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Experimental Section for Compounds 1-37

General Considerations. All reactions were carried out in oven-dried resealable test tubes or Schlenk
tubes under an atmosphere of argon. Potassium carbonate (Mallinckrodt or Aldrich), potassium
phosphate (Riedel-de-Haén), and cesium carbonate (Chemetall) bases were stored in bulk in a glove
box. Quantities of approximately 5 grams were removed from the glove box and stored in a bench-top
desiccator. Sodium hydroxide pellets were crushed using a mortar and pestle and stored in the bench-top
desiccator. Cul was obtained from Strem Chemicals (99.9% purity). TiCl3 (99.999% purity) and Zn
nanosize activated powder were both purchased from Aldrich and stored and weighed in the glove box.
All three diamine ligands (L1, L2, L.3) were obtained from Aldrich and stored in a bench-top desiccator.
Amides and aryl halides were obtained from commercial sources and used without further purification,
except for 2-bromo-5-methoxypropiophenone, which was synthesized from commercially available
starting materials as described in the Supporting Information. Toluene was obtained from J. T. Baker in
CYCLE-TAINER kegs which were purged with argon for two hours and subsequently passed through
two columns of neutral alumina and copper(Il) oxide under a pressure of argon for further purification.
Anhydrous 1,4-dioxane and DME were purchased from Aldrich in SureSeal® bottles. Molecular sieves
(5A) were obtained as a powder from Acros and were activated in bulk via flame-drying under vacuum.
Silica column chromatography was performed using a Biotage SP4 Flash Purification System on KP-Sil
silica cartridges.

Compounds were characterized using 1H—NMR, 13C—NMR, melting point, IR (KBr plate) and, in
certain cases, elemental analysis. (Copies of 'H-NMR and "“C-NMR spectra are provided in the
Supporting Information for all new compounds and any compounds that did not have adequate
elemental analysis results.) Data of known compounds were compared with existing literature
characterization data and the references are given. All isolated and GC yields reported in the Results and
Discussion are the average of two or more experiments. Elemental Analyses were conducted by

Atlantic Microlabs, Inc., Norcross, GA. NMR spectra were obtained using Varian 500 MHz, Bruker
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Advance 400 MHz, or Varian 300 MHz instruments. The chemical shifts are reported in parts per
million (ppm) based on the reference of the deuterated solvent. Melting points (uncorrected) were
measured using a Mel-Temp II capillary apparatus. GC analysis was performed on an Agilent 6890
instrument with an FID detector and an Agilent 10m x 0.1mm DB-1 capillary column. GC yields and
conversions were reported as referenced to dodecane as an internal standard. GC-MS analyses were
performed on an Agilent 6850 instrument with an Agilent 5975 inert Mass Selective Detector. IR
spectra were measured using a Perkin-Elmer System 2000 FT-IR. Compounds were applied in a thin

film on a KBr pellet.

General Procedure A: Amidation of o-halophenones. An oven-dried resealable test tube with a
Teflon stir bar was charged with amide (1.2 equiv, 0.60 mmol), Cul (10 mol%, 0.05 mmol), base (2
equiv, 1 mmol), and approximately 200 mg activated 5 A molecular sieves. The test tube was sealed
with a rubber septum and evacuated and refilled with Argon through a syringe needle (this sequence
was performed three times). Under argon, o-halophenone (1.0 equiv, 0.50 mmol), N, N’-
dimethylethylenediamine (L.1) (20 mol%, 0.1 mmol), and toluene (1 mL) were each added via syringe.
The rubber septum was then removed and quickly replaced with a Teflon screw-cap. The test tube was
then placed in a preheated oil bath at 110 °C. The reaction was heated with stirring for 24 h and then
cooled to room temperature. The reaction mixture was partitioned between EtOAc and water and the
organic layer separated. The aqueous layer was extracted with EtOAc and the organic layer combined,
dried over magnesium sulfate, filtered, and concentrated in vacuo to remove solvent. The product was
purified by column chromatography on silica gel with EtOAc and hexane.

N-(2-Acetyl-phenyl)-benzamide (1). Following General Procedure A, benzamide (76 mg, 0.63
mmol) was coupled with 2-bromoacetophenone (67 pL, 0.50 mmol) using Cul (9.5 mg, 0.050 mmol),
L1 (10.5 pL, 0.985 mmol), K,CO3 (140 mg, 1.0 mmol), and 200 mg activated 5 A molecular sieves in
anhydrous toluene (1 mL). The reaction was heated to 90 °C for 24 h. 1 was purified by column

chromatography using a hexane-EtOAc 98:2 to 90:10 gradient. 106 mg (88% yield) of a cream-colored
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solid were obtained. Mp: 99-100 °C (lit mp: 100 °C (ether)).ii "H-NMR (400 MHz, CDCl3): 6 12.73 (s,
1H), 9.00 (dd, J = 8.5, 1.1 Hz, 1H), 8.08 (m, 2H), 7.98 (dd, J = 8.0, 1.5 Hz, 1H), 7.64 (m, 1H), 7.55 (m,
3H), 7.18 (ddd, J = 8.5, 7.3, 1.2 Hz, 1H), 2.75 (s, 3H). >*C-NMR (400 MHz, CDCls): 203.3, 166.1,
141.4, 135.4, 134.8, 132.1, 131.9, 128.9, 127.5, 122.5, 121.9, 120.7, 28.6. IR (neat, cm™): 3222, 3064,
1679, 1650, 1607, 1585, 1450, 1359, 1313, 1247, 1166, 1099, 1073, 1028, 960, 896, 799, 756, 701, 609.
Anal. calcd. for C;5sH3NO,: C, 75.30; H, 5.48. Found: C, 75.10; H, 5.50.
N-(2-Acetyl-phenyl)-3-chlorobenzamide (2). Following General Procedure A, 3-chlorobenzamide
(93 mg, 0.60 mmol) was coupled with 2-bromoacetophenone (67 pL, 0.50 mmol) using Cul (9.5 mg,
0.050 mmol), L1 (10.5 pL, 0.985 mmol), K,CO;3 (140 mg, 1.0 mmol), and 200 mg activated 5 A
molecular sieves in anhydrous toluene (1 mL). 2 was purified by column chromatography using a
hexane-EtOAc 98:2 to 90:10 gradient. 112 mg (82% yield) of a white solid were obtained. Mp: 137-139
°C. '"H-NMR (400 MHz, CDCls): & 12.75 (s, 1H), 8.95 (d, J = 8.5 Hz, 1H), 8.07 (s, 1H), 7.98 (dd, J =
8.0, 1.4 Hz, 1H), 7.94 (ddd, J =7.7, 1.7, 1.1 Hz, 1H), 7.65 (m, 1H), 7.55 (ddd, J = 8.0, 2.0, 1.1 Hz, 1H),
7.48 (t, J = 7.8 Hz, 1H), 7.20 (m, 1H), 2.74 (s, 3H). >C-NMR (400 MHz, CDCls): 203.5, 164.7, 141.2,
136.7, 135.5, 135.1, 132.1, 132.0, 130.2, 128.2, 125.3, 122.9, 122.0, 120.8, 28.7. IR (neat, cm™"): 3185,
3068, 2920, 1684, 1644, 1608, 1584, 1523, 1452, 1359, 1315, 1258, 1170, 1076, 965, 904, 851, 798,
755, 739, 721, 611. Anal. calcd. for C;5H;,CINO;: C, 65.82; H, 4.42. Found: C, 65.69; H, 4.22.
N-(2-Acetyl-phenyl)-isonicotinamide (3).1 Following General Procedure A, isonicotinamide (73 mg,
0.60 mmol) was coupled with 2-bromoacetophenone (67 pL, 0.50 mmol) using Cul (9.5 mg, 0.050
mmol), L1 (10.5 pL, 0.985 mmol), and K,CO; (140 mg, 1.0 mmol), in anhydrous toluene (1 mL). No
molecular sieves were added for the synthesis of the title compound. 3 was purified by column
chromatography using a hexane-EtOAc 95:5 to 50:50 gradient. 94 mg (78% yield) of a cream-colored
solid were obtained. Mp: 119-120 °C (lit mp: 116-117 °C).iV 'H-NMR (400 MHz, CDCls): 6 12.91 (s,
1H), 8.96 (dd, J = 8.5, 0.9 Hz, 1H), 8.85 (d, J = 5.3 Hz, 2H), 8.01 (dd, J = 8.0, 1.5 Hz, 1H), 7.91 (dd, J

=4.6, 1.6 Hz, 2H), 7.67 (m, 1H), 7.24 (ddd, J = 8.5, 7.3, 1.2 Hz, 1H), 2.75 (s, 3H). ?C-NMR (300 MHz,
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CDCls): 203.6, 163.9, 150.9, 141.8, 140.7, 135.6, 132.0, 123.3, 122.0, 121.1, 120.8, 28.7. IR (neat, cm’
1: 3205, 3120, 3029, 1678, 1645, 1611, 1586, 1535, 1449, 1410, 1362, 1317, 1251, 1161, 1062, 963,
836, 756, 692, 677. Anal. calcd. for C14H2N»O,: C, 69.99; H, 5.03. Found: C, 69.96; H, 5.09.

N-(2-Acetyl-phenyl)-nicotinamide (4). Following General Procedure A, nicotinamide (73 mg, 0.60
mmol) was coupled with 2-bromoacetophenone (67 pL, 0.50 mmol) using Cul (9.5 mg, 0.050 mmol),
L1 (10.5 pL, 0.985 mmol), K,COs (140 mg, 1.0 mmol), and 200 mg activated 5 A molecular sieves in
anhydrous toluene (1 mL). 4 was purified by column chromatography using a hexane-EtOAc 90:10 to
50:50 gradient. 100 mg (83% yield) of a cream-colored solid were obtained. Mp: 114-116 °C. 'H-NMR
(400 MHz, CDCls): 6 12.85 (s, 1H), 9.32 (d, J = 2.0 Hz, 1H), 8.96 (dd, J = 8.5, 1.1 Hz, 1H), 8.81 (dd, J
= 4.8, 1.5 Hz, 1H), 8.35 (ddd, J =8.0, 2.3, 1.7 Hz, 1H), 8.00 (dd, J = 8.0, 1.6 Hz, 1H), 7.65 (m, 1H),
7.48 (ddd, J = 8.0, 4.8, 0.8 Hz, 1H), 7.22 (ddd, J = 8.5, 7.4, 1.2 Hz, 1H), 2.75 (s, 3H). "C-NMR (300
MHz, CDCls): 203.5, 164.2, 152.6, 149.2, 140.9, 135.5, 134.9, 132.0, 130.3, 123.5, 123.0, 121.9, 120.7,
28.6. IR (neat, cm™): 3153, 2919, 1678, 1649, 1610, 1588, 1527, 1454, 1420, 1361, 1316, 1252, 1172,
1112, 1022, 963, 896, 827, 758, 717. Anal. calcd. for C14H;2N»O,: C, 69.99; H, 5.03. Found: C, 69.69;
H, 5.04.

N-(2-Acetyl-phenyl)-picolinamide (5)." Following General Procedure A, picolinamide (73 mg, 0.60
mmol) was coupled with 2-iodoacetophenone (71 pL, 0.50 mmol) using Cul (9.5 mg, 0.050 mmol), L1
(10.5 pL, 0.985 mmol), K5PO4 (210 mg, 0.99 mmol), and 200 mg activated 5 A molecular sieves in
anhydrous toluene (1 mL). The reaction was heated for 42 h. § was purified by column chromatography
using a hexane-EtOAc 95:5 to 70:30 gradient. 85 mg (71% yield) of a pale pink solid were obtained.
Mp: 109-112 °C (lit mp: 112-112.5 °C). 'H-NMR (400 MHz, CDCl3): & 13.53 (s, 1H), 8.99 (d, J = 8.4
Hz, 1H), 8.76 (d, J = 4.3 Hz, 1H), 8.25 (d, J = 7.8 Hz, 1H), 7.92 (d, J =7.8 Hz, 1H), 7.86 (td, J = 7.7,
1.3 Hz, 1H), 7.58 (t, J = 7.4 Hz, 1H), 7.45 (m, 1H), 7.13 (t, J = 7.4 Hz, 1H), 2.68 (s, 3H). *C-NMR
(300 MHz, CDCls): 202.3, 164.0, 150.5, 148.8, 140.3, 137.5, 134.9, 131.8, 126.5, 123.2, 122.8, 122.8,

121.1, 28.7. IR (neat, cm™): 3207, 1684, 1656, 1576, 1517, 1451, 1430, 1363, 1312, 1251, 1169, 1111,
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1042 997, 961, 900, 818, 757, 693, 610. Anal. calcd. for C;4H2N>O,: C, 69.99; H, 5.03. Found: C,
69.85; H, 5.18.

N-(2-Acetyl-phenyl)-2-thiophenecarboxamide 6)." Following General Procedure A, 2-
thiophenecarboxamide (76 mg, 0.60 mmol,) was coupled with 2-bromoacetophenone (67 pL, 0.50
mmol) using Cul (9.5 mg, 0.050 mmol), L1 (10.5 pL, 0.985 mmol), and K,CO3 (140 mg, 1.0 mmol) in
anhydrous toluene (1 mL). No molecular sieves were utilized in the synthesis of the title compound. 6
was purified by column chromatography using a hexane-EtOAc 98:2 to 90:10 gradient. 100 mg (82%
yield) of a cream-colored solid were obtained. Mp: 131-134 °C (lit mp: 129 °C). "H-NMR (400 MHz,
CDCl3): 6 12.74 (s, 1H), 8.90 (dd, J = 8.5, 1.0 Hz, 1H), 7.97 (dd, J = 8.0, 1.4 Hz, 1H), 7.85 (dd, J = 3.8,
1.1 Hz, 1H), 7.62 (m, 1H), 7.58 (dd, J = 5.0, 1.1 Hz, 1H), 7.17 (m, 2H), 2.74 (s, 3H). "C-NMR (300
MHz, CDCls): 203.4, 160.7, 141.3, 140.4, 135.4, 132.0, 131.4, 128.8, 128.1, 122.5, 121.5, 120.5, 28.6.
IR (neat, cm™): 3208, 3094, 2919, 1661, 1641, 1608, 1587, 1541, 1450, 1354, 1315, 1247, 1166, 1094,
1029, 960, 863, 811, 754, 731, 610. Anal. calcd. for C;3H;;NO,S: C, 63.65; H, 4.52. Found: C, 63.39;
H, 4.40.

N-(2-Acetyl-phenyl)-3-thiophenecarboxamide (7). Following General Procedure A, 3-
thiophenecarboxamide (76 mg, 0.60 mmol) was coupled with 2-bromoacetophenone (67 uL, 0.50
mmol) using Cul (9.5 mg, 0.050 mmol), L1 (10.5 pL, 0.985 mmol), K,CO; (140 mg, 1.0 mmol), and
200 mg activated 5 A molecular sieves in anhydrous toluene (1 mL). 7 was purified by column
chromatography using a hexane-EtOAc 98:2 to 90:10 gradient. 97 mg (79% yield) of a white solid were
obtained. Mp: 90-93 °C. '"H-NMR (400 MHz, CDCl3): & 12.63 (s, 1H), 8.93 (dd, J = 8.5, 1.1 Hz, 1H),
8.16 (dd, J = 3.0, 1.4 Hz, 1H), 7.97 (dd, J = 8.0, 1.5 Hz, 1H), 7.69 (dd, J =5.1, 1.3 Hz, 1H), 7.62 (m,
1H), 7.41 (dd, J = 5.1, 3.0 Hz, 1H), 7.16 (ddd, J = 8.5, 7.3, 1.2 Hz, 1H), 2.73 (s, 3H). *C-NMR (300
MHz, CDCls): 203.4, 161.6, 141.5, 138.4, 135.5, 132.0, 129.6, 126.8, 126.5, 122.4, 121.6, 120.6, 28.7.

IR (neat, cm™): 3218, 3110, 2924, 1677, 1650, 1607, 1585, 1531, 1451, 1358, 1314, 1254, 1207, 1166,
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1102, 1072, 1021, 961, 865, 838, 818, 757, 741, 610. Anal. calcd. for C;3H;;NO,S: C, 63.65; H, 4.52.
Found: C, 63.58; H, 4.41.

N-(6-Acetyl-3-fluoro-phenyl)-benzamide (8). Following General Procedure A, benzamide (76 mg,
0.63 mmol) was coupled with 2-bromo-4-fluoroacetophenone (109 mg, 0.502 mmol) using Cul (9.5 mg,
0.050 mmol), L1 (10.5 pL, 0.985 mmol), K,CO3; (140 mg, 1.0 mmol), and 200 mg activated 5 A
molecular sieves in anhydrous toluene (1 mL). 8 was purified by column chromatography using a
hexane-EtOAc 95:5 to 90:10 gradient. 101 mg (79% yield) of a white solid were obtained. Mp: 123-126
°C. '"H-NMR (400 MHz, CDCl3): & 12.91 (s, 1H), 8.78 (dd, J = 12.1, 2.6 Hz, 1H), 8.05 (m, 2H), 7.94
(dd, J = 8.9, 6.3 Hz, 1H), 7.55 (m, 3H), 6.81 (m, 1H), 2.67 (s, 3H). "C-NMR (300 MHz, CDCls):
202.0, 166.5 (d, Jer = 255 Hz), 166.2, 144.0 (d, Jc p= 13 Hz), 134.4 (d, Jcr = 11 Hz), 132.4, 130.2,
129.0, 127.6, 118.5 (d, Jcr = 3 Hz), 109.8 (d, Jcr = 23 Hz), 107.8 (d, Jcr = 28 Hz), 28.6. IR (neat, cm-
1): 3175, 1678, 1644, 1602, 1536, 1495, 1361, 1318, 1264, 1250, 1134, 992, 873, 806, 763, 706. Anal.
calcd. for C;sH,FNO;: C, 70.03; H, 4.70. Found: C, 69.86; H, 4.49.

N-(6-Acetyl-3-fluoro-phenyl)-2-chlorobenzamide (9). An oven-dried resealable test tube with a
Teflon stir bar was charged with Cul (9.5 mg, 0.050 mmol) and Nal (150 mg, 1.0 mmol). The test tube
was covered with a rubber septum and evacuated and refilled with argon three times through a syringe
needle. Under argon, 2-bromo-4-fluoroacetophenone (109 mg, 0.502 mmol), N, N’-
dimethylethylenediamine (IL1) (10.5 pL, 0.985 mmol), and toluene (1 mL) were each added via syringe.
The rubber septum was then removed and quickly replaced with a Teflon screw-cap. The test tube was
then placed in a preheated oil bath, at 110 °C. The reaction was heated with stirring for 24 h at which
point it was cooled to room temperature. Next, 2-chlorobenzamide (93 mg, 0.60 mmol) and K5PO, (210
mg, 0.99 mmol) were added quickly to the reaction mixture. The test tube was re-capped and the
reaction was heated with stirring in the oil bath at 110 °C. After 24 h, the reaction was cooled to room
temperature. The reaction mixture was partitioned between ethyl acetate and water and the organic layer
was extracted. A second portion of ethyl acetate was used to wash the water layer and was extracted and

combined with the first layer. The organic layers were dried over magnesium sulfate, filtered, and
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concentrated in vacuo to remove solvent. 9 was purified by column chromatography with a hexane-
EtOAc 95:5 to 90:10 gradient. 97 mg (66% yield) of a beige solid were obtained. Mp: 105-108 °C. 'H-
NMR (400 MHz, CDCls): 6 12.42 (s, 1H), 8.74 (dd, J = 11.9, 2.6 Hz, 1H), 7.95 (dd, J = 8.9, 6.3 Hz,
1H), 7.62 (dd, J = 7.5, 1.8 Hz, 1H), 7.41 (m, 3H), 6.85 (dd, J = 10.0, 7.4, 2.6 Hz, 1H), 2.63 (s, 3H). °C-
NMR (300 MHz, CDCl3): 201.6, 166.4 (d, Jcr = 255 Hz), 166.2, 143.2 (d, Jcr = 13 Hz), 135.8, 134.3
(d, Jer= 11 Hz), 131.8, 131.4, 130.8, 129.4, 127.3, 118.8 (d, Jcr = 3 Hz), 110.3 (d, Jcr = 22 Hz), 108.1
(d, Jer = 28 Hz), 28.7. IR (neat, cm™): 3113, 1691, 1655, 1592, 1524, 1449, 1359, 1317, 1291, 1248,
1171, 1129, 1104, 1047, 993, 956, 871, 805, 784, 744, 715. Anal. calcd. for C;sH;CIFNO,: C, 61.76;
H, 3.80. Found: C, 61.55; H, 3.77.

N-(6-Acetyl-3-fluoro-phenyl)-nicotinamide (10). Following General Procedure A, nicotinamide (73
mg, 0.60 mmol) was coupled with 2-bromo-4-fluoroacetophenone (109 mg, 0.502 mmol) using Cul (9.5
mg, 0.050 mmol), L1 (10.5 pL, 0.985 mmol), K,CO; (140 mg, 1.0 mmol), and 200 mg activated 5 A
molecular sieves in anhydrous toluene (1 mL). 10 was purified by column chromatography using a
hexane-EtOAc 95:5 to 50:50 gradient. 97 mg (75% yield) of a white solid were obtained. Mp: 165-167
°C. '"H-NMR (400 MHz, CDCls): & 13.04 (s, 1H), 9.30 (s, br, 1H), 8.81 (s, br, 1H), 8,74 (dd, J = 11.9,
2.7 Hz, 1H), 8.32 (d, J =8.0 Hz, 1H), 7.99 (dd, J = 8.9, 6.2 Hz, 1H), 7.47 (dd, J = 7.7, 4.7 Hz, 1H), 6.87
(ddd, J = 10.0, 7.4, 2.6 Hz, 1H), 2.70 (s, 3H). *C-NMR (300 MHz, CDCl3): 203.2, 166.5 (d, Jcr = 256
Hz), 164.5, 153.0, 149.2, 143.6 (d, Jc r= 13 Hz), 135.0, 134.5 (d, Jcr = 11 Hz), 130.0, 123.7, 118.6 (d,
Jer = 3 Hz), 110.3 (d, Jer = 23 Hz), 108.0 (d, Jcor = 28 Hz), 28.7. IR (neat, cm™): 3116, 2921, 1687,
1651, 1606, 1589, 1532, 1460, 1419, 1368, 1320, 1299, 1278, 1261, 1251, 1169, 1143, 1110, 1025, 994,
960, 882, 863, 824, 811, 779, 765, 718. Anal. calcd. for C14H;;FN,O,: C, 65.11; H, 4.29. Found: C,
65.01; H, 4.10.

N-(4-Methoxy-6-propioyl-phenyl)-3-chlorobenzamide (11). Following General Procedure A, 3-
chlorobenzamide (93 mg, 0.60 mmol) was coupled with 2-bromo-5-methoxypropiophenone (122 mg,

0.502 mmol) using Cul (9.5 mg, 0.050 mmol), L1 (10.5 pL, 0.985 mmol), K,CO3 (140 mg, 1.0 mmol),
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and 200 mg activated 5 A molecular sieves in anhydrous toluene (1 mL). 11 was purified by column
chromatography using a hexane-EtOAc 95:5 to 90:10 gradient. 107 mg (68% yield) of a pale yellow
solid were obtained. Mp: 112-114 °C. '"H.NMR (400 MHz, CDCls): 6 12.43 (s, 1H), 8.85 (d, J = 9.2 Hz,
1H), 8.04 (s, 1H), 7.91 (d, J = 7.6 Hz, 1H), 7.49 (m, 3H), 7.18 (dd, J = 9.2, 3.0 Hz, 1H), 3.86 (s, 3H),
3.08 (q, J = 7.2 Hz, 2H), 1.25 (t, J = 7.2 Hz, 3H). "C-NMR (300 MHz, CDCls): 205.5, 164.2, 154.6,
136.8, 135.1, 134.4, 131.8, 130.1, 128.1, 125.1, 122.9, 122.4, 119.9, 116.1, 55.7, 33.3, 8.6. IR (neat, cm’
1: 3221, 3087, 2986, 2968, 2947, 2915, 2838, 1668, 1651, 1642, 1615, 1572, 1531, 1454, 1423, 1383,
1320, 1291, 1265, 1252, 1195, 1176, 1050, 973, 836, 817, 730. Anal. calcd. for C;7HcCINO3: C, 64.26;
H, 5.08. Found: C, 64.07; H, 5.02.

N-(4-Methoxy-6-propioyl-phenyl)-2-thiophenecarboxamide (12). Following General Procedure A,
2-thiophenecarboxamide (76 mg, 0.60 mmol) was coupled with 2-bromo-5-methoxypropiophenone
(122 mg, 0.502 mmol) using Cul (9.5 mg, 0.050 mmol), L1 (10.5 pL, 0.985 mmol), K,CO;3 (140 mg,
1.0 mmol), and 200 mg activated 5 A molecular sieves in anhydrous toluene (1 mL). 12 was purified by
column chromatography using a hexane-EtOAc 95:5 to 90:10 gradient. 107 mg (74% yield) of a yellow
solid were obtained. Mp: 153-155 °C. "H-NMR (400 MHz, CDCl3): & 12.45 (s, 1H), 8.81 (d, J = 9.2 Hz,
1H), 7.82 (dd, J = 3.8, 1.1 Hz, 1H), 7.56 (d, J = 5.0, 1.1 Hz, 1H), 7.46 (d, J = 2.9 Hz, 1H), 7.17 (m,
2H), 3.86 (s, 3H), 3.10 (q, J = 7.2 Hz, 2H), 1.26 (t, J = 7.2 Hz, 3H). >*C-NMR (300 MHz, CDCl;):
205.5, 160.4, 154.4, 140.7, 134.6, 131.0, 128.4, 128.0, 122.5, 122.2, 120.1, 116.0, 55.7, 33.3, 8.5. IR
(neat, cm™): 3216, 2983, 2911, 2830, 1643, 1616, 1595, 1521, 1420, 1352, 1314, 1287, 1261, 1192,
1175, 1056, 1044, 971, 826, 729. Anal. calcd. for C;sH;5sNOsS: C, 62.26; H, 5.23. Found: C, 62.06; H,
5.20.

N-(2-Acetyl-phenyl)-cinnamamide (13).V0 Following General Procedure A, cinnamamide (88 mg,
0.60 mmol) was coupled with 2-bromoacetophenone (67 pL, 0.50 mmol) using Cul (9.5 mg, 0.050

mmol), rac trans-1,2-dimethyl-diamino-cyclohexane (L.2) (15.8 pL, 0.100 mmol), K,CO;3; (140 mg, 1.0

mmol), and 200 mg activated 5 A molecular sieves in anhydrous toluene (I mL). The reaction was
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heated for 25 h. 13 was purified by column chromatography using a hexane-EtOAc 98:2 to 90:10
gradient. 106 mg (80% yield) of a cream-colored solid were obtained. Mp: 90-93 °C (lit mp: 89.5-90.5
°C). '"H-NMR (400 MHz, CDCl3): § 12.06 (s, 1H), 8.92 (d, J = 8.5 Hz, 1H), 7.94 (dd, J = 8.0, 1.1 Hz,
1H), 7.76 (d, J = 15.6 Hz, 1H), 7.61 (m, 3H), 7.41 (m, 3H), 7.16 (t, J = 7.2 Hz, 1H), 6.64 (d, J = 15.6
Hz, 1H), 2.71 (s, 3H). "C-NMR (300 MHz, CDCls): 203.2, 165.1, 142.4, 141.5, 135.5, 134.8, 132.0,
130.2, 129.1, 128.3, 122.6, 122.3, 121.9, 121.1, 28.9. IR (neat, cm™): 3224, 3109, 3061, 3027, 1685,
1652, 1629, 1606, 1585, 1524, 1358, 1332, 1295, 1248, 1162, 975, 855, 757, 679, 614. Anal. calcd. for
C17HsNO;: C, 76.96; H, 5.70. Found: C, 76.89; H, 5.65.

N-(2-Acetyl-phenyl)-crotonamide (14). Following General Procedure A, crotonamide (51 mg, 0.60
mmol) was coupled with 2-iodoacetophenone (71 pL, 0.50 mmol) using Cul (9.5 mg, 0.050 mmol), L1
(10.5 pL, 0.985 mmol), K5PO4 (210 mg, 0.99 mmol), and 200 mg activated 5 A molecular sieves in
anhydrous toluene (1 mL). The reaction was heated at 110 °C for 24 h. 14 was purified by column
chromatography using a hexane-EtOAc 98:2 to 90:10 gradient. 73 mg (71% yield) of a beige solid were
obtained. Mp: 80-83 °C. '"H-NMR (400 MHz, CDCls): & 11.84 (s, 1H), 8.85 (dd, J = 8.5, 1.1 Hz, 1H),
7.92 (dd, J = 8.0, 1.6 Hz, 1H), 7.57 (m, 1H), 7.12 (ddd, J =8.5, 7.4, 1.2 Hz, 1H), 6.99 (dq, J = 15.3, 6.9
Hz, 1H), 6.04 (dq, J = 15.3, 1.7 Hz, 1H), 2.69 (s, 3H), 1.94 (dd, J = 6.9, 1.7 Hz, 3H). "C-NMR (300
MHz, CDCls): 203.0, 165.0, 141.4, 141.3, 135.2, 131.8, 126.9, 122.3, 121.7, 120.8, 28.7, 18.0. IR (neat,
cm™): 3208, 2915, 1686, 1643, 1607, 1585, 1523, 1453, 1358, 1331, 1298, 1286, 1250, 1188, 1166,
960, 928, 825, 757, 675. Anal. calcd. for C;,H3NO,: C, 70.92; H, 6.45. Found: C, 71.03; H, 6.45.

1-(2-Acetyl-phenyl)-pyrrolidin-2-one (15)."" Following General Procedure A, 2-pyrrolidinone (46
pL, 0.61 mmol) was coupled with 2-bromoacetophenone (67 pL, 0.50 mmol) using Cul (4.8 mg, 0.025
mmol, 5 mol%), .1 (5.3 pL, 0.050 mmol, 10 mol%), K,CO3 (140 mg, 1.0 mmol), and 200 mg activated
5 A molecular sieves in anhydrous toluene (1 mL). The reaction was heated at 90 °C for 25 h. 15 was

purified by column chromatography using a hexane-EtOAc 50:50 to 0:100 gradient. 87 mg (86% yield)

of a white solid were obtained. Mp: 89-91 °C (lit mp: 88-89 °C). "H-NMR (300 MHz, CDCl53): 6 7.57
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(dd, J =7.7, 1.6 Hz, 1H), 7.43 (m, 1H), 7.29 (m, 1H), 7.17 (d, J =7.9 Hz, 1H), 3.82 (t, / = 7 Hz, 2H),
2.52 (s, 3H), 2.44 (t, J = 8 Hz, 2H), 2.15 (m, 2H). C-NMR (300 MHz, CDCl5): 200.6, 175.0, 136.8,
135.9, 131.9, 128.2, 126.8, 125.9, 50.9, 31.8, 28.6, 18.8. IR (neat, cm™): 3361, 2999, 2958, 2902, 1693,
1598, 1575, 1488, 1453, 1402, 1358, 1324, 1257, 1238, 1167, 1146, 1101, 1020, 968, 776, 656. Anal.
calcd. for C;,H;3NO,: C, 70.92; H, 6.45. Found: C, 70.86; H, 6.52.

General Procedure B: Base-promoted Cyclization to 2-Aryl-4-Quinolones. A resealable oven-
dried test tube with Teflon stir bar was charged with N-(keto-aryl)amide (1 equiv) obtained in step one
and crushed NaOH (3-3.5 equiv). Anhydrous 1,4-dioxane was added via syringe such that the reaction
mixture was 0.1M in concentration. The test tube was then sealed with a Teflon screw-cap and the
reaction was placed in a preheated oil bath at 110 °C. The reaction mixture was stirred for 1-2 h and
then removed from the oil bath and allowed to cool to room temperature. The reaction mixture was then
dissolved in ethanol and transferred to a round bottom flask in which it was concentrated in vacuo to
remove solvent. Next, a small amount of water and a large amount of hexane were added to the flask
and the flask was sonicated for approximately two minutes. The biphasic mixture was neutralized to pH
~7 with IM HCI and saturated NaHCO; solutions. Solid precipitated out of the water layer and the
heterogeneous mixture was filtered through a Buchner funnel. The solid powder was rinsed with
copious amounts of hexane and minimal water. The solid was collected and transferred to a vial with
ethanol and concentrated in vacuo to remove residual solvent. In some cases, the hexane rinses during
filtration did not completely wash away the alkyl residue and the 'H-NMR showed contamination.
Further purification involved a more extensive hexane wash in which hexane was added to the vial
containing the compound and the mixture was sonicated. The solid was allowed to settle, and then the
hexane was carefully removed via pipette. Hexane was added and removed twice more before the
product was dried in vacuo.

2-Phenyl-4-quinolone (16)." Following General Procedure B, 1 (98 mg, 0.41 mmol) was cyclized
using NaOH (49 mg, 1.2 mmol) in 1,4-dioxane (4.1 mL). The reaction was heated for 1 h at 110 °C.

After work-up and filtration, 87 mg (96% yield) of a beige solid were obtained. Mp: 247-250 °C
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(ethanol) (lit mp: 254 °C).* 'H-NMR (400 MHz, CD;0D/CDCl;): & 8.26 (d, J = 8.1 Hz, 1H), 7.69 (m,
4H), 7.52 (m, 3H), 7.38 (m, 1H), 6.56 (s, 1H). C-NMR (400 MHz, CD;0OD/CDCl5): 180.3, 153.0,
141.5, 135.0, 133.3, 131.6, 129.9, 128.2, 125.7, 125.4, 125.1, 119.4, 108.4. IR (neat, cm™): 3067, 2962,
1635, 1594, 1581, 1546, 1502, 1472, 1450, 1431, 1355, 1320, 1255, 1139, 839, 798, 771, 753, 689, 670.

2-(3’-Chlorophenyl)-4-quinolone (17). Following General Procedure B, 2 (107 mg, 0.39 mmol) was
cyclized using NaOH (47 mg, 1.2 mmol) in 1,4-dioxane (3.9 mL). The reaction was heated for 1 h at
110 °C. After work-up and filtration, 96 mg (96% yield) of a cream-colored solid were obtained. Mp:
>260 °C. '"H-NMR (400 MHz, CD;0D/CDCls): & 8.26 (m, 1H), 7.76 (m, 1H), 7.67 (m, 3H), 7.50 (m,
2H), 7.40 (m, 1H), 6.55 (s, 1H). *C-NMR (500 MHz, CD;OD/CDCl;): 180.4, 151.4, 141.6, 137.0,
135.9, 133.5, 131.5, 131.4, 128.3, 126.7, 125.8, 125.6, 125.3, 119.5, 108.7. IR (neat, cm™): 2193, 1604,
1572, 1558, 1503, 1445, 1350, 841, 769, 757, 705.

2-(4’-Pyridyl)-4-quinolone (18).3 Following General Procedure B, 3 (63 mg, 0.26 mmol) was
cyclized using NaOH (31 mg, 0.78 mmol) in 1,4-dioxane (2.6 mL). The reaction was heated for 2 h at
110 °C. After work-up and filtration, 52 mg (90% yield) of a beige solid were obtained. Mp: >260 °C.
'H-NMR (400 MHz, CD;0D/CDCls): & 8.71 (d, J = 5.0 Hz, 2H), 8.27 (dt, J = 8.2, 1.1 Hz, 1H), 7.70
(m, 4H), 7.39 (m, 1H), 6.60 (s, 1H). >*C-NMR (500 MHz, CD;0D/CDCl3): 180.1, 150.6, 149.2, 143.2,
141.5, 133.5, 125.7, 125.6, 125.3, 122.8, 119.4, 109.0. IR (neat, cm™): 3066, 2968, 1635, 1591, 1567,
1536, 1506, 1444, 1358, 1259, 1143, 821, 796, 769, 675.

2-(3’-Pyridyl)-4-quinolone (19). Following General Procedure B, 4 (81 mg, 0.34 mmol) was
cyclized using NaOH (41 mg, 1.0 mmol) in 1,4-dioxane (3.4 mL). The reaction was heated for 1 h at
110 °C. After work-up and filtration, 66 mg (88% yield) of a beige solid were obtained. Mp: >260 °C.
'H-NMR (400 MHz, CD;0D/CDCls): & 8.90 (dd, J = 2.4, 0.8 Hz, 1H), 8.68 (dd, J = 4.9, 1.6 Hz, 1H),
8.28 (m, 1H), 8.13 (ddd, J = 8.0, 2.4, 1.6 Hz, 1H), 7.66 (m, 2H), 7.55 (ddd, J = 8.0, 4.9, 0.8 Hz, 1H),

7.40 (m, 1H), 6.54 (s, 1H). "C-NMR (500 MHz, CD;0D/CDCls): 180.1, 151.5, 149.2, 148.3, 141.4,

S12



136.6, 133.4, 131.5, 125.8, 125.5, 125.2, 125.0, 119.2, 109.0. IR (neat, cm™"): 3090, 2966, 1637, 1602,
1578, 1548, 1509, 1442, 1384, 1356, 1024, 801, 749, 704.

2-(2’-Pyridyl)-4-quinolone (20).° Following General Procedure B, § (89 mg, 0.37 mmol) was
cyclized using NaOH (44 mg, 1.1 mmol) in 1,4-dioxane (3.7 mL). The reaction was heated for 1 h at
110 °C. After work-up and filtration, 71 mg (86% yield) of a beige solid were obtained. Decomposition:
232-234 °C (ethanol). 'H-NMR (400 MHz, CD;0D/CDCl3): § 8.77 (ddd, J = 4.8, 1.7, 1.0 Hz, 1H), 8.27
(ddd, J = 8.3, 1.5, 0.6 Hz, 1H), 8.09 (d, J = 8.1 Hz, 1H), 7.97 (td, J = 7.6, 1.8 Hz, 1H), 7.78 (ddd, J =
8.5,1.1,0.6 Hz, 1H), 7.71 (m, 1H), 7.50 (ddd, J = 7.6, 6.9, 1.2 Hz, 1H), 7.41 (ddd, J = 8.2, 6.9, 1.2 Hz,
1H), 6.98 (s, 1H). PC-NMR (500 MHz, CD;OD/CDCls): 181.0, 150.2, 149.8, 147.7, 140.7, 138.7,
133.6, 126.4, 125.9, 125.8, 125.2, 122.3, 119.7, 106.6. IR (neat, cm™): 3063, 1627, 1603, 1573, 1516,
1477, 1384, 1355, 1321, 1254, 1138, 1022, 995, 781, 760, 692. Anal. calcd. for C;4H;o(N,O: C, 75.66;
H, 4.54. Found: C, 75.45; H, 4.53.

2-(2’-Thiophenyl)-4-quinolone (21).*" Following General Procedure B, 6 (97 mg, 0.40 mmol) was
cyclized using NaOH (48 mg, 1.2 mmol) in 1,4-dioxane (4.0 mL). The reaction was heated for 1 h at
110 °C. After work-up, filtration, and a hexane wash, 88 mg (97% yield) of a beige solid were obtained.
Mp: >260 °C (lit mp: >300 °C).*" "H-NMR (400 MHz, CD;0OD/CDCl5): § 8.22 (ddd, J = 8.2, 1.4, 0.6
Hz, 1H), 7.76 (dd, J = 3.8, 1.1 Hz, 1H), 7.66 (m, 2H), 7.57 (dd, J = 5.1, 1.1 Hz, 1H), 7.36 (ddd, J = 8.1,
6.7, 1.4 Hz, 1H), 7.19 (dd, J = 5.1, 3.8 Hz, 1H), 6.60 (s, 1H). "C-NMR (500 MHz, CD;0D/CDCl5):
179.9, 146.0, 141.1, 136.8, 133.2, 130.0, 129.1, 128.5, 125.6, 125.3, 124.8, 118.9, 107.3. IR (neat, cm
1: 3058, 2184, 1598, 1557, 1503, 1443, 1347, 1256, 1136, 857, 824, 768, 756, 697.

2-(3’-Thiophenyl)-4-quinolone (22). Following General Procedure B, 7 (67 mg, 0.27 mmol) was
cyclized using NaOH (33 mg, 0.83 mmol) in 1,4-dioxane (2.7 mL). The reaction was heated for 2 h at
110 °C. After work-up and filtration, 57 mg (92% yield) of a beige solid were obtained. Mp: >260 °C
(CDCI3/CD;0D). '"H-NMR (400 MHz, CD;OD/CDCl3): & 8.23 (d, J = 8.0 Hz, 1H), 8.01 (s, 1H), 7.63

(m, 2H), 7.55-7.33 (m, 3H), 6.61 (s, 1H). "C-NMR (500 MHz, CD;OD/CDCl3): 180.7, 147.8, 141.6,
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136.2, 133.5, 128.6, 127.2, 126.9, 125.9, 125.7, 125.2, 119.4, 107.6. IR (neat, cm™): 3069, 2926, 1633,
1593, 1552, 1508, 1470, 1440, 1428, 1369, 1350, 1313, 1142, 1022, 830, 757, 694.

Xiv

7-Fluoro-2-phenyl-4-quinolone (23).”" Following General Procedure B, 8 (76 mg, 0.29 mmol) was
cyclized using NaOH (35 mg, 0.88 mmol) in 1,4-dioxane (2.9 mL). The reaction was heated for 2 h at
110 °C. After work-up and filtration, 63 mg (89% yield) of a cream-colored solid were obtained. Mp:
>260 °C. '"H-NMR (400 MHz, CD;0D/CDCls): § 8.27 (dd, J = 9.1, 6.1 Hz, 1H), 7.72 (m, 2H), 7.52 (m,
3H), 7.36 (dd, J = 9.8, 2.4 Hz, 1H), 7.10 (ddd, J = 10.7, 8.3, 2.4 Hz, 1H), 6.53 (s, 1H). "C-NMR (500
MHz, CD;OD/CDCl3/CD,Cly): 179.8, 166.1 (d, Jcr = 252 Hz), 153.6, 143.1 (d, Jcr = 13 Hz), 134.9,
131.7, 130.0, 129.0 (d, Jcr = 10 Hz), 128.2, 122.4 (d, Jcr = 1.7 Hz), 114.1 (d, Jcr = 24 Hz), 108.6,
104.6 (d, Jor = 25 Hz). IR (neat, cm™): 3255, 3159, 3117, 3082, 3005, 1641, 1602, 1583, 1542, 1509,
1469, 1425, 1367, 1295, 1253, 1162, 1132, 1092, 869, 840, 816, 771, 744, 696.

2-(2’-Chlorophenyl)-7-fluoro-4-quinolone (24). Following General Procedure B, 9 (73 mg, 0.25
mmol) was cyclized using NaOH (30 mg, 0.75 mmol) in 1,4-dioxane (2.5 mL). The reaction was heated
for 2 h at 110 °C. After work-up and filtration, 50 mg (73% yield) of a beige solid were obtained.
Decomposition: 252-256 °C (ethanol). '"H-NMR (400 MHz, CD;OD/CDCls): & 8.30 (dd, J = 9.0, 6.0
Hz, 1H), 7.53 (m, 1H), 7.44 (m, 3H), 7.22 (dd, J = 9.6, 2.4 Hz, 1H), 7.11 (ddd, J = 10.8, 8.2, 2.1 Hz,
1H), 6.31 (s, 1H). >C-NMR (500 MHz, CD;0D/CDCls): 179.4, 165.8 (d, Jcr = 252 Hz), 150.9, 142.4
(d, Jer= 13 Hz), 134.2, 133.2, 132.1, 131.3, 130.8, 128.9 (d, Jcr = 11 Hz), 127.8, 122.2, 114.1 (d, Jcr =
24 Hz), 111.1, 104.2 (d, Jor = 25 Hz). IR (neat, cm™): 3070, 1642, 1606, 1589, 1551, 1513, 1462, 1259,
1162, 1129, 966, 873, 822, 753, 732.

7-Fluoro-2-(3’-pyridyl)-4-quinolone (25). Following General Procedure B, 10 (85 mg, 0.33 mmol)
was cyclized using NaOH (40 mg, 1.0 mmol) in 1,4-dioxane (3.3 mL). The reaction was heated for 1 h
at 110 °C. After work-up and filtration, further purification was needed so a hexane wash was

performed. Upon drying, 87 mg (96% yield) of a beige solid were obtained. Mp: >260 °C

(CDCI3/CD;0D). 'H-NMR (400 MHz, CD;0D/CDCl3): & 8.93 (s, br, 1H), 8.72 (s, br, 1H), 8.29 (dd, J

S14



=9.0, 6.0 Hz, 1H), 8.14 (d, J = 8.1 Hz, 1H), 7.58 (s, br, 1H), 7.34 (dd, J = 9.6, 2.4 Hz, 1H), 7.13 (ddd, J
=10.7, 8.3, 2.4 Hz, 1H), 6.52 (s, 1H). "C-NMR (500 MHz, CD;0D/CDCls): 179.4, 166.1 (d, Jcr = 252
Hz), 151.7, 150.2, 148.4, 143.5, 136.7, 131.8, 129.0 (d, Jcr = 10 Hz), 125.2, 122.5 (d, Jcr = 1.2 Hz),
114.4 (d, Jor = 24 Hz), 109.2, 104.8 (d, Jor = 25 Hz). IR (neat, cm™): 3079, 2921, 2306, 2266, 1636,
1605, 1579, 1568, 1543, 1515, 1467, 1427, 1259, 1213, 1090, 852, 805, 703.

2-(3’-Chlorophenyl)-6-methoxy-3-methyl-4-quinolone (26). Following General Procedure B, 11
(66 mg, 0.21 mmol) was cyclized using NaOH (29 mg, 0.73 mmol) in 1,4-dioxane (2.1 mL). The
reaction was heated for 2 h at 110 °C. After work-up and filtration, 57 mg (91% yield) of a beige
crystalline solid were obtained. Mp: >260 °C. '"H.NMR (400 MHz, CD;OD/CDCl3): 6 7.67 (d, J = 2.9
Hz, 1H), 7.46 (m, 4H), 7.37 (m, 1H), 7.24 (dd, J = 9.1, 2.9 Hz, 1H), 3.90 (s, 3H), 2.03 (s, 3H). °C-
NMR (500 MHz, CD;OD/CDCls): 178.9, 157.5, 148.1, 137.8, 135.4, 135.4, 131.0, 130.5, 129.7, 128.2,
125.3, 124.4, 120.6, 115.9, 104.3, 56.1, 12.8. IR (neat, cm™): 3078, 2957, 1582, 1544, 1501, 1380,
1294, 1229, 1190, 1158, 1097, 1032, 848, 812, 768, 736, 714. Anal. calcd. for C17H4CINO,: C, 68.12;
H, 4.71. Found: C, 68.08; H, 4.73.

6-Methoxy-3-methyl-2-(2’-thiophenyl)-4-quinolone (27). Following General Procedure B, 12 (84
mg, 0.29 mmol) was cyclized using NaOH (41 mg, 1.0 mmol) in 1,4-dioxane (2.9 mL). The reaction
was heated for 1 h at 110 °C. After work-up and filtration, 73 mg (92% yield) of a pale yellow solid
were obtained. Mp: >260 °C (CDCl3/CD;0D). 'H-NMR (400 MHz, CDsOD/CDCl3): 8 7.65 (d, J = 2.9
Hz, 1H), 7.58 (dd, J = 5.1, 1.2 Hz, 1H), 7.49 (d, J = 9.1 Hz, 1H), 7.33 (dd, J = 3.6, 1.2 Hz, 1H), 7.23
(dd, J = 9.1, 2.9 Hz, 1H), 7.18 (dd, J = 5.1, 3.6 Hz, 1H), 3.90 (s, 3H), 2.18 (s, 3H). "C-NMR (500
MHz, CD;OD/CDCls): 178.9, 157.8, 143.2, 136.1, 135.7, 130.7, 129.4, 128.4, 125.5, 124.6, 120.8,
117.2, 104.4, 56.1, 13.1. IR (neat, cm™): 2951, 1589, 1541, 1488, 1439, 1375, 1256, 1228, 1161, 1026,
850, 822.7, 768, 708, 692. Anal. calcd. for C;sH;3NO,S: C, 66.40; H, 4.83. Found (Recrystallized from

CDCIL/CD3OD): C, 66.18; H, 4.74.
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2-Styryl-4-quinolone (28)."" Following General Procedure B, 13 (101 mg, 0.38 mmol) was cyclized
using NaOH (46 mg, 1.2 mmol) in 1,4-dioxane, (3.8 mL). The reaction was heated for 3 h at 90 °C.
After work-up and filtration, 77 mg (82% yield) of an orange-yellow solid were obtained. Mp: >260 °C
(lit mp: 279 °C). '"H-NMR (400 MHz, CD;0D/CDCls): & 8.22 (ddd, J = 8.2, 1.4, 0.6 Hz, 1H), 7.58 (m,
5H), 7.38 (m, 4H), 6.96 (d, J = 16.5 Hz, 1H), 6.55 (s, 1H). "C-NMR (400 MHz, CD;0OD/CDCl;):
180.0, 149.5, 141.0 137.5, 136.0, 133.1, 130.3, 129.6, 128.1, 125.6, 125.6, 124.8, 121.5, 118.8, 107.0.
IR (neat, cm™): 3059, 2040, 1621, 1590, 1547, 1494, 1436, 1246, 1138, 959, 752, 686.

2,3-Dihydro-pyrrolo[1,2-alquinolin-5(1H)-one (29).® Following General Procedure B, 15 (71 mg,
0.35 mmol) was cyclized using NaOH (49 mg, 1.2 mmol) in 1,4-dioxane (3.5 mL). The reaction was
heated for 1 h at 110 °C. After the reaction was cooled to room temperature, it was transferred into a
round bottom flask with ethanol. The solvent was removed in vacuo and water was added. The solution
was neutralized to pH ~7 with 1M HCI and saturated NaHCO; solutions and then the water was
removed in vacuo. The title compound was purified by silica column chromatography using a EtOAc-
MeOH 100:0 to 95:5 gradient. After the product was collected and concentrated, a hexane wash was
performed. 60 mg (93% yield) of a beige solid were obtained. Mp: 167-173 °C (lit mp: 173-174°C). 'H-
NMR (400 MHz, CD;OD/CDCls): & 8.24 (d, J = 8.5, 1.5 Hz, 1H), 7.64 (ddd, J = 8.5, 7.1, 1.5 Hz, 1H),
7.36 (m, 2H), 6.19 (s, 1H), 4.26 (t, J = 7.3 Hz, 2H), 3.15 (t, J = 7.6 Hz, 2H), 2.10 (m, 2H). "*C-NMR
(400 MHz, CD;0D/CDCl5): 179.3, 157.8, 139.1, 133.0, 126.5, 125.8, 124.6, 116.7, 105.0, 51.3, 32.4,
21.4. IR (neat, cm™): 3480 (br), 3388 (br), 2964, 2895, 1625, 1599, 1558, 1503, 1473, 1430, 1310,
1267, 1167, 1151, 1073, 1030, 962, 840, 787, 759, 671, 621.

XVi

2-(1’-Propenyl)-4-quinolone (30)."" Following General Procedure B, 14 (84 mg, 0.41 mmol) was
cyclized using NaOH (25 mg, 0.63 mmol, 1.5 equiv) in 1,4-dioxane (4.1 mL). The reaction was heated
for 1 h at 110 °C. After the reaction was cooled to room temperature, it was transferred into a round

bottom flask with ethanol. The solvent was removed in vacuo and water was added. The solution was

neutralized to pH ~7 with 1M HCI and saturated NaHCO3 solutions and then the water was removed in
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vacuo. The title compound was purified by silica column chromatography using a hexane-EtOAc 50:50
to 0:100 gradient. After the product was collected and concentrated, a hexane wash was performed. 42
mg (54% yield) of a pale yellow solid were obtained. Decomposition: 240-244 °C (lit decomposition:
210 °C). '"H-NMR (400 MHz, CD;0D/CDCl3): & 8.17 (d, J = 7.9 Hz, 1H), 7.54 (m, 2H), 7.28 (m, 1H),
6.68 (m, 1H), 6.32 (s, 1H), 6.24 (dd, J = 15.9, 1.5 Hz, 1H), 1.91 (dd, J = 6.7, 1.4 Hz, 3H). ?C-NMR
(500 MHz, CD3;OD/CDCls): 180.0, 149.6, 140.7, 136.4, 132.8, 125.5, 125.4, 125.2, 124.6, 118.7, 106.1,
19.2. IR (neat, cm™): 3061, 2916, 2773, 2189, 2115, 1596, 1549, 1499, 1442, 1354, 1326, 1249, 1138,
961, 835, 756.

4-Methyl-3-vinyl-2-quinolone (31).*"" Following a slight modification of General Procedure B, 14
(94 mg, 0.46 mmol) was cyclized using Cs,CO; (450 mg, 1.4 mmol) in 1,4-dioxane (4.6 mL). The
reaction was heated for 24 h at 110 °C. After the reaction was cooled to room temperature, it was
transferred into a round bottom flask with ethanol. The solvent was removed in vacuo and water was
added. The solution was neutralized to pH ~ 7 with 1M HCI and saturated NaHCOj solutions and then
the water was removed in vacuo. The title compound was purified by silica column chromatography
using a hexane-EtOAc 75:25 to 100:0 gradient. After the product was collected and concentrated, a
hexane wash was performed. 65 mg (76% yield) of a pale yellow solid were obtained. Decomposition:
>150 °C (lit mp: 203-205°C). '"H-NMR (400 MHz, CDsOD/CDCl3): & 7.73 (dd, J = 8.2, 0.9 Hz, 1H),
7.44 (m, 1H), 7.28 (dd, J = 8.2, 0.7 Hz, 1H), 7.21 (m, 1H), 6.76 (dd, J = 17.8, 11.7 Hz, 1H), 5.77 (dd, J
= 17.8, 2.1 Hz, 1H), 5.64 (dd, J = 11.7, 2.1 Hz, 1H), 2.55 (s, 3H). "C-NMR (400 MHz,
CD;OD/CDCls): 163.3, 145.3, 137.4, 131.2, 130.7, 128.3, 125.7, 123.3, 122.5, 121.7, 116.3, 16.3. IR
(neat, cm™): 2944, 2845, 1648, 1603, 1551, 1503, 1431, 1380, 1270, 919, 747, 664. Anal. calcd. for
CoH(INO: C, 77.81; H, 5.99. Found: C: 77.70, H: 5.96.

N-(2-Acetyl-phenyl)-n-hexanamide (32). Following General Procedure A, hexanamide (138 mg,
1.20 mmol) was coupled with 2-iodoacetophenone (141 mL, 1.00 mmol) using Cul (9.5 mg, 0.050

mmol), L1 (10.5 pL, 0.100 mmol), KsPO4 (425 mg, 2.0 mmol), and 400 mg activated 5 A molecular
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sieves in anhydrous toluene (2 mL). The title compound was purified by column chromatography using
a 5-10% ethyl acetate/hexane gradient. 187 mg (80% yield) of a clear, yellow oil were obtained. 'H-
NMR (400 MHz, CDCl5): 6 11.68 (s, 1H), 8.73 (dd, J = 8.5, 1.1 Hz, 1H), 7.82 (dd, J = 8.0, 1.5 Hz, 1H),
7.47 (m, 1H), 7.03 (m, 1H), 2.60 (s, 3H), 2.37 (t, J = 7.4 Hz, 2H), 1.70 (m, 2H), 1.32 (m, 4H), 0.86 (m,
3H). "C-NMR (300 MHz, CDCls): 202.8, 172.7, 141.2, 135.1, 131.7, 122.1, 121.6, 120.6, 38.7, 31.4,
31.4, 28.6, 25.2, 22.4, 22.4, 14.0. IR (neat, cm™): 3253, 2957, 2931, 2861, 1699, 1653, 1607, 1585,
1521, 1451, 1360, 1311, 1298, 1248, 1163, 1092, 1022, 962, 756, 606. Anal. calcd. for C;4H9oNO,: C,
72.07; H: 8.21. Found: C, 72.23; H, 8.26.

3-n-Butyl-4-methyl-2-quinolone (33)*"" and 2-n-Pentyl-4-quinolone (34)."* Following General
Procedure B, 32 (82 mg, 0.35 mmol) was cyclized using NaOH (42 mg, 3 equiv.) in 1,4-dioxane (3.5
mL). The reaction was heated for 1 h at 110 °C. After the reaction was cooled to room temperature,
ethanol was added to dissolve all solid and the reaction mixture was loaded directly onto a Biotage
samplet. The samplet was dried with gentle heating. The title compounds were purified by silica column
chromatography using a hexane-EtOAc 75:25 to 0:100 gradient followed by a EtOAc-MeOH 100:0 to
95:5 gradient. 33 eluted faster than 34 under these conditions. After the products were collected and
concentrated, hexane washes were performed on both compounds. 17 mg (23% yield) of 33 were
obtained as a white solid. Mp: 171-173 °C (lit mp: 170-171 °C). '"H-NMR (400 MHz, CDCls): & 11.99
(s, br, 1H), 7.70 (dd. J = 8.2, 0.9 Hz, 1H), 7.46 (m, 1H), 7.38 (m, 1H), 7.21 (m, 1H), 2.83 (t, J = 7.3 Hz,
2H), 2.51 (s, 3H), 1.52 (m, 4H), 0.99 (t, J = 7.2 Hz, 3H). *C-NMR (400 MHz, CDCls): 164.1, 143.2,
137.0, 131.9, 129.3, 124.4, 122.3, 121.3, 116.2, 31.5, 26.9, 23.2, 15.3, 14.3. IR (neat, cm™): 2946, 2860,
1654, 1611, 1562, 1503, 1428, 1394, 1274, 1182, 1158, 1097, 1032, 905, 747, 706, 667, 613. 37 mg
(49% yield) of 34 were obtained as a white solid. Mp: 142-145 °C (lit mp: 141-142 °C). 'H-NMR (400
MHz, CDCl3): 6 13.02 (s, 1H), 8.38 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 8.4 Hz, 1H), 7.60 (t, J = 7.1 Hz,
1H), 7.35 (t, J = 7.5 Hz, 1H), 6.28 (s, 1H), 2.72 (t, J = 7.5 Hz, 2H), 1.71 (m, 2H), 1.22 (m, 4H), 0.78 (t,

J = 6.8 Hz, 3H). PC-NMR (400 MHz, CDCl3): 179.0, 156.0, 141.0, 131.9, 125.2, 123.8, 119.0, 108.2,
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34.5, 31.5, 29.1, 22.5, 14.0. IR (neat, cm™): 3250, 3065, 2956, 2930, 2871, 1639, 1595, 1552, 1505,
1472, 1444, 1355, 1322, 1249, 1176, 1138, 1111, 844, 761, 675.

General Procedure C: McMurry-Type Coupling to Form Indoles.™ In a glove box, TiCl; (1.8
mmol, 3.6 equiv.) and Zn powder (3.6 mmol, 7.2 equiv.) were weighed into an oven-dried Schlenk tube
with a Teflon-coated stir bar. The Schlenk tube was capped with a rubber septum and removed from the
glove box. Outside of the glove box, the Schlenk tube was evacuated and refilled with Argon twice.
While still under a stream of Argon, the rubber septum was removed and the N-(keto-aryl)amide (0.5
mmol, 1 equiv.) was added quickly to the Schlenk tube. The Schlenk tube was recapped with the septum
and evacuated and refilled with Argon three more times. Anhydrous DME was added via syringe and
the rubber septum was replaced with a Teflon Schlenk cap. The reaction was placed in a preheated oil
bath at 90 °C, and the reaction was heated with stirring for 4-28 h, monitored by TLC. The reaction
mixture was allowed to cool to room temperature and filtered through a pad of silica gel with copious
amounts of EtOAc. The filtrate was concentrated in vacuo, and the crude material was purified via silica
gel column chromatography using a hexane-EtOAc 100:0 to 92:8 gradient.

3-Methyl-2-phenylindole (35).' Following General Procedure C, 1 (119.6 mg, 0.50 mmol)
underwent an intramolecular coupling using TiCls (280 mg, 1.8 mmol) and Zn powder (235 mg, 3.6
mmol) in DME (6.0 mL). The reaction was heated for 28 h at 90 °C. After filtration and column
chromatography, 71 mg (69% yield) of a pale yellow solid were obtained. Mp: 88-92 °C (lit mp. 90-92
°C). '"H-NMR (400 MHz, CDCl3): § 8.03 (s, br, 1H), 7.61 (m, 3H), 7.50 (m, 2H), 7.38 (m, 2H), 7.23 (m,
1H), 7.17 (m, 1H), 2.49 (s, 3H). *C-NMR (400 MHz, CDCl;): 136.1, 134.3, 133.6, 130.3, 129,1, 128.0,
127.6, 122.6, 119.8, 119.3, 111.0, 108.9, 9.9. IR (neat, cm™): 3448, 3421, 3056, 2914, 2862, 1603,
1458, 1445, 1332, 1306, 1235, 1074, 918, 770, 739, 700.

3-Methyl-2-(3’-thiophenyl)-indole (36). Following General Procedure C, 7 (122.7 mg, 0.50 mmol)
underwent an intramolecular coupling using TiCl; (280 mg, 1.8 mmol) and Zn powder (235 mg, 3.6
mmol) in DME (6.0 mL). The reaction was heated for 16 h at 90 °C. After filtration and column

chromatography, 75 mg (70% yield) of a beige solid were obtained. Mp: 92-95 °C. 'H-NMR (400 MHz,
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CDCls): 8 7.77 (s, br, 1H), 7.55 (d, J = 7.7 Hz, 1H), 7.34 (dd, J = 4.6, 3.4 Hz, 1H), 7.24 (m, 3H), 7.13
(m, 3H), 2.39 (s, 3H). "C-NMR (400 MHz, CDCls): 135.7, 134.2, 130.0, 130.0, 126.7, 126.3, 122.4,
121.3, 119.7, 119.0, 110.8, 108.6, 9.87. IR (neat, cm™"): 3417, 3100, 3056, 2916, 2862, 1461, 1350,
1332, 1291, 1240, 1206, 1153, 1118, 1090, 1025, 1007, 865, 781, 741, 683, 619. Anal. calcd. for
C3H1INS: C, 73.20; H, 5.20. Found: C, 73.33; H, 5.30.
2,3-Dihydro-9-methyl-1H-pyrrolo[1,2-alindole (37).*" Following General Procedure C, 15 (101.6
mg, 0.50 mmol) underwent an intramolecular coupling using TiCl; (280 mg, 1.8 mmol) and Zn powder
(235 mg, 3.6 mmol) in DME (6.0 mL). The reaction was heated for 4.5 h at 90 °C. After filtration and
column chromatography, 29 mg (34% yield) of a colorless oil were obtained. Note: Title compound
readily decomposes even at low temperature. '"H-.NMR (400 MHz, CDCl;): 6 7.54 (d, J = 7.4 Hz, 1H),
7.25 (m, 1H), 7.14 (m, 2H), 4.06 (t, J = 6.9 Hz, 2H), 2.98 (t, J = 7.5 Hz, 2H), 2.63 (m, 2H), 2.32 (s,
3H). *C-NMR (400 MHz, CDCly): 141.5, 133.3, 132.7, 120.1, 118.5, 118.5, 109.3, 100.8, 43.7, 28.0,

23.1,9.2.
Experimental Section for Starting Materials

2-Bromo-5-methoxypropiophenone.” " 2_Bromo-5-methoxybenzoyl chloride (1.91 g, 7.67
mmol) was added to a flame-dried round bottom flask. The flask was covered with a rubber septum and
then evacuated and refilled with Argon three times. Anhydrous THF (20 mL) was added via syringe and
the reaction mixture was cooled to -78 °C. Ethyl magnesium bromide (3M in ether) was added drop-
wise over approximately 30 minutes. Then the reaction mixture was allowed to warm to room
temperature and was stirred for 20 h at which point saturated ammonium chloride was added. The
organic layer was extracted and concentrated. Then it was partitioned between ether and water. The
ether layer was extracted and then washed once more with water. The organic layer was dried over
MgSO,, filtered, and concentrated to dry. The title compound was purified by silica column
chromatography using a hexane-EtOAc 100:0 to 90:10 gradient. 1.37 g (74% yield) of a clear, yellow

oil were obtained. 'H-NMR (300 MHz, CDCl3): 6 7.47 (dd, J = 8.6, 0.5 Hz, 1H), 6.85 (m, 2H), 3.81 (s,
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3H), 2.93 (q, J = 7.2 Hz, 2H), 1.21 (t, J = 7.2 Hz, 3H). *C-NMR (400 MHz, CDCl3): 204.7, 158.8,
142.6, 134.2, 117.1, 113.6, 108.5, 55.5, 35.9, 8.0. IR (neat, cm™): 3073, 2977, 2939, 2905, 2840, 1705,

1592, 1569, 1467, 1405, 1345, 1290, 1241, 1198, 1175, 1090, 1051, 1027, 967, 874, 846, 816.

NMR Data
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S5 i}
L3 0.00 Hz
58 o
I I ” B 1.00
— J i
T T T T T T T T T T T T T 1
12 1 10 8 7 [ 5 4 3 2 1 ppm
J 3
le
= i i o i e b i -
21-2-48b
Pulse Seguence: sEpul
Selwent: COE13
Ambient temporatures
File: Cl=Z-ifbelad
IHDWA-S508  "EIppYS
PULSE SEQUENCE
Relax. dolay B.500 cec
Pulse 45.7 degrees
ach. timn 1.500 Eec
Hidih 2ohEe a He
2tE repetitions o m - o
QBSERVE G13, 744890543 Mhx - = = =
DECOUFLE  HI, 500 1081882 WhE el } s 2
Powar 33 03 FET ] 2 ] H
continugusly on [ | -
ALTE=16 madu | ated |
DaTA PROCESET I
Ee. sine bell 1.500 sec
Shifted by =1.580 sec |
YT gize 6ZLad |
Toewl rime & min, 34 sec |
ol |
5 | | |
- o ]
= o |
= 3 = | 7 |
z 2 g ] -
= | £
| 5
: | .
) | -1
2 £ RE= -
: 5
|
|

200 180 160 140 170 i an 50 an 20 ppm
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Me

(13)

an
(<O

Current Data Parameters

HEHE
F2PHO
FROCHD

CI-Z-d3e
1
1

F2 - Acguizition Darameters

Date_
Tima
INSTRUM
EROBLD
TULFROG

TD
SOLVENT
K=

ng
=
FIDRES

= CEANWEL £1 =

20070115
20.37
sEpeCT

5 mm OHE 1M/13

2930
B8535

F.126324
3.9504243

253.2
1, 0OGEDO00
1

1H

ia.89

o.aa
400.1324710

=T 5536
&F 4001300061
Lr o
55R 0
LB o.a0
[=i:] )
B 1.00

Ea=z=i3e

Fullse Sequemce: sZpul
Folvent: COCIE
hEBiENT Lemperaturs
Filer £J-2-13ccid
THONA-END =z ippy”
FULSE SEDUEWCE
Ealax. duelay 0.508 swec

Se d8.3 degrees
timeE L GO0 sEc

.8 H

. TE.AEABIAE MMz
DECOUPLE ML, 200.0001692 Mz
a3 do

coat inucus

WALTZ-16 m

DATS FROCEEZING

5;- a1nE hell §. 500 gec
RiTed by —1.500 S&c

FT size ZEZL44

Total timo @ min, 24 soc

on
ulated

105,832

o e

185,080

T
7

—14%.,438
Lo141.533

'

1.8
L30. 105

i

o

140

128,058

)

122824
122,254

;

ENTIITTY

120

Fr.esa

Lir.as0

an

'

M.mr

20, TR

EHz
Hz
=ea

WERD
useo

E ]

uooe
48
MHx

FZ Frocassing pa;ans Lars

MHz

S31



' an
(<O

LCurrent Data FParamebers
AHE

QF-2-148c
EXFH0 1
Me (1 4) BROCHA 1
F2 - Aoguisition Parameters
N/ﬂ\/\ Me Data_ 20070529
o) Time 16.33
H INSTRUM spact
FROSHD 5 mm QNP 1HSAS
FULFROG zgF0
o EEE3A
SOLVENT cDoll
ns 16
DS 2
EWH EZTE.L46 Hz
FICRES 0.126314 Ex
3.5584243 sec
3 BO.6
g &0, 400 vmac
LE 6.00 umec
TE 254.2 E
o1 1.00000000 sec
oo 1
mmmmseme OHANMEL £1 s=emmmes
B 1H
Fl 14010 usec
FLL 0.0c de
SFOL 400, 1324710 MHz
¥2 - Processing pavamaters
&1 E5E3E
5F 403, 1300063 HHz
WD ne
== 1}
1B 0.4 Hz
(L] o

. I I La.h | | o 1.00

13C DRSERAVE

Pulsn Seguesce: sZpwl
Solvent: COCI3

THDWA= 5D
FPULSE SEOUCKCE
Bl

| 1

Pules 48.2 degr

5, time L.500 sec

Width 72621.4 Hz = - -

157 repetitioss FE 1 t -3
DEEEAVE C13, 75.4698538 MHZ O = C
BECOURLE WL, 300.1001692 Wiz = B R = =

Power 39 dB 2 833 - 5

COME FAUONs |y on |
WALTZ=16 moduiated r
DATA PROCESSENG |
&g, sing bell 1.500 E@c |

Ehifted by —L_E0k sec
FT &ize ZEZLAL |
Tatal time O min, 3t wne | |

|
| ‘
-
- l|
= =
2 - =1 s
= =
- E 4 | Z 3
- - | 2 @
E se
I g
T

200 180 160 1an 170 100 a0 €0 an z0 ppn

S32



Ca-1-58

PulSe Saguence: STpwl
Solvent: COCIS
Anbient TEmpEFaTurd
Film: z=58
INOVA=SBO Tippy™
PULSE SEQUEPKCT

Relan. del A.050 Suc
Fulse 38.5 degrees
Acq. tise 2.003 sec
Width 48a7,4 We

1E repetitions
DOSERVE  HL,

DaTa PROGESSING
FT size 13107%
Total time 1 min, 4 sec

FOBEIFL MH:

¥4

T.lBL

7.158
TOLET

¥_GA3

Me

(15)

—3.815%

N E ]
3.1

103 1.28
1.82

Cl-E-58

Pulse Seguesc

sZpul

SoTvEnT:

(= 3k

fent temperature
Ca=F=%BCLa
INDVR=E08 e ippyt
PULSE SEQUENCE
Rel delay 1.588 sed
Z degress
L-53c am
wideh FReRd_8 Hr
256 ropetitiont
ORSEEVE 13, 75,.45303580 MHz
OECOUFLE ML, $00.108168% Mhz
Pouer 39 dB
comtimuous ly on
WALTZ-1G6 modulated
OATA PRUOCESELNG
Hg. sine bell K. sec
shifted by =1.500 sec
FT aize zEZlaa
Total tise B mia,

=

%4 sec

201 986
1Fa. 998

136.830

=

——13k.0i8

151,888

L

-
k1
=
-
kA

=

m
o
n
-

I.518
—2-17%
2,180

50,478

—3l-b04

AB.TAL

200 180 16D

| ¥

140

e ae e R R

1]

S33
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CDCly

(16)

CD30D

CD40D

Current Data Paraneters

HAKE CI-2-20
EXPMC 1
FROCHO 1

F2 Aoquisition Parameters
Date_ QDE1zgl
Time 11.4%
INSTRUN spect
PROBHT S mm BBO EB-1H
FULFACE ]

TD A5536
SCLVEHT coell

HE 1€

(2] 2

HWH BE2TH._14E ¢
FIDRES 0_L26314

RO 3.9584Z243

AG 228.,1

oW &l o0 usac
DE E.00 usac
TE 293.2 ¥
Dl 1.00000000 sec
TODO 1

== CHANWEL £1

1H
18 067 =

y 0.00 4B
SFCL 400.1324710 mHz
F2 — Processiing parameiecs
sI (333 1
5F 4001311021 MH=z
WO ne
=58 i}
La Q.00 H
GB a

’ j eC 1.00
J A
T T T T T T T T T L AR R B | T T
B5 B0 75 70O 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

e [sfglel e

._\ /

CDCly

CD50D

I T
120 100 80

BRUKER
(<O

Currant Data Parameters

HAME CT-2-20s] e
EXFHD i
FROCHG 1

F2 - Acguizition Paramatars
Dakea_ 20070316

Tima L2. 28
IHETRUM B
FROBEHD S mm BED BBE=1H
FULEROMG zgpg 30

TD 65536
SOLVENT MaOD

HS 1587

os z

SWH Z39B0.814 H=
FIDRES 0.365918 Hz
AD 1.3EE47EE mec
Ro 4152

e 2} 20880 usec
DE 6,00 usec
TE I94.2 E

ol Z.00000000 sec
d13 0.83000000 sec
DELTA 1. A%55995%3 man
TDO 1
sssss==s CHANMEL EL = ==
WDCL 13c

Fl A.75 usec
FLL -3.00 ds

100, ER2A2%8 MHz

CHANNEL £2 ==
waltzlé

iH

20.04

18.00 43
404 . 1316005 HH=z

- Processing parameters
65534

100, 6126744

MHz
0l G
=58 o
LB 0.00 Hz
== GE 0
T e 1.40
20

S34



CD30D

CDCl,

Ll

Irz

CD50D

Cl

(17)

Current Data Parametars

HAME o7-2-19
RXFND 1
FROCHD 1
F2 - Aoguisition Paramscars
=EYTY 20061130
Time 10.30
INSTRUI SpECT
PROEHD 5 mm QWF 1E/13
PULPROC z@30
TD BESIS
SOLVENT MaDD
NS La
o= F
B27H. 146 Ex
PIDRES 0_126314 Kz
AQ 3.9504243 zec
FG 645.1
Lrat A0, 400 wmmes
LE E.00 uaac
TE 283.2
Di 1.00000000 see
oo 1
ERE

©.00 dE

RFOL 400, L324710 mEz

F2 - Processing pnv.nmg‘,g“,,
&1 Lag

LY

ETAMDARD CAREOM PalcHiTERL

Pulse Sequence:

Solvent: GOIOD

Amoient TCﬂﬂErﬂTUrE
=14

szpul

IHEWE-E00 zippy”

PuLs: SENEM:E

defay #.753 sec
.0 HEgrees

time L.75E sec

'\-ldlh 37735 8 Mz

1367 ropetitions

OESERVE LTH.TAZEZAD MHZ
DECOUPLE  HL, 500.2352463 Mh:
Power 37 dB

cont fruouc iy on

WALTZ—1E modulated

DATA PROCESSING

Line broadening 0.3 Mz

Ef aize 131077

Pu'ln

Total time 3 he, 29 -|l|. 2 smc
o B o
=nz
e ]
Pl
sa
SNRER
FEERL
]
R
510 Vs
e | ss
- -
-
o
7
L~
i
= i
= ]
= [
-
LaE |
R
B2 |
EERS
] == 7|
" - - |
E -] . | 14
] ]
L | | 1

140

—125. 281

119. 468

108 FOE

T T T T T T T T T T T T
85 BO 75 70 65 60 55 50 45 40 35 30 25 20

T
1.5

CDCl,

75.832
L1m.570

——

78.313

1.0

SF £00.1345085 mx
WIS no
EEB a
LB 4.00 Hz
G a
FC 1.00

T

pPpm

48,319
AE.LLD

=

~—A8. 483
18,811

/

48,663

Fa

CD40D

S 1T}

an. g7

———T 11



(18) amn
<O

Currsnt Data Paramsters

CDCly CD.OD
3

HAME CI-1-287
EXF0 1
FROCHNO 1
P2 — Acquisirtion Daransters
CD30D Date. 20051115
Time 11.37
INSTHEIM spect
PROBND 5 am QNP 1M/S13
PULPROS £330
i TD H5538
SOLVENT MeOD
ng 15
D8 2
e 8278 146 H=
FICRES £.126114 Hz
A 3,5584243 sec
R 162
o G0.400 usac
= .00 neemc
7% 292.2
1 1.00000000 sec
a0 i
. CHAMNEL £1 ==s===s=
1H
1466
o.oo
EraL 400.1324710
Fi = Frocas sing W?ﬁmtﬁ’rs
sI 65536
=F 400.1300068 M=
TWiLre no
SSR =]
A a.00 =z
| ca o
e 1.00
J'I._ N \ J

e e e e e T I e W o i e o IR By s o e

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 pPm

CRERRC -

ETanbaRD CaRBON PAakaHETE RS

Pulte Zeguasca: S2pul
Selvent= Co3
AFD1ENT TERE
Uger:  1=1£=§

File: Ca-1-287c1a
INCWR-500  “Eipey"

PULSE SEQUENCE
Relaw. delay 0.765F sec

Pulks ES-IL?;E;UE:Q CDBOD

Acs. time
Width 37735 8 HE

oo
ErETUEE
7

1038 ropetitions b
DESERVE  C13, 125, 7AJESGE MMz
DECOUPLE  Hi, 5003352465 WAz =
Power 37 4B - w
camt ineoee iy on - 1]
WALTZ—1E modulatid ] =
DATA PROCESSING s oo B
Line broademing 0.3 Hz = m~ T
FT &ize 122077 - - |‘.
Total time 3 he, 29 @in, 7 sec | ™ -
| 5 g
| h =
-4 H
ne 1
=z
T -
| 5
| :
| 3
[ o
-1 -
S
| -
=
L
- i
Z | | =
s 23 | s
I A= 4 -
VozE .
=3 L

180, 11%

S36



BRUKER
CDCly CD50D

Current Deta Paramebers

HAME 0I-1-294
EXFHO 1
PROCHD 1

CD3Z0D
Fi - Adoquisition Faransters
(19) Date_ 20061110
Tl 12.13
TNETRIM spact
FROEED 5 mm QWE 1H/13
EULPRGE 2030
T BE536
SOLVENT HaGh
wg 18
oS5 2
SWH B276.146 Hz
FTDRES 0.1RE314 Hz
AQ 1.9584243 seC
cic) 322.5
o BO. 400 usen
DE 5. 00 usec
T= 2823.1 K
o1 1.C00OO500 sec
O 1
CHAMNEL [1 ==
i
14.00 usec
4,00 &0
400, 1324710 MHz
Fl - Procescing parameters
EL 63536
SF 400, 1306087 MHz
WIwW no

a
0.00 Hz
0
J 1.00

L

T T

CD50D

ol-1-F94e18

Pulin Swguence: szpul
Selvent: COI0Q
ApDEENLT Lemperaturs
User: 11-k7
Filla: d=F=2RACI3
IMOWA-E01  =zippy™
BULEE SEQUENCE
Relas. delay 0765 see
Pules 65.4 gegress
neq. time I, TIF Tec
Width 37745 B Hx
ZOE0 repctiticns

DOSIRVE  C13, L25.7B36538 MHz

DECOUPLE HL, SB0, 2352863 HHz
Power 37 dB
cont | nuous iy on
WALTZ-16 modulated

DBATA PROCESSING
Line brosdening 0.3 Hr | |

FT =ize 131072 | |

Total tise 3 hr. 23 ®in, ¥ sec

@)
w)
@)
@

151,470
138,455
LTI
13342
1i5.7r8)
LE5 456
T
124,300
78, 46L
74,387
78. 205
roaa
49,189
49,518
48,181
48,807

Y

AN, 537

9. F52

115,198
- 109,027

131.549

1AL.435

LED. 133

L

160 160 140 120 100 LT Bl an 20 ppm
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BRUKER

| (21) CD3OD Current Data Paramsters

FMME oa-2-13-2
S EEFLD 1
FROCHO 1

F2 - Mcquisizion Paramckers

1 Date_ ZOOG1E02

i Thnims 1%.31

| ERETRLIH spackt
FROBHD & mm GNE 1HSL2
PULPROG

E276.146 Mz
0.176214 Hz
3.95%84240 sec

456.1
BO_ 400 wses
CDCljy CD30D SNl iece
3932 K
1. 00000000 sec
1
meessmes CHANNEL {1 =
MUGC1
FL 14.00 umec
PL1 T.00 4B
SFOL 400.1324710 MHz
F? - Processing parameters
51 63536
SF 400.1300093 Milz
WO no
3B &
L2 0,00 Hx
Gl 8
ko 1.00

T T T ] T T T T T
85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 ppm

3 EaslEy (g

e e
T

CD50D

STAKDLGAD CARBOH PARAMITERS

Pulse Sequences szpul
Solvent: CO30D
ambient tesgerature
5 i-1i-a7
J-7-13r132
tzippy" |
PULSE SEQUENCE |
Relax. delny 0,763 wec |
Pulse &5.0 degrees
ﬂ.l.'a. Time 1,736 sec
Width XITTES. A Wz

2522 repetitions TrEdEES w
& an [ =4
OBZERWE ©CLE, 135 FARASAL MWHE ERC | G - 5
UIEEH:L;.’ :‘ﬂ, 500, 2352462 WHT :EEEIE E; =5

L]
continuouily on
WwALTZ-1§ modulated LI
UATA PRUCLESIHG 17
Ling

(@)

O

7871
@

broadening 8.3 Wz J F
FT sfee 131 2 1 "?'
Total cime 2 he, 28 min, 2 SEC -
| 2
il r
" =
H 4
i e
5
2
=
k4
&
=
. -
& 2
2 @
i -
b4

145,578
1db.1i¥
136,781

17,988

180 160 lan 120 100 80 E0 an

20 ppm
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/A

(22)

CD50D

CD40D

Current Data Paramebars
HAPIE CI-1-293
EXFHO L
FROZNG 1

F2 - hoquisition Parameters

Late_ 20061115

Tima 11.04
TIHSTRUN spact
FROBID S5 mn QHF 1H/13
FULFROG zg3i0

™ 65536
HOLVENT MaCD

WS &

D5 2

SWH H278.146 Hz
FIDRES 0.126314 Hz
A J.9584243 mec
R 57

I 60,800 usec
DE .00 usac
TE 282.2 K

o1 1L.00000000 ses
™ 1

14.400 uses
o_an ds
400.1324710 mEEz

Z = Processing paranscers
51 ESSIE
F 4001300093 MHz
W e
55B o
LE 9.00 Hz
GE o
| o] 1.o0
i i k J L
T 1 v T T B R T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
! '.Il | o
g =g )8
=i« loilled -
CD50D
Pulse Sequencer s2pul
Sulvent: CO300
Aubignt Leaperaturs
User:  1-14-27
Film: CJ-3-233cl3
INCVA-38B “zippy"
PULET SEOVENCE
Relar. delay 0763 sec
Fuise s5.4 heprees
acg. tiwe 1.736 sec
T e
PR =
it ]
e
=== =
<ontinuously on
WELTZ=LE modulated
DATa PROGCESSTHG
Ling breadening 0.5 He
FT size 131872
Total time 3 hr, B9 mim, 2 sEC
=
aoe
nia
]
=3
0 '
k 554 s
= b =
=
2 "
= =
© s =3
£ = CDC|3 =
=
= e [
232
Y-
e
= -
@ u n E
o L3 I 0= |
g 3R
| |
L |
A - o o L - e
180 160 140 1z0 0o 80 60 an 20 ppm

S39



CD30D | (23)

LCurrent Data Faramcters

I=z

HEME CIJ-1-286
EXPHC 1
EROCHC 1
CDC' F2 - hAcogquipition Parameters
3 Date 20061115
C D O D Time 11.11
3 IRSTRIM spackt
PROBYT 5 mm OME 18713
| PULPROG =930
TR B5536
| SOLVENT Haon
HE 16
LS Z
=1 e EZT6.145 H=z
FIDRES 0D.12EX14 Hz
AL 3.9584243 sec
Riz 322.5
(£ 60. 400 usec
C= £.00 uaac
T= 92 .2 X
ol 1.00000000 sec
TOD 1
HLXCL 1H
| 1 14,00 uses
FLL .00 4B
SHEOL 400G 1324710 MHZ
F2 = Processing paramerars
aT E55
5F 498 _13000B8 MHz
W no
S5B o
LE o.p0 He
a

J J[ - 3 L.00

T T T T T T T T T r e

T T T
85 80 75 70 65 60 55 S0 45 40 35 3.0 25 20 1.5 1.0 ppm
T,
e |egldls el
- odlesl —| [ -

Ca-1-296c13

Pulse Sequence: s2pull

Solvest: COSIB
Asbiamt tERpoFATURE CDSOD
User:  1=ia=ay
Filg: Ca-I-2aKesd
INOVA-580  "zippy"
PULSE SEDUEHCE

Aelaw. delay O 763 sec
Fulte §5.8 Aegroos

Cy- Lime 1 F38 sec

Width 2F735.8 Hr

cant | nou |y

2708 repetitioes BERE sEa33s
GBSERVE C13, 175.7RAGIEL MMZ e cDcl ahascs
DECOUPLE Hl, SO0.2352463 MHz - .o e i omom e

r a7 d HHHEn 3 -u-..l.=

on
T2-1E modulated
M

W £
DATA PROCESET
Line broadening 0.3 Hz I
p B‘:uﬂ.ﬂu?e . s, "
otal time 3 hr, 29 mie, 3 wec | sEw -
= =
L= =
s
| |
gl
u
&
= 1
=
™ g 4
I ]
: | CD,Cl,
H
n -
| | L
| | [
- w80
- e m 2~
: ]
5 58 &2 z W
. . = - -
£2 3 == 3 ] = |
G - b .- 1 = —
G [ == | eaem - 9
- - " - ]
e | . o [ 37 |
= | © L4 [ L | -
£ = 1 | i
B | !
i = |
| |
| | | |
| | | ] |
| 1 1
TP J e f et L Y
- S = T — N . .
160 140 120 100 an &0 ap z0 ppm
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| (24)

0 enGEEr
(<O

cbsop F

Currern: Data Paramebters

Irz

HAME CJ-2-13
EXFNO i
PRCCNO y
CDCl F2 - Acquisition Pavametars
3 Date_ FODELL2E
Tim= 15.10
INSTRUN space
SROBHL 5 mm QHE LH/12
PFULPRCG zgid
TD 655936
SOLVENT CoCl3
HS 15
= 8278 145
SWH - Hz
CD3;0D Flones 0.126314 Hz
ag 1.9588243 sec
RS ERE-
ey EQ. 500 uses
e £.00 usec
TE 283.2 ¥
D1 1.00000000 sec
TDO 1

FL1 C.00 das
SFDL 400 . 1324710 HE:
F2 = Procassi ng I‘:ﬁl’ﬂ'ﬂﬂl‘ﬁ'\"ﬂ
s1 BRO3E

F 400 . 1315833 Mz
WO =)
558 ]
LB 0.00 H=z

L A ! . .
[

e T T T R 1

T L T T T T T .
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
WA [
CIE
— — i -

=l

EA-F-LdEL s

Fulan Sequence: s2pul

Salvent: COB0D

ient teeserature
1-314-&7

-2
CHOVA=SB0

ir13
zippy
BULEE SrOUEMCE

Relax. delay b.763 wec
Pulse §5.4 degrees CD OD
Ay, time 1,736 sec 3
Width SFr39%. .8 Wz

TELE PEpEtiliand

DASERVE Ci3, 125.TESEE0E Wz
UECDUPLE M1, 500.2352463 Mz
Powsr 5F dE

contineously an

WALTZ-1§ monulated

BATA PROGESSING

Line browdening 8.3 Nz

— 48,319
e L1
48,981

-
FT size 231872 =
Tetal tine 2 hr, 2% mie, I secC -
a
o
@
o4
m -
LN =
. CDCl :
- =
a 3
. o
- -
-
[
Mol
=
-4
- .
; z o g
[ a2 H =
-5 s E1 - ]
== # = 7 z==a |
25 ] = Gic i
= i ] P
25 = -]
" an
o E I
- = =3
= 2 1
= H
|
i
. | | } | A .
180 160 Lan 120 100 &0 )] a0 20 opm
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CD30D

PROCHC 1

F? - Arcguisition Parameters
20070321
L3._%3

spect

2
EZ7H8.146 Hz
C.1326314 Hz

3.9%584243 sac
362
B0 400 umec
6. 00 umes
293.2 ¥
100002000 sac
1

CD40D

= CHAMNMEL fl secesses

14.00 usec
L.00 4B
400.1324710 MH=
Frocessing paramstars
ES53E
4001300099 MHz

p]

STANDARD CHARON PARAMEITERS CD3OD

Pulse Sequencer s2put
Solvent: COIOD

Labiurt tesperature

User: f-l4-a¥

Film: CO-3-F8Cid

TRAva-SER  “zipEy”

PULEE SEQUENCE

Relas. dalmy B.7E3 kac
Pulze 8.8 Segrest

Atg. time 1.738 zec

width ar7as.a wz

Stoa repetitians

OBSERVE  £13, 125.7838849 Mz
DECOUPLE WL, b8, 2352463 MHz

L]
LU RE]

3T Ak
continuously an

WALTZ-1E modulated

DATA FROGLESLM

Ling braadening 8.3 Nz

FT cize 131072

Total time 3 hr, 9 mie, I sec

- @
-]
B =
3 FT -
=
5 ]
= -
= =
= = =
i
2
=
4
- -
3 = 3
= ] E .
= ™ i
] ] |
- - |
1 e = |
1 = a |
- s 5 =
=z w
b H a0 1
- e |
w - iz
2 =1
e =) )
" E ! |
o n
= k=

179,818
130,750

l1az.a7e

1840 160 140 120 100 BO 6O an 20 " ppm
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MeO Me
(26) BRUKER
(<O

I=

Currant Data Paramsters
HAME CT=2=T0
EXPN0 1

CDCl, BROCHO 1

F2 - Acgulsition Parameters

Dats_ 2007010
Time 15.23
IHSTRIM spect
PROEHD 5 mm BBC BE-1H
BULERD z2g3d
TD 65536
SOLVENT Mo0D
CD50D o T
ne 2
CDSOD EWH E27H.145 Hz
PLOEES ©0.125314 Hz
A 1.9584243 smac
] 322.5
D §0,400 usas

D= B.O0 uaes

PL1 .00 4B
sFol 400.1324720 Mz
Processing paraneters
65536
4001300088 MH2
(al)
L]
0.0% Hx
o
L0
" L
T T T T T T T T T T T T T T T T T T
B5 B0 75 7.0 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 PPm
B
vl == ol ol
I=2=70e13 CD3OD
Pulse Seguance: s2pul
Bolwenti CO30D
perature
L
03
= ippy
STEY kac
egrens
736 sec
EE Ti%ans Erem
14 apatitians - -
£ 105 7836200 MHE hich
ML, 5002352463 MMz HEEE [E
cadr 37 dB FETRE
centinuously an LS
WaALTZ-16 mofuwlated e
DaTA FROCESSING (=] a
F|T|m1.l hrﬂ;ila;jlng .3 Hz o il
size L : =
Total wime 3 hr, 28 min, 2 sec CDC|3 = N
w o B )
g.n
el
oy
g zB3
-3
FEEEE
-
B
| Bas
I} wE A |
IE=ET
1 n
| a2
= I -
- 2
N | 1
A8 o
3 571 | £ u
"~ = | Ed = =
z . ! ° i .
- [ | = -}
= d -
: o=
= =
7 |
| |
|
]
an Z0 ppa
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MeO

CDCl,
CD30D

CD30D

BRGRER
328

Current Data Paramatars

HAME oJ-2-73
EXPHO 1
FROCHOD 1
F2 - Acquisicion Paramecera
Db 20070210
Time 15.13
IHSTRUM Bpect
BROBHD & mwm BEQ BRE-1H
PULERIG =gl
™ BS53E
HOLVENT MecD
N5 16
5] 2
SWH 8278 _14& Hz
FIDRES 0.1236314 Hz
Al 3.9564243 cee
EG AiZ.5
=8 ED. 400 uses
OZ G0 usec
TE 3.2 K
|l 1.00000000 sec
T 1

== CHHNWEL £l =

1H
Pl 1507 usac
PFL1 0. dB
BFO1 400.1324710 HHzZ

Fl - Processing parameters
BEEZH

SF 400. 1300040 MH=R
WO oo
EEE o
LB .03 Hz
GB a
PC 1040

=T T T T T T T T T 1
] 8 7 & 5 4 3 2 1
4 ; :

EEEEEE g 8
Fuls; Seguence: s2pul
Solwent: CDA0D
uiie 47 rimperacure
File: Cl-2-7ac13
IHCWA-50 Tz ippyT

PULETF SFEGUEMCE

Eelax. delay 2.783 wec
Fulse E5.4 degrees
icg. time 1.73E sec
WidEh 37734 8 Mx

1083 repetitions

DBSGERVE Cl), 1E5,7835418 MHZ
DECOUPLE ML, SI0,223Z463 MHZ
Power 37 dH

CONt Frgous 1y on
MALTZ=16& modulaied
CATA PROCESS NG

Line hroademing 0.3 He
FT size 131072
Tetal time 3 Br. 25 min, 2 sec

LES)
-BF2

138882
12

—
12568

178,918
LS5F. a07
145,187
136,118
135 kra
1L7. 287

— 104,818

43 658

— 56083

8,807

48, 6237
—13.132

4

S

120

lam

180

10

&0



Iz

CD50D

CDCly
CD30D

sRGRER
(<O

Current Data Parameters
HAME co-2-133
EXPND 1
ERICID 1

P2 — Aogu n Faramgters
Date_ 200704617
Tirme 10.34
IESTRUM spact
PROEHD 5 mm BEQ BE-1H
PULPRLG =gdd

TO 55536
SOLVERT HeOD

Hs 16

os 2

SWH E2TH. 146 Hz
FI1DRES C.126214 He
AL 3.9%84243 sac
RG 218.1

o4 60,400 usec
DE 600 usec
TE 31,2 K

Dl 1.00800000 sec
== CHANNEL £l ==s=====a=
1H
15.07 usec
.00 4B
400.1324710 MHz

T T T
85 80 75 7.0 65 6.0 55 50

8 [4d =

B B T

CDCly

| T
45 40 35 3.0 25 20

F? - Processing parameters
51 E5E31€
5F 400.1300073 MH=
W no
558 a
1E 0.00 Hx
GB o
= 1.00
T | I 1
1.0 ppm

sRORER
<O

current Data E

araneters

DL [t ~-133c13
CD30D EXENO 1
PROCHD 1

- Acquisition Parameters
t 20070420
16.56
spect
5 mm BBO BE-1H
zgpg3l
ESE3E
HeOD
DdE
2

2IIBO.B1E Hz

0.3IE55818 Kz
1.3EE4756 peac

200000000 sec

0.03003000 sec

L.89%993958 sec
1

== CHAENKEL F1

E.75 usec
-3.00 dB»
SFOL 100 . 6228298 MMz
==s==z=== CHEANNEL E£2
CEDPRGE waltzlb
H
40,00 usec
-1.00 aB
14.52 4B

28,00 d
A00_131&600% MMz

Srocesaing paramet
&

E3a
1G0.EL26518 MHz
nc

a
0.0a Hz
a

180 160 140 120 100 80 60

T -1 C 1.40
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0 B%ﬂ

| (29) Current Tata Parameters
MM CJ-2-104-2
EXFHT 2 1
N PROCTHD 1
Fi Remuigition Parameters
Date_ ZOOT0E0T
Tima #.33
INSTRUM spact
TROBHD 5 mm BBC BE-1H
TULPROG a3l
TD ES534
SOLVENT HMeOD
[aE 14
o= 2
EWH E2TH.146 Hz
FIDRE= 0.128314 Hz
A 3.9584243 sec
HiE
o 40,400 usec
DE E.00 ueac
TE 2%4.2 K
D1 1. 00000000 ==c
CDCl, - '

=== CHANNEL £1 = ==

CD,OD  CD40D

N

H
15.07 usec
.00 dR
400, 1324710 MHz

Procasaling parameters
S5536

4040, 1ZAD0EE MHz
no

(4]
0.00 Hz
L]

1,00

<O

Current L[ata FaramsCers

HAME CF-2-104s13-2
EXPHD 1
EROCHD 1

F2 - Acquisiticn Farameters
Baca 20070309

Time 15.22
INSTRUN spech
FPROBHAT S mm BB BB-1H
FULFRDG 2gpg3l

TD ES53E
SOLWENT HelD

HE 126

ns z

SwH 23980.814 Hz
FICRES 0.36591E H=z
Ag 1.2664736 aec
BG 181%0, 4

Ime 20_850 usec
DE E.00 usec

TE 294.2 K
CDSOD IJ:_ I.ULIL'UU"JIIG sec

dll 9.03000000 sec
| DELTA 1.89%8998E sac
ToD 1

| messmm=s CHANMEL f1 =

HUCL 13c

Bl 8.75% usec
PLL -1.00 ds
SFOL 100.6238298 MHz

CDCly

2 B
PLLZ 18.00 &R
sraz2 400.131E005 MHZ
Fi - Protessing parametecs
sI 55536
=F 100, ELZ7048 MHz
WL no
S5E a
La a.09
- . v — ey =8 a
T T T T T T T T T = 1.40
180 160 140 120 100 80 60 40 20
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=z

(30)

Me

Currant Data Paramatars
HAME

Cr=2=-114=-2
1

i

F2 - Acguisition Paramecers
Date_ 2pOTAIRS
Time 1% 43
IHETROM speckt
FROBHD 5 wm BRD BR-1H
FULFROG zgan
55515
SOLVERT MeaD
HE 16
j="] ]
SWH B3, 146 Hz
FIDRES SA26314 Hz
AQ 3.DE38243 meo
g 1za

Pl 15.07 usas
CDC' PL1 0.6 de
3 EF01 400, 1324710 MH=z
Fi = Procesging pacanslers
ST 55538
EF 400 1300082 MHz
CD3OD WOk no
538 [
CD30D o e
=] o
po L.00
T T T R | T T T T 1
10 9 8 7 & 5 4 3 2 1 ppm
I l\ S
- i
- wll |— (=1 PP ledl
STAMDARD CARBON RASAMETERS
Pulse Sequence: s2pul
Soivemt: CO30D
sxbient temperature
wEar:  1=Li= 1
File: Cl-2-114c13 |
INOWE-SE0  “zippy”
PULEE SENUENCE
Rmiax. delay 0.763 ®mc
FulsE 9.8 degrees
Acg. time 1.735 sec
Tt T zdsd=ax = 3
rEpg an = :
OBSEMVE C1d, 135 PASESAS HHz na j*: 7 i
DECOURLE  H1, 50D, 2352353 MHz EEEY 4= = =
Power A7 =R =3= 33 3
tont inutubly oA
WALTZ-16 modulated =
DATA PFROCESSING
Line broafeming 0.3 Hz
FT giea 131032 1 |
Total time 3 hr, 23 min, 2 sec | |
-
=
L s
| a3
b
g g [
. |
: CDCl, .
= = | |
= |
= o o= |
s & o
= . =
g — L
! = 4
= =

SELIIH

ED

a0

—20

ppm
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BRGRER
(<O

Currant Daca Paramecers
HAME cI-2-113-2
AN \ EXTHO 1
(31) PRCCHO 1
Fi - Roquisition Faramatars
Date_ 20070333
N O Time 10.40
H THSTRUN ERSCT
FROBAD 5 mm REC BE=1H
FULERNG zgidl
TZ E5536
SCOLVERT MDD
HE 15
os 2
SWH #278.146 Hx
FICRES 3,126314 Hz
RO 1.9584243 gac
BG 1:a
e E0.400 usec
DE 6.00 usec
TE 293.2 K
inh | 100000000 sac
ToC 1
CHRMHEL f1 = -
12
15.07 usec
000 4am
SFOL §00.1324710 Mz
CDCIS CDSOD FI - Frocessing parancters
£1 36
SF 400 . 1300075 MHz
W :18
=256
CD3;0D s 0.00 He
) G8 0
BC 1.00
[T L
T ™ T T T T T T o "
10 ] B 7 6 5 4 3 2 ppm
" | I
e y
asdaly (@9 4
==l (=10=1 e

170 160 150 140 130 120 11

100 90

MAhdSalastindisase i L i T

a0 70 80

Current Dara Parameters
MEME CF=2=113=-2c13
EXEND 1
PROCHD 1
F2 - hcguisition Parameters
Cata_ 2p0TIIZI
Tama 13.52
IHETRUN spect
FEOBMT & mm BBEO BE-1H
FULPROG z2gpa3d
™D BELig
EOLATENT Tad 1 oy k]

BS iz8
oS 2
ETH 23%84.814 Hz
FIDRES 0.365918 Hz
CDSOD A 1.3664756 sac
FC 1384
ow 20.830 usec
DE E.0D usec
TE 283 .2 x
ol 200000000 mec
<111 0.03000000 sec
DELTA 1. EF999I5E sec
O 1
= CHANNEL £i ========
1ic
8,73 ugec
FLL Z.00 4B
SFOl 100.6228398 MHz
CDClg ======== CHAMHEL [2
CPOPRGZ wWal
HUC2

18 .
400.1316005

HEE

- Processing parameters
5536

190,6126954 MHz
no

4
0.00 HE
[}

1.40
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Curvent Data Faraneters

MAME CI-Z-140
EXPRO i,
PROCHD 1

F2 - Acquisition Parameters
Cate_ 2DaT0S10
Timse 1003
INETAUN spact
FROZHD & om 3B0 BH-1H
FULEFROE zg30

T BSS3R
SOLAENT coCll

we 15

Bs z

EWH B27E.148 Hz
FIDRES 0.126314 Xz
i Ta] 3.9584243 sec
Fa ZE.5

Il 60.400 usac
TE 46.00 usec
TE 293 _2 K
ol 1.00003000 sec

PL1 0.00
&FaL 4001324710 MEHz
F2 - Procesiing DAarareterd
Eohi [EREL]

SF 490 1300054 MEz
wWow na

558 o

LB a.0a Hz
=GB a

T 1.c0
LA

e ; T T T T
12 11 10 9 7 5 PRmM
L 1 | VL J A i
— ¢ 1 e
s g (3|f3] (sl fSTs, 2|z
- =i ==l 1=t eiled ol |
| (<O
|
current Lata Par.
MM cF-2
EXFNG
FRECHD
F2 — Acguiziticon Paramsters
Date_ 20070518
Tiama 1D.1E
INSTRLM
PROBHD 5 mn BBO BRE-1H
FPULPROG agpeil
o EEG
SULVENT Cocll
HE 13E
{ 23 Z
i SWH A3DE0_H1d Hx
FITRES 0.365918 Hx
] 1.3E64756 sec
L= 14596.5
i 20.820 ugec
LE 6,00 usac
TE 8L % ®
Dl 2.00000000 sec
411 0.33000000 pac
DELTR 1.899393598 sec
1
FL1 3.04 48
s5FCl 100 6228298 MH=z
===r==== CHANNEL £3 -=======
CFOPRGZ2 walczlE
HUuC2 182
PCEFDZ 000 usec
L2 =1.00 42
| FL12 14.52 d=
| #L13 1800 48
SFO2 400.1316005 HHz
F2 - Processing paramelers
5T 65536
SF LBO.S12TESS Mz
ST no
s5B o
LE .00 Hz
=B o
T T T T [ 1.40
200 180 160 140 120 100 60 Ppm
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Me

I=z

(33)

Currant DaTa PAramscers

RAME CT-2-23fhex
EXEHD 1
PROCND L
F2 - meoquisicion Paramecers
Date_ Z0a70511
Time 10.53

T Epact
FACEHD 5 mm GEF 1H/13
FULEHOG zgil
T E55336

onold

wHE 16
o= 2
SWH E276.146 Hz
FICRES 0.126314 He
RO 3.95842482 sac
RG 256
i B0 400 usec
DE §.00 usas
TE 233.2 K
DLl 104002000 sec
T 1
mescsams CHAKNEL f1 ss=ssa=s
HUCL 16
Bl 14.00 usec
PL1 7.00 4
SFOL 400,13224710 MH=
F2 - Processing parameters
51 6
5F 400.,1300058E HHZ
W no
S5H o
1B 0.00 Hx
GE 5]
b lL.00

T T T T
13 12 11 ]
i
=1
T T T T T
180 160 140 120 100

BRORER
<O

Current Data Paramecers
HAME CI-2-23fhexcll
1

EXPHO
PROTHD 1
F2 - Acguisition Faramecers
Cate_ 20070512
Tima 12.18
INSTRUM spect
PROBHT 5 mm BED BR-1H
FULFADG 2epg3n

0 eLE3E
SOLAENT enell
WS Z1DE
os 2
SWH 23980 814 Hz
TICRES 0.365518 Mz
RO L.38647T56 sec
B a1ez
It 29.E50 usec
TE 6.00 usesc
TE 2931.2 K
o1 2.00000000 geac
@1l 0.03000000 a8
DELTA 1.85999998 soc
TOD 1

= CHRHHEL f1

1
8.75 uses
-3.00 dE
100 6228298 MRz

mmmmmmms CHANNEL £ mesmssss

CPOFAGE waltzlBb
in
PCER2 90,00 usec
1.00 dB
PLL2 14.E2 de
PL13 L8.00 46
SF02 ADC,IFLE00S MHz

- Frocessing parameters

65536
100, E1E73E1 MHz
no

a
79.00 Bz
Q

140
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| (34)

rameters
=2 -?33?12:;

1

Boquisicion ParameCera
. 0070511

N B_3a
H HETRUM speclh
BHL S mn BBEJ BB-1H

FULFRCE zgil
o] E5536
SOLVENT cpelld
HE ig
ne 2
e E2TE_146 Hx
FIOHES 0.126314 Mz
AJ 39384343 mec
it Ti.8
oW EO_ 400 uses
DE 6. 00 usec
TE 293.2 K
oL 1.09003000 sac
Tod 1

| . =
13 12 n 10 9 8 T 6 5 4 3 2 1 0 ppm
) T L I ||
g e IE o 2|l
- | e - o~ cil |=Flle

= CHANMEL f1

a7

1 usec
T.00 4B
400,1324717 MHz

- Processipng paramstecs
1€

551
400.1300059 HHE
Fre

o
000 Hz
[

1.00

Current Data PArameLers
FIAME CT=Z=31chexcld
EXFHD 1
FROCHO L
F? - hoguisition Parameters
Dac ZO0T051L

9.08
spect
& mm BEO BE-1H
PULPROS Zgpg30
™ E5E38
SOLVENT CoCLY
HZ iza
Cs 2
SWH 23580 . BL4 Hx
= T.365518 M=z
2O 1,3664756 800
ie] 14 -5
s 20.850 uses
DE E.00 usec
TE 284,20 B
oL 2.00000000 sec
<il 7.03000000 sec
| DELTA 1.89999998 sec
A 1
mmesssss CHANNEL
HUCL
Bl
PFLL Z.D0 4B
sFal 1006328198 MEz

PL12
FL13
SFO2

— FProcess

120 100

18 00 dm
16005 MHz

ing pacemebers

G333
LOD.G127545

MEHZ

o
0.o0 Hz
i}

1.40
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BRUKER
<O

Current Data Parameters

HRME CJ-1-289-2
EXFND i
FROTHD L
Me
FZ = Acguisition Parametars
Data 20070406
\ Time 9.55
INSTAUM ]
(35) PROBH 5 mm BBC IH

Irz

2
A2T78.146 Hz
Q.126314 Hz

3.9584243 eac

&3, 400 usec
E.00 usec
2931.2 K
L.opadnodl sec
L

= CHRMHEL £1

A

Pl 15,07 usas
.00 da

SFO1 400.1324710 pmaz

FI - Frocessing par tere
&

B5E
EF SU0.12000ES MHT

= L —

L] T T T T T T T T T T T

85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0  ppm
el ‘E'Jmlln;té Igl
8 =388 Ef
= s B B LR ) [+ ]

Current Data Param=ters

HRNME CT-1-2F8-2e133
EXPRQ 1
BROCHD 1

F2 Aoguisibien Parametars
o

Dat I007da06
i 10.36
LHETRUM el
FROBHD 5 ma QNP 1H/13
FULFROG zgpg
65536

SOLVENT CRC13
1x2

2
23930, 614 Hz
=5 O.36E518 Hx
1.3664756 =ec

055

20,850 usac
6.08 usec
293.2 K
2.00000000 sac
0.03000008 sec
DELTA 1.89393998 sec

o.an
SFOl 100.6228296 HMHz

CHIMNEL £2

T2

PCPDZ 20,00 udec
PL2 I -
PL12 15.10 d=
PL13 13.00 48
gF03 404.1315005 HHz

F2 - Frocessing parameters

a1 EETET
F LO0. 6127528 Moy
) no
556 q
LE 0.00 Hz
T T [ e — : 1 ; 1 L""'"'I""""'I"'"""'I""""""T;g 1.45
140 130 120 110 100 20 80 70 60 50 40 30 20 ppm
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ol

BRGRER
(<O

Current Data Param

WAME CF=
e EXFNO0

FROCHO

F? - Roguisibion Parametess

M

N 74 S (36) Date_ 20070122
N

H

Time
INCTRUM -

= PROBHD 5 mm BRO BE-1H
PULPROG gl
™= £5516
SOLAENT ol
NS i
oS 2
e B278.146 ®z
rFICRES 0.126314 ¥z
A 3.9554243 eec
AG 57
™ 60400 sec
TE 6.00 u=mec
TE 293.2 K
D2 1.80000000 sec
O 1
====m=== CHANMEL £1 ========
HUCL H
Pl 1%.07 usec
PLL D00 d3
seal 400.1374710 M¥=
F2 = Frocassing paranetars
51 ESS3E
a7 400.1300636 Mz
Wl ne
528 o
LE 0.00 Hz
[r3: ] o
Fo 1.00

e

B T SR T T T T T T e

] ] T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

[ e

PEERR

3

lf | -:S;ﬁﬁ§:2}:
(>0

current Dats Farameters
HAME CJI-2-116c13

EXFNO

PR 1

FZ - foguisltion Parameters

Date_ 200703332

Time 12.16

IHETRUM Especk

PROBHD & mm BEO RB3-1H

FULEFRE zgpgdo

T 63536

SOLVENT COCL3

Mg 12g

Ds 2

SiH R23HE0.814 Hz

FIDRES 0.25591E Hz

AQ 1.3664756 s=c

R a1z

Lt 20_850 usec

DE §.00 usec

TE 294.2 E

i} § 206000000 sec

11 2.03000000 s=o

DELTM L.83999998 aac

O 1

==zz==== CHAMNEL fi =

el 13C

PL 8.7% usec

PL1 -3.00 ds

EPO1 100.622R29E MHz

semsww== CHANMNEL £2 ========

CPRFRG2 waltzlE

i aec] 1H

PCPD2 S0_00 usec
-L.00 d=

PL12 14.53 4»

BL13 15.40 4=

P02 400.1315008 Mz

- Processing parameters

3
1005127667 Huz
na

T
140 130 120

o
0.00 Hz
1 T T T T bl e 1_.-:.3
100 90 B0 70 60 S0 40 30 20 ppm
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Ltk

2

(37)

?.-5
tE

=l

7.0

b
) &
-

T e

B.5

6.0

5.5

e B B T T

5.0

45 4.0

L}

Current Data Faramesters
HAME <F-2-119
EXFND 1
FROCHG 1
¥I - mequisition Parameters
Data_ 2007322
Tima 12.22
INETALM spect
PROBHD 5 mm BBO 22-lH
PULPROG

™

2
a8273.14%
a.125314

3. 9584343
1ZE

60,407
&.Q0

283.

1. fo0annan
1

CHAMNEL £1

1 15,
FL1 040
EFol 400.3324710
FI - Processing paramet
&I E

SF GO0, 1300062
WDk no
=1} 1]
LB 0. oo
Lei=] a
PC 1.09

Hz
Hz
L]t

Lt
R

L=

RETTY
ds
MHZ

ara

MRz

Current Data Parameters

HAME CJ-Z2-11%e13
EXPNO 1
BROTHD 1
F2 - Aeguisition Paramhec
Cata_ 20070322
Time iz.34
IDETRUN el
FROBAD 5 mm BE0 BE-1H
FULFAGD =gpgdn
TD 65536
SOLMENT CDCL3
HE 1za
ns 2
SWH 231FE0.E14
FIDAES &.365518
g 1.3664754
P L3300.4
oW 20. 854
TE 6.00
TE 293.32
o1 2.00000000
dil @.03000000
CELTA 1.B999%99K
e 1

CPLPRGE

CMANNEL £l

=3.00
100 . 62Z825E
CHANNEL £1 ==
! waltzlh

1H

20.00

-1.00

.E2

18.00
400 . 1316005

EEE

Hz
Hz
113

FEES]
uses
K

EER
El==
aed

MHz

120

110

Fz - Processing paranetars
65536

I3 LO0 6127587 HHz
na

]
LE 000 Mz
=]

I 1.40

20 ppm
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MeO

Br

Me

Data Paraneters
CI-2-39-2

L

1

F2 - Aoguisition Parameters

Data_ 20070511

Tima 3
INSTRLRI =pact
PROBED 3 mm HBG BBE-1H
PULPROG 2g30

D ES536
SOLVENT coCl3

Ms i6

ns 2

SWH A7, 14% Hz
FIDRES 0.126314 Bz
A 3.9584243 eec
BG 28.5

o 6d0.400 useo
CE E.00 usec
= 283.2 K

Ccl L.000a00an sec
DD 1

158,07 usec
0.00 dB
400.1324710 MHz

F2 - Progeasing paramatars
SI

BS8316
=F 400_1300056 MEzx
Wow no
558 a
LB 4.00 Ez
GB a
l BC 1.00
| A
T T T T T T T 1
75 70 65 60 55 50 45 40 35 ppm
r=.~ ('...'.\ -
= il -
- =11 Ll
CUrrent Data Paraneters
MR CI-2-ifoll
EXPNO 1
FROCHD 1
F2 - Acquisition Faranecers
Date_ 20070511
Tame 5.25
IHSTRLM spect
PROBAD 5 mm BRO BR-1H
PULPROG Z2gpg30
T BES3E
SOLVENT CDCll
H5 128
v 2
SWH 23940 _814 Hx
FIDRES 0.36591E Hz
AQ 1.2664756 aac
Aac 11404
ol 20850 usec
DE 6.00 usec
TE 194 .3 K
ol 2.00000000 sec
411 0. 03000000 sec
DELTA 1. 895995958 5ac
TDO 1
CHANNEL fl ========
1ic
B.79 usec
3.00 4B
100.E622A293 MHEz
mzo====s CHAMHEL £2 ========
CPLRPR wWaltrls
HUC2 im
PCEDZ A0 .00 usas
PL2 =1.0% dB
FL1Z 14.%2 dE
FLL3 18_a¢ dB
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