, 2 H);  2.92 (s, 3 H);  1.42 (t, J = 7.11 Hz, 3 H).  

13
C NMR (101 MHz, CDCl3): δ 164.8, 137.6, 136.2, 135.8, 132.9, 129.1, 128.1, 127.0, 

125.6, 124.1, 123.2, 108.9, 108.1, 59.9, 50.8, 22.7, 14.6. HRMS (ESI) m/z calculated for 

C19H20NO2 [M+H]
+
, 294.14886, found 294.14873. 

Ethyl 1-benzyl-5-methylindole-3-carboxylate (2k) 

N
Bn

CO2Et

 

Obtained from the corresponding aldehyde 1k (0.44mmol) using general procedure 7 to 

give the title compound 2k as a light yellow solid in 71% yield.  
1
H NMR (400 MHz, 
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CDCl3): δ  7.78 (s, 1 H);  7.59 (s, 1 H);  7.13-7.00 (m, 3 H);  6.98-6.87 (m, 3 H);  6.83 (d, 

J = 8.42 Hz, 1 H);  5.08 (s, 2 H);  4.16 (q, J = 7.11 Hz, 2 H);  2.26 (s, 3 H);  1.19 (t, J = 

7.11 Hz, 3 H).  
13

C NMR (101 MHz, CDCl3): δ 165.25, 136.15, 135.17, 134.55, 131.56, 

128.98, 128.10, 127.17, 127.01, 124.50, 121.50, 110.02, 107.28, 59.69, 50.76, 21.63, 

14.67. HRMS (ESI) m/z calculated for C19H20NO2 [M+H]
+
, 294.14886, found 

294.14857. 

Ethyl 1-benzyl-6-methylindole-3-carboxylate (2l) 

N
Bn

CO2Et

 

Obtained from the corresponding aldehyde 1l (0.44 mmol) using general procedure 7 to 

give the title compound 2l as a light yellow solid in 72% yield.  
1
H NMR (400 MHz, 

CDCl3): δ  8.12 (d, J = 8.10 Hz, 1 H);  7.82 (s, 1 H);  7.40-7.31 (m, 3 H);  7.22-7.12 (m, 4 

H);  5.33 (s, 2 H);  4.42 (q, J = 7.12 Hz, 2 H);  2.49 (s, 3 H);  1.50-1.42 (t, 3 H).  
13

C 

NMR (101 MHz, CDCl3): δ 165.2, 137.2, 136.2, 134.1, 132.9, 129.0, 128.1, 127.0, 124.7, 

123.8, 121.5, 110.2, 107.8, 59.7, 50.5, 21.9, 14.7. HRMS (ESI) m/z calculated for 

C19H20NO2 [M+H]
+
, 294.14886, found 294.14865. 

Ethyl 1-benzyl-benzo[f]indole-3-carboxylate (2m) 

N
Bn

CO2Et

 

Obtained from the corresponding aldehyde 1m (0.38 mmol) using general procedure 7 to 

give the title compound 2m as a white solid in 80% yield.  
1
H NMR (400 MHz, CDCl3): 

δ  8.77 (s, 1 H);  8.09 (s, 2 H);  7.93-7.87 (m, 1 H);  7.73 (s, 1 H);  7.46-7.41 (m, 2 H);  

7.39-7.31 (m, 3 H);  7.25-7.19 (m, 2 H);  5.43 (s, 2 H);  4.49 (q, J = 7.11 Hz, 2 H);  1.51 

(t, J = 7.11 Hz, 3 H). 
13

C NMR (101 MHz, CDCl3): δ 165.0, 138.9, 137.2, 135.9, 130.3, 

129.9, 129.1, 128.6, 128.2, 127.6, 127.4, 127.1, 124.6, 123.7, 119.9, 106.9, 106.3, 59.9, 

50.8, 14.7. HRMS (ESI) m/z calculated for C22H20NO2 [M+H]
+
, 330.14866, found 

330.14858. 
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Ethyl 1-benzyl-7-azaindole-3-carboxylate (2n) 

N N
Bn

CO2Et

 

Obtained from the corresponding aldehyde 1n (0.26 mmol) using general procedure 7 to 

give the title compound 2n as a white solid in 52% yield.  
1
H NMR (400 MHz, CDCl3): δ  

8.43 (d, J = 8.00 Hz, 1 H);  8.39 (d, J = 4.73 Hz, 1 H);  8.04-7.75 (m, 1 H);  7.26-7.11 (m, 

6 H);  5.43 (s, 2 H);  4.34 (q, J = 7.14 Hz, 2 H);  1.35 (t, J = 7.16 Hz, 3 H). 
13

C NMR (101 

MHz, CDCl3): δ 164.3, 147.9, 144.1, 136.6, 133.9, 129.9, 128.8, 128.0, 127.8, 119.0, 

118.1, 106.4, 59.9, 48.2, 14.6. HRMS (ESI) m/z calculated for C17H17N2O2 [M+H]
+
, 

281.12845, found 281.12906. 

Ethyl 1-benzyl-2-methylindole-3-carboxylate (2o) 

N
Bn

CO2Et

 

Obtained from the corresponding aldehyde 1o (0.26 mmol) using general procedure 7 to 

give the title compound 2o as a white solid in 46% yield.  Caracterization matches that of 

literature. 
viii

 
1
H NMR (400 MHz, CDCl3): δ 8.21 (d, J = 7.96 Hz, 1 H);  7.33-7.19 (m, 6 

H);  7.05-6.99 (m, 2 H);  5.40 (s, 2 H);  4.46 (q, J = 7.12 Hz, 2 H);  2.78 (s, 3 H);  1.51 (t, 

J = 7.11 Hz, 3 H).  
13

C NMR (101 MHz, CDCl3): δ 166.2, 145.2, 136.4, 129.0, 127.7, 

126.8, 126.0, 122.3, 121.8, 121.6, 121.6, 109.5, 104.7, 59.5, 46.5, 14.7, 11.9. HRMS 

(ESI) m/z calculated for C19H20NO2 [M+H]
+
, 294.14886, found 294.14897. 
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