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1. General Information
All reactions were carried out in oven-dried glassware under an atmosphere of dry nitrogen unless otherwise noted. Thin layer chromatography (TLC) was performed with pre-coated silica gel plates (Kieselgel 60F-254, Merck). Visualization on TLC was achieved by the use of UV light (254 nm) or treatment with p-anisaldehyde stain followed by heating. The separations were carried out by flash column chromatography over silica gel 60 (230-400 mesh ASTM). Organic extracts were dried over anhydrous MgSO4 and the solvents were removed on a rotary evaporator under water aspirator pressure. All reagents were purchased from commercial sources and used without further treatment.
Melting points were measured with a Thomas-Hoover melting point apparatus and are uncorrected. 1H NMR spectra were measured using 300, 500, and 600 MHz instruments. Chemical shifts are reported in ppm relative to TMS (scale) used as an internal standard. Splitting patterns are indicated as s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet. Chemical shifts of the 13C NMR spectra were measured relative to CDCl3 (77.23 ppm). IR spectra were recorded on a Jasco FT-IR 410 spectrometer and are reported in cm-1. Mass spectra were obtained from the Korea Basic Science Institute (Gwangju branch) using ESI+ method. Elemental analyses (C, H, and N) were performed with a Fisons EA-1108 Elemental Analyzer machine at Korea Research Institute of Chemical Technology, Daejeon, Korea.

2. Typical procedure for the preparation of hydrazone 1a: To a stirred solution of benzophenone (182 mg, 1.0 mmol) and phenylhydrazine (130 mg, 1.2 mmol) in EtOH (1.5 mL) was added AcOH (30 mg, 0.5 mmol), and the reaction mixture was heated to reflux for 5 h. After cooling the reaction mixture, the solid was filtered and recrystallized to obtain 1a as a white solid, 190 mg (70%). Other compounds were prepared similarly, and the compounds 1b, 1f-h, 1j and 3a-c were purified by column chromatography. Compounds 1c-e, 1i, 1k, 1l, 3d and 5 were purified by washing crude hydrazones with EtOH. The structures of prepared hydrazones were identified by comparison their melting points and/or 1H NMR spectra with the reported.1a,2a-h The spectroscopic data of unknown compounds 1h and 3b are as follows. 

Compound 1h: 78%; yellow oil; IR (film) 3330, 3053, 3025, 1602, 1503, 1252 cm-1; 1H NMR (CDCl3, 300 MHz) 2.19 (s, 3H), 6.89 (t, J = 7.2 Hz, 1H), 7.13 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 7.5 Hz, 1H), 7.24-7.52 (m, 9H), 7.61 (dd, J = 8.1 and 1.5 Hz, 2H); ESIMS m/z 287 [M++H]. 

Compound 3b (syn/anti=1:3): 70%; yellow solid, mp 132-134 oC; IR (KBr) 3327, 3053, 1601, 1504, 1288 cm-1; 1H NMR (CDCl3, 600 MHz) 3.81 (s, 3H/0.25), 3.83 (s, 3H/0.25), 3.89 (s, 3H/0.75), 3.92 (s, 3H/0.75), 6.82-7.32 (m, 9H), 7.33 (d, J = 9.0 Hz, 2H/0.75), 7.43 (d, J = 9.0 Hz, 2H/0.25), 7.71 (d, J = 9.0 Hz, 2H/0.25), 8.13 (d, J = 9.0 Hz, 2H/0.75), 8.25 (s, NH, 1H/0.75), 10.82 (s, NH, 1H/0.25); ESIMS m/z 361 [M++H]. 

3. Typical procedure for the synthesis of 2a: To a stirred solution of 1a (136 mg, 0.5 mmol) in ODCB (1.5 mL) was added montmorillonite K-10 (150 mg, 110%, w/w), and the reaction mixture was heated to 130 oC under O2 balloon atmosphere for 3 h. The reaction mixture was filtered through a pad of Celite and washed thoroughly with CH2Cl2. After removal of the volatiles and column chromatographic purification process (hexanes/CH2Cl2, 5:1) 2a was obtained as a white solid, 118 mg (87%). Other compounds were synthesized similarly, and the spectroscopic data of 2a-2l, 4a-4d and 6 are as follows.

Compound 2a:1a 87%; white solid, mp 96-98 oC (lit.1a 96-98 oC); 1H NMR (CDCl3, 600 MHz)  7.31 (t, J = 7.2 Hz, 1H), 7.39 (t, J = 7.2 Hz, 1H), 7.42-7.50 (m, 2H), 7.54-7.62 (m, 4H), 7.78-7.84 (m, 3H), 8.07 (d, J = 7.2 Hz, 2H), 8.11 (d, J = 7.2 Hz, 1H); 13C NMR (CDCl3, 150 MHz)  110.65, 121.56, 121.89, 122.96, 123.08, 126.65, 127.08, 127.74, 128.25, 128.81, 129.43, 133.17, 140.07, 140.27, 146.06; ESIMS m/z 271 [M++H]. Anal. Calcd for C19H14N2: C, 84.42; H, 5.22; N, 10.36. Found: C, 84.54; H, 5.51; N, 10.19.

Compound 2b:1a 72%; white solid, mp 88-90 oC (lit.1a 88-90 oC); 1H NMR (CDCl3, 300 MHz)  2.46 (s, 3H), 7.29 (t, J = 7.8 Hz, 1H), 7.35 (d, J = 8.1 Hz, 2H), 7.40-7.50 (m, 2H), 7.51-7.60 (m, 2H), 7.68 (d, J = 8.4 Hz, 2H), 7.75 (d, J = 8.4 Hz, 1H), 8.02-8.14 (m, 3H); 13C NMR (CDCl3, 150 MHz)  21.09, 110.65, 121.49, 121.73, 122.90, 122.99, 126.92, 127.72, 128.15, 128.79, 129.96, 133.29, 136.58, 137.60, 140.34, 145.72; ESIMS m/z 285 [M++H].

Compound 2c:1b 82%; white solid, mp 120-122 oC; 1H NMR (CDCl3, 300 MHz)  7.32 (t, J = 8.1 Hz, 1H), 7.42-7.60 (m, 6H), 7.72-7.82 (m, 3H), 8.04 (dd, J = 8.4 and 1.5 Hz, 2H), 8.10 (d, J = 8.1 Hz, 1H); 13C NMR (CDCl3, 75 MHz) 110.44, 121.73, 122.14, 123.27, 123.94, 127.37, 127.76, 128.43, 128.86, 129.56, 132.01, 132.94, 138.68, 140.19, 146.50; ESIMS m/z 305 [M++H], 307 [M++H+2]. 

Compound 2d:1a 88%; white solid, mp 136-138 oC (lit.1a 132-134 oC); 1H NMR (CDCl3, 300 MHz)  3.90 (s, 6H), 6.93 (dd, J = 8.7 and 2.1 Hz, 1H), 7.06 (d, J = 8.7 Hz, 2H), 7.12 (d, J = 2.1 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.57 (t, J = 7.8 Hz, 2H), 7.78 (d, J = 7.8 Hz, 2H), 7.91 (d, J = 9.0 Hz, 1H), 7.96 (d, J = 9.0 Hz, 2H); 13C NMR (CDCl3, 75 MHz) 55.34, 55.58, 91.86, 113.30, 114.22, 117.68, 122.36, 123.00, 125.79, 126.50, 128.87, 129.46, 140.21, 141.54, 145.91, 159.73, 159.88; ESIMS m/z 331 [M++H]. 

Compound 2e:1a 81%; white solid, mp 150-152 oC (lit.1a 148-150 oC); 1H NMR (CDCl3, 600 MHz)  7.26 (dd, J = 9.0 and 1.8 Hz, 1H), 7.42 (t, J = 7.2 Hz, 1H), 7.50 (d, J = 8.4 Hz, 2H), 7.58 (t, J = 7.8 Hz, 2H), 7.72-7.78 (m, 3H), 7.92-7.96 (m, 3H); 13C NMR (CDCl3, 150 MHz) 110.54, 121.38, 122.21, 123.08, 123.11, 127.30, 128.81, 129.11, 129.63, 131.13, 133.74, 134.46, 139.41, 140.73, 144.97; ESIMS m/z 339 [M++H], 341 [M++H+2], 343 [M++H+4]. Anal. Calcd for C19H12Cl2N2: C, 67.27; H, 3.57; N, 8.26. Found: C, 67.29; H, 3.76; N, 8.17.

Compound 2f:1a 84%; white solid, mp 90-92 oC (lit.1a 86-88 oC); 1H NMR (CDCl3, 300 MHz) 2.45 (s, 3H), 2.53 (s, 3H), 7.12 (d, J = 8.4 Hz, 1H), 7.32-7.41 (m, 3H), 7.50-7.60 (m, 3H), 7.80 (d, J = 8.4 Hz, 2H), 7.90-8.00 (m, 3H); 13C NMR (CDCl3, 125 MHz) 21.36, 22.04, 110.09, 121.19, 121.27, 123.03, 123.92, 126.45, 127.53, 129.38, 129.48, 130.43, 137.42, 138.02, 140.21, 140.86, 145.94; ESIMS m/z 299 [M++H]. 

Compound 2g:3a 11%; white solid, mp 92-94 oC (lit.3a 95-97 oC); 1H NMR (CDCl3, 300 MHz) 2.45 (s, 3H), 7.27-7.41 (m, 4H), 7.42-7.50 (m, 1H), 7.56 (t, J = 8.1 Hz, 2H), 7.76-7.84 (m, 3H), 7.94 (d, J = 8.1 Hz, 2H), 8.08 (d, J = 7.8 Hz, 1H); 13C NMR (CDCl3, 75 MHz) 21.36, 110.62, 121.66, 121.76, 122.97, 123.14, 126.57, 127.03, 127.63, 129.43, 129.52, 130.31, 138.13, 140.15, 140.27, 146.15; ESIMS m/z 285 [M++H]. 

Compound 2g’:3b 73%; white solid, mp 122-124 oC; 1H NMR (CDCl3, 300 MHz) 2.54 (s, 3H), 7.14 (d, J = 8.1 Hz, 1H), 7.34-7.48 (m, 2H), 7.50-7.61 (m, 5H), 7.81 (d, J = 8.4 Hz, 2H), 7.97 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 8.4 Hz, 2H); 13C NMR (CDCl3, 75 MHz)  22.02, 110.13, 121.12, 121.25, 123.05, 124.06, 126.54, 127.66, 128.16, 128.77, 129.39, 133.32, 137.48, 140.17, 140.91, 145.88; ESIMS m/z 285 [M++H]. 

Compound 2h:3c 75%; white solid, mp 86-88 oC; 1H NMR (CDCl3, 300 MHz) 2.52 (s, 3H), 7.27 (t, J = 7.5 Hz, 1H), 7.32-7.45 (m, 4H), 7.49 (t, J = 7.5 Hz, 1H), 7.58 (t, J = 8.1 Hz, 2H), 7.62-7.68 (m, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.82-7.88 (m, 3H); 13C NMR (CDCl3, 150 MHz)  20.68, 110.50, 121.58, 121.69, 122.62, 124.55, 125.70, 126.39, 127.09, 128.37, 129.39, 130.47, 130.83, 131.82, 137.39, 139.40, 140.21, 146.89; ESIMS m/z 285 [M++H]. 

Compound 2h’: 12%; colorless oil; 1H NMR (CDCl3, 300 MHz) 2.39 (s, 3H), 6.99 (d, J = 7.2 Hz, 1H), 7.30-7.42 (m, 2H), 7.44-7.59 (m, 5H), 7.60-7.72 (m, 3H), 7.79 (d, J = 9.0 Hz, 2H); 13C NMR (CDCl3, 75 MHz)  20.33, 108.16, 122.81, 123.00, 123.23, 126.65, 127.30, 127.94, 128.21, 129.36, 130.25, 132.78, 134.42, 140.03, 140.06, 147.92; ESIMS m/z 285 [M++H]. 

Compound 2i:3d 7%; white solid, mp 126-128 oC (lit.3d 128-129 oC); 1H NMR (CDCl3, 300 MHz) 3.90 (s, 3H), 7.07 (d, J = 8.7 Hz, 2H), 7.28 (t, J = 8.1 Hz, 1H), 7.37 (t, J = 7.5 Hz, 1H), 7.46 (t, J = 8.1 Hz, 1H), 7.56 (t, J = 8.1 Hz, 2H), 7.76-7.83 (m, 3H), 7.98 (d, J = 8.7 Hz, 2H), 8.06 (d, J = 8.1 Hz, 1H); 13C NMR (CDCl3, 150 MHz)  55.35, 110.59, 114.26, 121.60, 121.70, 122.90, 123.06, 125.79, 126.50, 127.03, 128.97, 129.42, 140.15, 140.22, 145.92, 159.75; ESIMS m/z 301 [M++H]. 

Compound 2i’:1a 81%; white solid, mp 134-136 oC (lit.1a 134-136 oC); 1H NMR (CDCl3, 300 MHz) 3.89 (s, 3H), 6.95 (dd, J = 8.7 and 2.1 Hz, 1H), 7.13 (d, J = 2.1 Hz, 1H), 7.30-7.48 (m, 2H), 7.49-7.62 (m, 4H), 7.79 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 9.0 Hz, 1H), 8.02 (d, J = 7.8 Hz, 2H); 13C NMR (CDCl3, 75 MHz)  55.57, 91.90, 113.53, 117.72, 122.32, 123.07, 126.64, 127.64, 128.21, 128.77, 129.48, 133.19, 140.15, 141.61, 146.07, 159.90; ESIMS m/z 301 [M++H]. Anal. Calcd for C20H16N2O: C, 79.98; H, 5.37; N, 9.33. Found: C, 79.76; H, 5.41; N, 9.12.

Compound 2j:1a 70%; white solid, mp 140-142 oC (lit.1a 136-138 oC); 1H NMR (CDCl3, 300 MHz) 7.38 (t, J = 7.8 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H), 7.52 (t, J = 8.4 Hz, 1H), 7.60 (t, J = 8.4 Hz, 2H), 7.76-7.86 (m, 3H), 8.10 (d, J = 8.4 Hz, 1H), 8.25 (d, J = 9.0 Hz, 2H), 8.39 (d, J = 9.0 Hz, 2H); 13C NMR (CDCl3, 125 MHz)  111.13, 120.97, 122.84, 122.90, 123.23, 124.18, 127.39, 127.51, 127.93, 129.61, 139.62, 139.78, 140.57, 143.40, 147.28; ESIMS m/z 316 [M++H]. 

Compound 2k:1b 46%; white solid, mp 50-52 oC; 1H NMR (CDCl3, 300 MHz) 7.24-7.31 (m, 1H), 7.35 (t, J = 7.5 Hz, 1H), 7.40 (t, J = 7.2 Hz, 1H), 7.47 (t, J = 7.8 Hz, 1H), 7.57 (t, J = 8.1 Hz, 2H), 7.74-7.86 (m, 4H), 8.30 (d, J = 8.1 Hz, 1H), 8.76-8.83 (m, 2H); 13C NMR (CDCl3, 75 MHz)  110.28, 121.27, 122.48 (2C), 123.10, 123.65, 124.11, 126.87, 127.28, 129.45, 136.32, 140.06, 140.48, 144.88, 149.35, 153.34; ESIMS m/z 272 [M++H]. 

Compound 2k’:1b 17%; white solid, mp 102-104 oC; 1H NMR (CDCl3, 300 MHz) 7.34-7.46 (m, 3H), 7.50-7.63 (m, 4H), 7.78 (d, J = 8.7 Hz, 2H), 8.09 (dd, J = 8.4 and 1.5 Hz, 1H), 8.61 (d, J = 8.7 Hz, 2H), 8.74 (dd, J = 4.5 and 1.5 Hz, 1H); 13C NMR (CDCl3, 75 MHz)  118.39, 121.20, 122.44, 126.99, 127.48, 128.58, 128.65, 129.65, 131.91, 133.13, 139.70, 141.06, 144.83, 146.02; ESIMS m/z 272 [M++H]. 

Compound 2l: 9%; colorless oil; 1H NMR (CDCl3, 300 MHz) 7.25 (t, J = 7.5 Hz, 1H), 7.40 (t, J = 7.5 Hz, 1H), 7.46-7.67 (m, 6H), 7.73 (d, J = 8.1 Hz, 1H), 7.83-7.91 (m, 4H), 7.93-8.01 (m, 2H), 8.30-8.36 (m, 1H); 13C NMR (CDCl3, 75 MHz)  110.62, 121.73, 121.86, 122.84, 125.08, 125.37, 126.00, 126.25, 126.40, 126.59, 127.30, 128.30, 128.32, 128.98, 129.46, 129.98, 131.95, 134.03, 139.68, 140.18, 146.08; ESIMS m/z 321 [M++H]. Anal. Calcd for C23H16N2: C, 86.22; H, 5.03; N, 8.74. Found: C, 86.08; H, 5.27; N, 8.49.

Compound 2l’: 74%; white solid, mp 118-120 oC; 1H NMR (CDCl3, 300 MHz) 7.40-7.52 (m, 3H), 7.53-7.66 (m, 5H), 7.76-7.90 (m, 6H), 7.91-7.97 (m, 1H), 8.17-8.23 (m, 1H); 13C NMR (CDCl3, 75 MHz)  111.17, 117.43, 122.98, 123.85, 124.62, 127.11, 127.30, 127.86, 128.54, 128.59, 128.87, 129.23, 129.46, 129.83, 130.04, 134.75, 138.44, 139.67, 148.27; ESIMS m/z 321 [M++H]. Anal. Calcd for C23H16N2: C, 86.22; H, 5.03; N, 8.74. Found: C, 86.31; H, 5.29; N, 8.61.

Compound 4a:3e 50%; white solid, mp 146-148 oC (lit.3e 142.5-145.1 oC); 1H NMR (CDCl3, 300 MHz) 7.40-7.66 (m, 8H), 7.76-7.84 (m, 3H), 8.43 (d, J = 8.4 Hz, 2H), 8.57 (d, J = 7.8 Hz, 1H); 13C NMR (CDCl3, 75 MHz)  110.64, 123.47, 123.53, 124.19, 125.46, 127.80, 127.82, 128.17, 129.60, 130.67, 132.58, 137.74, 139.51, 139.88, 143.44, 188.60; ESIMS m/z 299 [M++H]. 

Compound 4b: 48%; colorless oil; IR (film) 1640, 1622, 1598, 1502, 1457 cm-1; 1H NMR (CDCl3, 300 MHz) 3.87 (s, 3H), 3.89 (s, 3H), 6.89-7.21 (m, 4H), 7.45 (t, J = 7.8 Hz, 1H), 7.59 (t, J = 7.8 Hz, 2H), 7.77 (d, J = 7.8 Hz, 2H), 8.38 (d, J = 8.4 Hz, 1H), 8.49 (d, J = 8.7 Hz, 2H); 13C NMR (CDCl3, 75 MHz)  55.36, 55.55, 91.76, 113.42, 115.45, 120.07, 123.47, 124.16, 127.59, 129.57, 130.43, 132.98, 139.61, 141.06, 143.74, 160.22, 163.26, 186.89; ESIMS m/z 359 [M++H]. Anal. Calcd for C22H18N2O3: C, 73.73; H, 5.06; N, 7.82. Found: C, 73.90; H, 5.28; N, 7.76.

Compound 4c:1b 40%; colorless oil; 1H NMR (CDCl3, 300 MHz) 7.37 (t, J = 7.8 Hz, 1H), 7.45 (t, J = 7.2 Hz, 1H), 7.52 (t, J = 8.1 Hz, 1H), 7.58 (t, J = 7.8 Hz, 2H), 7.70-7.80 (m, 3H), 7.93 (d, J = 8.4 Hz, 1H); 13C NMR (CDCl3, 75 MHz)  111.00, 120.33, 121.23, 121.90 (q, J = 267.3 Hz), 123.32, 123.50, 127.94, 128.08, 129.62, 136.10 (q, J = 37.8 Hz), 139.06, 139.90; ESIMS m/z 263 [M++H]. 

Compound 4d:3f 43%; white solid, mp 112-114 oC (lit.3f 112-113 oC); 1H NMR (CDCl3, 300 MHz) 1.50 (t, J = 7.2 Hz, 3H), 4.56 (d, J = 7.2 Hz, 2H), 7.38 (t, J = 7.5 Hz, 1H), 7.42-7.51 (m, 2H), 7.52-7.60 (m, 2H), 7.69-7.78 (m, 3H), 8.32 (d, J = 8.1 Hz, 1H); 13C NMR (CDCl3, 75 MHz)  14.46, 61.17, 110.84, 122.47, 123.63, 123.90, 124.41, 127.56, 127.97, 129.49, 137.02, 139.22, 140.22, 162.67; ESIMS m/z 267 [M++H]. 

Compound 6:2h 81%; white solid, mp 136-138 oC (lit.2h 138-139 oC); 1H NMR (CDCl3, 300 MHz) 7.309 (d, J = 5.4 Hz, 1H), 7.314 (t, J = 8.4 Hz, 1H), 7.39 (t, J = 8.4 Hz, 1H), 7.47-7.57 (m, 4H), 7.56 (d, J = 5.4 Hz, 1H), 7.86 (d, J = 8.4 Hz, 2H), 8.02 (d, J = 8.4 Hz, 2H); 13C NMR (CDCl3, 75 MHz)  110.84, 119.76, 121.47, 125.97, 126.01, 128.22, 128.81, 129.46, 132.08, 132.86, 140.53, 143.28, 147.79; ESIMS m/z 277 [M++H]. 
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5. Scanned 1H and 13C NMR spectra of 1H-indazoles 2a-2l, 4a-4d and 6
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