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General Considerations. All reactions involving air-sensitive compounds were carried out under an
N, atmosphere in oven-dried glassware with magnetic stirring. Temperatures are reported as bath
temperatures. THF were continuously refluxed and freshly distilled from sodium under nitrogen.
Solvents used in extraction and purification were distilled prior to use. TLC was performed on alumina-
backed plates coated with silica gel 60 with F,s4 indicator; the chromatograms were visualized by UV
light (254 nm) and/or by staining with a Ce/Mo reagent, anisaldehyde or phosphomolybdic acid solution
and subsequent heating. R¢ values refer to silica gel. Flash column chromatography was carried out on
silica gel 60, 230-400 mesh. Melting points were obtained with open capillary tubes and are
uncorrected. *H NMR spectra were recorded at 400, 300, or 200 MHz. Chemical shifts are reported in
ppm from tetramethylsilane with the residual solvent resonance as the internal standard (CHCls: 6 7.16;
DMSO-dg: 6 2.54). Data are reported as follows: chemical shift, multiplicity (s: singlet, br s: broad
singlet, d: doublet, dd: doublet of doublets, dt: doublet of triplets, t: triplet, td: triplet of doublets, q:
quartet, m: multiplet), coupling constants (J in Hz) and integration. *C NMR spectra were recorded at
100.6, 75.4, or 50.3 MHz using broadband proton decoupling. Chemical shifts are reported in ppm with
the solvent resonance as internal standard (CDCls: & 76.95; DMSO-ds: 6 40.15). Low-resolution
electron impact mass spectra (EI-LRMS) were obtained at 70 eV on a mass spectrometer and only the
molecular ions and/or base peaks in MS are given. High-resolution mass spectrometry (HRMS) was
carried out on a mass spectrometer. Infrared spectra were recorded with a FT-IR spectrophotometer.
Elemental analyses were performed on a microanalyzer. All commercially available reagents were used

without purification unless otherwise indicated and were purchased from standard chemical suppliers.

Synthesis of N-(2-Fluorophenyl)-N-methyl-2-nitroaniline (1a):' Under nitrogen atmosphere an
oven-dried Schlenk flask was charged with Cs,CO3 (6.84 g, 21 mmol), Pdx(dba)s (0.413 g, 0.45 mmol)
and BINAP (0.420 g, 0.67 mmol). N-methyl-2-fluoroaniline (2.25 g, 18 mmol), 1-bromo-2-nitrobenzene
(3.03 g, 15 mmol) and toluene (30 mL) were added, and the mixture was heated to 100 °C with stirring

until the starting material had been consumed as judged by GC-MS analysis (ca. 16 h). The mixture was
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cooled to room temperature, diluted with Et,O (40 mL), filtered, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc, 50/1) to afford
the titled compound (2.92 g, 79%) as an orange oil: R; 0.21 (hexane/EtOAc, 50/1); *H NMR (400 MHz,
CDCl3) § 7.87 (dd, J = 8.0, 1.6 Hz, 1H), 7.30 (dt, J = 7.6, 1.6 Hz, 1H), 7.11 (dd, J = 8.0, 1.6 Hz, 1H),
7.05-6.81 (m, 5H), 3.21 (s, 3H); *C NMR (100.6 MHz, CDCls) & 156.2 (d, J = 249.7 Hz, C), 143.0 (C),
142.3 (C), 135.6 (d, J = 9.9 Hz, C), 133.3 (CH), 125.9 (CH), 125.2 (d, J = 7.8 Hz, CH), 124.6 (d, J = 2.0
Hz, CH), 123.4 (d, J = 2.9 Hz, CH), 122.5 (CH), 121.6 (CH), 116.8 (d, J = 20.1 Hz, CH), 41.1 (d, J =
2.5 Hz, CHa); EI-LRMS m/z 246 (M", 53), 198 (100); HRMS calcd for C13H1:FN,O,, 246.0805; found,

246.0812.

Synthesis of N-(3-Dimethylaminopropyl)-N-(2-fluorophenyl)-2-nitroaniline (1b): A solution of
N-(3-dimethylaminopropyl)-2-fluoroaniline (3.53 g, 18 mmol) in THF (60 mL) was treated with n-BuL.i
(7.2 mL of a 2.5M solution in hexane, 18 mmol) at —50 °C. The reaction mixture was stirred for 15 min
at this temperature and then was allowed to reach room temperature and stirring was continued for 45
min. The reaction mixture was cooled to —78 °C and a solution of 1-chloro-2-nitrobenzene (4.26 g, 27
mmol) in THF (20 mL) was added dropwise. After 10 min at this temperature the reaction was refluxed
overnight. The mixture was quenched with water, extracted with AcOEt (3 x 30 mL) and the combined
organic layers were washed with a saturated Na,CO3z aqueous solution and dried over anhydrous
Na,SOs. The solvents were removed under reduced pressure and the residue was purified by silica gel
column chromatography (hexane/AcOEt, 15/1) to give the titled compound (3.31 g, 58%) as a red oil: R¢
0.45 (hexane/EtOAc, 10/1); *H NMR (400 MHz, CDCls) & 7.62 (dd, J = 8.0, 1.6 Hz, 1H), 7.46 (ddd, J
=8.0, 7.2, 1.6 Hz, 1H), 7.35 (dd, J = 8.4, 1.2 Hz, 1H), 7.03-6.93 (m, 5H), 3.79-3.74 (m, 2H), 2.30 (t, J =
6.8 Hz, 2H), 2.18 (s, 6H), 1.85-1.74 (m, 2H); *C NMR (100.6 MHz, CDCls) & 156.5 (d, J = 249.6 Hz,
C), 143.1 (C), 141.9 (C), 134.4 (d, J = 10.0 Hz, C), 133.0 (CH), 125.8 (CH), 124.9 (d, J = 7.6 Hz, CH),

124.6 (d, J = 1.5 Hz, CH), 124.4 (d, J = 3.1 Hz, CH), 123.2 (CH), 121.5 (CH), 116.7 (d, J = 19.9 Hz,
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CH), 56.5 (CHy), 51.1 (d, J = 2.2 Hz, CH,), 45.3 (CHy), 25.5 (CH3); EI-LRMS m/z 317 (M", 2), 102

(100), HRMS calcd for C17H20FN302, 317.1540; fOUﬂd, 317.1551.

Typical Procedure for the Synthesis of N-Alkyl-N-(2-fluorophenyl)benzene-1,2-diamines 2a-b:?
To a solution of the corresponding aromatic nitro compound 1a,b (10 mmol) in MeOH (100 mL) was
added anhydrous CuCl (2.97 g, 30 mmol). KBH; (3.78 g, 70 mmol) was added to this mixture in
portions with stirring at room temperature. After the addition, the reaction mixture was stirred for 30
min. Then, MeOH was removed under reduced pressure, water (100 mL) was added, and the mixture
was extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over anhydrous
Na,SO,. The solvents were removed under reduced pressure and the residue was purified by silica gel

column chromatography (hexane/EtOAc) to provide the corresponding tertiary amine:

N-(2-Fluorophenyl)-N-methylbenzene-1,2-diamine (2a): KBH, (3.78 g, 70 mmol) was added to a
solution of 1a (2.46 g, 10 mmol) and CuCl (2.97 g, 30 mmol) in MeOH (100 mL). Workup as above
gave the title compound (2.03 g, 94%) as a yellow oil: R; 0.14 (hexane/EtOAc, 25/1); *H NMR (400
MHz, CDCl3) 67.09-6.88 (m, 6H), 6.80 (dd, J = 8.0, 1.2 Hz, 1H), 6.77 (dt, J = 7.6, 1.2 Hz, 1H), 3.95 (br
s, 2H), 3.18 (s, 3H); *C NMR (100.6 MHz, CDCl3) 5154.8 (d, J = 245.8 Hz, C), 142.1 (C), 138.4 (d, J
=9.2 Hz, C), 136.5 (C), 126.1 (CH), 124.6 (CH), 124.2 (d, J = 3.0 Hz, CH), 121.6 (d, J = 7.6 Hz, CH),
119.6 (d, J = 3.0 Hz, CH), 118.7 (CH), 116.2 (d, J = 21.4 Hz, CH), 115.7 (CH), 39.9 (d, J = 2.9 Hz,

CHs); EI-LRMS m/z 216 (M*, 100); HRMS calcd for C13H;3FN,, 216.1063; found, 216.1057.

N-(3-Dimethylaminopropyl)-N-(2-fluorophenyl)benzene-1,2-diamine (2b): KBH,; (3.78 g, 70
mmol) was added to a solution of 1b (3.17 g, 10 mmol) and CuCl (2.97 g, 30 mmol) in MeOH (100
mL). Workup as above gave the title compound (2.64 g, 92%) as a white solid: mp 106-108 °C; *H
NMR (400 MHz, CDCls) §7.10-6.86 (m, 5H), 6.80-6.72 (m, 3H), 3.82 (br s, 2H), 3.58 (t, J = 6.8 Hz,
2H), 2.92-2.84 (m, 2H), 2.48 (s, 6H), 2.05-1.95 (m, 2H); **C NMR (100.6 MHz, CDCl3) §155.3 (d, J =
245.8 Hz, C), 142.9 (C), 137.0 (d, J = 7.6 Hz, C), 132.3 (C), 126.5 (CH), 125.9 (CH), 124.4 (d, J = 3.1

Hz, CH), 122.4 (d, J = 7.6 Hz, CH), 121.6 (d, J = 3.0 Hz, CH), 118.6 (CH), 116.5 (d, J = 19.8 Hz, CH),
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116.1 (CH), 62.0 (CH5), 51.1 (CH), 50.5 (d, J = 3.1 Hz, CH,), 22.8 (CHs): EI-LRMS m/z 287 (M, 6),

58 (100); HRMS calcd for C17H22FN3, 287.1798; found, 287.1794.

Typical Procedure for the Synthesis of 2-Fluorophenyl 2-Nitrophenyl Ether 7a and Thioether
7b: 2-Fluorophenol or 2-fluorothiophenol (20 mmol) was added dropwise under nitrogen to a solution
of 1-chloro-2-nitrobenzene (4.73 g, 30 mmol) and solid copper oxide (1) (4.29 g, 30 mmol) in pyridine
(50 mL) at room temperature. The resulting mixture was heated at reflux for 12 h, cooled to room
temperature, and treated with HCI (1 M). The mixture was extracted with Et,O (3 x 50 mL), and the
combined organic layers were washed with saturated Na,COjz; aqueous solution and dried over
anhydrous Na,SO,. The solvents were removed under reduced pressure and the residue was purified by

silica gel column chromatography (hexane/EtOAc) to provide the corresponding ether or thioether:

2-Fluorophenyl 2-nitrophenyl ether (7a):* Prepared from 2-fluorophenol (2.24 g, 20 mmol), Cu,O
(4.29 g, 30 mmol) and 1-chloro-2-nitrobenzene (4.73 g, 30 mmol) in pyridine (50 mL) according to the
above procedure to give the title compound (3.45 g, 74%) as a yellow oil: R; 0.13 (hexane/EtOAc, 25/1);
'H NMR (200 MHz, CDCls) §7.95-7.87 (m, 1H), 7.51-7.40 (m, 1H), 7.22-7.03 (m, 5H), 6.92-6.84 (m,
1H); *C NMR (50.3 MHz, CDCl3) §153.7 (d, J = 250.5 Hz, C), 150.4 (C), 141.9 (d, J = 12.0 Hz, C),
140.0 (C), 134.2 (CH), 126.1 (d, J = 6.9 Hz, CH), 125.6 (CH), 124.9 (d, J = 3.8 Hz, CH), 123.0 (CH),
121.9 (CH), 118.2 (CH), 117.1 (d, J = 17.7 Hz, CH); EI-LRMS m/z 233 (M*, 21), 122 (100); HRMS

calcd for C1,HgFNO3, 233.0488; found, 233.0480.

2-Fluorophenyl 2-nitrophenyl thioether (7b): Prepared from 2-fluorothiophenol (2.56 g, 20 mmol),
Cu20 (4.29 g, 30 mmol) and 1-chloro-2-nitrobenzene (4.73 g, 30 mmol) in pyridine (50 mL) according
to the above procedure to give the title compound (3.89 g, 78%) as a yellow solid: mp 80-82 °C (lit.* mp
75 °C); *H NMR (200 MHz, CDCls) §8.23 (d, J = 8.2 Hz, 1H), 7.66-7.14 (m, 6H), 6.82 (dd, J = 7.8, 1.3
Hz, 1H); *C NMR (50.3 MHz, CDCls) §163.0 (d, J = 251.3 Hz, C), 144.9 (C), 137.7 (CH), 137.3 (C),

133.6 (CH), 132.8 (d, J = 8.7 Hz, CH), 127.5 (CH), 125.8 (CH), 125.5 (d, J = 3.8 Hz, CH), 125.2 (CH),

S-5



117.9 (d, J = 19.4 Hz, C), 116.7 (d, J = 22.9 Hz, CH); EI-LRMS m/z 249 (M", 33), 185 (100); HRMS

calcd for C1o,HsFNO,S, 249.0260; found, 249.0269.

Typical Procedure for the Synthesis of 2-Aminophenyl 2-Fluorophenyl Ether 8a and Thioether
8b: To a solution of the corresponding aromatic nitro compound 7a,b (10 mmol) in EtOH (25 mL) and
HCI conc. (4 mL) iron powder (1.68 g, 30 mmol) was added. The mixture was refluxed for 6 h and then,
it was filtered through Celite. The filter pad was washed with hot EtOAc (3 x 30 mL), the filtrate was
concentrated and the residue was partitioned between EtOAc and brine. The organic layer was dried
over anhydrous Na,SQ,, the solvents were removed under reduced pressure and the residue was purified

by silica gel column chromatography (hexane/EtOAc) to provide the corresponding compound:

2-(2-Fluorophenoxy)aniline (8a):> Fe powder (1.68 g, 30 mmol) was added to a solution of 7a (2.33
g, 10 mmol) in EtOH (25 mL) and HCI (4 mL). Workup as above gave the title compound (1.87 g, 92%)
as a yellow oil: R; 0.20 (hexane/EtOAc, 20/1); *H NMR (200 MHz, CDCls) & 7.32-6.61 (m, 8H), 3.95
(br s, 2H); *C NMR (50.3 MHz, CDCl3) §153.2 (d, J = 248.3 Hz, C), 144.2 (d, J = 11.5 Hz, C), 143.0
(C), 137.9 (C), 124.5 (CH), 124.3 (d, J = 3.8 Hz, CH), 123.5 (d, J = 6.9 Hz), 119.4 (d, J = 0.8 Hz, CH),
118.1 (CH), 116.5 (d, J = 18.2 Hz, CH), 116.1 (CH); EI-LRMS m/z 203 (M*, 100); HRMS calcd for

C12H10FNO, 203.0746; found, 203.0751.

2-(2-Fluorophenylthio)aniline (8b): Fe powder (1.68 g, 30 mmol) was added to a solution of 7b
(2.49 g, 10 mmol) in EtOH (25 mL) and HCI (4 mL). Workup as above gave the title compound (1.97 g,
90%) as a yellow solid: mp 38-40 °C (lit.* mp 42-44 °C); *H NMR (200 MHz, CDCl;) 67.51 (d, J = 7.4
Hz, 1H), 7.34-7.24 (m, 1H), 7.21-6.75 (m, 6H), 4.35 (br s, 2H); *C NMR (50.3 MHz, CDCls) & 159.3
(d, J = 243.3 Hz, C), 149.0 (C), 137.5 (CH), 131.3 (CH), 128.1 (d, J = 2.3 Hz. CH), 126.8 (d, J = 7.6
Hz, CH), 124.5 (d, J = 3.0 Hz, CH), 123.8 (d, J = 17.1 Hz, C), 118.7 (CH), 115.4 (CH), 115.2 (d, J =
21.3 Hz, CH), 112.1 (C); EI-LRMS m/z 219 (M*, 100); HRMS calcd for C1,H10FNS, 219.0518; found,

219.0528.
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Typical Procedure for the Preparation of 2-Fluorophenyl 2-lodophenyl Amines 3a-b, Ether 9a,
and Thioether 9b:° A cooled solution of NaNO, (0.61 g, 8.8 mmol) in H,O (2 mL) was slowly added
to a stirred solution of the corresponding aromatic amino compound 2 or 8 (8 mmol) in H,O (8 mL) and
H,SO, (conc., 1.2 mL) cooled in an ice bath. After the addition, the mixture was stirred at this
temperature for 30 min and then it was slowly poured into an ice-cold solution of KI (1.74 g, 10.5
mmol) in H,O (4 mL). After a few minutes, copper powder (0.008 g, 0.12 mmol) was added, and the
reaction mixture was refluxed for 30 min. The mixture was allowed to cool to room temperature,
extracted with CH,Cl;, (4 x 30 mL). The combined organic layers were washed with Na,S,;03 (20% aq.,
10 mL), dried over anhydrous Na;SOg, and filtered. The solvents were removed under reduced pressure
and the residue was purified by silica gel column chromatography (hexane/EtOAc) to provide the

corresponding products:

N-(2-Fluorophenyl)-N-(2-iodophenyl)methylamine (3a): A solution of 2a (1.73 g, 8 mmol) in H,O
(8 mL) and H,SO4 (conc., 1.2 mL) was treated with NaNO, (0.61 g, 8.8 mmol) and KI (1.74 g, 10.5
mmol). Workup as described above yielded 3a (1.57 g, 60%) as a colorless oil: R; 0.30 (hexane); *H
NMR (400 MHz, CDCl3) & 7.93 (dd, J = 7.6, 1.6 Hz, 1H), 7.35 (dt, J = 8.0, 1.6 Hz, 1H), 7.16 (dd, J =
8.0, 1.6 Hz, 1H), 7.11-6.89 (m, 5H), 3.26 (s, 3H); **C NMR (100.6 MHz, CDCl5) §155.0 (d, J = 248.3
Hz, C), 151.6 (C), 140.1 (CH), 137.8 (d, J = 9.1 Hz, C), 129.2 (CH), 126.5 (CH), 125.4 (d, J = 1.5 Hz,
CH), 124.2 (d, J = 3.5 Hz, CH), 121.8 (d, J = 7.8 Hz, CH), 120.0 (d, J = 2.3 Hz, CH), 116.3 (d, J = 19.8
Hz, CH), 98.0 (C), 41.1 (d, J = 2.3 Hz, CHs); EI-LRMS m/z 327 (M*, 50), 185 (100); HRMS calcd for
Ci3H11FIN, 326.9920; found, 326.9931. Anal. Calcd for Ci3H1:FIN (327.1): C, 47.73; H, 3.39; N, 4.28.

Found: C, 47.86; H, 3.38; N, 4.29.

N-(3-Dimethylaminopropyl)-N-(2-fluorophenyl)-2-iodoaniline (3b): A solution of 2b (2.30 g, 8
mmol) in H,O (8 mL) and H,SO, (conc., 1.2 mL) was treated with NaNO, (0.61 g, 8.8 mmol) and KI
(1.74 g, 10.5 mmol). Workup as described above yielded 3b (1.62 g, 51%) as a colorless oil: Rs 0.40

(ACOEYELNH, 20/1); *H NMR (400 MHz, CDCl3) 57.85 (dd, J = 8.0, 1.6 Hz, 1H), 7.31 (dt, J = 7.6,
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1.6 Hz, 1H), 7.18 (dd, J = 7.6, 1.2 Hz, 1H), 7.04-6.92 (m, 2H), 6.90-6.83 (m, 2H), 6.73-6.68 (m, 1H),
3.65-3.60 (m, 2H), 2.34 (t, J = 7.2 Hz, 2H), 2.19 (s, 6H), 1.84-1.79 (m, 2H); **C NMR (100.6 MHz,
CDCls) §155.5 (d, J = 245.7 Hz, C), 149.6 (C), 140.4 (CH), 137.0 (d, J = 7.7 Hz, C), 128.9 (CH), 126.7
(CH), 126.5 (CH), 124.1 (d, J = 4.6 Hz, CH), 121.9 (d, J = 6.1 Hz, CH), 121.8 (d, J = 3.1 Hz, CH),
116.5 (d, J = 19.8 Hz, CH), 99.2 (C), 57.1 (CHy), 51.6 (d, J = 3.0 Hz, CH3), 45.5 (CH,), 26.2 (CHs); El-
LRMS m/z 398 (M*, 0.1), 58 (100). Anal. Calcd for Ci7HxoFIN; (398.3): C, 51.27; H, 5.06; N, 7.03.

Found: C, 51.35; H, 5.08; N, 7.05.

2-Fluorophenyl 2-iodophenyl ether (9a): A solution of 8a (1.63 g, 8 mmol) in H,O (8 mL) and
H,SO, (conc., 1.2 mL) was treated with NaNO; (0.61 g, 8.8 mmol) and KI (1.74 g, 10.5 mmol). Workup
as described above yielded 9a (1.88 g, 75%) as a colorless oil: R; 0.27 (hexane/EtOAc, 30/1); *H NMR
(400 MHz, CDCl5) §7.86 (dd, J = 7.6, 1.2 Hz, 1H), 7.30-7.07 (m, 4H), 6.99 (dt, J = 8.0, 2.0 Hz, 1H),
6.86 (dt, J = 7.6, 1.6 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H); *C NMR (50.3 MHz, CDCl;) §156.3 (C), 153.7
(d, J = 249.6 Hz, C), 143.3 (d, J = 11.4 Hz, C), 139.7 (CH), 129.4 (CH), 125.0 (CH), 124.9 (d, J = 6.6
Hz, CH), 124.6 (d, J = 3.8 Hz, CH), 121.1 (CH), 117.05 (CH), 117.01 (d, J = 18.1 Hz, CH), 87.1 (C);
EI-LRMS m/z 314 (M", 100); HRMS calcd for C1,HgF10, 313.9604; found, 313.9597. Anal. Calcd for

C12HgFI1O (314.1): C, 45.89; H, 2.57. Found: C, 46.02; H, 2.58.

2-Fluorophenyl 2-iodophenyl thioether (9b): A solution of 8b (1.75 g, 8 mmol) in H,O (8 mL) and
H,SO, (conc., 1.2 mL) was treated with NaNO; (0.61 g, 8.8 mmol) and KI (1.74 g, 10.5 mmol). Workup
as described above yielded 9b (1.90 g, 72%) as a white solid: mp 48-50 °C; *H NMR (200 MHz, CDCl5)
5784 (d,J = 7.6 Hz, 1H), 7.44-7.34 (m, 2H), 7.26-7.12 (m, 3H), 6.99-6.85 (m, 2H); *C NMR (50.3
MHz, CDCls) & 161.6 (d, J = 248.7 Hz, C), 140.1 (C), 139.4 (CH), 134.9 (CH), 130.7 (d, J = 7.8 Hz,
CH), 128.8 (CH), 128.7 (CH), 127.5 (CH), 125.0 (d, J = 3.9 Hz, CH), 120.7 (d, J = 17.4 Hz, C), 116.1
(d, J = 21.9 Hz, CH), 98.9 (C); EI-LRMS m/z 330 (M*, 14), 329 (100); HRMS calcd for Ci,HgFIS,
329.9375; found, 329.9370. Anal. Calcd for Cy,HgFIS (330.2): C, 43.65; H, 2.44. Found: C, 43.74; H,

2.43.
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Synthesis of N-(2-Bromophenyl)-N-(2-fluorophenyl)methylamine (3c): Under nitrogen
atmosphere an oven-dried Schlenk flask was charged with Cs,CO;3; (3.42 g, 10.5 mmol), Pd,(dba);
(0.207 g, 0.225 mmol) and BINAP (0.210 g, 0.34 mmol). 2-Bromoaniline (1.55 g, 9 mmol), 1-bromo-2-
fluorobenzene (1.32 g, 7.5 mmol) and toluene (30 mL) were added, and the mixture was heated to 100
°C with stirring for 48 h. The mixture was cooled to room temperature, diluted with Et,O, filtered and
concentrated under reduced pressure. The crude product was then purified by column chromatography
(hexane) giving rise to N-(2-bromophenyl)-2-fluoroaniline (0.76 g, 38%) as a colorless oil: Rs 0.43
(hexane/EtOAc, 50/1); *H NMR (300 MHz, CDCl3) §7.60 (d, J = 7.7 Hz, 1H), 7.37 (td, J = 8.3, 1.9 Hz,
1H), 7.31-7.07 (m, 4H), 7.06-6.96 (m, 1H), 6.88-6.79 (m, 1H), 6.18 (br s, 1H); *C NMR (75.4 MHz,
CDCl3) §154.3 (d, J = 240.8 Hz, C), 140.5 (C), 133.1 (CH), 130.1 (d, J = 11.3 Hz, C), 128.2 (CH),
124.4 (d, J = 4.1 Hz, CH), 122.7 (d, J = 7.3 Hz, CH), 121.8 (CH), 120.1 (d, J = 1.7 Hz, CH), 116.5
(CH), 116.1 (d, J = 19.3 Hz, CH), 113.1 (C); EI-LRMS m/z 267 (M*+2, 62), 265 (M*, 64), 185 (100);
HRMS calcd for CioHgBrFN, 264.9902; found, 264.9895. A solution of N-(2-bromophenyl)-2-
fluoroaniline (0.67 g, 2.5 mmol) in DMF (4 mL) was treated with NaH (0.09 g, 3.75 mmol) at 0 °C for
30 min. Then, methyl iodide (0.462 g, 3.25 mmol) in DMF (2 mL) was added at 0 °C and the mixture
was stirred at room temperature for 1 h. The mixture was diluted with H,O, extracted with CH,Cl, (3 x
20 mL), dried over Na,SO, anhydrous, filtered and concentrated under reduced pressure. The crude
product was then purified by column chromatography (hexane) yielding 3c (0.66 g, 94%) as a colorless
oil: R; 0.28 (hexane); *H NMR (300 MHz, CDCls) & 7.61 (dd, J = 8.0, 1.6 Hz, 1H), 7.29 (td, J = 7.7, 1.4
Hz, 1H), 7.17 (dd, J = 8.0, 1.6 Hz, 1H), 7.09-6.87 (m, 5H), 3.27 (s, 3H); *C NMR (75.4 MHz, CDCl5) &
155.0 (d, J = 247.1 Hz, C), 148.4 (C), 137.7 (d, J = 9.1 Hz, C), 133.9 (CH), 128.2 (CH), 125.8 (CH),
125.6 (d, J = 1.9 Hz, CH), 124.2 (d, J = 3.8 Hz, CH), 122.1 (d, J = 7.6 Hz, CH), 120.7 (C), 120.5 (d, J =
2.9 Hz, CH), 116.3 (d, J = 20.0 Hz, CH), 40.8 (d, J = 2.0 Hz, CHs3); EI-LRMS m/z 281 (M*+2, 61), 279
(M*, 62), 185 (100); HRMS calcd for Ci3H1:BrFN, 279.0059; found, 279.0065. Anal. Calcd for

C11H11BrFN (280.1): C, 55.74; H, 3.96; N, 5.00. Found: C, 55.84; H, 3.95; N, 4.98.
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General Procedure for the Synthesis of 4-Functionalized Carbazoles 4, 1-Functionalized
Dibenzofurans 10 and 1-Functionalized Dibenzothiophenes 11: t-BuLi (2.2 mL of a 1.5 M solution
in pentane, 3.3 mmol) was added to a solution of the corresponding 2-fluorophenyl 2-halophenyl
derivative 3a-c or 9a,b (1 mmol) in THF (8 mL) at —78 °C. The resulting solution was stirred for 20 min
at this temperature and then, the reaction mixture was allowed to warm to 0 °C and stirred for 30 min.
After cooling to —78 °C, the corresponding electrophile (1.2 mmol) was added dropwise and stirring
continued at low temperature for further 30 min. The reaction mixture was then allowed to warm to
room temperature, quenched with water and extracted with EtOAc (3 x 20 mL). The combined organic
layers were dried (Na,SO,), and evaporated under reduced pressure. The crude product was purified by
column chromatography (eluent: hexane/EtOAC) on silica gel to afford the corresponding compounds 4,

10, and 11.

9-Methyl-9H-carbazole (4a):* Treatment of 3a (0.327 g, 1 mmol) with t-BuLi (2.2 mL, 3.3 mmol)
according to the general procedure, using MeOH (excess) as electrophile and workup as described
above yielded 4a (0.143 g, 79%) as a white solid: mp 87-89 °C (lit.” mp 87-88 °C); *H NMR (400 MHz,
CDCl3) §8.17 (d, J = 7.6 Hz, 2H), 7.54 (dd, J = 8.0, 7.6 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H), 7.31 (t, J =
7.6 Hz, 2H), 3.85 (s, 3H); *C NMR (100.6 MHz, CDCl3) & 140.8 (C), 125.6 (CH), 122.6 (C), 120.2
(CH), 118.7 (CH), 108.3 (CH), 28.9 (CH3); EI-LRMS m/z 181 (M*, 100); IR (KBr) 2928, 1588, 1464

cm™. Anal. Calcd for CisHyiN (181.2): C, 86.15; H, 6.12; N, 7.73. Found: C, 86.10; H, 6.11; N, 7.70.

9-Methyl-4-phenylthio-9H-carbazole (4b): Treatment of 3a (0.327 g, 1 mmol) with t-BuLi (2.2
mL, 3.3 mmol) according to the general procedure, using diphenyl disulfide (0.262 g, 1.2 mmol) as
electrophile and workup as described above yielded 4b (0.185 g, 64%) as a white solid: mp 108-110 °C;
'H NMR (400 MHz, CDCl3) 58.62 (d, J = 8.0 Hz, 1H), 7.50-7.18 (m, 11H), 3.85 (s, 3H); *C NMR
(100.6 MHz, CDCl5) 5141.4 (C), 141.0 (C), 135.7 (C), 129.8 (CH), 129.1 (CH), 128.8 (C), 126.4 (CH),

125.8 (CH), 125.6 (CH), 123.8 (C), 122.7 (C), 122.3 (CH), 119.1 (CH), 108.1 (CH), 107.9 (CH), 29.1
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(CHs); EI-LRMS m/z 289 (M*, 100); IR (KBr) 2788, 1580, 1417 cm™. Anal. Calcd for CioHisNS

(289.4): C, 78.86; H, 5.22; N, 4.84. Found: C, 78.94; H, 5.24; N, 4.85.

4-Bromo-9-methyl-9H-carbazole (4c): Treatment of 3a (0.327 g, 1 mmol) with t-BuLi (2.2 mL, 3.3
mmol) according to the general procedure, using 1,2-dibromoethane (0.225 g, 1.2 mmol) as electrophile
and workup as described above yielded 4c (0.182 g, 70%) as a white solid: mp 97-99 °C; *H NMR (400
MHz, CDCls) §8.79 (d, J = 8.0 Hz, 1H), 7.56-7.52 (m, 1H), 7.41-7.29 (m, 5H), 3.80 (s, 3H); *C NMR
(100.6 MHz, CDCl3) & 141.9 (C), 140.9 (C), 126.2 (CH), 126.0 (CH), 122.9 (CH), 122.5 (CH), 122.2
(C), 121.3 (C), 118.9 (CH), 116.6 (C), 108.2 (CH), 107.2 (CH), 29.0 (CHs); EI-LRMS m/z 261 (M*+2,
100), 259 (M*, 100); IR (KBr) 2924, 1600, 1464 cm™; HRMS calcd for C13H10BrN, 258.9997; found,
258.9989. Anal. Calcd for Cy3H10BrN (260.1): C, 60.02; H, 3.87; N, 5.38. Found: C, 60.13; H, 3.88; N,

5.36.

N-Phenyl-(9-methyl-9H-carbazole)-1-carboxamide (4d): Treatment of 3c (0.280 g, 1 mmol) with
t-BuLi (2.2 mL, 3.3 mmol) according to the general procedure, using phenyl isocyanate (0.143 g, 1.2
mmol) as electrophile and workup as described above yielded 4d (0.213 g, 71%) as a white solid: mp
153-155 °C; 'H NMR (300 MHz, CDCl3) §8.33 (d, J = 8.0 Hz, 1H), 8.03 (br s, 1H), 7.73 (d, J = 8.0 Hz,
2H), 7.54-7.34 (m, 7H), 7.19 (t, J = 7.6 Hz, 2H), 3.82 (s, 3H); ©*C NMR (75.4 MHz, CDCl3) & 167.7
(C), 141.2 (C), 138.0 (C), 130.6 (C), 129.1 (CH), 128.5 (C), 126.3 (CH), 125.1 (CH), 124.4 (CH), 123.4
(CH), 120.8 (C), 119.9 (CH), 119.4 (CH), 119.0 (C), 118.2 (CH), 110.8 (CH), 108.4 (CH), 29.0 (CHs);
EI-LRMS m/z 300 (M, 53), 208 (100); IR (KBr) 3430, 2930, 1598, 1538, 1439 cm™*; HRMS calcd for
C20H16N20, 300.1263; found, 300.1269. Anal. Calcd for C2H16N20 (300.4): C, 79.98; H, 5.37; N, 9.33.

Found: C, 80.12; H, 5.38: N, 9.30.

4-(1-Ethyl-1-hydroxyethyl)-9-methyl-9H-carbazole (4e): Treatment of 3c (0.280 g, 1 mmol) with
t-BuLi (2.2 mL, 3.3 mmol) according to the general procedure, using 3-pentanone (0.103 g, 1.2 mmol)
as electrophile and workup as described above yielded 4e (0.198 g, 74%) as a white solid: mp 101-103

°C; 'H NMR (400 MHz, CDCls) §8.98 (br s, 1H), 7.53 (t, J = 8.1 Hz, 1H), 7.49-7.42 (m, 2H), 7.37 (dd,
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J=8.1,0.9Hz, 1H), 7.31 (t, J = 8.1 Hz, 1H), 7.26-7.18 (br s, 1H), 3.84 (s, 3H), 2.41-2.07 (m, 5H), 0.94
(t, J = 7.5 Hz, 6H); *C NMR (100.6 MHz, CDCls) & 142.3 (C), 140.9 (C), 127.0 (CH), 125.1 (CH),
124.6 (CH), 121.7 (C), 118.4 (CH), 117.6 (CH), 107.9 (CH), 107.7 (CH), 78.1 (C), 30.7 (CH,), 28.8
(CH3), 8.3 (CHa); EI-LRMS m/z 267 (M*, 80), 182 (100); IR (KBr) 3534, 2981, 2960, 2935, 1475,
1325, 720 cm™; HRMS calcd for CygH.:NO, 267.1623; found, 267.1618. Anal. Calcd for CigHxNO

(267.4): C, 80.86; H, 7.92; N, 5.24. Found: C, 80.75; H, 7.95; N, 5.22.

9-(3-Dimethylaminopropyl)-9H-carbazole (4f): Treatment of 3b (0.398 g, 1 mmol) with t-BuLi
(2.2 mL, 3.3 mmol) according to the general procedure, using MeOH (excess) as electrophile and
workup as described above yielded 4f (0.177 g, 70%) as a white solid: mp 175-177 °C (lit.2 bp 165-168
°C /0.58 torr); *H NMR (400 MHz, CDCl3) §8.11 (d, J = 8.0 Hz, 2H), 7.49-7.46 (m, 4H), 7.26-7.22 (m,
2H), 4.39 (t, J = 7.0 Hz, 2H), 2.29 (t, J = 6.8 Hz, 2H), 2.23 (s, 6H), 2.06-2.01 (m, 2H); *C NMR (100.6
MHz, CDCl3) & 140.4 (C), 125.5 (CH), 122.7 (C), 120.2 (CH), 118.6 (CH), 108.6 (CH), 56.5 (CH,),
45.4 (CH,), 40.6 (CH,), 26.9 (CHs); EI-LRMS m/z 252 (M*, 7), 58 (100); IR (KBr) 2947, 1596, 1460

cm™. Anal. Calcd for C17H0N; (252.4): C, 80.91; H, 7.99; N, 11.10. Found: C, 80.75; H, 8.02; N, 11.06.

9-(3-Dimethylaminopropyl)-4-tributylstannyl-9H-carbazole (4g): Treatment of 3b (0.398 g, 1
mmol) with t-BuLi (2.2 mL, 3.3 mmol) according to the general procedure, using tri-n-butyltin chloride
(0.391 g, 1.2 mmol) as electrophile and workup as described above yielded 4g (0.330 g, 61%) as a
brown oil: R; 0.33 (EtOAC/Et,NH, 20/1); *H NMR (400 MHz, CDCl3) §8.11 (d, J = 8.0 Hz, 1H), 7.54-
7.43 (m, 4H), 7.37 (dd, J = 6.4, 2.0 Hz, 1H), 7.28-7.23 (m, 1H), 4.41 (t, J = 7.0 Hz, 2H), 2.33 (t, J = 6.8
Hz, 2H), 2.26 (s, 6H), 2.09-2.01 (m, 2H), 1.68-1.59 (m, 6H), 1.43-1.25 (m, 12H), 0.90 (t, J = 7.4 Hz,
9H); 3C NMR (100.6 MHz, CDCls) & 140.4 (C), 139.7 (C), 134.3 (C), 128.7 (C), 127.3 (CH), 125.0
(CH), 124.7 (CH), 124.4 (C), 120.5 (CH), 118.2 (CH), 108.8 (CH), 108.6 (CH), 56.6 (CH,), 45.4 (CH,),
40.4 (CH,), 29.1 (CH,), 27.3 (CH,), 26.8 (CH3), 13.6 (CHs), 10.0 (CH,); EI-LRMS m/z 484 (M*-C4He,
0.1), 58 (100); IR (KBr) 2928, 1580, 1460 cm™. Anal. Calcd for CasHasN2Sh (541.4): C, 64.34; H, 8.56;

N, 5.17. Found: C, 64.48; H, 8.59; N, 5.15.
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9-(3-Dimethylaminopropyl)-4-[1-hydroxy-1-(4-methylphenyl)methyl]-9H-carbazole (4h):
Treatment of 3b (0.398 g, 1 mmol) with t-BuLi (2.2 mL, 3.3 mmol) according to the general procedure,
using 4-methylbenzaldehyde (0.144 g, 1.2 mmol) as electrophile and workup as described above yielded
4h (0.216 g, 58%) as a white solid: mp 183-185 °C; *H NMR (400 MHz, DMSO-d¢) 5§8.11 (d, J = 7.6
Hz, 1H), 7.58 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.45 (t, J = 8.0 Hz, 1H), 7.42-7.37 (m, 1H),
7.27-7.22 (m, 3H), 7.11-7.06 (m, 3H), 6.49 (d, J = 4.6 Hz, 1H), 6.01 (d, J = 4.6 Hz, 1H), 4.42 (t, J = 6.8
Hz, 2H), 2.23 (s, 3H), 2.20 (t, J = 6.8 Hz, 2H), 2.13 (s, 6H), 1.90-1.80 (m, 2H); *C NMR (100.6 MHz,
DMSO-ds) & 141.0 (C), 140.3 (C), 140.1 (C), 139.8 (C), 135.7 (C), 128.6 (CH), 127.0 (CH), 125.2
(CH), 125.1 (CH), 123.8 (CH), 121.4 (C), 119.2 (C), 118.5 (CH), 117.6 (CH), 108.8 (CH), 108.0 (CH),
72.0 (CH), 56.0 (CH,), 45.1 (CH,), 39.9 (CH,), 26.4 (CH3), 20.7 (CHs); EI-LRMS m/z 372 (M*, 0.1), 58
(100); IR (KBr) 3421, 2939, 1592, 1464 cm™; HRMS calcd for C,sH,sN,0, 372.2202; found, 372.2189.

Anal. Calcd for Cy5H2sN20 (372.5): C, 80.61; H, 7.58; N, 7.52. Found: C, 80.47; H, 7.61; N, 7.50.

Ethyl dibenzofuran-1-carboxylate (10a):? Treatment of 9a (0.314 g, 1 mmol) with t-BuLi (2.2 mL,
3.3 mmol) according to the general procedure, using ethyl chloroformate (0.130 g, 1.2 mmol) as
electrophile and workup as described above yielded 10a (0.161 g, 67%) as a white solid: mp 37-39 °C;
'H NMR (200 MHz, CDCls) 58.87 (d, J = 8.0 Hz, 1H), 8.02 (dd, J = 8.0, 1.0 Hz, 1H), 7.74 (dd, J = 8.4,
1.0 Hz, 1H), 7.57-7.30 (m, 4H), 4.53 (g, J = 7.0 Hz, 2H), 1.50 (t, J=7.0 Hz, 3H); 3C NMR (50.3 MHz,
CDCl3) §166.5 (C), 156.7 (C), 156.5 (CH), 128.1 (CH), 126.2 (CH), 126.0 (CH), 125.6 (C), 125.4
(CH), 124.0 (C), 122.8 (C), 122.7 (CH), 115.7 (CH), 111.1 (CH), 61.1 (CH,), 14.3 (CH3); EI-LRMS m/z
240 (M*, 85), 195 (100); IR (KBr) 2978, 1720, 1576, 1444, 1281 cm™; HRMS calcd for Ci5H1,0s,
240.0786; found, 240.0790. Anal. Calcd for Ci5H1,03 (240.3): C, 74.99; H, 5.03. Found: C, 75.14; H,

5.01.

1-Phenylthiodibenzofuran (10b): Treatment of 9a (0.314 g, 1 mmol) with t-BuLi (2.2 mL, 3.3
mmol) according to the general procedure, using diphenyl disulfide (0.262 g, 1.2 mmol) as electrophile

and workup as described above yielded 10b (0.169 g, 61%) as a colorless oil: Rf 0.30 (hexane/EtOAcC,
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30/1); *H NMR (400 MHz, CDCl3) 68.39 (d, J = 7.6 Hz, 1H), 7.60 (dd, J = 8.4, 0.8 Hz, 1H), 7.53 (dd, J
= 8.0, 1.2 Hz, 1H), 7.49 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.43-7.23 (m, 8H); *C NMR (50.3 MHz,
CDCl3) §156.2 (C), 156.0 (C), 134.5 (C), 130.3 (CH), 129.8 (C), 129.3 (CH), 127.2 (CH), 127.1 (CH),
127.0 (CH), 126.3 (CH), 124.4 (C), 123.7 (C), 123.5 (CH), 122.7 (CH), 111.2 (CH), 110.5 (CH); El-
LRMS m/z 276 (M", 100); IR (KBr) 3056, 1568, 1444, 1200 cm™; HRMS calcd for CigH120S,
276.0609; found, 276.0614. Anal. Calcd for C1gH1,0S (276.4): C, 78.23; H, 4.38. Found: C, 78.45; H,

4.36.

1-(4-Methylbenzoyl)dibenzofuran (10c): Treatment of 9a (0.314 g, 1 mmol) with t-BuLi (2.2 mL,
3.3 mmol) according to the general procedure, using p-tolunitrile (0.141 g, 1.2 mmol) as electrophile
and workup as described above yielded 10c (0.178 g, 62%) as a yellow solid: mp 98-100 °C; *H NMR
(400 MHz, CDCl3) & 7.76-7.67 (m, 2H), 7.64 (dd, J = 8.4, 1.2 Hz, 1H), 7.59-7.53 (m, 2H), 7.48 (t, J =
8.4 Hz, 1H), 7.39 (ddd, J = 8.4, 7.6, 1.2 Hz, 1H), 7.27-7.10 (m, 4H), 2.38 (s, 3H); *C NMR (50.3 MHz,
CDCl3) §176.3 (C), 156.2 (C), 156.0 (C), 141.5 (C), 135.3 (C), 134.9 (C), 129.2 (CH), 128.3 (CH),
127.3 (CH), 126.8 (CH), 122.7 (CH), 122.3 (C), 112.3 (CH), 111.4 (CH), 21.4 (CH3); EI-LRMS m/z
286 (M*, 28), 270 (100); IR (KBr) 3064, 1658, 1594, 1452 cm™; HRMS calcd for CaoH140,, 286.0994;

found, 286.1011. Anal. Calcd for C,oH140, (286.3): C, 83.90; H 4.93. Found: C, 83.78; H, 4.92.

N-Phenyldibenzofuran-1-carboxamide (10d): Treatment of 9a (0.314 g, 1 mmol) with t-BuLi (2.2
mL, 3.3 mmol) according to the general procedure, using phenyl isocyanate (0.143 g, 1.2 mmol) as
electrophile and workup as described above yielded 10d (0.181 g, 63%) as a white solid: mp 212-214
°oC; 'H NMR (400 MHz, DMSO-dg) §8.17 (d, J = 7.6 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.8
Hz, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 7.2 Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.54 (t, J = 8.0 Hz,
1H), 7.48-7.32 (m, 3H), 7.25 (t, J = 8.0 Hz, 1H), 7.13 (t, J = 7.2 Hz, 1H); **C NMR (50.3 MHz, DMSO-
dg) 5 166.0 (C), 155.9 (C), 155.7 (C), 139.1 (C), 131.4 (C), 128.9 (C), 128.3 (CH), 127.3 (CH), 123.9
(CH), 123.2 (CH), 122.6 (CH), 122.3 (C), 120.1 (CH), 118.2 (CH), 114.0 (CH), 111.7 (CH); EI-LRMS

m/z 287 (M*, 27), 195 (100); IR (KBr) 3291, 1658, 1588, 1530, 1436 cm™; HRMS calcd for C19H13NO,
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287.0946; found, 287.0942. Anal. Calcd for C19H13NO, (287.3): C, 79.43; H, 4.56; N, 4.88. Found: C,

79.58; H, 4.55; N, 4.89.

1-(1-Ethyl-1-hydroxyethyl)dibenzofuran (10e): Treatment of 9a (0.314 g, 1 mmol) with t-BuL.i
(2.2 mL, 3.3 mmol) according to the general procedure, using 3-pentanone (0.103 g, 1.2 mmol) as
electrophile and workup as described above yielded 10e (0.140 g, 55%) as a colorless oil: Ry 0.30
(hexane/EtOAc, 25/1); *H NMR (200 MHz, CDCls) §8.74 (d, J = 8.0 Hz, 1H), 7.62-7.20 (m, 6H), 2.26-
2.08 (m, 5H), 0.89 (t, J = 7.4 Hz, 6H); *C NMR (50.3 MHz, CDCl5) §157.2 (C), 156.1 (C), 141.5 (C),
129.7 (C), 126.9 (CH), 126.6 (CH), 126.1 (CH), 123.5 (C), 122.1 (CH), 120.7 (CH), 111.1 (CH), 110.7
(CH), 78.0 (C), 31.1 (CH,), 8.1 (CH3); EI-LRMS m/z 254 (M*, 8), 57 (100); HRMS calcd for C17H150,,
254.1307; found, 254.1301. Anal. Calcd for C;17H150, (254.3): C, 80.28; H, 7.13. Found: C, 80.39; H,

7.16.

Dibenzothiophene (11a):* Treatment of 9b (0.330 g, 1 mmol) with t-BuLi (2.2 mL, 3.3 mmol)
according to the general procedure, using MeOH (excess) as electrophile and workup as described
above yielded 11a (0.146 g, 79%) as a white solid: mp 100-102 °C (lit.> mp 97-100 °C); *H NMR (400
MHz, CDCls) & 8.20-8.14 (m, 2H), 7.92-7.84 (m, 2H), 7.52-7.44 (m, 4H); *C NMR (100.6 MHz,
CDCl3) 6 139.3 (C), 135.4 (C), 126.6 (CH), 124.2 (CH), 122.7 (CH), 121.5 (CH); EI-LRMS m/z 184
(M*, 100); IR (KBr) 3040, 1588, 1425, 1227, 1064, 733 cm™. Anal. Calcd for C1,HsS (184.3): C, 78.22;

H 4.38. Found: C, 78.29; H, 4.36.

1-Phenylthiodibenzothiophene (11b):!° Treatment of 9b (0.330 g, 1 mmol) with t-BuLi (2.2 mL,
3.3 mmol) according to the general procedure, using diphenyl disulfide (0.262 g, 1.2 mmol) as
electrophile and workup as described above yielded 11b (0.228 g, 78%) as a white solid: mp 115-117
°C: 'H NMR (200 MHz, CDCl3) §9.30-9.17 (m, 1H), 8.00-7.81 (m, 2H), 7.61-7.22 (m, 9H); *C NMR
(50.3 MHz, CDCl3) & 140.7 (C), 139.6 (C), 135.3 (C), 135.2 (C), 134.5 (C), 131.0 (C), 130.3 (CH),

129.9 (CH), 129.2 (CH), 126.7 (CH), 126.5 (CH), 126.4 (CH), 126.1 (CH), 124.2 (CH), 122.2 (CH); EI-
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LRMS m/z 292 (M*, 100); IR (KBr) 3052, 1584, 1471 cm™; HRMS calcd for CigH1,S,, 292.0380;

found, 292.0386. Anal. Calcd for CigH1,S, (292.4): C, 73.93; H, 4.14. Found: C, 74.05; H, 4.12.

1-Bromodibenzothiophene (11c): Treatment of 9b (0.330 g, 1 mmol) with t-BuLi (2.2 mL, 3.3
mmol) according to the general procedure, using 1,2-dibromoethane (0.225 g, 1.2 mmol) as electrophile
and workup as described above yielded 11c (0.200 g, 76%) as a white solid: mp 85-87 °C (lit.* mp 79-
80 °C); *H NMR (400 MHz, CDCl3) §9.22-9.19 (m, 1H), 7.86-7.84 (m, 1H), 7.77 (dd, J = 8.0, 0.8 Hz,
1H), 7.65 (dd, J = 7.6, 0.8 Hz, 1H), 7.54-7.50 (m, 2H), 7.22 (dd, J = 8.0, 7.6 Hz, 1H); *C NMR (50.3
MHz, CDCl3) §141.5 (C), 139.7 (C), 134.9 (C), 132.5 (C), 129.8 (CH), 126.9 (CH), 126.6 (CH), 125.4
(CH), 123.8 (CH), 122.3 (CH), 121.7 (CH), 118.1 (C); EI-LRMS m/z 264 (M*+2, 100), 262 (M, 100);
IR (KBr) 1580, 1541, 1429, 1394, 1021, 722 cm™; HRMS calcd for Ci,H;BrS, 261.9452; found,

261.9457. Anal. Calcd for C1,H7BrS (263.2): C, 54.77; H, 2.68. Found: C, 54.90; H, 2.67.

1-[1-Hydroxy-1-(4-methylphenyl)methyl]dibenzothiophene (11d): Treatment of 9b (0.330 g, 1
mmol) with t-BuLi (2.2 mL, 3.3 mmol) according to the general procedure, using 4-
methylbenzaldehyde (0.144 g, 1.2 mmol) as electrophile and workup as described above yielded 11d
(0.228 g, 75%) as a white solid: mp 123-125 °C; *H NMR (300 MHz, CDCls) §8.28 (d, J = 7.7 Hz, 1H),
7.89-7.82 (m, 2H), 7.51-7.35 (m, 3H), 7.29 (d, J = 8.1 Hz, 2H), 7.16 (d, J = 8.1 Hz, 2H), 6.78 (d, J = 4.4
Hz, 1H), 2.64 (d, J = 4.3 Hz, 1H), 2.34 (s, 3H); *C NMR (75.4 MHz, CDCl3) & 140.1 (C), 139.8 (C),
139.6 (C), 138.8 (C), 137.5 (C), 134.7 (C), 132.8 (C), 129.2 (CH), 127.3 (CH), 126.02 (CH), 125.97
(CH), 125.8 (CH), 124.3 (CH), 123.8 (CH), 122.6 (CH), 122.3 (CH), 73.0 (CH), 21.1 (CHs); EI-LRMS
m/z 304 (M*, 100); IR (KBr) 3313, 3047, 1516, 1409, 1301, 1178, 1157, 1030, 758, 753 cm™®; HRMS
calcd for CyoH160S, 304.0922; found, 304.0934. Anal. Calcd for C,oH160S (304.4): C, 78.91; H, 5.30.

Found: C, 79.14; H, 5.32.

S-16



_N NO,

'H-NMR:

50z

A N

g 7 <] 5 4 ] 2 1 PP

BC-NMR:
B 5 H% EER EREGHECEHGNHY BERE g8
G Y HMAE HHHEEeaARHREY HE EE

1
1
1
1
1
1
1
1
1
1
1
1
i“‘

N e

160 140 120 100 a0 &0 40 20 PP

S-17



'H-NMR:

1P il
H o - ..J'. .

S-18



'H-NMR:

PFM

&l 1
BC-NMR:
) ) L
w0 o 120 100 m o T o~

S-19



'H-NMR:

601

799

2fo0

!

01

I}

—|

PP

BC-NMR:

-

115

HELa

BaL
SR
g1}

=1 T
T
E
e
w5z |/(
mSITH H/|
o
o ———
ez
T w
mE
)

EX

QIETEL
B

TEDNL

17243
ErEL

PPM

S-20



7a
'H-NMR:
fieo o7 s
"""""""""" o s Ten 0 Tss T op
BC.NMR

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

W i




S NO,

Y

7b
'H-NMR:
oo j 00
», g,_,J !
L
"o as 8o 4% T i T T Tes T Ten T Tas T pem
BC-NMR:
B B §U BBE HEgEs BfE: B

i
e
i
i
1
1
1
1
12603
1
1
[
1
1
;nn
E— } ]

M it el W WJL

160 140 120 100 a0 B0 PP

S-22



'H-NMR:

ERRnHEERdEsd

Heg

\




'H-NMR:

RERSEERZHA HAEH

fEHHHEEAAE 2o

S-24



3a
'H-NMR:
2p7
m |8
T T T T T T T T T T T T T T T T T T ]
3 ] 7 g 5 4 3 PPM
BC-NMR:
g B8 adp EEfRUEEERES S g H:H 3]
HEE IR AEHEHRRRREREE B =TE =
‘ {} J. L_FL'I.JL L J N
1IISD I I 1f|10 I 1|20 1IDD I BID I EID I I I :1ID I I I ZID IF'F'MI

S-25



3b
'H-NMR:
.o PR T
| ‘JJ.IL}![U ML a\t
' : S T z z I 3 ew
BC-NMR:
i f I LR 8 Poei B
- | l e . N e -
1IISD I 1f|10 1IZD 1IDD BID EID I 4ID IF'F'MI

S-26



Q [
9a
'H-NMR:
I
oo L pe ‘I l|i a7
| '\\ | |
' "85 8o 785 7o 7 Tes 7 Ten 7 &8s &0 pem
BC-NMR:
B it & Rl 8 o

I I 'HISU I I I 'IJID I I I 'IIZD I I I 'IIDU I I I BID I I I EID I FFEM

S-27



9b
'H-NMR:
Ts
la}
' 85 g0 s 7o s " s0 " 55 PPM
BC-NMR:
g B BE 0§ jEREEENER EE B Bgg

. J,,F\A R O 1 D

I I I 1IISD 1f|10 I I 1IZD I I 1IDD BID I EIEI I F'F'MI

S-28



N-(2-Bromophenyl)-2-fluoroaniline

1 .
H-NMR:
/24
oz mM 0o ppoz2 fgél
T S L B B B L N S e e S AR T T — T T T
85 5.0 75 7.0 E.5 E.0 55 5.0 PPM
13 .
C-NMR:
g H i Bl REBCHAGERSHN Ll
8 H 2 MAAE muHHmZEEcol :7
N lh‘ L e T i bl
Ll Bl L Lalabis ) it oy Ll iy " Lhl na i b )
T T T T T T T T T T T T T T
160 140 120 100 g0 B0 FPM

S-29



'H-NMR:

453

/

PG

1.00

-/

PPM

BC-NMR:

Bum
THN

N

=L
->1: 18
EIE LL

N

[y 03
(14 (4
S
BE@EH
F-:: -3
LTI
LEVIZH
[1: 1y F}
BX1ZH

SIS
fl:+4=) =

(

[1r4:~3
BHSZH

i
L IEH

ISEEL

EE S

EIEL

PPM

S-30



|
4a
'H-NMR:
aps
2.03 AT
200 i
01
JL,
T T g g g g T g g g g T g g g g T g g g g T g g g g
a 7 5 ) 4 FFPh
BC-NMR:
B 8 EER ] HRE B
g g HEE 8 75 F
JLLUL J | L
%o o =™ awm @ @& a2 pem

S-31



'H-NMR:

2.p2

g
_—

PP

BC-NMR:

i — =
ﬂu_%
[Ir41%

== \
it i:.8
SEEL
[l:-2-18 |/|
ETZ)
VR
VECERH y/r

V)
P ——
wm—

BEHET
EATEZL |\\|
SR

I

BROL——
HIE 1L

I l . MJJLWL

PPM

S-32



4c
'H-NMR:
I MM I
I z 3 z T 1 eew
BC-NMR:
EEHEE REE B
— I oramried b n J - "
1IISD 11|10 I I I 1£D 1IDD BID EID 4ID I I QID ;:'F'MI

S-33



'H-NMR:

T2




'H-NMR:

ﬁSS

al

35

FIZ

g 5}
B HEHE AR g8
] EHEREE 88

nm
1EE
1ER31

A
_\_ -

i

o=
B
AW

FRPaoy, F—

oo

M

PPM

Bl

a0

B0

40 20

PPM

S-35



'H-NMR:

— T —T—T— — T — T —T— T T — T T T
g 7 B 5 4 &) 2 PFM

BC-NMR:
R sge g L g I §

v

12
———— 11BN

140 120 100 g0 60 40 20 PFM

S-36



N
\N/\)
| 4
'H-NMR:
100 /0)8‘} %(01
L l .
R e Y
BC-NMR:

El¥.-<]
2 EE
N3
24560
2V B
ELRE-~3
5%
18.186
1=
Es
L]
JER3
SR
Lk
wwm
Him
nxxm
AL
13asm
ioow

_ . —nm
==__
X it ]

—T 1T,
TT——=m

160 140 120 100 a0 B0 40 20 PP



'H-NMR:

%
£
%

BC-NMR:

BREAE BEB-EgHRE BN f 2 PORGERRER &8 E
z2988  @sHEAE?E: M = B SH2@ERAER A !

VIl

<

T TR




CO,Et

O
10a
1 .
H-NMR:
9z
az
[a]n]
?ED alss 0120
I T ' ' ' ' T T T T T T T T ' i
9 a 7 5 3 4 3 2 1 PP
13 .
C-NMR:
5 == BRGHESREECY LR § ]
- 8 HRAAWHBHHEE: :\!\ = =
T T T L L T T T T T T T T T T T T T T T T 1
180 160 140 120 100 a0 =] 40 20 PP

S-39



SPh

10b

(ale)

'H-NMR:

PPM

BC-NMR:

—

1EIL

GIGOH %
[TIyi

Ll
[la418
Ot /
BT
oW
EE /
- ) WI
@@ —"
IR
3118 %
HEE
BB

mOEL
m

_ J Jlﬂuu_ll

PP

a0

S-40



)

10c

'H-NMR:

s

PP

BC-NMR:

mEm——
o
wmu—"

.
e —

WEZ —-

B —

HIEL
DIE (2 V

1
"

(1= 13

L 1-L
e ——

-~ 13

L

PPM

T
140

S-41



'H-NMR:

E\)E

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

HHHHHHHHHHHH

Wz

ZREHYER




Ho_ Ft

Et
O
10e
'H-NMR:
. o °
_?(95
T T T e
BC-NMR:
5 R BEEE B
w0 o 1w a0 e e a4 a7 pem

S-43



S
11a
'H-NMR:
' P e e
BC-NMR:
B = B HAE BERE
B B oElE SEE
- A 1 )
1t|30 I I I 1f|10 I I I 1|20 I I I 1IDD I I I BID I I I EID I F‘F‘MI

S-44



'H-NMR:

EEEEEEEEEEEEE
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

1 |




S

11c
'H-NMR:

UL
"s5 sp 85 8o 75 7o " Tes " Tgn " &5 pem
BC-NMR:
8EF 9 f § BHGRRE & aey

dewbi
I I 1f|10 I I I 1IZD I I I 1IDD I I I BID I I I EID I PPt

S-46



'H-NMR:

s
A

Hz5

PPM

BC-NMR:

& -1+

n_.mﬂ—l\\l

i —

EH—N

Tz
e

mrez

uziz /
B /
B w
TE

i —_
EE—
e ——
R ———

BSE—.

o ——

e
ﬁn_—l\l

L4

P

,‘mumNde; e

" L
Wbty
T T T

PPM

S-47



REFERENCES.

(1) Wolfe, J. P.; Buchwald, S. L. J. Org. Chem. 2000, 65, 1144-1157.
(2) He, Y.; Zhao, H.; Pan, X.; Wang, S. Synth. Commun. 1989, 19, 3047-3050.
(3) Commercially available from Sigma-Aldrich.

(4) Sindelar, K.; Holubek, J.; Schlanger, J.; Dlabac, A.; Valchar, M. Protiva, M. Collect. Czech. Chem.

Commun. 1985, 50, 503-5009.

(5) Shibatta, N.; Das, B. K.; Harada, K.; Takeuchi, Y.; Bando, M. Synlett 2001, 1755-1758.

(6) Scott, T. L.; S6derberg, B. C. G. Tetrahedron 2003, 59, 6323-6332.

(7) Dictionary of Organic Compounds; 5" Ed., Chapman and Hall: New York, 1982; Vol. 4, pp. 3784.
(8) Schmolka, S. J.; Zimmer, H. Synthesis 1984, 29-31.

(9) Ashby, J.; Ayad, M.; Meth-Cohn, O. J. Chem. Soc., Perkin Trans. 1 1974, 1744-1747.

(10) Furukawa, N.; Kimura, T.; Horie, Y.; Ogawa, S. Heterocycles 1991, 32, 675-678.

(11) Johnson, J.; Elslager, E. F.; Werbel, L. M. J. Heterocycl. Chem. 1977, 14, 1209-1214.

S-48



