4.1 Chemistry
4.1.1. General. 
Starting materials were obtained from commercial suppliers and used without further purification. IR spectra were recorded on a Perkin-Elmer Spectrum 65 FT-IR spectrometer (ʋ in cm−1). NMR spectra, performed on a Bruker AVANCE 400 III HD (1H: 400 MHz, 13C: 101 MHz) are reported in ppm using the solvent residual peak as an internal standard; the following abbreviations are used: singlet (s), doublet (d), triplet (t), quadruplet (q), doublet doublet (dd), doublet doublet doublet (ddd), doublet triplet (dt), quadruplet doublet (qd), multiplet (m) and broad signal (br s). Coupling constants are expressed in Hertz. High resolution mass spectra were determined on a high-resolution Waters Micro Q-Tof or Thermo Scientific Q Exactive Q-Orbitrap apparatus (UCA START, Université Clermont Auvergne, Clermont-Ferrand, France). Chromatographic purifications were performed by column chromatography using 40–63 µm silica gel. Reactions were monitored by TLC using fluorescent silica gel plates (60 F254 from Macherey Nagel). Melting points were measured on a Stuart SMP3 apparatus and were uncorrected. 
The purity of all tested compounds was established by HPLC analysis using a VWR Hitachi chromatograph. A Macherey Nagel Nucleodur gravity column (4.6 mm × 250 mm, 5 µM) was used for all compounds. The flow rate was 0.5 mL/min, and the analysis was performed at 25 °C for each compound. Solvents were (A) Acetonitrile, (B) Water/0.1% TFA. One method was designed: first a gradient of 5:95 A/B for 5 min to 95:5 A/B in 20 min, then 95:5 A/B for 10 min. 

4.1.2. General synthetic procedures. 

4.1.2.1 General procedure A (Friedel-Craft and cyclization):
To a 0.5 M solution of itaconic anhydride (1 eq) in anhydrous CH3CN at rt under argon was slowly added boron trifluoride etherate (1 eq). The solution was stirred at rt for 30 min before adding the appropriate indole derivative (1 eq). The reaction mixture was heated under reflux for 18 hours.
After solvent evaporation, the residue was triturated with diisopropylether. The orange sticky solid was washed with 2 x 2 mL of CH3CN. A white powder was obtained and finally washed with diethylether. 

4.1.2.2 General procedure B (Fischer esterification):
To a solution of compound 1-5 (0.4 mmol) in 3 mL of methanol (or ethanol) was added sulfuric acid (60 µL) and the solution was heated under reflux for 7 hours.
After neutralization with a saturated NaHCO3 aqueous solution, the mixture was extracted with EtOAc. Combined organic phases were dried over MgSO4 and concentrated under reduced pressure.  The residue was purified by column chromatography (EtOAc/cyclohexane 1 :6 to 1 :1 and finally pure EtOAc). 

4.1.2.3 General procedure C (N1-methylation):
To a solution of compound 6-15 (0.202 mmol) in 10 mL of anhydrous THF at 0 °C under Argon was added sodium hydride (1.3 eq, 60% suspension in oil). The mixture was stirred for 10 min at 0 °C. Then CH3I (1.25 eq) was added and the reaction medium was stirred for 45 min at 0 °C and 3 h at rt. Finally, additional 1.25 eq of CH3I were added and stirring continued overnight. 
A saturated aqueous ammonium chloride solution was carefully added followed by a NaHCO3 saturated solution to reach pH = 8-9. The mixture was extracted with EtOAc. Combined organic phases were dried over MgSO4 and concentrated under reduced pressure.

4.1.3. Synthesis of compounds 1-25: 
4.1.3.1 5-Bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic acid 1
Starting from 4-bromoindole (1 mL), following general procedure A, the desired compound 1 was isolated as a white powder (1.1847 g, 3.84 mmol, 48%) without any purification.
Rf = 0 (EtOAc/cyclohexane 1 :2)
Mp: 207-209 °C. 
IR (ATR): 3217, 1701, 1607, 1561, 1534, 1480, 1201 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.75 (1H, dd, J = 16.8 Hz, J = 5.2 Hz), 2.81 (1H, dd, J = 16.4 Hz, J = 7.6 Hz), 3.32-3.38 (1H, m), 3.52 (1H, dd, J = 16.8 Hz, J = 7.2 Hz), 3.62 (1H, dd, J = 16.8 Hz, J = 5.2 Hz), 7.19 (1H, t, J = 8.0 Hz), 7.29 (1H, d, J = 8.0 Hz), 7.40 (1H, d, J = 8.0 Hz), 12.03 (1H, br s), 12.59 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 25.3 (CH2), 40.8 (CH), 112.6, 123.8, 127.0 (CHarom), 113.1, 115.5, 124.6, 131.8, 139.2 (Carom), 174.8, 188.7 (C=O). 1 CH2 under solvent signal.
HRMS (ESI+) calcd for C13H10BrNNaO3 (M + Na+) 329.9742, found 329.9745.
HPLC: purity > 99%, λ = 240 nm, tR = 24.8 min.

4.1.3.2. 6-Bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic acid 2 
As the standard method A afforded the corresponding acid as a solid in low quantities (50.2 mg, 0.163 mmol) at the first time, crude mixture from step 1 (starting with 500 mg, 2.55 mmol of 5-bromoindole) obtained as a sticky redish oil was converted to its methyl ester before saponification.
To a solution of methyl ester 8 (98 mg, 0.304 mmol) in 2 mL of ethanol was added 1 mL of a 5.0 M NaOH solution. The mixture was refluxed for 1 hour. The reaction mixture was concentrated and acidified to pH = 1 with 2 mL of concentrated HCl at 0 °C. A precipitate was formed, collected by filtration and washed with water. After drying at room temperature in the air, compound 2 (79.7 mg, 0.258 mmol) was obtained as a beige powder. The total amount of compound 2 was 129.9 mg and 16% overall yield.
Rf = 0 (EtOAc/cyclohexane 1 :2)
Mp: > 267 °C (decomp.) 
IR (ATR): 3321-2391, 1694, 1644, 1467, 1296, 1207 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.75 (1H, dd, J = 16.8 Hz, J = 5.2 Hz), 2.81 (1H, dd, J = 16.4 Hz, J = 7.6 Hz), 3.17 (1H, dd, J = 16.4 Hz, J = 7.6 Hz), 3.23-3.32 (2H, m), 7.35 (1H, d, J = 8.4 Hz), 7.42 (1H, dd, J = 8.8 Hz, J = 1.6 Hz), 7.96 (1H, d, J = 1.6 Hz), 11.87 (1H, br s), 12.55 (1H, br s).
 13C NMR (101 MHz, DMSO-d6) δ 23.7, 40.0 (CH2), 41.1 (CH), 115.0, 123.6, 128.9 (CHarom), 112.3, 124.8, 126.9, 131.8, 136.7 (Carom), 174.9, 188.7 (C=O).
HRMS (ESI+) calcd for C13H11BrNO3 (M + H+) 307.9917, found 307.9914.
HPLC: purity > 99%, λ = 240 nm, tR = 25.1 min.

4.1.3.3 7-Bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic acid 3 
As the standard method A did not afforded the corresponding acid as a solid at the first time, as described for compound 2, crude mixture from step 1 (starting with 6-bromoindole) obtained as a sticky redish oil was converted to its ethyl ester before saponification.
To a solution of ethyl ester 10 (20 mg, 0.059 mmol) in 2 mL of ethanol was added 1 mL of a 5.0 M NaOH solution. The mixture was refluxed for 2 hours. The reaction mixture was concentrated and acidified to pH = 1 with 2 mL of concentrated HCl at 0 °C. A precipitate was formed, collected by filtration and washed with water. After drying at room temperature in the air, compound 3 (15.4 mg, 0.050 mmol, 84%) was obtained as a beige powder.
Rf = 0 (EtOAc/cyclohexane 1 :2)
Mp: > 280 °C (decomp.) 
IR (ATR): 3273-2718, 1696, 1642, 1613, 1208 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.74 (1H, dd, J = 16.4 Hz, J = 7.2 Hz), 2.81 (1H, dd, J = 16.8 Hz, J = 7.6 Hz), 3.17 (1H, dd, J = 16.0 Hz, J = 7.2 Hz), 3.23-3.33 (2H, m), 7.22 (1H, d, J = 8.4 Hz), 7.55 (1H, s), 7.70 (1H, d, J = 8.4 Hz), 11.81 (1H, br s), 12.54 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 23.6, 39.9 (CH2), 41.1 (CH), 115.2, 122.9, 123.1 (CHarom), 119.0, 124.2, 125.5, 131.4, 138.7 (Carom), 174.7, 188.4 (C=O).
HRMS (ESI+) calcd for C13H11BrNO3 (M + H+) 307.9917, found 307.9914.
HPLC: purity > 99%, λ = 240 nm, tR = 25.2 min.

4.1.3.4 8-Bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic acid 4 
Starting from 7-bromoindole (500 mg, 2.538 mmol), following general procedure A, the desired compound 4 was isolated as a light pink powder (262.2 mg, 0.851 mmol, 33%) without any purification.
Rf = 0 (EtOAc/cyclohexane 1 :2)
Mp: > 291 °C (decomp.) 
IR (ATR): 3265, 2711, 1708, 1606, 1311, 1240 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.79 (1H, dd, J = 17.2 Hz, J = 5.6 Hz), 2.84 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.17 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.24-3.38 (2H, m), 7.05 (1H, t, J = 8.0 Hz), 7.54 (1H, d, J = 8.0 Hz), 7.76 (1H, d, J = 8.0 Hz), 11.80 (1H, br s), 12.55 (1H, br s). 
13C NMR (101 MHz, DMSO-d6) δ 23.9, 40.2 (CH2), 50.0 (CH), 120.7, 121.2, 129.1 (CHarom), 105.3, 126.6, 127.0, 131.8, 136.7 (Carom), 174.8, 188.2 (C=O).
HRMS (ESI+) calcd for C13H11BrNO3 (M + H+) 307.9917, found 307.9914.
HPLC: purity > 98%, λ = 240 nm, tR = 28.4 min.

4.1.3.5 5-Fluoro-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylic acid 5
Starting from 4-fluoroindole (513.8 mg, 3.802 mmol), following general procedure A, the desired compound 5 was isolated as a pink powder (244.3 mg, 0.988 mmol, 26%) without any purification.
Rf = 0 (EtOAc/cyclohexane 1 :2)
Mp: > 250 °C. 
IR (ATR): 3344-2290, 1694, 1626, 1490, 1397, 1231 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.73-2.84 (2H, m), 3.29-3.40 (3H, m), 6.84 (1H, dd, J = 10.8 Hz, J = 7.6 Hz), 7.20 (1H, d, J = 8.4 Hz), 7.27 (1H, ddd, J = 15.6 Hz, J = 8.0 Hz, J = 5.6 Hz), 11.98 (1H, br s), 12.59 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 25.0, 39.7 (CH2), 41.1 (CH), 104.4 (1C, d, 2JCF = 18.2 Hz), 109.3 (1C, d, 4JCF = 3.6 Hz), 126.9 (1C, d, 3JCF = 8.1 Hz) (CHarom), 114.4 (1C, d, 2JCF = 20.6 Hz), 122.9 (1C, d, 4JCF = 2.6 Hz), 131.0, 140.2 (1C, d, 3JCF = 10.4 Hz), 157.5 (1C, d, 1JCF = 249.6 Hz) (Carom), 174.7, 188.3 (C=O).
HRMS (ESI+) calcd for C13H11FNO3 (M + H+) 248.0717, found 248.0711.
HPLC: purity > 98%, λ = 240 nm, tR = 23.4 min.

4.1.3.6 Methyl 5-bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 6
Starting from compound 1 (120 mg, 0.389 mmol), following general procedure B, the desired compound 6 (124 mg, 0.385 mmol, 98%) was isolated as a white powder.
Rf = 0.42 (EtOAc/cyclohexane 1 :2)
Mp: 227-228 °C. 
IR (ATR): 3281-3078, 3014-2807, 1723, 1639, 1558, 1478, 1337, 1201 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.79 (1H, dd, J = 16.8 Hz, J = 4.4 Hz), 2.84 (1H, dd, J = 16.4 Hz, J = 8.4 Hz), 3.44-3.53 (2H, m), 3.63 (3H, s), 3.62-3.68 (1H, m), 7.19 (1H, t, J = 8.0 Hz), 7.29 (1H, d, J = 8.0 Hz), 7.40 (1H, d, J = 8.0 Hz), 12.07 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 52.0 (CH3), 25.2, 39.4 (CH2), 40.8 (CH), 112.6, 123.8, 127.1 (CHarom), 115.5, 123.7, 127.1, 131.7, 139.2 (Carom), 173.6, 188.3 (C=O).
HRMS (ESI+) calcd for C14H13BrNO3 (M + H+) 322.0073, found 322.0069.
HPLC: purity > 98%, λ = 240 nm, tR = 28.7 min.

4.1.3.7 Ethyl 5-bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 7 
Starting from compound 1 (120 mg, 0.389 mmol), following general procedure B, the desired compound 7 (130 mg, 0.387 mmol, 99%) was obtained as a white powder. 
Rf = 0.5 (EtOAc/cyclohexane 1 :2)
Mp: 174-175 °C. 
IR (ATR): 3263, 1725, 1646, 1557, 1477, 1182 cm-1.
1H NMR (500 MHz, DMSO-d6) δ 1.14 (3H, t, J = 7.1 Hz), 2.78 (1H, dd, J = 16.6 Hz, J = 5.0 Hz), 2.83 (1H, dd, J = 16.6 Hz, J = 8.1 Hz), 3.39–3.47 (1H, m), 3.53 (1H, dd, J = 16.7 Hz, J = 7.5 Hz), 3.63 (1H, dd, J = 16.7 Hz, J = 5.2 Hz), 4.07 (2H, q, J = 7.1 Hz), 7.19 (1H, t, J = 7.9 Hz), 7.29 (1H, d, J = 7.2 Hz), 7.40 (1H, d, J = 8.2 Hz), 12.04 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 14.0 (CH3), 25.2, 39.4, 60.4 (CH2), 40.9 (CH), 112.6, 123.8, 127.0 (CHarom), 115.5, 123.7, 124.4, 131.7, 139.2 (Carom), 173.1, 188.3 (C=O).
HRMS (ESI+) calcd for C15H14BrNNaO3 (M + Na+) 358.0055, found 358.0042.
HPLC: purity > 99%, λ = 240 nm, tR = 30.4 min.

4.1.3.8 Methyl 6-bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 8
Starting from compound 2 (82.7 mg, 0.268 mmol), following general procedure B, the desired compound 8 (54.6 mg, 0.169 mmol, 63%) was obtained as a beige powder.
Rf = 0.42 (EtOAc/cyclohexane 1 :2)
Mp: 218-220 °C. 
IR (ATR): 3312-2813, 1724, 1638, 1477, 1241, 1176 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.79 (1H, dd, J = 17.2 Hz, J = 5.2 Hz), 2.84 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.17 (1H, dd, J = 16.4 Hz, J = 7.6 Hz), 3.24-3.32 (1H, m), 3.39-3.49 (1H, m), 3.62 (3H, s), 7.35 (1H, d, J = 8.8 Hz), 7.42 (1H, dd, J = 8.8 Hz, J = 1.6 Hz), 7.97 (1H, d, J = 1.6 Hz), 11.89 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 52.0 (CH3), 23.5 (CH2), 41.0 (CH), 114.9, 123.6, 128.9 (CHarom), 112.3, 124.5, 126.8, 131.7, 136.7 (Carom), 173.6, 188.2 (C=O). 1 CH2 under solvent signal.
HRMS (ESI+) calcd for C14H13BrNO3 (M + H+) 322.0073, found 322.0070.
HPLC: purity > 99%, λ = 240 nm, tR = 28.8 min.

4.1.3.9 Ethyl 6-bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 9
Starting from compound 2 (44.6 mg, 0.145 mmol), following general procedure B, the desired compound 9 (19.5 mg, 0.058 mmol, 40%) was obtained as a beige powder.
Rf = 0.43 (EtOAc/cyclohexane 1 :2)
Mp: 188-189 °C. 
IR (ATR): 3375-2781, 1708, 1647, 1606, 1247 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.15 (3H, t, J = 7.2 Hz), 2.78 (1H, dd, J = 16.8 Hz, J = 5.2 Hz), 2.83 (1H, dd, J = 16.4 Hz, J = 7.6 Hz), 3.16 (1H, dd, J = 16.4 Hz, J = 7.6 Hz), 3.27-3.32 (1H, m), 3.37-3.45 (1H, m), 4.02-4.11 (2H, m), 7.35 (1H, d, J = 9.2 Hz), 7.42 (1H, dd, J = 8.8 Hz, J = 2.0 Hz), 7.97 (1H, d, J = 1.6 Hz), 11.88 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 14.0 (CH3), 23.6, 60.4 (CH2), 41.1 (CH), 114.9, 123.6, 128.8 (CHarom), 112.3, 124.5, 126.8, 131.7, 136.7 (Carom), 173.1, 188.2 (C=O). 1 CH2 under solvent signal.
HRMS (ESI+) calcd for C15H15BrNO3 (M + H+) 336.0230, found 336.0224.
HPLC: purity > 98%, λ = 240 nm, tR = 30.4 min. 

4.1.3.10 Methyl 7-bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 10 
Starting from compound 3 (180 mg, 0.584 mmol), following general procedure B, the desired compound 10 (188 mg, 0.583 mmol, quant. yield) was obtained as a white powder.
Rf = 0.47 (EtOAc/cyclohexane 1 :2)
Mp: 208-209 °C. 
IR (ATR): 3375-3015, 1726, 1644, 1614, 1562, 1439, 1241 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.78 (1H, dd, J = 16.8 Hz, J = 5.2 Hz), 2.79 (1H, dd, J = 16.8 Hz, J = 8.4 Hz), 3.17 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.27-3.36 (1H, m), 3.40-3.50 (1H, m), 3.62 (3H, s), 7.23 (1H, d, J = 7.6 Hz), 7.55 (1H, s), 7.70 (1H, d, J = 8.4 Hz), 11.83 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 52.0 (CH3), 23.5 (CH2), 40.9 (CH), 115.2, 123.0, 123.2 (CHarom), 119.1, 124.1, 125.3, 131.3, 138.7  (Carom), 173.5, 188.1 (C=O). 1 CH2 under solvent signal.
HRMS (ESI+) calcd for C14H13BrNO3 (M + H+) 322.0073, found 322.0066.
HPLC: purity > 99%, λ = 240 nm, tR = 28.8 min.

4.1.3.11 Ethyl 7-bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 11 
Starting from compound 3 (160 mg, 0.519 mmol), following general procedure B, the desired compound 11 (171.5 mg, 0.510 mmol, 98%) was obtained as a pale pink powder.
Rf = 0.54 (EtOAc/cyclohexane 1 :2)
Mp: 202-203 °C. 
IR (ATR): 3312-2781, 2921, 1719, 1639, 1562, 1466, 1225 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.15 (3H, t, J = 7.2 Hz), 2.77 (1H, dd, J = 16.8 Hz, J = 5.2 Hz), 2.83 (1H, dd, J = 16.8 Hz, J = 8.4 Hz), 3.17 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.27-3.33 (1H, m), 3.39-3.45 (1H, m), 4.07 (2H, q, J = 7.2 Hz), 7.23 (1H, dd, J = 8.4 Hz, J = 1.6 Hz), 7.54 (1H, d, J = 1.6 Hz), 7.71 (1H, d, J = 8.8 Hz), 11.84 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 14.0 (CH3), 23.6, 60.4 (CH2), 41.1 (CH), 115.2, 123.0, 123.2 (CHarom), 119.1, 124.1, 125.3, 131.3, 138.8 (Carom), 173.0, 188.1 (C=O). 1 CH2 under solvent signal
HRMS (ESI+) calcd for C15H15BrNO3 (M + H+) 336.0241, found 336.0228.
HPLC: purity > 99%, λ = 240 nm, tR = 30.3 min.

4.1.3.12 Methyl 8-bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 12 
Starting from compound 4 (120 mg, 0.389 mmol), following general procedure B, the desired compound 12 (123.9 mg, 0.384 mmol, 98%) was obtained as a white powder.
Rf = 0.50 (EtOAc/cyclohexane 1 :2)
Mp: 219-220 °C. 
IR (ATR): 3187-2890, 1649, 1609, 1473, 1430, 1251 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.81 (1H, dd, J = 16.4 Hz, J = 4.8 Hz), 2.86 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.20 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.32 (1H, dd, J = 16.4 Hz, J = 7.2 Hz), 3.43-3.48 (1H, m), 3.62 (3H, s), 7.05 (1H, t, J = 7.6 Hz), 7.55 (1H, d, J = 7.6 Hz), 7.75 (1H, d, J = 8.0 Hz), 11.84 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 51.9 (CH3), 23.7, 40.0 (CH2), 40.8 (CH), 120.7, 121.2, 129.1 (CHarom), 105.3, 126.4, 126.9, 131.7, 136.7 (Carom), 173.5, 187.8 (C=O).
HRMS (ESI+) calcd for C14H13BrNO3 (M + H+) 322.0073, found 322.0070.
HPLC: purity > 97%, λ = 240 nm, tR = 28.4 min.

4.1.3.13 Ethyl 8-bromo-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 13 
Starting from compound 4 (154 mg, 0.500 mmol), following general procedure B, the desired compound 13 (135.2 mg, 0.402 mmol, 80%) was obtained as a beige powder.
Rf = 0.56 (EtOAc/cyclohexane 1 :2)
Mp: 191-192 °C. 
IR (ATR): 3109-2781, 1711, 1659, 1468, 1305, 1190 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.15 (3H, t, J = 6.8 Hz), 2.81 (1H, dd, J = 16.4 Hz, J = 4.8 Hz), 2.86 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.19 (1H, dd, J = 17.2 Hz, J = 7.2 Hz), 3.26-3.33 (1H, m), 3.38-3.48 (1H, m), 4.07 (2H, q, J = 6.8 Hz), 7.05 (1H, d, J = 8.4 Hz), 7.56 (1H, d, J = 6.8 Hz), 7.76 (1H, d, J = 7.6 Hz), 11.85 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 14.0 (CH3), 23.8, 40.0, 60.4 (CH2), 41.0 (CH), 120.7, 121.3, 129.1 (CHarom), 105.3, 126.4, 126.9, 131.7, 136.7 (Carom), 173.0, 187.9 (C=O).
HRMS (ESI+) calcd for C15H15BrNO3 (M + H+) 336.0229, found 336.0228.
HPLC: purity > 99%, λ = 240 nm, tR = 30.0 min. 

4.1.3.14 Methyl 5-fluoro-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 14 
Starting from compound 5 (100 mg, 0.405 mmol), following general procedure B, the desired compound 14 (99.4 mg, 0.380 mmol, 94%) was isolated as a white powder.
Rf = 0.45 (EtOAc/cyclohexane 1 :2)
Mp: 206-207 °C. 
IR (ATR): 3236, 1725, 1630, 1575, 1344, 1236 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.76-2.87 (2H, m), 3.30 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.38-3.50 (2H, m), 3.63 (3H, s), 6.84 (1H, dd, J = 10.8 Hz, J = 7.6 Hz), 7.20 (1H, d, J = 8.4 Hz), 7.27 (1H, ddd, J = 15.6 Hz, J = 8.0 Hz, J = 5.6 Hz), 12.00 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 51.9 (CH3), 24.8, 39.5 (CH2), 41.0 (CH), 104.4 (1C, d, 2JCF = 18.3 Hz), 109.4 (1C, d, 4JCF = 3.8 Hz), 126.9 (1C, d, 3JCF = 8.0 Hz) (CHarom), 114.4 (1C, d, 2JCF = 20.6 Hz), 122.7 (1C, d, 4JCF = 2.6 Hz), 131.0, 140.2 (1C, d, 3JCF = 10.4 Hz), 157.5 (1C, d, 1JCF = 249.1 Hz) (Carom), 173.5, 187.9 (C=O).
HRMS (ESI+) calcd for C14H13FNO3 (M + H+) 262.0874, found 262.0869.
HPLC: purity > 98%, λ = 240 nm, tR = 26.9 min.

4.1.3.15 Ethyl 5-fluoro-l-oxo-2,3,4,9-tetrahydro-1H-carbazole-3-carboxylate 15
Starting from compound 5 (100 mg, 0.405 mmol), following general procedure B, the desired compound 15 (92.1 mg, 0.334 mmol, 82%) was obtained as a white powder. 
Rf = 0.51(EtOAc/cyclohexane 1 :2)
Mp: 170-171 °C. 
IR (ATR): 3269, 1721, 1636, 1576, 1482, 1351, 1263 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.15 (3H, t, J = 7.2 Hz), 2.75-2.87 (2H, m), 3.30 (1H, dd, J = 16.0 Hz, J = 7.2 Hz), 3.38-3.47 (2H, m), 4.08 (2H, q, J = 7.2 Hz), 6.84 (1H, dd, J = 11.2 Hz, J = 7.6 Hz), 7.20 (1H, d, J = 8.4 Hz), 7.27 (1H, ddd, J = 15.6 Hz, J = 8.0 Hz, J = 5.6 Hz), 12.00 (1H, br s).
13C NMR (101 MHz, DMSO-d6) δ 14.0 (CH3), 24.9, 60.5 (CH2), 41.1 (CH), 104.4 (1C, d, 2JCF = 18.3 Hz), 109.4 (1C, d, 4JCF = 3.7 Hz), 126.9 (1C, d, 3JCF = 8.1 Hz) (CHarom), 114.4 (1C, d, 2JCF = 20.5 Hz), 122.6 (1C, d, 4JCF = 2.7 Hz), 131.0, 140.2 (1C, d, 3JCF = 10.3 Hz), 157.5 (1C, d, 1JCF = 249.0 Hz) (Carom), 173.0, 187.9 (C=O). 1 CH2 under solvent signal.
HRMS (ESI+) calcd for C15H15FNO3 (M + H+) 276.1031, found 276.1025.
HPLC: purity > 98%, λ = 240 nm, tR = 28.5 min.

4.1.3.16 Methyl 5-bromo-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 16 
Starting from compound 6 (65 mg, 0.202 mmol), following general procedure C, the desired compound 16 (18.4 mg, 0.055 mmol, 27%) was obtained as a pale-yellow powder.
Rf = 0.62 (EtOAc/cyclohexane 1 :2)
Mp: 132-133 °C. 
IR (ATR): 3049-2776, 1718, 1653, 1411, 1336, 1202 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.79 (1H, dd, J = 16.4 Hz, J = 5.2 Hz), 2.85 (1H, dd, J = 16.4 Hz, J = 8.8 Hz), 3.39-3.45 (1H, m), 3.52 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.63 (3H, s), 3.72 (1H, dd, J = 16.8 Hz, J = 4.8 Hz), 4.01 (3H, s), 7.28 (1H, t, J = 7.6 Hz), 7.35 (1H, d, J = 6.8 Hz), 7.60 (1H, d, J = 7.6 Hz).
13C NMR (101 MHz, DMSO-d6) δ 31.7, 52.0 (CH3), 25.4, 40.6 (CH2), 40.2 (CH), 110.8, 124.3, 127.2 (CHarom), 115.6, 122.5, 125.2, 130.3, 140.4 (Carom), 173.4, 189.3 (C=O).
HRMS (ESI+) calcd for C15H15BrNO3 (M + H+) 336.0229, found 336.0224.
HPLC: purity > 95%, λ = 240 nm, tR = 31.9 min.

4.1.3.17 Ethyl 5-bromo-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 17
Starting from compound 7 (100 mg, 0.297 mmol), following general procedure C, after work-up, the crude residue was purified by column chromatography (EtOAc/cyclohexane 1 :2) yielding compound 17 (38 mg, 0.1085 mmol, 36%) as a white powder. 
Rf = 0.64 (EtOAc/cyclohexane 1 :2)
Mp: 126-127 °C. 
IR (ATR): 1718, 1652, 1610, 1428, 1341, 1239 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.15 (3H, t, J = 6.8 Hz), 2.78 (1H, dd, J = 16.8 Hz, J = 4.8 Hz), 2.84 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.35-3.45 (1H, m), 3.54 (1H, dd, J = 16.8 Hz, J = 7.6 Hz), 3.69 (1H, dd, J = 16.8 Hz, J = 4.8 Hz), 4.00 (3H, s), 4.08 (2H, q, J = 7.2 Hz), 7.27 (1H, t, J = 8.0 Hz), 7.35 (1H, d, J = 7.2 Hz), 7.59 (1H, d, J = 8.4 Hz).
13C NMR (101 MHz, DMSO-d6) δ 14.0, 31.7 (CH3), 25.4, 40.6, 60.4 (CH2), 40.3 (CH), 110.7, 124.3, 127.2 (CHarom), 115.6, 122.5, 125.2, 130.3, 140.4 (Carom), 172.9, 189.3 (C=O).
HRMS (ESI+) calcd for C16H17BrNO3 (M + H+) 350.0386, found 350.0389.
HPLC: purity > 98%, λ = 240 nm, tR = 33.6 min.

4.1.3.18 Methyl 6-bromo-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 18
Starting from compound 8 (72 mg, 0.223 mmol) following general procedure C, after work-up, the crude residue was purified by column chromatography (EtOAc/cyclohexane 1 :5) yielding compound 18 (22.1 mg, 0.066 mmol, 29%) as a beige powder.
Rf = 0.65 (EtOAc/cyclohexane 1 :2)
Mp: 126-127 °C. 
IR (ATR): 2921, 1714, 1651, 1474, 1432, 1198 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.80 (1H, dd, J = 17.2 Hz, J = 5.6 Hz), 2.85 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.18 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.27-3.36 (1H, m), 3.37-3.46 (1H, m), 3.62 (3H, s), 3.99 (3H, s), 7.50 (1H, dd, J = 8.8 Hz, J = 1.6 Hz), 7.56 (1H, d, J = 9.2 Hz), 8.01 (1H, d, J = 1.2 Hz).
13C NMR (101 MHz, DMSO-d6) δ 31.6, 52.0 (CH3), 23.7, 41.0 (CH2), 40.5 (CH), 113.1, 123.7, 129.1 (CHarom), 112.6, 125.1, 125.7, 130.2, 138.0 (Carom), 173.5, 189.1 (C=O).
HRMS (ESI+) calcd for C15H15BrNO3 (M + H+) 336.0230, found 336.0224.
HPLC: purity > 95%, λ = 240 nm, tR = 31.7 min.

4.1.3.19 Ethyl 6-bromo-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 19
Starting from compound 9 (86 mg, 0.256 mmol) following general procedure C, after work-up, the crude residue was purified by column chromatography (EtOAc/cyclohexane 1 :5) yielding compound 19 (66.2 mg, 0.189 mmol, 73%) as a white powder. 
Rf = 0.71 (EtOAc/cyclohexane 1 :2)
Mp: 121-122 °C. 
IR (ATR): 1717, 1652, 1610, 1432, 1239 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.16 (3H, t, J = 7.2 Hz), 2.79 (1H, dd, J = 16.0 Hz, J = 4.8 Hz), 2.84 (1H, dd, J = 16.0 Hz, J = 8.0 Hz), 3.17 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.25-3.43 (2H, m), 3.99 (3H, s), 4.02-4.12 (2H, m), 7.50 (1H, dd, J = 7.2 Hz, J = 1.6 Hz), 7.56 (1H, d, J = 7.2 Hz), 8.01 (1H, d, J = 1.6 Hz).
13C NMR (101 MHz, DMSO-d6) δ 14.0, 31.6 (CH3), 23.8, 41.0, 60.4 (CH2), 40.6 (CH), 113.1, 123.6, 129.0 (CHarom), 112.6, 125.1, 125.7, 130.2, 138.0 (Carom), 173.0, 189.2 (C=O).
HRMS (ESI+) calcd for C16H17BrNO3 (M + H+) 350.0386, found 350.0378.
HPLC: purity > 98%, λ = 240 nm, tR = 33.5 min.

4.1.3.20 Methyl 7-bromo-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 20 
Starting from compound 10 (169 mg, 0.524 mmol) following general procedure C, after work-up, the crude residue was purified by column chromatography (EtOAc/cyclohexane 1 :4) yielding compound 20 (43 mg, 0.128 mmol, 24%) as a white powder. 
Rf = 0.58 (EtOAc/cyclohexane 1 :2)
Mp: 121-123 °C. 
IR (ATR): 2947, 1730, 1652, 1610, 1251 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.79 (1H, dd, J = 17.2 Hz, J = 4.8 Hz), 2.84 (1H, dd, J = 16.8 Hz, J = 8.0 Hz), 3.18 (1H, dd, J = 16.4 Hz, J = 8.4 Hz), 3.32-3.36 (1H, m), 3.37-3.46 (1H, m), 3.62 (3H, s), 3.98 (3H, s), 7.27 (1H, dd, J = 8.4 Hz, J = 1.6 Hz), 7.72 (1H, d, J = 8.8 Hz), 7.86 (1H, d, J = 1.6 Hz).
13C NMR (101 MHz, DMSO-d6) δ 31.6, 51.9 (CH3), 23.7, 40.9 (CH2), 40.5 (CH), 113.8, 123.2, 123.3 (CHarom), 119.8, 123.0, 126.1, 129.9, 140.0 (Carom), 173.4, 189.0 (C=O).
HRMS (ESI+) calcd for C15H15BrNO3 (M + H+) 336.0230, found 336.0226.
HPLC: purity > 98%, λ = 240 nm, tR = 31.9 min.

4.1.3.21 Ethyl 7-bromo-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 21 
Starting from compound 11 (154.2 mg, 0.459 mmol) following general procedure C, after work-up, the crude residue was purified by column chromatography (EtOAc/cyclohexane 1 :5) yielding compound 21 (101.1 mg, 0.289 mmol, 63%) as a beige powder. 
Rf = 0.72 (EtOAc/cyclohexane 1 :2)
Mp: 121-122 °C. 
IR (ATR): 2935, 1712, 1651, 1604, 1471, 1432, 1246 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.15 (3H, t, J = 7.2 Hz), 2.78 (1H, dd, J = 16.8 Hz, J = 5.2 Hz), 2.84 (1H, dd, J = 17.2 Hz, J = 8.0 Hz), 3.17 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.27-3.33 (1H, m), 3.35-3.42 (1H, m), 3.98 (3H, s), 4.03-4.11 (2H, m), 7.27 (1H, dd, J = 8.4 Hz, J = 1.6 Hz), 7.73 (1H, d, J = 6.4 Hz), 7.85 (1H, d, J = 1.2 Hz).
13C NMR (101 MHz, DMSO-d6) δ 14.0, 31.6 (CH3), 23.7, 41.0, 60.4 (CH2), 40.7 (CH), 113.8, 123.2, 123.3 (CHarom), 119.8, 123.1, 126.1, 129.9, 140.0 (Carom), 172.9, 189.0 (C=O).
HRMS (ESI+) calcd for C16H17BrNO3 (M + H+) 350.0386, found 350.0382.
HPLC: purity > 99%, λ = 240 nm, tR = 33.6 min.

4.1.3.22 Methyl 8-bromo-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 22 
Starting from compound 12 (100 mg, 0.309 mmol) following general procedure C, after work-up, the crude residue was purified by column chromatography (EtOAc/cyclohexane 1 :5) yielding compound 22 (32.6 mg, 0.097 mmol, 31%) as a beige orange powder. 
Rf = 0.64 (EtOAc/cyclohexane 1 :2)
Mp: 120-121 °C. 
IR (ATR): 2937, 1730, 1652, 1601, 1431, 1243 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.82 (1H, dd, J = 16.8 Hz, J = 4.8 Hz), 2.87 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.18 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.33 (1H, dd, J = 16.4 Hz, J = 5.2 Hz), 3.39-3.45 (1H, m), 3.63 (3H, s), 4.38 (3H, s), 7.05 (1H, t, J = 8.0 Hz), 7.62 (1H, dd, J = 7.6 Hz, J = 0.8 Hz), 7.79 (1H, dd, J = 8.0 Hz, J = 0.8 Hz).
13C NMR (101 MHz, DMSO-d6) δ 33.9, 52.0 (CH3), 23.7, 41.4 (CH2), 40.2 (CH), 121.2, 121.5, 131.9 (CHarom), 103.8, 126.6, 127.5, 130.5, 135.5 (Carom), 173.3, 189.1 (C=O).
HRMS (ESI+) calcd for C15H15BrNO3 (M + H+) 336.0230, found 336.0227.
HPLC: purity > 98%, λ = 240 nm, tR = 33.0 min.

4.1.3.23 Ethyl 8-bromo-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 23
Starting from compound 13 (90 mg, 0.267 mmol) following general procedure C, after work-up, the crude residue was purified by column chromatography (EtOAc/cyclohexane 1 :5) yielding compound 23 (54.2 mg, 0.155 mmol, 58%) as a white powder. 
Rf = 0.75 (EtOAc/cyclohexane 1 :2)
Mp: 102-103 °C. 
IR (ATR): 2930, 1731, 1655, 1428, 1372, 1245 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.16 (3H, t, J = 7.2 Hz), 2.80 (1H, dd, J = 16.8 Hz, J = 5.2 Hz), 2.87 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.17 (1H, dd, J = 16.4 Hz, J = 8.0 Hz), 3.27-3.44 (2H, m), 4.03-4.13 (2H, m), 4.38 (3H, s), 7.05 (1H, t, J = 8.0 Hz), 7.61 (1H, d, J = 7.6 Hz), 7.78 (1H, d, J = 8.0 Hz).
13C NMR (101 MHz, DMSO-d6) δ 14.0, 33.9 (CH3), 23.7, 41.4, 60.5 (CH2), 40.4 (CH), 121.2, 121.5, 131.9 (CHarom), 103.8, 126.6, 127.6, 130.5, 135.5 (Carom), 172.9, 189.2 (C=O).
HRMS (ESI+) calcd for C16H17BrNO3 (M + H+) 350.0386, found 350.0385.
HPLC: purity > 99%, λ = 240 nm, tR = 34.9 min.

4.1.3.24 Methyl 5-fluoro-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 24
Starting from compound 14 (68.8 mg, 0.263 mmol), following general procedure C, the desired compound 24 (23.7 mg, 0.086 mmol, 32%) was obtained as a white powder.
Rf = 0.59 (EtOAc/cyclohexane 1 :2)
Mp: 172-173 °C. 
IR (ATR): 3018-2811, 1720, 1662, 1432, 1243 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 2.77-2.88 (2H, m), 3.28-3.36 (1H, m), 3.41-3.47 (2H, m), 3.63 (3H, s), 4.00 (3H, s), 6.90 (1H, ddd, J = 10.8 Hz, J = 6.4 Hz, J = 1.6 Hz), 7.34-7.41 (2H, m).
13C NMR (101 MHz, DMSO-d6) δ 31.9, 52.0 (CH3), 25.1, 40.7 (CH2), 40.6 (CH), 104.8 (1C, d, 2JCF = 18.3 Hz), 107.5 (1C, d, 4JCF = 3.8 Hz), 127.2 (1C, d, 3JCF = 8.1 Hz) (CHarom), 113.3 (1C, d, 2JCF = 20.5 Hz), 123.4 (1C, d, 4JCF = 2.9 Hz), 129.5, 141.4 (1C, d, 3JCF = 10.2 Hz), 157.6 (1C, d, 1JCF = 249.9 Hz) (Carom), 173.4, 188.8 (C=O).
HRMS (ESI+) calcd for C15H15FNO3 (M + H+) 276.1031, found 276.1024.
HPLC: purity > 98%, λ = 240 nm, tR = 30.0 min.

4.1.3.25 Ethyl 5-fluoro-l-oxo-2,3,4,9-tetrahydro-9-methyl-1H-carbazole-3-carboxylate 25 
Starting from compound 15 (64.1 mg, 0.233 mmol), following general procedure C, the desired compound 25 (16.3 mg, 0.056 mmol, 24%) was obtained as a white powder. 
Rf = 0.64 (EtOAc/cyclohexane 1 :2)
Mp: 111-112 °C. 
IR (ATR): 3028-2822, 1723, 1655, 1628, 1475, 1239 cm-1.
1H NMR (400 MHz, DMSO-d6) δ 1.16 (3H, t, J = 7.2 Hz), 2.76-2.88 (2H, m), 3.28-3.36 (1H, m), 3.38-3.46 (2H, m), 4.00 (3H, s), 4.08 (2H, qd, J = 7.2 Hz, J = 1.6 Hz), 6.90 (1H, ddd, J = 12.8 Hz, J = 8.4 Hz, J = 1.6 Hz), 7.32-7.42 (2H, m).
13C NMR (101 MHz, DMSO-d6) δ 14.0, 31.9 (CH3), 25.1, 40.70, 60.5 (CH2), 40.68 (CH), 104.8 (1C, d, 2JCF = 18.3 Hz), 107.5 (1C, d, 4JCF = 3.7 Hz), 127.2 (1C, d, 3JCF = 8.1 Hz) (CHarom), 113.3 (1C, d, 2JCF = 21.0 Hz), 123.4 (1C, d, 4JCF = 2.8 Hz), 129.5, 141.4 (1C, d, 3JCF = 10.4 Hz), 157.6 (1C, d, 1JCF = 249.8 Hz) (Carom), 172.9, 188.9 (C=O).
HRMS (ESI+) calcd for C16H17FNO3 (M + H+) 290.1187, found 290.1180.
HPLC: purity > 99%, λ = 240 nm, tR = 31.6 min.

Molecular Modeling

Initial geometries were optimized with the xTB 6.6.1 program using the GFN2-xTB method [1]. A conformer search was then performed using CREST 2.12 [2] at the GFN2-xTB level of theory and with the -nmr ensemble sorting option. Gauge-Independent Atomic Orbital (GIAO) method was used for the calculation of NMR shielding. The conformer ensemble was processed with CENSO 1.2.0 [3] and ORCA 5.0.4 [4] to compute Boltzmann-weighted isotropic shielding constants at the B3LYP/6-311+G(2d,p) level of theory using the SMD solvation model for DMSO. The resulting isotropic shielding constants were converted into chemical shifts using the scaling factor reported by G. K. Pierens for the B3LYP/6-311+G(2d,p) method (giao, scrf dmso, computed with Gaussian 09) [5], assuming the variation between Gaussian 09 (IEF-PCM) and ORCA 5.0.4 (SMD) calculations has a negligible impact on shielding constants.
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