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1. Experimental Section

General

Melting points were determined on a Kriiss KSP 1N capillary melting point apparatus. IR spectra were
recorded on a Perkin-Elmer 2000 spectrophotometer. *H and 3C NMR spectra were captured on
Varian Mercury (300 MHz), Varian VNMR (500 MHz), Bruker 600AVANCE IIl (600 MHz) and
Bruker Ascend (750 MHz) instruments, with CDCls as the solvent and TMS as internal standard. Signal
assignments were based on 2D NMR spectra (HMQC, HMBC and ROESY). Mass spectra (MS) were
recorded on Thermo Polaris Q-Trace GC Ultra and Hewlett-Packard 5971A spectrometers. High-
resolution mass spectra (HRMS) were obtained (in electron impact mode) on a Jeol JSM-GCMatell
spectrometer. Analytical thin-layer chromatography was carried out with E. Merck silica gel 60 F254
coated 0.25 plates, visualized by using a long- and short-wavelength UV lamp. Flash column
chromatography was performed over Natland International Co. silica gel (230-400 mesh). All air
moisture sensitive reactions were conducted under N2 with oven-dried glassware. Triethylamine (TEA)
was distilled on NaOH. Before their application, THF and toluene were freshly distilled over sodium,
as were DMF, DMAc, and CH2Cl, over CaH>. MeOH and EtOH were distilled over sodium. K>COs
was dried overnight at 200 °C prior to use. All other reagents were employed without further

purification.

1-(Propa-1,2-dien-1-yl)-1H-pirrole-2-carbaldehyde (5).! Method A: In a threaded ACE glass
pressure tube equipped with a sealed Teflon screw cap and a magnetic stirring bar, a mixture of 2a
(0.100 g, 0.75 mmol) and sodium hydride (0.057 g, 2.37 mmol) in dry DMF (2.0 mL) and under N>
atmosphere was heated at 0 °C for 1 h. The mixture was extracted with hexane/EtOAc (1:1, 40 mL)
and washed with water (2 x 20 mL). The organic layer was dried (Na2SQOs), the solvent removed under
vacuum, and the residue purified by column chromatography over silica gel (30 g/g crude,
hexane/EtOAc, 99:1) to provide 5 (0.09 g, 90%) as a yellow oil.

Method B: To a solution of 1 (0.300 g, 3.15 mmol) in dry DMF (6.0 mL) at 0 °C and under N2, NaH
(60%, 0.189 g, 4.73 mmol) was added. The mixture was stirred at 0 °C for 15 min, then propargyl
bromide (0.450 g, 3.78 mmol) was added dropwise, and stirring continued at 0 °C for 4 h.
Hexane/EtOAc (1:1, 60 mL) was added, the mixture washed with water (2 x 30 mL), the organic layer
dried (Na:SO4) and the solvent removed under vacuum. The residue was purified by column
chromatography over silica gel (20 g/g crude, hexane) to give 5 (0.197 g, 47%) as a yellow oil. Rf 0.66

(hexane/EtOAc, 7:3). IR (film): © 2923, 2853, 1666,1470, 1417, 1371, 1305, 738 cm™. *H NMR (300
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MHz, CDCls): § 5.52 (d, J = 6.6 Hz, 2H, H-3"), 6.31 (dd, J = 3.9, 2.6 Hz, 1H, H-4), 6.98 (dd, J = 3.9,
1.8 Hz, 1H, H-3), 7.20-7.24 (m, 1H, H-5), 8.14 (t, J = 6.6 Hz, 1H, H-1°), 9.66 (d, J = 1.2 Hz, 1H,
CHO). 13C NMR (75.4 MHz, CDCls): § 87.4 (C-3), 98.5 (C-17), 111.3 (C-4), 125.4 (C-3), 127.9 (C-5),
130.64 (C-2), 179.7 (CHO), 202.7 (C-2°). MS (70 eV): m/z 133 (M*, 100), 104 (84), 78 (19), 65 (3), 51
(8).

1-(Prop-2-ynyl)-1H-pyrrole-2-carbaldehyde (2a).}® To a solution of 1 (0.300 g, 3.15 mmol) in dry
DMF (6.0 mL) at 0 °C and under N2, NaH (60%, 0.138 g, 3.30 mmol) was added. The mixture was
stirred at 0 °C for 15 min, then propargyl bromide (0.450 g, 3.78 mmol) was added dropwise, and
stirring continued at 0 °C for 4 h. Subsequently, hexane/EtOAc (1:1, 60 mL) was added, the mixture
washed with water (2 x 30 mL), the organic layer dried (Na.SQOs), and the solvent removed under
vacuum. The residue was purified by column chromatography over silica gel (20 g/g crude, hexane) to
obtain 2a (0.399 g, 95%) as a yellow oil. Rf 0.65 (hexane/EtOAc, 7:3). IR (film): v 3289, 1660, 1529,
1477, 1405, 1370, 1338, 1315, 1219, 1076, 1031, 747 cm™. *H NMR (500 MHz, CDClz): § 2.49 (t,J =
2.6 Hz, 1H, H-3"), 5.19 (d, J = 2.6 Hz, 2H, H-1"), 6.27 (dd, J = 4.2, 2.7 Hz, 1H, H-4), 6.96 (dd, J = 4.2,
1.8 Hz, 1H, H-3), 7.24-7.27 (m, 1H, H-5), 9.54 (d, J = 1.2 Hz, 1H, CHO). *C NMR (125 MHz,
CDCl3): 3 38.0 (C-1", 74.3 (C-3"), 77.4 (C-2'), 110.0 (C-4), 124.9 (C-3), 130.3 (C-5), 130.9 (C-2),
179.4 (CHO). MS (70 eV): m/z 133 (M*, 47), 104 (100), 78 (40), 65 (12), 51 (34).

1-(3-Phenylprop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2b).2% In a threaded ACE glass pressure
tube equipped with a sealed Teflon screw cap and a magnetic stirring bar, a mixture of 2a (0.200 g,
1.50 mmol), iodobenzene (0.386 g, 1.65 mmol), Pd(PPhs)s (0.035 g, 0.03 mmol), Cul (0.011 g, 0.06
mmol), and K>COs3 (1.035 mmol, 7.50 mmol) in dry DMF (2.0 mL) was heated at 60 °C for 4 h. The
mixture was diluted with aqueous HCI (5%, 10 mL) and extracted twice with hexane/EtOAc (1:1, 2 X
40 mL). The organic layer was dried (Na2SOa) and the solvent removed under vacuum. The residue
was purified by column chromatography over silica gel (20 g/g crude, hexane/EtOAc, 98:2) to afford
2b (0.226 g, 72%) as a pale yellow solid. Rf 0.67 (hexane/EtOAc, 7:3); mp 55-56 °C [Lit.? 58-60 °C].
IR (film): 2810, 1662, 1529, 1478, 1406, 1370, 1337, 1314, 1217, 1074, 1030, 789, 756, 691 cm™. H
NMR (500 MHz, CDCls): & 5.43 (s, 2H, H-1'), 6.30 (dd, J = 4.0, 2.5 Hz, 1H, H-4), 6.98 (dd, J = 4.0,
1.5 Hz, 1H, H-3), 7.30-7.35 (m, 3H, H-3", H-4"), 7.37 (br s, 1H, H-5), 7.43-7.47 (m, 2H, H-2"), 9.58
(d, J = 1.0 Hz, 1H, CHO). *C NMR (125 MHz, CDCls): § 39.0 (C-1'), 82.7 (C-2"), 86.1 (C-3), 110.0
(C-4), 122.1 (C-1"), 125.0 (C-3), 128.3 (C-3"), 128.7 (C-4"), 130.4 (C-5), 131.0 (C-2), 131.8 (C-2"),
179.5 (CHO). HRMS (EI): m/z [M*] calcd for C14H1:NO: 209.0841; found: 209.0841.
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1-(3-(p-Tolyl)prop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2c). Following the method of preparation
for 2b, a mixture of 2a (0.200 g, 1.50 mmol), 4-iodotoluene (0.360 g, 1.65 mmol), Pd(PPhs)4 (0.035 g,
0.03 mmol), Cul (0.011 g, 0.06 mmol), and K2COs (1.035 mmol, 7.50 mmol) in dry DMF was heated
at 60 °C for 4 h to produce 2c (0.235 g, 70%) as a brown solid. Rf 0.70 (hexane/EtOAc, 7:3); mp 45-46
°C. IR (film): v 2922, 2808, 1661, 1509, 1479, 1406, 1369, 1337, 1314, 1289, 1216, 1074, 1031, 817,
746 cm™. IH NMR (500 MHz, CDCls): § 2.34 (s, 3H, CH3), 5.41 (s, 2H, H-1'), 6.29 (ddd, J = 4.0, 3.0,
1.5 Hz, 1H, H-4), 6.97 (dt, J = 4.0, 1.0 Hz,1H, H-3), 7.12 (br d, J = 7.7 Hz, 2H, H-3"), 7.34 (br d, J =
7.7 Hz, 2H, H-2"), 7.37 (br s, 1H, H-5), 9.58 (d, J = 1.0 Hz, 1H, CHO). *C NMR (125 MHz, CDCls): &
21.3 (CHs3), 39.0 (C-1"), 81.9 (C-2"), 86.1 (C-3"), 109.8 (C-4), 119.0 (C-1"), 124.7 (C-3), 129.0 (C-3"),
130.4 (C-5), 131.1 (C-2), 131.6 (C-2"), 138.7 (C-4"), 179.3 (CHO). HRMS (EI): m/z [M*] calcd for
Ci1sH13NO: 223.0997; found: 223.0993.

1-(3-(4-Methoxyphenyl)prop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2d).? Following the method of
preparation for 2b, a mixture of 2a (0.200 g, 1.50 mmol), 4-iodoanisole (0.386 g, 1.65 mmol),
Pd(PPh3)s (0.035 g, 0.03 mmol), Cul (0.011 g, 0.06 mmol), and K>CO3 (1.035 g, 7.50 mmol) in dry
DMF (2 mL) was heated at 60 °C for 4 h, resulting in 2d (0.216 g, 60%) as a brown solid. Rf 0.62
(hexane/EtOAC, 7:3); mp 71-72 °C [Lit.2 69-71 °C]. IR (film): © 2927, 2837, 1662, 1606, 1509, 1405,
1338, 1290, 1250, 1216, 1174, 1074, 1032, 833, 747 cm™®. *H NMR (500 MHz, CDCls): & 3.81 (s, 3H,
OCHpa), 5.40 (s, 2H, H-1"), 6.29 (dd, J = 4.0, 2.5 Hz, 1H, H-4), 6.82-6.86 (m, 2H, H-3"), 6.98 (dd, J =
4.0, 2.0 Hz, 1H, H-3), 7.36-7.40 (m, 3H, H-2", H-5), 9.57 (d, J = 1.0 Hz, 1H, CHO). *C NMR (125
MHz, CDCla): 6 39.1 (C-1"), 55.3 (OCH3), 81.2 (C-2"), 86.1 (C-3'), 109.9 (C-4), 113.9 (C-3"), 114.1 (C-
1"), 124.9 (C-3), 130.4 (C-5), 131.0 (C-2), 133.3 (C-2"), 159.8 (C-4"), 179.5 (CHO). HRMS (EI): m/z
[M™] calcd for C15H13NO2: 239.0946; found: 239.0948.

1-(3-(4-Formylphenyl)prop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2e). In a threaded ACE glass
pressure tube equipped with a sealed Teflon screw cap and a magnetic stirring bar, a mixture of 2a
(0.200 g, 1.50 mmol), 4-bromobenzaldehyde (0.278 g, 1.50 mmol) and PdCl>(PPhs). (0.042 g, 0.06
mmol) in dry TEA (1.0 mL) was stirred at 80 °C for 1 h. The mixture was diluted with aqueous HCI
(5%, 10 mL) and extracted with hexane/EtOAc (1:1, 2 x 40 mL). The organic layer was dried (Na2SO4)
and the solvent removed under vacuum. The residue was purified by column chromatography over
silica gel (20 g/g crude, hexane/EtOAc, 98:2) to furnish 2e (0.197 g, 55%) as a pale yellow solid. Rf
0.50 (hexane/EtOAc, 7:3); mp 90-92 °C. IR (film): © 3108, 2811, 1701, 1658, 1603, 1405, 1335, 1311,
1288, 1207, 1167, 1076, 831, 788, 744 cm™. *H NMR (500 MHz, CDCls): § 5.46 (s, 2H, H-1, 6.31

(dd, J = 4.0, 3.0 Hz, H-4), 6.99 (dd, J = 4.0, 1.5 Hz, 1H, H-3), 7.30 (br s, 1H, H-5), 7.58 (br d, J = 8.3
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Hz, 2H, H-2"), 7.83 (br d, J = 8.3 Hz, 2H, H-3"), 9.59 (s, 1H, CHO), 10.00 (s, 1H, ArCHO). $3C NMR
(125 MHz, CDCIs): 6 38.8 (C-1), 84.8 (C-3), 86.9 (C-2), 110.3 (C-4), 125.0 (C-3), 128.4 (C-1"),
129.5 (C-3"), 130.4 (C-5), 131.1 (C-2), 132.3 (C-2"), 135.8 (C-4™), 179.6 (CHO), 191.3 (ArCHO).
HRMS (EI): m/z [M*] calcd for C1sH1:NO2: 237.0790; found: 237.0791.

1-(3-(4-Acetylphenyl)prop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2f). Following the method of
preparation for 2e, a mixture of 2a (0.200 g, 1.50 mmol), 1-(4-bromophenyl)ethan-1-one (0.299 g, 1.50
mmol) and PdCI>(PPhz). (0.042 g, 0.06 mmol) in dry TEA (1.0 mL) was heated at 60 °C for 2 h to
obtain 2f (0.204 g, 54%) as a pale yellow solid. Rf 0.38 (hexane/EtOAc, 8:2); mp 63-65 °C. IR (film):
v 3112, 2808, 1683, 1661, 1602, 1404, 1264, 1075, 838, 764, 749 cm™. *H NMR (500 MHz, CDCl3): §
2.59 (s, 3H, COCHpg), 5.46 (s, 2H, H-1, 6.31 (dd, J = 4.0, 2.5 Hz, 1H, H-4), 6.99 (dd, J = 4.0, 1.5 Hz,
1H, H-3), 7.30-7.32 (m, 1H, H-5), 7.55-7.49 (m, 2H, H-2"), 7.92-7.88 (m, 2H, H-3"), 9.59 (d, J = 1.0
Hz, 1H, CHO). ¥*C NMR (125 MHz, CDCls): § 26.6 (COCHs), 38.8 (C-1), 85.0 (C-3'), 86.1 (C-2Y),
110.2 (C-4), 124.9 (C-3), 127.0 (C-1"), 128.2 (C-3"), 130.4 (C-5), 131.1 (C-2), 131.9 (C-2"), 136.6 (C-
4"), 179.6 (CHO), 197.2 (COCHzs). HRMS (EIl): m/z [M™] calcd for CisH13NO2: 251.0946; found:
251.0946.

1-(3-(3-Methoxyphenyl)prop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2g). Following the method of
preparation for 2b, a mixture of 2a (0.200 g, 1.50 mmol), 3-iodoanisole (0.386 g, 1.65 mmol),
Pd(PPhs)4 (0.035 g, 0.03 mmol), Cul (0.011 g, 0.06 mmol), and K2COs3 (1.035 mmol, 7.50 mmol) in dry
DMF was heated at 60 °C for 4 h to yield 2g (0.230 g, 64%) as a yellow oil. Rf 0.62 (hexane/EtOAc,
7:3). IR (film): v 2937, 2834, 1661, 1597, 1575, 1479, 1404, 1337, 1316, 1289, 1204, 1164, 1074,
1042, 784, 745, 686 cm™. 'H NMR (500 MHz, CDCls): § 3.78 (s, 3H, OCHs3), 5.42 (s, 2H, H-1'), 6.30
(dd, J =4.0, 2.5 Hz, 1H, H-4), 6.89 (ddd, J = 8.5, 3.0, 1.0 Hz, 1H, H-4"), 6.96-6.98 (m, 1H, H-2"), 6.98
(dd, J =4.0, 1.5 Hz, 1H, H-3), 7.04 (dt, J = 7.5, 1.5 Hz, 1H, H-6"), 7.22 (dd, J = 8.5, 7.5 Hz, 1H, H-
5"), 7.36 (br s, 1H, H-5), 9.57 (d, J = 1.0 Hz, 1H, CHO). 3C NMR (125 MHz, CDCls): 5 38.9 (C-1Y),
55.2 (OCHa), 82.5 (C-2", 85.9 (C-3'), 110.0 (C-4), 115.3 (C-4"), 116.6 (C-2"), 123.1 (C-1"), 124.3 (C-
6"), 125.0 (C-3), 129.4 (C-5"), 130.4 (C-5), 131.1 (C-2), 159.2 (C-3"), 179.5 (CHO). HRMS (El): m/z
[M™] calcd for C1sH13NO2: 239.0946; found: 239.0943.

1-(3-(3-Nitrophenyl)prop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2h).? Following the method of
preparation for 2b, a mixture of 2a (0.200 g, 1.50 mmol), 1-iodo-3-nitrobenzene (0.411 g, 1.65 mmol),
PdClI,(PPhs). (0.021 g, 0.03 mmol), and Cul (0.011 g. 0.06 mmol) in dry TEA (1.515 g, 15.00 mmol)
was stirred at 80 °C for 1 h to provide 2h (0.328 g, 86%) as a pale yellow solid. Rf 0.62
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(hexane/EtOAc, 7:3); mp 84-86 °C [Lit.2 107-108 °C]. IR (film): © 3084, 2813, 1662, 1529, 1478,
1405, 1351, 1315, 1218, 1076, 1031, 874, 808, 753, 736, 674 cm™.. tH NMR (500 MHz, CDCls): & 5.46
(s, 2H, H-1"), 6.31-6.34 (m, 1H, H-4), 7.00 (dt, J = 4.0, 1.5 Hz, 1H, H-3), 7.27-7.30 (m, 1H, H-5), 7.50
(t, J = 8.3 Hz, 1H, H-5"), 7.74 (dt, J = 8.3, 1.5 Hz, 1H, H-6"), 8.18 (dm, J = 8.3 Hz 1H, H-4"), 8.28 (br
s, 1H, H-2"), 9.59 (d, J = 1.0 Hz, 1H, CHO). 3C NMR (125 MHz, CDCls): & 38.7 (C-1'), 83.2 (C-3),
85.7 (C-2), 110.4 (C-4), 123.4 (C-4"), 123.9 (C-1"), 125.1 (C-3), 126.6 (C-2"), 129.4 (C-5"), 130.5 (C-
5), 131.1 (C-2), 137.5 (C-6"), 148.0 (C-3"), 179.7 (CHO). HRMS (EI): m/z [M*] calcd for C1aH1oN20s:
254.0692; found: 254.0701.

1-(3-(3-Formylphenyl)prop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2i). Following the method of
preparation for 2e, a mixture of 2a (0.200 g, 1.50 mmol), 3-bromobenzaldehyde (0.278 g, 1.50 mmol),
and PdCI>(PPhz)2 (0.42 g, 0.06 mmol) in dry TEA (1.0 mL) was stirred at 80 °C for 1 h to give 2i
(0.147 g, 41%) as a yellow oil. Rf0.48 (hexane/EtOAc, 7:3). IR (film): v 2932, 1713, 1506, 1383, 1261,
1209, 1160, 1029, 804, 734, 701 cm™. *H NMR (600 MHz, CDCls): § 5.45 (s, 2H, H-1'), 6.31 (dd, J =
3.9, 2.4 Hz, 1H, H-4), 6.99 (dd, J = 3.9, 1.2 Hz, 1H, H-3), 7.32 (br s, 1H, H-5), 7.50 (t, J = 7.8 Hz, 1H,
H-5"), 7.68 (d, J = 7.8 Hz, 1H, H-6"), 7.84 (d, J = 7.8 Hz, 1H, H-4"), 7.94 (s, 1H, H-2"), 9.59 (s, 1H,
CHO), 9.98 (s, 1H, PhCHO). 3C NMR (150 MHz, CDCls): & 38.8 (C-1'), 84.3 (C-3"), 84.5 (C-2),
110.2 (C-4), 123.3 (C-1"), 125.0 (C-3), 129.1 (C-5"), 129.4 (C-4"), 130.4 (C-5), 131.0 (C-2), 133.0 (C-
2"), 136.3 (C-3"), 137.3 (C-6"), 179.6 (CHO), 191.3 (PhCHO). HRMS (EIl): m/z [M*] calcd for
C1sH11NO2: 237.0790; found: 237.0786.

1-(3-(3-Fluorophenyl)prop-2-yn-1-yl)-1H-pyrrole-2-carbaldehyde (2j). Following the method of
preparation for 2b, a mixture of 2a (0.200 g, 1.50 mmol), 3-fluoro-1-iodobenzene(0.366 g, 1.65 mmol),
Pd(PPhs)4 (0.035 g, 0.03 mmol), Cul (0.011 g, 0.06 mmol), and K2COs3 (1.035 mmol, 7.50 mmol) in dry
DMF was heated at 60 °C for 2 h to produce 2j (0.250 g, 73%) as a reddish oil. Rf 0.69 (hexane/EtOAc,
8:2). IR (film): v 3112, 3072, 2812, 1661, 1609, 1582, 1486, 1406, 1338, 1218, 1173, 1152, 874, 786,
747, 682 cm™. 'H NMR (500 MHz, CDCls): § 5.42 (s, 2H, H-1"), 6.30 (dd, J = 4.0, 2.5 Hz, 1H, H-4),
6.97 (dd, J = 4.0, 1.7 Hz, 1H, H-3), 7.03 (tdd, J = 8.5, 2.5, 1.0 Hz, 1H, H-4"), 7.13 (ddd, J = 9.3, 2.5,
1.5 Hz, 1H, H-2"), 7.21 (dt, J = 7.8, 1.2 Hz, 1H, H-6"), 7.27 (td, J = 7.8, 5.8 Hz, 1H, H-5"), 7.31 (br s,
1H, H-5), 9.58 (d, J = 1.0 Hz, 1H, CHO). *C NMR (125 MHz, CDCls): § 38.8 (C-1"), 83.8 (C-2"), 84.6
(d, JcF = 3.3 Hz, C-3), 110.1 (C-4), 116.0 (d, Jcr = 21.0 Hz, C-4"), 118.6 (d, JcF = 22.8 Hz, C-2"),
123.9 (d, JcF = 9.3 Hz, C-1"), 124.9 (C-3), 127.6 (d, JcF = 3.1 Hz, C-6"), 129.8 (d, JcFr = 8.5 Hz, C-
5"), 130.3 (C-5), 131.1 (C-2), 162.2 (d, JcF = 246.9 Hz, C-3"), 179.5 (CHO). HRMS (El): m/z [M*]

calcd for C14H1o0NOF: 227.0746; found: 227.0747.
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(E)-2-(2-Nitrovinyl)-1-(prop-2-yn-1-yl)-1H-pyrrole (2k). In a threaded ACE glass pressure tube
equipped with a sealed Teflon screw cap and a magnetic stirring bar, a mixture of 2a (0.100 g, 0.75
mmol), 3a (0.229 g, 3.76 mmol), and NH4OAc (0.058 g, 0.75 mmol) in dry toluene (0.5 mL) was
heated at 100 °C for 20 h. The mixture was diluted with an aqueous saturated solution of NaHCOs3 (10
mL) and extracted twice with CH2Cl> (2 x 40 mL). The organic layer was dried (Na2SQa4) and the
solvent removed under vacuum. The residue was purified by column chromatography over silica gel
(20 g/g crude, hexane/EtOAc, 9:1) to afford 2k (0.115 g, 87%) as a reddish solid. Rf 0.40
(hexane/EtOAC, 8:2); mp 107-109 °C. IR (film): © 3294, 3120, 2970, 1661, 1615, 1471, 1307, 1268,
1245, 1202, 1126, 1079,947, 816, 745, 733, 673 cm™. *H NMR (600 MHz, CDCls): § 2.54 (t, J = 2.6
Hz, 1H, H-3'), 4.81 (d, J = 2.6 Hz, 2H, H-1"), 6.31 (ddd, J = 4.0, 2.7, 0.6 Hz, 1H, H-4), 6.83 (dd, J =
4.0, 1.3 Hz, 1H, H-3), 7.11 (dd, J = 2.7, 1.3 Hz, 1H, H-5), 7.49 (d, J = 13.2 Hz, 1H, H-2"), 8.05 (d, J =
13.2 Hz, 1H, H-1"). *3C NMR (150 MHz, CDCls): & 37.2 (C-1, 75.3 (C-3'), 76.5 (C-2'), 111.4 (C-4),
116.6 (C-3), 124.2 (C-2), 126.8 (C-1"), 129.2 (C-5), 132.4 (C-2"). HRMS (El): m/z [M*] calcd for
CoHsgN202: 176.0586; found: 176.0589.

6-(4-Methoxybenzyl)-7-nitroindolizine (4d). Following the method of preparation for 4b, a mixture
of 2d (0.060 g, 0.25 mmol), DBU (0.088 g, 0.58 mmol), and 3a (0.017 g, 0.28 mmol) in dry DMF (1.5
mL) gave 4d (0.021 g, 30%) as a reddish oil. Rf 0.72 (hexane/EtOAc, 7:3). IR (film): v 2929, 1611,
1542, 1517, 1429, 1402, 1316, 1247, 1177, 1037, 828, 722 cm™. 'H NMR (750 MHz, CDCls): & 3.79
(s, 3H, OCHpa), 4.23 (s, 2H, CH>), 6.83-6.88 (m, 3H, H-1, H-3"), 6.92 (br s, 1H, H-2), 7.12 (d, J =7.5
Hz, 2H, H-2), 7.41 (br s, 1H, H-3), 7.54 (s, 1H, H-5), 8.38 (s, 1H, H-8). 1*C NMR (187.5 MHz,
CDCl3): 6 35.9 (CHy), 55.2 (CH30), 107.7 (C-1), 114.1 (C-3"), 116.5 (C-3), 117.1 (C-2), 118.2 (C-6),
119.3 (C-8), 125.0 (C-5), 129.2 (C-8a), 130.0 (C-2", 130.4 (C-1"), 139.4 (C-7), 158.3 (C-4'). HRMS
(El): m/z [M*] calcd for C16H14N203: 282.1005; found: 282.0998.

1-(4-((7-Nitroindolizin-6-yl)methyl)phenyl)ethanone (4f). Following the method of preparation for
4b, a mixture of 2f (0.050 g, 0.20 mmol), DBU (0.046 g, 0.30 mmol), and 3a (0.018 g, 0.30 mmol) in
dry DMF (1.0 mL) was stirred at rt for 1 h to produce 4f (0.019 g, 33%) as a reddish solid. Rf 0.21
(hexane/EtOAC, 7:3); mp 134-136 °C. IR (film): © 2926, 1678, 1606, 1544, 1495, 1438, 1355, 1313,
1268, 1038, 723 cm™. *H NMR (600 MHz, CDCls): § 2.58 (s, 3H, COCHa), 4.35 (s, 2H, CH>), 6.91 (d,
J=4.0Hz, 1H, H-1), 6.97 (dd, J = 4.0, 2.4 Hz, 1H, H-2), 7.29 (d, J = 8.1 Hz, 2H, H-2"), 7.47 (br s, 1H,
H-3), 7.66 (s, 1H, H-5), 7.89 (d, J = 8.1 Hz, 2H, H-3"), 8.44 (s, 1H, H-8). 1*C NMR (150 MHz, CDCls):
5 26.6 (COCHBa), 37.1 (CH2Ar), 108.3 (C-1), 116.4 (C-6), 116.8 (C-3), 117.5 (C-2), 119.7 (C-8), 125.3
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(C-5), 128.7 (C-3"), 128.9 (C-2"), 129.3 (C-8a), 135.6 (C-4"), 138.8 (C-7), 144.4 (C-1"), 197.7 (COCHpg).
HRMS (EI): m/z [M™] calcd for C17H14N203: 294.1005; found: 294.1002.

6-(3-Methoxybenzyl)-7-nitroindolizine (4g). Following the method of preparation for 4b, a mixture
of 2g (0.050 g, 0.21 mmol), DBU (0.073 g, 0.48 mmol), and 3a (0.014 g, 0.23 mmol) in dry DMF (1.0
mL) furnished 4g (0.028 g, 41%) as a reddish oil. Rf 0.62 (hexane/EtOAc, 7:3). IR (film): v 29109,
1719, 1600, 1548, 1543, 1490, 1437, 1313, 1267, 1039, 846, 782, 736 cm™. *H NMR (600 MHz,
CDCl3): 6 3.78 (s, 3H, CH30), 4.27 (s, 2H, CH2), 6.74 (br s, 1H, H-2'), 6.77-6.83 (m, 2H, H-4', H-6),
6.87 (d, J = 3.5 Hz, 1H, H-1), 6.93 (dd, J = 3.5, 2.0 Hz, 1H, H-2), 7.32 (t, J = 6.5 Hz, 1H, H-5"), 7.42
(brs, 1H, H-3), 7.57 (s, 1H, H-5), 8.41 (s, 1H, H-8). *C NMR (150 MHz, CDCls): & 36.8 (CHy), 55.2
(CH30), 107.8 (C-1), 111.7 (C-4"), 114.9 (C-2'), 116.6 (C-3), 117.2 (C-2), 117.4 (C-6), 119.4 (C-8),
121.3 (C-6"), 125.2 (C-5), 129.2 (C-8a), 129.6 (C-5"), 139.2 (C-7), 140.2 (C-1", 159.8 (C-3"). HRMS
(El): m/z [M*] calcd for C16H14N203: 282.1005; found: 282.1006.

6-(3-Fluorobenzyl)-7-nitroindolizine (4j). Following the method of preparation for 4b, a mixture of
2J (0.050 g, 0.22 mmol), DBU (0.050 g, 0.33 mmol), and 3a (0.017 g, 0.29 mmol) in dry DMF (1.0
mL) was heated at 80 °C for 2 h to obtain 4j (0.032 g, 54%) as a reddish solid. Rf 0.50 (hexane/EtOAc,
8:2); mp 103-105 °C. IR (film): v 1612, 1588, 1544, 1483, 1448, 1438, 1311, 1269, 1219, 1130, 1039,
790, 736, 725 cm™. *H NMR (500 MHz, CDCls): & 4.28 (s, 2H, CH>), 6.85-6.93 (m, 3H, H-1, H-2', H-
4", 6.95 (dd, J = 4.0, 2.5 Hz, 1H, H-2), 6.98 (dm, J = 8.0 Hz, 1H, H-6"), 7.22-7.27 (m, 1H, H-5'), 7.45
(ddd, J = 2.5, 1.2, 0.7 Hz, 1H, H-3), 7.63-7.62 (m, 1H, H-5), 8.42 (s, 1H, H-8). 1*C NMR (125 MHz,
CDCls): 8 36.7 (d, Jcr = 1.7 Hz, CHy), 108.1 (C-1), 113.5 (d, Jc,r = 21.0 Hz, C-2"), 115.6 (d, JcF =215
Hz, C-4"), 116.6 (C-6), 116.7 (C-3), 117.4 (C-2), 119.6 (C-8), 124.4 (d, Jcr = 2.9 Hz, C-6"), 125.2 (C-
5), 129.2 (C-8a), 130.0 (d, JcF = 8.3 Hz, C-5), 138.9 (C-7), 141.3 (d, JcF = 7.1 Hz, C-1"), 162.9 (d, JcF
= 245.0 Hz, C-3”). HRMS (EI): m/z [M*] calcd for C1sH11FN2O,: 270.0805; found: 270.0805.

Methyl 6-benzylindolizine-7-carboxylate (8b). Following the method of preparation for 8a, a
mixture of 2b (0.050 g, 0.24 mmol), DBU (0.055 g, 0.36 mmol), and 3b (0.038 g, 0.29 mmol) in dry
DMF (1.5 mL) was heated at 80 °C for 2 h to provide 8b (0.011 g, 17%) as a brown solid. Rf 0.48
(hexane/EtOAcC, 9:1); mp 63-65 °C. IR (film): v 1712, 1453, 1352, 1263, 1252, 1191, 1184, 1153,
1078, 780, 716, 697 cm™*. *H NMR (600 MHz, CDCls): § 3.77 (s, 3H, CO2CHj3), 4.28 (s, 2H, CH2Ar),
6.66 (d, J = 4.0 Hz, 1H, H-1), 6.82 (dd, J = 4.0, 2.4 Hz, 1H, H-2), 7.17-7.22 (m, 3H, H-2', H-4"), 7.27—
7.31 (m, 3H, H-3, H-3"), 7.56 (s, 1H, H-5), 8.18 (s, 1H, H-8). 3C NMR (150 MHz, CDCls): § 37.3
(CH2Ar), 51.7 (CO2CHj3), 103.9 (C-1), 114.7 (C-3), 115.2 (C-2), 118.9 (C-7), 122.2 (C-6), 124.5 (C-8),
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124.8 (C-5), 126.1 (C-4), 128.4 (C-3'), 128.9 (C-2'), 130.5 (C-8a), 140.4 (C-1), 166.9 (CO.CHa).
HRMS (El): m/z [M*] calcd for C17H1sNO2: 265.1103; found: 265.1107.

Methyl 6-(4-methylbenzyl)indolizine-7-carboxylate (8c). Following the method of preparation for
8a, a mixture of 2¢ (0.050 g, 0.22 mmol), DBU (0.052 g, 0.34 mmol), and 3b (0.034 g, 0.26 mmol) in
dry DMF (1.5 mL) was heated at 140 °C for 12 h to give 8c (0.005 g, 15%) as a brown oil. Rf 0.48
(hexane/EtOAC, 9:1). IR (film): v 2925, 1713, 1460, 1441, 1350, 1251, 1262, 1189, 1080, 781, 714 cm’
1. IH NMR (600 MHz, CDCls): § 2.32 (s, 3H, CHa), 3.78 (s, 3H, CO2CHs), 4.23 (s, 2H, CH2Ar), 6.65
(d, J =3.6 Hz, 1H, H-1), 6.81 (dd, J = 3.6, 2.7 Hz, 1H, H-2), 7.06-7.11 (m, 4H, H-2', H-3"), 7.30 (br s,
1H, H-3), 7.54 (s, 1H, H-5), 8.17 (s, 1H, H-8). *C NMR (150 MHz, CDCls): & 21.0 (CHs), 36.8
(CH2Ar), 51.7 (CO2CH3), 103.8 (C-1), 114.6 (C-3), 115.1 (C-2), 119.0 (C-7), 122.5 (C-6), 124.5 (C-8),
124.7 (C-5), 128.8 (C-2"), 129.1 (C-3"), 130.5 (C-8a), 135.5 (C-4"), 137.2 (C-1"), 166.9 (CO2CHp).
HRMS (El): m/z [M*] calcd for C1gH17NO2: 279.1259; found: 279.1260.

Methyl 6-(4-methoxybenzyl)indolizine-7-carboxylate (8d). Following the method of preparation
for 8a, a mixture of 2d (0.060 g, 0.25 mmol), DBU (0.057 g, 0.38 mmol), and 3b (0.043 g, 0.33 mmol)
in dry DMF (1.5 mL) was heated at 140 °C for 12 h to produce 8d (0.009 g, 12%) as a brown oil. Rf
0.33 (hexane/EtOAc, 7:3). IR (film): © 1713, 1511, 1461, 1441, 1262, 1249, 1178, 1080, 1035 cm™. 'H
NMR (750 MHz, CDCls): & 3.79 (s, 6H, OCHs CO2CHs3), 4.21 (s, 2H, CH2Ar), 6.65 (d, J = 3.8 Hz, 1H,
H-1), 6.81 (dd, J = 3.8, 2.4 Hz, 1H, H-2), 6.82-6.86 (m, 2H, H-3"), 7.11 (d, J = 8.4 Hz, 2H, H-2'), 7.30
(br s, 1H, H-3), 7.53 (s, 1H, H-5), 8.17 (s, 1H, H-8). 13C NMR (187.5 MHz, CDCl3): § 36.4 (CHA),
51.7 (CO.CHa), 55.2 (CH30), 103.8 (C-1), 113.8 (C-3'), 114.7 (C-3), 115.1 (C-2), 119.0 (C-7), 122.8
(C-6), 124.5 (C-8), 124.6 (C-5), 130.0 (C-2), 130.5 (C-8a), 132.3 (C-1"), 157.9 (C-4"), 166.9 (CO2CH3).
HRMS (EI): m/z [M*] calcd for C1gH17NO3: 295.1208; found: 295.1208.

Methyl 6-(3-fluorobenzyl)indolizine-7-carboxylate (8g). Following the method of preparation for
8a, a mixture of 2f (0.050 g, 0.22 mmol), DBU (0.034 g, 0.22 mmol), and 3b (0.036 g, 0.27 mmol) in
dry DMF (1.0 mL) was stirred at rt for 7 h to obtain 8g (0.028 g, 45%) as a yellow solid. Rf 0.60
(hexane/EtOAc, 8:2); mp 75-77 °C. IR (film): 0 1714, 1614, 1584, 1485, 1446, 1352, 1258, 1244,
1188, 1158, 1062, 776, 714, 685 cm™. *H NMR (500 MHz, CDCls): § 3.77 (s, 3H, CO2CHz3), 4.27 (s,
2H, CHAr), 6.68 (d, J = 4.0 Hz, 1H, H-1), 6.83-6.86 (m, 1H, H-2), 6.86-6.91 (m, 2H, H-2', H-4"),
6.97 (d, J = 8.0 Hz, 1H, H-6"), 7.21-7.26 (m, 1H, H-5"), 7.32-7.35 (m, 1H, H-3), 7.61 (s, 1H, H-5), 8.21
(s, 1H, H-8). 3C NMR (125 MHz, CDCls): § 37.1 (d, J = 1.8 Hz, CHAr), 51.7 (CO2CHjs), 104.2 (C-1),
112.9 (d, Jcr = 21.1 Hz, C-4"), 114.8 (C-3), 115.3 (C-2), 115.6 (d, JcF = 21.3 Hz, C-2'), 118.5 (C-7),
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121.4 (C-6), 124.4 (d, JcF = 2.8 Hz, C-6'), 124.7 (C-8), 124.8 (C-5), 129.7 (d, Jcr = 8.3 Hz, C-5),
130.6 (C-8a), 143.3 (d, JcF = 7.1 Hz, C-1'), 162.9 (d, JcF = 243.9 Hz, C-3'), 166.6 (CO2CH3). HRMS
(EI): m/z [M™] calcd for C17H14FNO4: 283.1009; found: 283.1007.

6-Benzylindolizine-7-carbonitrile (8i). Following the method of preparation for 8a, a mixture of 2b
(0.050 g, 0.24 mmol), 3d (0.029 g, 0.29 mmol), and DBU (0.055 g, 0.36 mmol) in dry DMF (1.5 mL)
was heated at 80 °C for 12 h to provide 8i (0.022 g, 40%) as a yellow solid. Rf 0.64 (hexane/EtOAc,
8:2); mp 123-125 °C. IR (film): © 2217, 1493, 1454, 1350, 1275, 1267, 1255, 1069, 916, 772, 741,
721, 698 cm™. 'H NMR (500 MHz, CDCls): § 4.03 (s, 2H, CH2Ph), 6.67 (d, J = 3.5 Hz, 1H, H-1), 6.86
(dd, J = 3.5, 2.5 Hz, 1H, H-2), 7.24-7.31 (m, 3H, H-2', H-4"), 7.32-7.37 (m, 3H, H-3, H-3"), 7.58 (s,
1H, H-5), 7.80 (s, 1H, H-8). 3C NMR (125 MHz, CDCls): & 37.1 (CH2Ph), 101.5 (C-7), 104.4 (C-1),
115.8 (C-2), 116.1 (C-3), 118.3 (CN), 122.0 (C-6), 124.0 (C-5), 126.9 (C-4"), 127.0 (C-8), 128.7 (C-3"),
129.1 (C-2), 129.9 (C-8a), 138.0 (C-1"). HRMS (EI): m/z [M*] calcd for C1sH12N2: 232.1000; found:
232.1001.

6-(4-Methoxybenzyl)indolizine-7-carbonitrile (8j). Following the method of preparation for 8a, a
mixture of 2d (0.050 g, 0.21 mmol), 3d (0.025 g, 0.25 mmol), and DBU (0.047 g, 0.31 mmol) in dry
DMF (1.5 mL) was heated at 140 °C for 24 h to give 8j (0.013 g, 24%) as a brown solid. Rf 0.35
(hexane/EtOAC, 9:1); mp 72-74 °C. IR (film): v 2218, 1717, 1609, 1509, 1346, 1243, 1178, 1028, 835,
724,718 cm™. 'H NMR (500 MHz, CDCls): § 3.81 (s, 3H, CH30), 3.97 (s, 2H, CHAr), 6.67 (brd, J =
4.5 Hz, 1H, H-1), 6.86 (dd, J = 4.5, 3.0 Hz, 1H, H-2), 6.87-6.91 (m, 2H, H-3'), 7.18-7.22 (m, 2H, H-
2", 7.33-7.35 (m, 1H, H-3), 7.56 (br s, 1H, H-5), 7.80 (s, 1H, H-8). *C NMR (125 MHz, CDCls): §
36.3 (CH2Ar), 55.3 (CH30), 101.4 (C-7), 104.4 (C-1), 114.1 (C-3"), 115.8 (C-2), 116.1 (C-3), 118.3
(CN), 122.5 (C-6), 123.8 (C-5), 127.0 (C-8), 129.9 (C-8a, C-1"), 130.2 (C-2"), 158.5 (C-4"). HRMS (EI):
m/z [M*] calcd for C17H14N20: 262.1106; found: 262.1108.

6-(4-Acetylbenzyl)indolizine-7-carbonitrile (8k). Following the method of preparation for 8a, a
mixture of 2f (0.050 g, 0.20 mmol), 3d (0.024 g, 0.24 mmol), and DBU (0.046 g, 0.30 mmol) in dry
DMF (1.5 mL) was heated at 80 °C for 2 h to produce 8k (0.025 g, 46%) as a brown solid. Rf 0.43
(hexane/EtOAC, 8:2); mp 142—144 °C. IR (film): © 2218, 1675, 1605, 1346, 1266, 1184, 885, 728 cm™.
'H NMR (500 MHz, CDCls): § 2.59 (s, 3H, COCHs), 4.08 (s, 2H, CH2), 6.70 (d, J = 4.0 Hz, 1H, H-1),
6.89 (dd, J = 4.0, 2.7 Hz, 1H, H-2), 7.36-7.39 (m, 3H, H-2', H-3), 7.66-7.67 (m, 1H, H-5), 7.81 (s, 1H,
H-8), 7.92-7.95 (m, 2H, H-3"). ¥*C NMR (125 MHz, CDCls): § 26.6 (COCHs), 37.0 (CH2Ar), 101.0
(C-7), 104.7 (C-1), 116.0 (C-2), 116.3 (C-3), 118.1 (CN), 120.8 (C-6), 124.1 (C-5), 127.2 (C-8), 128.8

S10



(C-3), 129.2 (C-2"), 129.8 (C-8a), 135.8 (C-4"), 143.6 (C-1"), 197.7 (COCHs). HRMS (EI): m/z [M"]
calcd for C1sH14N20: 274.1106; found: 274.1103.

6-(3-Nitrobenzyl)indolizine-7-carbonitrile (81). Method A: Following the method of preparation
for 8a, a mixture of 2h (0.050 g, 0.20 mmol), 3d (0.024 g, 0.24 mmol), and DBU (0.046 g, 0.30 mmol)
in dry DMF (1.5 mL) was heated at 80 °C for 2 h to furnish 81 (0.031 g, 57%) as a yellow solid.

Method B: Following the method of preparation for 8a, a mixture of 2h (0.100 g, 0.394 mmol), 3e
(0.037 g, 0.56 mmol), and DBU (0.137 g, 0.90 mmol) in dry DMF (1.5 mL) was stirred at rt for 8 h to
afford 8l (0.055 g, 50%) as a yellow solid. Rf 0.45 (hexane/EtOAc, 7:3); mp 172-174 °C. IR (film): v
2212, 1633, 1525, 1456, 1349, 1270, 1097, 1068, 1034, 800, 723 cm™. 'H NMR (500 MHz, CDCls): &
4.13 (s, 2H, CHy), 6.73 (br d, J = 4.0 Hz, 1H, H-1), 6.92 (dd, J = 4.0, 2.5 Hz, 1H, H-2), 7.43 (br s, 1H,
H-3), 7.52 (t, J = 7.5 Hz, 1H, H-5"), 7.66 (br d, J = 7.5 Hz, 1H, H-6"), 7.75 (s, 1H, H-5), 7.83 (s, 1H, H-
8), 8.10 (br s, 1H, H-2"), 8.12 (d, J = 7.5 Hz, 1H, H-4). 3C NMR (125 MHz, CDCls): & 36.8 (CHy),
100.8 (C-7), 105.1 (C-1), 116.3 (C-2), 116.5 (C-3), 118.0 (CN), 120.2 (C-6), 122.1 (C-4"), 123.6 (C-2",
124.2 (C-5), 127.5 (C-8), 129.7 (C-5), 129.9 (C-8a), 135.3 (C-6"), 140.3 (C-1", 148.5 (C-3"). HRMS
(El): m/z [M*] calcd for C1sH11N3O2: 277.0851; found: 277.0850.

(E)-Methyl 3-(1-(3-(3-nitrophenyl)prop-2-yn-1-yl)-1H-pyrrol-2-yl)acrylate (10). In a round-
bottomed flask (100 mL) equipped with a magnetic stirring bar, trimethyl phosphonoacetate (0.086 g,
0.471 mmol) in anhydrous THF (10 mL) was added to a suspension of NaH (60%, 0.024 g, 0.600
mmol) in anhydrous THF (20 mL) under N2 atmosphere at 0 °C. After stirring at 0 °C for 30 min, 2h
(0.100 g, 0.39 mmol) was added and stirring continued at rt for 4 h. The solvent was removed under
vacuum, and the residue purified by column chromatography over silica gel (30 g/g crude,
hexane/EtOAc, 9:1) led to 10 (0.12 g, 98%) as a yellow solid. Rf 0.50 (hexane/EtOAc, 7:3); mp 74-75
°C. IR (film): v 3085, 2950, 1699, 1622, 1531, 1468, 1435, 1350, 1327, 1279, 1170, 1131, 1080, 1030,
968, 874, 852, 807, 735, 674 cm™. *H NMR (500 MHz, CDCls): & 3.79 (s, 3H, CO,CHs), 5.01 (s, 2H,
H-1"), 6.22 (d, J = 15.5 Hz, 1H, H-2), 6.24-6.26 (m, 1H, H-4), 6.72 (dd, J = 4.0, 1.5 Hz, 1H, H-3),
6.97 (dd, J = 2.5, 1.5 Hz, 1H, H-5"), 7.50 (dd, J = 8.5, 7.5 Hz, 1H, H-5"), 7.70-7.73 (m, 1H, H-6"),
7.73 (d, J = 15.5 Hz, 1H, H-3), 8.17 (ddd, J = 8.5, 2.5, 1.0 Hz, 1H, H-4"), 8.26 (dd, J = 2.0, 1.5 Hz,
1H, H-2"). 3C NMR (125 MHz, CDCls): & 37.4 (C-1"), 51.6 (CO.CHs), 83.5 (C-3"), 85.4 (C-2"),
110.1 (C-4Y), 112.7 (C-3), 113.3 (C-2), 123.5 (C-4™), 123.7 (C-1"), 125.7 (C-5"), 126.6 (C-2"), 128.8
(C-2, 129.4 (C-5"), 131.9 (C-3), 137.5 (C-6"), 148.0 (C-3™), 168.0 (CO2Me). HRMS (EI): m/z [M"]
calcd for C17H14N204: 310.0954; found: 310.0955.

S11



(E)-Methyl 3-(5-formyl-1-(3-(3-nitrophenyl)prop-2-yn-1-yl)-1H-pyrrol-2-yl)acrylate (11). In a
round-bottomed flask (100 mL) equipped with a magnetic stirring bar, a mixture of 10 (0.363 g, 1.17
mmol) and anhydrous DMF (0.128 g, 1.75 mmol) was stirred at rt for 15 min under N2 atmosphere.
Subsequently, POCls (0.268 g, 1.75 mmol) was added followed by stirring for 24 h, and then a cold
10% aqueous solution of KOH (10 mL) was added followed by stirring for 20 min. The mixture was
extracted with CH2Cl, (2 x 10 mL), and the organic layer was dried (Na2SO4) and removed under
vacuum. The residue was purified by column chromatography over silica gel (30 g/g crude,
hexane/EtOAc, 96:4) to deliver 11 (0.303 g, 76%) as a white solid. Rf 0.42 (hexane/EtOAc, 7:3); mp
136 °C-decomp. IR (film): v 3083, 2951, 2850, 1710, 1659, 1631, 1529, 1474, 1448, 1409, 1351, 1313,
1279, 1233, 1196, 1167, 1049, 968, 782, 736, 674 cm™. *H NMR (500 MHz, CDCls): & 3.83 (s, 3H,
CO2CH3), 5.64 (s, 2H, H-1"), 6.49 (d, J = 15.7 Hz, 1H, H-2), 6.73 (d, J = 4.5 Hz, 1H, H-3"),6.98 (d, J =
4.5 Hz, 1H, H-4"), 7.47 (t, J = 8.0 Hz, 1H, H-5"), 7.69 (dt, J = 8.0, 1.5 Hz, 1H, H-6""), 7.82 (d, J = 15.7
Hz, 1H, H-3), 8.14 (ddd, J = 8.0, 2.3, 1.0 Hz, 1H, H-4™), 8.22 (t, J = 2.0 Hz, 1H, H-2"), 9.63 (s, 1H,
CHO). BC NMR (125 MHz, CDCls): § 35.1 (C-1"), 52.0 (CO.CHs), 82.8 (C-3"), 85.9 (C-2"), 111.8
(C-3), 121.0 (C-2), 123.4 (C-4"), 123.8 (C-1"), 124.8 (C-4"), 126.7 (C-2""), 129.3 (C-5"), 130.3 (C-3),
132.9 (C-5"), 137.4 (C-2"), 137.5 (C-6""), 148.0 (C-3"), 166.7 (CO2Me), 180.0 (CHO). HRMS (EIl): m/z
[M™] calcd for C1gH14N20s: 338.0903; found: 338.0896.

(E)-Dimethyl 2-((5-(3-methoxy-3-oxoprop-1-en-1-yl)-1-(propa-1,2-dien-1-yl)-1H-pyrrol-2-
yl)methylene)malonate (6b). In a round-bottomed flask (50 mL) equipped with a magnetic stirring
bar, a mixture of 6a (0.300 g, 1.38 mmol), 3b (0.219 g, 1.66 mmol), piperidine (0.047 g, 0.55 mmol),
and glacial acetic acid (0.050 g, 0.83 mmol) in CHCl, (20 mL) was heated at 150 °C for 8 h under N2
atmosphere. The mixture was diluted with CH2Cl> (50 mL) and washed with an aqueous saturated
solution of NaHCO3 (100 mL). The aqueous layer was washed with CH2Cl> (3 x 50 mL), the organic
extracts were dried (Na2SOs), and the solvent was removed under vacuum. The residue was purified by
column chromatography over silica gel (30 g/g crude, hexane/EtOAc, 9:1) to provide 6b (0.389 g,
85%) as a yellow oily solid. Rf 0.40 (hexano/AcOEt, 7:3). IR (film): v 2953, 1716, 1606, 1527, 1435,
1388, 1364, 1309, 1228, 1071, 971, 924, 896, 851, 770, 743 cm™. *H NMR (500 MHz, CDCls): § 3.78
(s, 3H, CHCO.CH?3), 3.82 (s, 3H, CO2CHBg), 3.88 (s, 3H, CO2CH3), 5.49 (d, J = 6.5 Hz, 2H, H-3"), 6.30
(d, J=15.5 Hz, 1H, H-2"Y), 6.66 (br d, J = 4.3 Hz, 1H, H-3"), 6.73 (br d, J = 4.3 Hz, 1H, H-4"), 6.79 (t,
J = 6.5 Hz, 1H, H-1"), 7.65 (d, J = 15.5 Hz, 1H, H-1V), 7.76 (s, 1H, H-1'). C NMR (125 MHz,
CDCls): 6 51.5 (CHCO2CHg), 52.3 (CO2CHBg), 52.5 (CO2CHg), 84.6 (C-3™), 93.1 (C-1"), 113.1 (C-4"),
115.5 (C-3"), 116.7 (C-2'Y), 120.6 (C-2), 129.3 (C-1"), 129.9 (C-2"), 131.4 (C-1'), 133.6 (C-5"), 164.5
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(CO2CHz), 166.9 (CO2CHz), 167.1 (CHCO.CHs), 208.0 (C-2"). HRMS (El): m/z [M*] calcd for
C17H17NOs: 331.1056; found: 331.1040.

Methyl 6-(4-acetylbenzyl)-3-formylindolizine-7-carboxylate (12a). POCIz (0.017 g, 1.10 mmol)
was added to anhydrous DMF (0.008 g, 1.10 mmol) at 0 °C, and the mixture was stirred for 10 min.
Subsequently, a solution of 8e (0.030 g, 0.10 mmol) in anhydrous CH2Cl> (3.0 mL) was added
dropwise and stirred at 0 °C for 2 h. The reaction mixture was quenched with a 1 M aqueous solution
of KOH until neutral, CH>Cl, (30 mL) was added, the organic layer dried (Na2SO4) and the solvent
removed under vacuum. The residue was purified by column chromatography over silica gel (20 g/g
crude, hexane/EtOAc, 98:2) to furnish 12a (0.021 g, 64%) as a pale yellow solid. Rf 0.29
(hexane/EtOAc, 8:2); mp 187-189 °C. IR (film): 0 1717, 1678, 1639, 1604, 1454, 1392, 1373, 1334,
1261, 1206, 1026, 783 cm™. 'H NMR (600 MHz, CDCls): & 2.56 (s, 3H, COCHs), 3.78 (s, 3H,
CO2CH3), 4.43 (s, 2H, CH2Ar), 6.76 (d, J = 4.5 Hz, 1H, H-1), 7.25 (d, J = 8.0 Hz, 2H, H-2"), 7.48 (d, J
= 4.5 Hz, 1H, H-2), 7.86 (d, J = 8.0 Hz, 2H, H-3"), 8.26 (s, 1H, H-8), 9.58 (s, 1H, H-5), 9.79 (s, 1H,
CHO). *C NMR (150 MHz, CDCl3): § 26.5 (COCHs), 37.4 (CH2Ar), 52.3 (CO,CHjs), 106.3 (C-1),
122.9 (C-8), 124.9 (C-6), 125.0 (C-3), 126.2 (C-7), 126.8 (C-2), 128.4 (C-5), 128.5 (C-3"), 128.7 (C-2",
135.3 (C-4"), 137.2 (C-8a), 145.8 (C-1'), 165.7 (CO2CHg), 178.4 (CHO), 197.7 (COCHzs). HRMS (EI):
m/z [M*] calcd for C20H17NO4: 335.1158; found: 335.1152.

Methyl 3-(4-acetylphenyl)-2-bromo-6-(3-nitrobenzyl)indolizine-7-carboxylate (13b). Methyl 3-
(4-acetylphenyl)-6-(3-nitrobenzyl)indolizine-7-carboxylate (13c). In a threaded ACE glass pressure
tube equipped with a sealed Teflon screw cap and a magnetic stirring bar, a mixture of 13a (0.050 g,
0.11 mmol), (4-acetylphenyl)boronic acid (0.026 g, 0.16 mmol), Pd(PPhs)s (0.006 g, 0.005 mmol), and
K2CO3 (0.022 g, 0.16 mmol) in dry DMF/EtOH (1:1, 2 mL) was heated at 70 °C for 8 h. A solution of
brine was added (20 mL), the mixture extracted with EtOAc (40 mL), the organic layer dried (Na2SOa),
and the solvent removed under vacuum. The residue was purified by column chromatography over
silica gel (20 g/g crude, hexane/EtOAc, 1:1) to generate a mixture of 13b/13c (6:1, 0.022 g, 66%) as a
yellow solid. Rf 0.69 (hexane/EtOAc, 8:2); mp 140-143 °C. IR (film): b 1715, 1676, 1600, 1526, 1440,
1350, 1254, 1196, 1187, 958, 820, 736 cm™. *H NMR (600 MHz, CDCls): § 2.64 (s, 3H, COCHj3), 3.80
(s, 3H, CO.CHa), 4.38 (s, 2H, CH2Ar), 7.07 (s, 1H, H-1), 7.43 (t, J = 7.9 Hz, 1H, H-5"), 7.49-7.52 (m,
1H, H-6"), 7.62 (d, J = 8.4 Hz, 2H, H-2"), 7.99 (s, 1H, H-2"), 8.02-8.09 (m, 4H, H-4", H-3', H-5), 8.26
(s, 1H, H-8). Signals attributed to minor isomer 13c: 2.65 (s, COCHz3), 3.77 (s, CO2CHj3), 6.85 (d, J =
4.2 Hz, H-1), 7.05 (d, J = 4.2 Hz, H-2), 7.42 (t, J = 7.9 Hz, H-5"), 7.53 (m, H-6"), 7.67 (d, J = 8.4 Hz,
H-2", 7.72 (d, J = 8.3 Hz, H-3"), 8.12 (s, 1H, H-5), 8.30 (s, 1H, H-8). *3C NMR (150 MHz, CDCls): &
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26.6 (COCH3), 37.2 (ArCHz), 52.0 (CO2CHs), 93.3 (C-2), 118.4 (C-1), 119.7 (C-6), 121.4 (C-4'), 122.5
(C-5), 123.2 (C-2'), 123.9 (C-8), 126.8 (C-3), 127.4 (C-1"), 127.6 (C-2'), 129.2 (C-5'), 129.3 (C-3),
130.1 (C-8a), 134.8 (C-6'), 142.4 (C-1), 148.3 (C-3'), 165.7 (CO.CHs3), 197.1 (COCHz3). Signals
attributed to minor isomer 13c: 26.8 (COCHj3), 37.4 (ArCH>), 51.9 (CO.CHa), 106.1 (C-1), 117.2 (C-
2), 122.3 (C-5), 125.6 (C-8), 127.4 (C-3'), 127.5 (C-2'), 129.0 (C-5'), 166.1 (CO2CHs3), 197.6 (COCHs).
HRMS (EI): m/z [M*] calcd for C2sH19N20sBr: 506.0477; found: 506.0489.

3-(4-Methylbenzyl)pyrrolo[1,2-a]pyrazine (14c). Following the method of preparation for 14a, a
mixture of 2c¢ (0.050 g, 0.22 mmol), DBU (0.038 g, 0.25 mmol), and NH4OAc (0.022 g, 0.29 mmol) in
dry DMF (1.0 mL) was heated at 140 °C for 12 h to give 14c (0.023 g, 46%) as a brown solid. Rf 0.29
(hexane/EtOAC, 7:3); mp 42-44 °C. IR (film): v 1616, 1513, 1442, 1425, 1345, 1302, 1245, 1030, 937,
797, 760, 731, 721 cm™. *H NMR (500 MHz, CDCls): § 2.33 (s, 3H, CHsAr), 3.98 (s, 2H, CH:A),
6.72 (dm, J = 4.0 Hz, 1H, H-8), 6.80 (dd, J = 4.0, 2.5 Hz, 1H, H-7), 7.13 (d, J = 8.0 Hz, 2H, H-3"), 7.19
(d, J = 8.0 Hz, 2H, H-2"), 7.27-7.29 (m, 1H, H-6), 7.49 (br s, 1H, H-4), 8.75 (s, 1H, H-1). 1*C NMR
(125 MHz, CDCls): 6 21.0 (CHsAr), 40.5 (CH2Ar), 103.2 (C-8), 114.6 (C-6), 114.7 (C-7), 115.6 (C-4),
127.3 (C-8a), 129.0 (C-2"), 129.3 (C-3"), 135.8 (C-1"), 136.0 (C-4"), 138.9 (C-3), 144.6 (C-1). HRMS
(El): m/z [M*] calcd for C1sH1aN2: 222.1157; found: 222.1158.

3-(4-Methoxybenzyl)pyrrolo[1,2-a]pyrazine (14d). Following the method of preparation for 14a, a
mixture of 2d (0.050 g, 0.21 mmol), DBU (0.038 g, 0.25 mmol), and NH4OAc (0.032 g, 0.42 mmol) in
dry DMF (1.0 mL) was heated at 140 °C for 24 h to furnish 14d (0.021 g, 43%) as a brown solid. Rf
0.31 (hexane/EtOAc, 7:3); mp 127-129 °C. IR (film): © 2921, 1601, 1583, 1486, 1439, 1344, 1305,
1260, 1151, 1038, 942, 771, 721, 698 cm™. *H NMR (500 MHz, CDCls): § 3.79 (s, 3H, OCHs), 3.97 (s,
2H, CH2Ar), 6.72 (d, J = 3.7 Hz, 1H, H-8), 6.78-6.81 (m, 1H, H-7), 6.87 (d, J = 8.5 Hz, 2H, H-3'), 7.22
(d, J = 8.5 Hz, 2H, H-2"), 7.29 (br s, 1H, H-6), 7.49 (s, 1H, H-4), 8.75 (s, 1H, H-1). 3C NMR (125
MHz, CDCls): § 40.2 (CHAr), 55.2 (CH30), 103.0 (C-8), 114.0 (C-3'), 114.6 (C-6), 114.7 (C-7), 115.6
(C-4), 127.4 (C-8a), 130.1 (C-2'), 131.1 (C-1'), 139.2 (C-3), 144.7 (C-1), 158.3 (C-4"). HRMS (EI): m/z
[M™] calcd for C1sH14N20: 238.1106; found: 238.1105.

4-(Pyrrolo[1,2-a]pyrazin-3-ylmethyl)benzaldehyde (14e). Following the method of preparation for
14a, a mixture of 2e (0.060 g, 0.25 mmol), DBU (0.046 g, 0.30 mmol), and NHsOAc (0.023 g, 0.30
mmol) in dry DMF (1.5 mL) was heated at 60 °C for 1 h to produce 14e (0.010 g, 17%) as a brown oil.
Rf 0.21 (hexane/EtOAc, 7:3). IR (film): b 2922, 2835, 1599, 1584, 1489, 1445, 1303, 1258, 1153,
1073, 1048, 889, 770, 721, 696 cm™. *H NMR (750 MHz, CDCls): & 4.09 (s, 2H, CH.Ar), 6.77 (br d, J
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= 3.5 Hz, 1H, H-8), 6.83-6.86 (m, 1H, H-7), 7.36 (br s, 1H, H-6), 7.48 (d, J = 8.0 Hz, 2H, H-2"), 7.63
(s, 1H, H-4), 7.84 (d, J = 8.0 Hz, 2H, H-3), 8.76 (s, 1H, H-1), 9.99 (s, 1H, CHO). *C NMR (187.5
MHz, CDCls): § 41.1 (CHAr), 103.5 (C-8), 114.8 (C-6), 115.0 (C-7), 115.9 (C-4), 127.4 (C-8a), 129.7
(C-2, 130.1 (C-3"), 134.9 (C-4"), 137.4 (C-3), 145.0 (C-1), 146.5 (C-1", 192.0 (CHO). HRMS (EI):
m/z [M*] calcd for C1sH12N20: 236.0950; found: 236.0953.

1-(4-(Pyrrolo[1,2-a]pyrazin-3-ylmethyl)phenyl)ethanone (14f). Following the method of
preparation for 14a, a mixture of 2f (0.050 g, 0.20 mmol), DBU (0.036 g, 0.24 mmol), and NHsOAc
(0.031 g, 0.40 mmol) in dry DMF (1.0 mL) was heated at 60 °C for 1 h to afford 14f (0.035 g, 70%) as
a brown solid. Rf 0.19 (hexane/EtOAc, 7:3); mp 95-97 °C. IR (film): v 2920, 1681, 1606, 1427, 1356,
1303, 1270, 1073, 960, 797, 721 cm™. *H NMR (300 MHz, CDCls): § 2.59 (s, 3H, COCHa), 4.07 (s,
2H, CHAr), 6.75 (dm, J = 4.1 Hz, 1H, H-8), 6.84 (dd, J = 4.1, 2.4 Hz, 1H, H-7), 7.32-7.36 (m, 1H, H-
6), 7.37-7.43 (m, 2H, H-2'), 7.60 (s, 1H, H-4), 7.88-7.95 (m, 2H, H-3'), 8.76 (s, 1H, H-1). *C NMR
(75.4 MHz, CDClz3): 6 26.6 (COCHzs), 40.9 (CH2Ar), 103.4 (C-8), 114.8 (C-6), 114.9 (C-7), 115.9 (C-
4), 127.3 (C-8a), 128.7 (C-3"), 129.3 (C-2"), 135.5 (C-4"), 137.6 (C-3), 144.8 (C-1"), 144.9 (C-1), 197.8
(COCHz). HRMS (El): m/z [M*] calcd for C16H14N20: 250.1106; found: 250.1107.

3-(3-Methoxybenzyl)pyrrolo[1,2-a]pyrazine (14g). Following the method of preparation for 14a, a
mixture of 2g (0.050 g, 0.21 mmol), DBU (0.038 g, 0.25 mmol), and NH4OAc (0.032 g, 0.42 mmol) in
dry DMF (1.0 mL) was heated at 120 °C for 12 h to yield 14g (0.016 g, 33%) as a brown solid. Rf 0.29
(hexane/EtOAc, 7:3); mp 43-45 °C. IR (film): 0 2922, 1599, 1584, 1489, 1445, 1348, 1303, 1258,
1153, 1048, 770, 721, 696 cm™. 'H NMR (500 MHz, CDCls): § 3.79 (s, 3H, CH30), 4.00 (s, 2H,
CH2Ar), 6.73 (dm, J = 4.0 Hz, 1H, H-8), 6.79 (dd, J = 8.0, 2.5 Hz, 1H, H-4"), 6.81 (dd, J = 4.0, 2.5 Hz,
1H, H-7), 6.85 (br s, 1H, H-2"), 6.89 (d, J = 8.0 Hz, 1H, H-6"), 7.24 (t, J = 8.0 Hz, 1H, H-5"), 7.30 (br s,
1H, H-6), 7.53 (s, 1H, H-4), 8.76 (s, 1H, H-1). 3C NMR (125 MHz, CDCls): & 41.1 (CH,Ar), 55.2
(CH30), 103.2 (C-8), 111.9 (C-4’), 114.6 (C-6), 114.7 (C-7), 114.9 (C-2'), 115.8 (C-4), 121.5 (C-6"),
127.4 (C-8a), 129.6 (C-5"), 138.6 (C-3), 140.6 (C-1", 144.7 (C-1), 159.8 (C-3'). HRMS (EI): m/z [M"]
calcd for C15H14N20: 238.1106; found: 238.1109.

3-(3-Fluorobenzyl)pyrrolo[1,2-a]pyrazine (14i). Following the method of preparation for 14a, a
mixture of 2j (0.050 g, 0.22 mmol), DBU (0.040 g, 0.26 mmol), and NH4sOAc (0.034 g, 0.44 mmol) in
dry DMF (1.0 mL) was heated at 80 °C for 2 h to provide 14i (0.025 g, 51%) as a brown oil. Rf 0.21
(hexane/EtOAC, 7:3). IR (film): v 3079, 2924, 1715, 1615, 1589, 1488, 1447, 1349, 1304, 1246, 1134,
1074, 963, 787, 754, 722, 693 cm™. *H NMR (500 MHz, CDCls3): & 4.01 (s, 2H, CH2Ar), 6.75 (d, J =
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4.0 Hz, 1H, H-8), 6.83 (dd, J = 4.0, 2.5 Hz, 1H, H-7), 6.92 (id, J = 8.5, 2.5 Hz, 1H, H-4"), 7.00 (br d, J
= 9.5 Hz, 1H, H-2), 7.08 (d, J = 7.5 Hz, 1H, H-6'), 7.24-7.30 (m, 1H, H-5), 7.32-7.34 (m, 1H, H-6),
7.57 (s, 1H, H-4), 8.77 (s, 1H, H-1). 3C NMR (125 MHz, CDCls): & 40.7 (d, Jcr = 1.75 Hz, CH2Ar),
103.5 (C-8), 113.4 (d, Jcr = 21.0 Hz, C-4'), 114.8 (C-6), 115.0 (C-7), 115.9 (C-4), 116.0 (d, Jcr= 21.1
Hz, C-2'), 124.7 (d, Jcr = 2.8 Hz, C-6"), 127.4 (C-8a), 130.0 (d, Jcr = 8.4 Hz, C-5'), 137.9 (C-3), 141.7
(d, Jcr = 7.3 Hz, C-1'), 144.8 (C-1), 162.9 (d, Jcr = 244.5 Hz, C-3"). HRMS (El): m/z [M*] calcd for
C1sH11N2F: 226.0906; found: 226.0907.

6-Bromo-3-(4-methoxybenzyl)pyrrolo[1,2-a]pyrazine (15c). Following the method of preparation
for 15a, a mixture of 14d (0.030 g, 0.13 mmol) and NBS (0.023 g, 0.13 mmol) in dry CH2Cl> (15 mL)
furnished 15c¢ (0.03 g, 76%) as a dark brown oil. Rf 0.31 (hexane/EtOAc, 7:3). IR (film): v 1616, 1508,
1439, 1296, 1248, 1239, 1178, 1032, 927, 820, 778, 745, 709 cm™. *H NMR (500 MHz, CDCls): § 3.79
(s, 3H, CH30), 4.02 (s, 2H, CH2Ar), 6.79 (dd, J = 4.3, 0.5 Hz, 1H, H-8), 6.84 (d, J = 4.3 Hz, 1H, H-7),
6.85-6.89 (m, 2H, H-3'), 7.22-7.25 (m, 2H, H-2'), 7.62 (s, 1H, H-4), 8.69 (s, 1H, H-1). 3C NMR (125
MHz, CDCls): 6 40.4 (CH2Ar), 55.3 (CH30), 96.5 (C-6), 104.3 (C-8), 113.0 (C-4), 114.0 (C-3"), 116.9
(C-7), 128.4 (C-8a), 130.0 (C-2, 131.0 (C-1"), 140.4 (C-3), 144.2 (C-1), 158.3 (C-4"). HRMS (EIl): m/z
[M™] calcd for C15sH13BrN20O: 316.0211; found: 316.0206.

6-Bromo-3-(3-nitrobenzyl)pyrrolo[1,2-a]pyrazine (15d). Following the method of preparation for
15a, a mixture of 14h (0.050 g, 0.20 mmol) and NBS (0.037 mg, 0.20 mmol) in dry CH2Cl, (15 mL)
produced 15d (0.048 g, 73%) as a pale yellow solid. Rf 0.32 (hexane/EtOAc, 7:3); mp 153-155 °C. IR
(film): © 1617, 1515, 1420, 1342, 1304, 1299, 1242, 1195, 1042, 912, 798, 737, 719, 690 cm™. H
NMR (500 MHz, CDCla): 6 4.16 (s, 2H, CH2Ar), 6.85 (d, J = 4.3 Hz, 1H, H-8), 6.90 (d, J = 4.3 Hz,
1H, H-7), 7.50 (t, J = 7.8 Hz, 1H, H-5"), 7.69 (br d, J = 7.8 Hz, 1H, H-6"), 7.78 (s, 1H, H-4), 8.02-8.14
(br d, J = 7.8 Hz, 1H, H-4"), 8.17 (br s, 1H, H-2), 8.70 (s, 1H, H-1). 3C NMR (125 MHz, CDCls): 5
40.7 (CHAr), 97.0 (C-6), 104.9 (C-8), 113.5 (C-4), 117.3 (C-7), 121.7 (C-4"), 123.9 (C-2"), 128.4 (C-
8a), 129.4 (C-5", 135.3 (C-6"), 138.2 (C-3), 141.3 (C-1"), 144.6 (C-1), 148.4 (C-3"). HRMS (EI): m/z
[M™] calcd for C14H10BrNzO2: 330.9956; found: 330.9920.

6,7-Dibromo-3-(4-methoxybenzyl)pyrrolo[1,2-a]pyrazine (16b). Following the method of
preparation for 16a, a mixture of 14d (0.040 g, 0.17 mmol) and NBS (0.060 mg, 0.34 mmol) in dry
CH2Cl> (15 mL) yielded 16b (0.04 g, 61%) as a dark brown solid. Rf 0.61 (hexane/EtOAc, 7:3); mp
115-117 °C. IR (film): v 1608, 1508, 1430, 1316, 1293, 1240, 1177, 1033, 819, 810, 760 cm™. *H
NMR (600 MHz, CDCla3): 8 3.79 (s, 3H, OCHz3), 4.02 (s, 2H, CH2Ar), 6.85 (s, 1H, H-8), 6.87 (brd, J =
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8.7 Hz, 2H, H-3"), 7.22 (d, J = 8.7 Hz, 2H, H-2"), 7.55 (s, 1H, H-4), 8.67 (s, 1H, H-1). *C NMR (150
MHz, CDCls): & 40.4 (CH2Ar), 55.3 (OCHBa), 90.7 (C-7), 96.4 (C-6), 112.9 (C-4), 114.1 (C-3), 118.3
(C-8), 126.2 (C-8a), 130.0 (C-2", 130.6 (C-1", 141.1 (C-3), 143.1 (C-1), 158.4 (C-4"). HRMS (EI): m/z
[M] calcd for C15H12Br2N20: 393.9316; found: 393.9313.

3-Methyl-6-(p-tolyl)pyrrolo[1,2-a]pyrazine (17a). In a threaded ACE glass pressure tube equipped
with a sealed Teflon screw cap and a magnetic stirring bar, a mixture of 14a (0.040 g, 0.30 mmol), 4-
iodotoluene (0.098 g, 0.45 mmol), Pd(PPhs)s4 (0.023 g, 0.02 mmol), and KOAc (0.060 g, 0.61 mmol) in
dry DMAc (2 mL) was heated at 150 °C for 24 h. A 5% aqueous solution of HCI (2 mL) was then
added and stirred for 5 min. The mixture was extracted with EtOAc (30 mL) and washed with water
(20 mL). The organic layer was dried (Na2SOa) and the solvent removed under vacuum. The residue
was purified by column chromatography over silica gel (20 g/g crude, hexane/EtOAc, 1:1) to obtain
17a (0.02 g, 30%) as a dark brown solid. Rf 0.17 (hexane/EtOAc, 7:3); mp 103-105 °C. IR (film): v
1621, 1473, 1448, 1385, 1323, 1241, 1194, 1038, 915, 801, 780, 767, 715 cm™. IH NMR (500 MHz,
CDCls): 6 2.38 (d, J = 1.0 Hz, 3H, CHz3-3), 2.43 (s, 3H, CH3sAr), 6.82 (d, J = 4.2 Hz, 1H, H-8), 6.86 (d,
J=4.2Hz, 1H, H-7), 7.31 (d, J = 8.0 Hz, 2H, H-3"), 7.45 (d, J = 8.0 Hz, 2H, H-2"), 7.90 (s, 1H, H-4),
8.76 (s, 1H, H-1). 3C NMR (125 MHz, CDCls): & 21.1 (CHs-3), 21.3 (CH3Ar), 104.1 (C-8), 111.7 (C-
4), 114.8 (C-7), 127.9 (C-6), 128.0 (C-2", 128.3 (C-8a), 129.1 (C-1"), 129.8 (C-3"), 135.7 (C-3), 137.9
(C-4"), 144.7 (C-1). HRMS (EI): m/z [M*] calcd for C1sH14N2: 222.1157; found: 222.1157.

3-Methyl-6-(3-nitrophenyl)pyrrolo[1,2-a]pyrazine (17b). Following the method of preparation for
17a, a mixture of 14a (0.040 g, 0.30 mmol), 1-iodo-3-nitrobenzene (0.112 g, 0.45 mmol), Pd(PPhz)s
(0.023 g, 0.02 mmol), and KOAc (0.060 g, 0.61 mmol) in dry DMAc (2 mL) provided 17b (0.05 g,
65%) as a pale yellow solid. Rf 0.16 (hexane/EtOAc, 7:3); mp 169-171 °C. IR (film): v 1621, 1542,
1526, 1506, 1343, 1325, 1241, 1197, 919, 797, 736, 728, 685 cm™. 'H NMR (500 MHz, CDCls): § 2.44
(s, 3H, CHs), 6.88 (dd, J = 4.3, 0.7 Hz, 1H, H-8), 6.99 (d, J = 4.3 Hz, 1H, H-7), 7.70 (t, J = 8.0 Hz, 1H,
H-5'), 7.89-7.92 (m, 2H, H-4, H-6"), 8.22 (br d, J = 8.0 Hz, 1H, H-4"), 8.43 (t, J = 2.0 Hz, 1H, H-2),
8.83 (s, 1H, H-1). 3C NMR (125 MHz, CDCls): § 21.2 (CHs), 104.7 (C-8), 111.2 (C-4), 115.9 (C-7),
122.4 (C-4"), 122.5 (C-2"), 124.4 (C-6), 128.7 (C-8a), 130.2 (C-5"), 133.0 (C-1, 133.5 (C-6"), 137.0 (C-
3), 145.1 (C-1), 148.9 (C-3"). HRMS (EI): m/z [M™] calcd for C14H11N30>: 253.0851; found: 253.0849.

3-Methyl-6-phenylpyrrolo[1,2-a]pyrazine (17d). In a threaded ACE glass pressure tube equipped
with a sealed Teflon screw cap and a magnetic stirring bar, a mixture of 15a (0.051 g, 0.24 mmol),
phenylboronic acid (0.044 g, 0.36 mmol), Pd(OAc). (0.002 g, 0.01 mmol), and K>CO3 (0.050 g, 0.36

S17



mmol) in a solution of DMF/EtOH (1:1, 1.0 mL) was heated at 70 °C for 8 h. A solution of brine (20
mL) was added and the mixture extracted with EtOAc (40 mL), the organic layer dried (Na>SOa), and
the solvent removed under vacuum. The residue was purified by column chromatography over silica
gel (20 g/g crude, hexane/EtOAc, 1:1) to furnish 17d (0.021 g, 41%) as a yellow solid. Rf 0.17
(hexane/EtOAC, 7:3); mp 97-99 °C. IR (film): v 1620, 1601, 1441, 1407, 1385, 1323, 1275, 1195, 915,
751, 697 cm™. 'H NMR (500 MHz, CDCls): § 2.42 (s, 3H, CH3), 6.92-6.96 (m, 2H, H-7, H-8), 7.38—
7.45 (m, 2H, H-2"), 7.50-7.60 (m, 3H, H-3', H-4"), 7.92 (s, 1H, H-4), 8.93 (s, 1H, H-1). *C NMR (125
MHz, CDCls): 6 20.7 (CHa), 105.5 (C-8), 112.2 (C-4), 115.7 (C-7), 127.5 (C-6), 127.9 (C-8a), 128.1
(C-2Y, 128.2 (C-4", 129.2 (C-3"), 131.0 (C-1", 135.3 (C-3), 144.0 (C-1). HRMS (EI): m/z [M"] calcd
for C14H12N2: 208.1001; found: 208.1001.

6-(4-Methoxyphenyl)-3-(3-nitrobenzyl)pyrrolo[1,2-a]pyrazine (17f). Following the method of
preparation for 17d, a mixture of 15d (0.050 g, 0.15 mmol), (4-methoxyphenyl)boronic acid (0.035 g,
0.23 mmol), Pd(OAc). (0.0016 g, 0.007 mmol), and K>.COs (0.043 g, 0.31 mmol) produced 17f (0.04 g,
74%) as a dark yellow solid. Rf 0.21 (hexane/EtOAc, 7:3); mp 185-187 °C. IR (film): v 1611, 1520,
1475, 1348, 1242, 1180, 1035, 922, 837, 804, 768, 699 cm™. 'H NMR (500 MHz, CDCls): § 3.89 (s,
3H, CH30), 4.06 (s, 2H, CH2Ar), 6.85-6.89 (m, 2H, H-7, H-8), 7.03-7.07 (m, 2H, H-3"), 7.43-7.49
(m, 3H, H-5', H-2"), 7.65 (br d, J = 7.5 Hz, 1H, H-6'), 7.96 (s, 1H, H-4), 8.07 (br d, J = 7.5 Hz, 1H, H-
4", 8.13 (br s, 1H, H-2'), 8.77 (s, 1H, H-1). 3C NMR (125 MHz, CDCls): & 40.7 (CH.Ar), 55.4
(CH30), 104.7 (C-8), 112.8 (C-4), 114.7 (C-3"), 115.3 (C-7), 121.6 (C-4"), 123.2 (C-1"), 123.7 (C-2"),
127.8 (C-8a), 128.0 (C-6), 129.3 (C-5"), 129.5 (C-2"), 135.2 (C-6"), 137.2 (C-3), 141.7 (C-1"), 145.5 (C-
1), 148.4 (C-3), 159.6 (C-4"). HRMS (El): m/z [M*] calcd for CaHi7N3Os: 359.1270; found:
359.1270.

References

1 N. Menges, O. Sari, Y. Abdullayev, S. S. Erdem and M. Balci, J. Org. Chem., 2013, 78, 5184—
5195.

2 S. Guven, M. S. Ozer, S. Kaya, N. Menges and M. Balci, Org. Lett., 2015, 17, 2660-2663.

3 O. Sari, A. F. Seybek, S. Kaya, N. Menges, S. S. Erdem and M. Balci, Eur. J. Org. Chem., 2019,
5261-5274.

S18



o ©
T N
O
N
N
N -
= N
®

66T'S
¥0C’S

000°0-—

£9b°¢C

mwv.wv

(A4

R
vLT°9
6479
8¢9
/(809
1569
S56°9
6569
€969
SS¢L
9§,
85¢°L
09,
19¢°L
9T,
[4ara
8+5°6
0S5°6

T T T
1.0 0.0

T

T

=966°0

T T T T T
3.5

4.5

T

=000°¢t

T

5.5

T

=0T0°T|

T

=+10°'T

T

=Z10°Tf

T T
8.0

T

T

9.0

—086°0

0.5

2.0 1.5

2.5

3.0

4.0

5.0
f1 (ppm)

6.0
'H NMR (500 MHz, CDCls) of compound 2a.

6.5

7.5 7.0

8.5

9.5

10.0

00°'8€ —

OM.¢n/

SL°9L
00°4L
9TLL

wLL

R I

€0°0TT

98'vCT — —
LTOET N
S6°0€T —

I

PP'6LT

T T T T
110 100

120

T

90
f1 (ppm)

13C NMR (125 MHz, CDCls3) of compound 2a.

170 160 150 140 130

180

S19



€'s

£96°9 q
14679
SL6'9
6469
€5C°L A
68¢°L A
60 LA

0000 ——

EleTaray
86¢°L
ﬂom.mg
C0E°L
90€°Z 4
L0€°L A
80€"/ 4
0TEL 4
PIEL
LTEL A
6TEL
T2E° LA
SCE L~

pims

8C'9
S87°9
6879
w69
L6T°9
86C°9

M =96'0
— m\‘mm”N

T

9ze L
zeeL
segs
£se/ 4
vSEL
§5€°L
95"/
85¢°L
09€°
19¢7
€og°s 4
sebs
ovbL
bbb L 4 LLS°6
svp'/{ 0856
1524 €856
¥Si'L

W‘

—

—60

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

9.0

9.5

f1 (ppm)

!H NMR (500 MHz, CDCls) of compound 2b.

156'8¢ ——

9L~ _ {
ooo.RW
SST'LL _ i
19928 /"
190°98 -
££6'60T ——
bETZTT
L8 HTT\ I
$87'821 -\
€89'82T~
6GE"0ET ~ = = =
20T'T€T
79L°T€T
125641 —

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR (125 MHz, CDCls) of compound 2b.

S20



{3494

80¥'S

(-]

¥8¢°9
88¢'9 WY\Alnnﬂ

+6C°9
€969
0469
—
ozt

7896

=Te

=180 [

M/iw”o

Az6'1

v8LT |

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
(ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
!H NMR (500 MHz, CDCls) of compound 2c.

10.0

S67°1C
058'8€ —
€100 88£°9L
€Dad ooo.RW
€0AD 21T LL
288187
ve1 98
108°60T
TH6'8TT ~
S0LbTT
826'82T ]
LETOET //
$96°0€T &
ses1eT
bzL8eT — :
62€°6LT

T

90
(ppm)

13C NMR (125 MHz, CDCls) of compound 2c.

T

100

170 160 150 140 130 120 110

180

S21



908'c ——

€0b'S ——

¥L5°6
9/5°6

=L0'C

J

88¢'9

€679

>——— =680

082’9
S8¢'9 W« -060 |

9.5 9.0 8.5 8.0 7.5 70 65 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

H NMR (500 MHz, CDCls) of compound 2d.

T68°60T ~

€L0°6€ ——

¥ST’SS ——

VL9~ _

000°ZL
YSTLL
STC18
05098

@

nmw.m:
8PT'PIT V\

c6'vel —
80F°0€T
SEO'TET V
S9C°EET ——

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR (125 MHz, CDCls) of compound 2d.

S22



Yor'S

000°0- ——

656 —-

00°0T ——

Hfo.ﬁ

=560 [

90T

=/6'0

95 90 85 80 75 70 65 60 55 (5.0) 45 40 35 30 25 20 15 10 05 0.0
ppm

10.0

H NMR (500 MHz, CDCls) of compound 2e.

508'8€
88/°9/
000°2L
aeL
0T8'v8 ~ —
08898 ——
90T —
[2RZ4"
vze'8et / _
£bb 6T % _
b6E0ET — =
T0T'I€T
80€°Z€T -
88/'SET \
866°6/T ——
692 16T —

190 180 170 160 150 140 130 120 110 (100 ) 90 80 70 60 50 40 30 20 10
ppm

200

13C NMR (125 MHz, CDCls) of compound 2e.

523



¥65°C —

0000 —-

oot

/8601

/o0C

1.0 0.5 0.0

1.5

4.5 4.0 3.5 3.0 2.5 2.0

5.0
(ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

'H NMR (500 MHz, CDCls) of compound 2f.

6'vCT
m.omﬁy
8T ~_
P'0ET

:mﬁw h

6'TE€T
9°9¢€T \

L9,
0LL
€L

8'8€ ——

01T ——

9'6LT —

190 180 170 160 150 140 130 120 110 (100) 90 80 70 60 50 40 30 20 10
ppm

200

13C NMR (125 MHz, CDCls) of compound 2f.

S24



08L'€
€8L°€

000°0- ——

PIv's

08¢'9
9879

B

296°
596'9

0469~
£46'9 =

0€0°Z =
Sv0°L
JA WA

S6T°L
11T,
LecL
ove'L
LYE'L

€L5°6~
.56

=IT'¢

=£60

60
=61
01
R50T
60

—16°0

2.5 2.0 1.5 1.0 0.5 0.0

3.0

3.5

50 45 4.0
f1 (ppm)

5.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

10.0

'H NMR (500 MHz, CDCls) of compound 2g.

T/8°8€

961°S8§ ——

E.E
ooo.kw
SsTLL
£8b'78
606'58 "

£96'60T — -
SETSTT L

T6S°9TT ~—

€£0°€CT
JAZA Al V\

oveber

BEEBIT— ———
0se'0eT

P8Y 6LT ——

SET'6ST ——

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR (125 MHz, CDCls3) of compound 2g.

S25



9Sp'G ——

656
$65°6
965°6

61€9
Tee9
vze9
£2€°9

6ceoN

€9
€€°9

566

866'9
€007
9002

83\\
osz e/
9052/
0ELL—

TLT°8
€L1'8
9.1'8
8/1°8
0818
881'8
0618
618
S61°8
SLT'8

orra\_

87’8

\eor
=50'T
AT

m\moﬁ

=0T
5860

95 90 85 8.0 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 00
f1 (ppm)

10.0

'H NMR (500 MHz, CDClIs) of compound 2h.

SbL9L
000°4L
YSTLL

>-=

¢LEOTT ——

CEP'ECT
0S6°€CT k
€90°67T -~ T
9921 ——
T6€°6CT — —
PP 0ET /S

€6V°LET
069°6LT —— u

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR (125 MHz, CDCls) of compound 2h.

S26



6bb’'S

000°0- —-—

65'6

786’6

JUL

2860

6°0
M\\mmo.ﬁ
m\oo.ﬁ

+¥6'0

9.5 9.0 8.5 8.0 7.5 70 65 6.0 5.5 50 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
(ppm)

10.0

'H NMR (600 MHz, CDCIs) of compound 2i.

SSL'8€ ——

8829/

000°2L
11T°LL .
£81'8 >

06T°0TT —

SeeeT
TL6'VCT %
90621
90b'6¢CT

o:\omﬂ\
2E0'TET \

8CE9ET
€5C°LET

€65'6LT ——

b00"€ET N - ~

0EE'T6T —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

200

13C NMR (150 MHz, CDCls) of compound 2i.

S27



8Tb's ——

000°0- —+

Vs

6/5'6
085'6

v.\

60
2001
00T

#m.o
6'0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 (5.0 ) 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm

10.0

'H NMR (500 MHz, CDCls) of compound 2j.

€60°0TT
£S6°STT
SCT'9TT

89v°811
0S9'8T1T
§88°€CT
656'€CT /

vL8'vTT
619°/T1T N
by9'LTT
T¥8'6CT
606'6CT
TEE'0ET
L90°TET

STS'64T ——

oo

¢SL'8€ ——

oi.ﬁ

ooo.R Wm

vSTLL
[9L°€8~
16548
L1978

I

9CTTIT ~—
061T°€9T — —

N

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
(ppm)

180

13C NMR (125 MHz, CDCls3) of compound 2j.

S28



PES'C
8€S°C
[42°K4

S08't

000°0- ——

=

018t

2k

90€'9
80€"9
T1€9
cre9
€1€°9
P1€9
81E€'9 77—

0TT'Z 6T€9

EIT°L

STT°L

LITL

6Lv°L -
T0S'L =

£50'8~, —
590’8~

=916°0

=Z81°7|

=T10°T|

|
~900'T

€701

=000'T

T T

0.5

T

0.0

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
!H NMR (600 MHz, CDCls) of compound 2k.

10.0

09T°LE

mmm.mm/
wmm.wm/

L8592\
6829/
000°£L
T1T°LL

SLETTT
€59°9TT —
Z8T°HTT ~ ]
648921 —
L02°62T
SOb'ZET — E—

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)
13C NMR (150 MHz, CDCls) of compound 2K.

180

S29



0000 —~

T¢S°¢

—000°€

~€00°'T[

10T

=000'T

=800°Tr

=+S8°0

T T T T T T T T T T T T T T T T
6.5 5.5 4.5 1.0 0.0

7.5

T

T

0.5

3.5 3.0 2.5 2.0 1.5

4.0

5.0
f1 (ppm)

'H NMR (500 MHz, CDCls) of compound 4a.

7.0 6.0

9.5 9.0 8.5 8.0

10.0

vT'8T
YL 9L
00
sei’
75°L0T
LTHTIT |
86°'STT ~
88°9TT
88 o:\
GL8TT \
86'€ct i
Y2621
6v"6ET —

T T T T T T T T
150 100

160

T

130 120 110 90
f1 (ppm)
13C NMR (125 MHz, CDCls) of compound 4a.

140

170

180

S30



000°0-

L6C'Y

6891
S26'9
0€6'9 |
€€6'9
Z61°L
b6T"LA
S6T°L7
L6121
L6T°LA
807'L

—

01T,
[ATaVA
6€2L ]
vszs ]
652°L
967°L ]
667°L ]
60€°2
1€,
0Tv'L
2T,
bIbL
STHL
LTV
995°2

e

90b'g ——

-650°¢

00'T
%oo.ﬁ
60°C
560
2160
266'0
290'T

=8¢8'0

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
H NMR (500 MHz, CDCls) of compound 4b.

10.0

9v/L'9L
000°4L
veTLL

N\

8¢8'9€ —

L

/

mmm.w:
an.mHH /r
STOLTT ~N
09€6TT —
LLT'STT N
€69°9¢T ~

S8/°/0T

N

CEY'BCT
¢S6°8¢T \

coceet

£G5°8ET ~\
89¢°65T

I————

10

20

40

50

T T
90 80 70
f1 (ppm)

T
100

110

3) of compound 4b.

CDCI

13C NMR (125 MHz

S31



SEEC

(4T 4

M

£98'9 1
T48°91
926'9
626'9 1
$€6°9
Nwo.h)
660°Z
€0T°Z
STT°ZA
021", 7
TETL /
otv's 7 _
295,

T
1

=
|
I

88EB T

T

T

1.0

T

T

~000°€|

T

2.5

T

3.0

T

T

=6.0°Cf

T

4.5

T

T

T

6.0

=556°0|

J@mm.o

H/vvo.v,

=71€6'0

“$96°0

=780

T T T T
8.0 6.5

T

T

0.0

0.5

1.5

2.0

3.5

4.0

5.0
f1 (ppm)

H NMR (500 MHz, CDCls) of compound 4c.

5.5

7.0

7.5

9.5 9.0 8.5

10.0

T10° T —

€9€°9¢ ——

9vL'9L \

000°2L
vSeLL /

§99°/0T —

184911
780°/1T V
TL8°LTT 7 -
zsze11”
#80°52T —
£58'82T ~

mm:.mmi
bIE 62T
b6E'SET %
18T'9ET I/
1Eb'65T

T

T

100

90
f1 (ppm)

170 160 150 140 130 120 110

180

, CDCl3) of compound 4c.

13C NMR (125 MHz

S32



000°0- —

¥6L'€E

N0
N\_N__~

4d

rad4

A

bb8'9
9589 |
098°9 |
5989
1269
1T
€212
65772 Y
SOb°L
S0b°L
90b"£ -
Lovs >

1e5°27

T

wWEG

T T T T T T T T
8.0 6.5 5.5 4.5

9.0

0.0

0.5

2.0 1.5 1.0

2.5

3.0

3.5

5.0
f1 (ppm)

!H NMR (750 MHz, CDCls) of compound 4d.

6.0

7.0

8.5 7.5

9.5

10.0

T€8°9L
000°4L
69T1°LL

)

Il

0v6°'S€ —

PETSS —

9¢S'9TT
00T°ZTT

80£°£0T
EEOPTT ”

obTTT
016117
6664CT —
SHT'62T =
mNo.om@m
L0t 0ET

68E6ET — 7

90€'8ST ——

2‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 110 1‘00 9‘0 éO 70 E;O 50 40 30 20 10
f1 (ppm)
13C NMR (187.5 MHz, CDCls) of compound 4d.

210

S33



9/8°C

Feee

ez

“€0'T

=/0'T |

¥SC'C

0.0

0.5

1.0

1.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
(ppm)
'H NMR (600 MHz, CDCls) of compound 4f.

10.0

¥SS°9C — w
€90 LE ——3
2
€12aD 88£°9L
€12ad 000°4Z ~
€10ad ¢1CLL
80+'9TT <9T'80T ——
¢9/'9T1 /
09%'LTT —= ——
0€L'6TT B
60€'SCT ~ E—
899'8¢T —
£98°8¢1 \
rT6CT \
—

878'8ET
9EP PP T

TS8'0€T
T¥9'SET \

STLL6T ——

T T T T T T
130 120 110 100 90 80 70 60 50
(ppm)

T
140

T
200

210

3) of compound 4f.

CDCI

13C NMR (150 MHz

S34



18L°€

000°0- ——

/97'b |u

L8279
182791
88/°9 1
6£8'91
926'9
0£6'9
0T,

6572t =
STH Lt
9T, é
8TH LA ==
m:\nw
ozy L
6952 J

60t'8 ——

—090°€¢|

=000°¢|

P00°T

lirard|

Roco't

<0T'T

28660

u/oﬁo.ﬂ,

—€18°0

$0°T|

T

T

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)
'H NMR (600 MHz, CDCls) of compound 4g.

10.0

+8'9€ —
LTSS ——
0020
1TLL
¢8°/0T

YLTTT /
S8PTT /
LS9TT /
8T/TT /
LELTT
8E611T
pETTT
(rser’
816217 ~
09°621 7

/

<

T
90
f1 (ppm)

1250 1;0 ILIO 1;0 1;0 1;.0 IL)O
13C NMR (150 MHz, CDCl3) of compound 4g.

T
170

T
180

S35



000°0 ——

156°9

6569
8669
€00°Z
9002
1102

1922~ _
TR -
v L F ==

06t°L
LTS,
995,
1852
097,
9€0°8
180°8
T0T°8

96EY ———

=000'¢

9E0°'T
“ov0o'T

J0S0°'T
“M80'T

MeoT|

=790°T

s60°1|

=€00°T

0.0

T

1.0 0.5

T

1.5

T

T T T
2.5 2.0

3.0

T T T
4.0 3.5

4.5

50
f1 (ppm)
H NMR (500 MHz, CDCls) of compound 4h.

T
5.5

T

6.5 6.0

T

T T
7.0

7.5

8.0

T T
8.5

T
9.0

9.5

T
10.0

o9vL'9L /

686°9€ ——

000°ZZ
vSTLL

TSL'80T —
9¢0°LTT
SSL7LTT /
P61 0CT ~\
818'T¢T —

. /
69C°€CT
99+°S¢CT /

POT'SPT — —

T
80

90
f1 (ppm)

1:30
13C NMR (125 MHz, CDCls) of compound 4h.

110

T
120

T T T
170 160 150

T
180

S36



9LTY

0000 —

91¥'8

.

e
1S'T
T

/TT
MrT
MIT

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

6.5 6.0 5.5 5.0 4.5
f1 (ppm)

7.0

9.5 9.0 8.5 8.0 7.5

10.0

'H NMR (500 MHz, CDCls) of compound 4;j.

€PPP3 S¥L°9L

hadol

I

S£9'9¢
689'9¢ E

€°P3 000°2L 7
€PP2 $STLL

€CT'80T
PP ETT
809°€TT
9¢S'STT
L69°'STT
999'9T1
CIL9TT

€9€°LTT
609°6TT /
L0b'bCT
0EP'PCT \
cesa
0T 6¢CT

1S6°6CT
LT0°0ET

106867 __
[4: 740 4 SN
scc o1

646'T9T ~ ——
9€6°€9T —

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100 90
f1 (ppm)

180

13C NMR (125 MHz, CDCls3) of compound 4;.

S37



000°0 —~

€09'¢

J

¥8°€

~ \NOz

\N/

7a

MEOQC

T

0.0

T

T

T

=0SC’e

=000°€|

€680

=6/8'0

=€/8'0

»500°T|

8.0'T

=9¢/L’0

T T T T T T T T
4.0 2.5

5.5

T

T T T

8.5

T

0.5

1.5 1.0

2.0

3.0

3.5

4.5

6.0 5.0
f1 (ppm)
'H NMR (300 MHz, CDCls) of compound 7a.

6.5

7.0

7.5

8.0

9.0

9.5

10.0

€49°81

19815

S4S°9L \

000°4Z
€ LL s

6¢S°60T

8¢CC’'STT
STt
YIS 91T —

8€6°LTT \
6ep81T 7
850'2ZT
€e€pTT
o/T 62T w
0LL°TET

N

688°0pT ——

609°£9T —

-

T T T T T T T T
120 110

160

T

170

90
f1 (ppm)

13C NMR (75.4 MHz, CDCls) of compound 7a.

100

140 130

150

180

S38



6vp'C
1Sb'C

0000 —

898°€
)
=
N
S o
~© o
o/ N\ 0£9'9
8€9'9
&\ Z~ 02.@/
NP $08'9
£089
N (443
oTEL A _
989'/
8892 \_

8/1'8 ———

=+80

=580 [

=80 [

=£6'0|

—£10]

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 (5.0 ) 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm

10.0

'H NMR (500 MHz, CDCls) of compound 8a.

€8'81

29'1S —

SL9L
00°2L A

S¢LL /

L E0T

ETPIT
S8'PIT V -
90611
8T6TT V
WECT —

Jt_

ST'vCT 7

S9°0€T

€0°/9T —

I I

170 160 150 140 130 120 110 100 (90) 80 70 60 50 40 30 20 10
ppm

180

13C NMR (125 MHz, CDCls3) of compound 8a.

S39



000°0- —
—_
vLLE <
STy —
£59'9
659'9
918’9
028'9| _
£28'9
g1 /89
95T L\ ——
98T L
oog'z4,
ssc/
€818 — ————

98°C 1

=00C 1

=080

=780 |

=y |

AzsT
=98'0

=120 |

0.0

0.5

95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 2.0 1.5 1.0
f1 (ppm)

10.0

H NMR (600 MHz, CDClIs) of compound 8b.

8879/
000°£L
11¢LL

W\

1
162°£6 — ——
107§ ———
$06'€0T —— ———
9/9'bT1
EE:V ]
OV6'8TT
SbTTTIA —
6521~ i
SSL LT e
2L0'921 /F= —
09€°82T
006821
R ) Q—
8/8'997 ———

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR (150 MHz, CDCls) of compound 8b.

5S40



8¢ —

0cee

000°0-—-

I

fXa44 1\L

€99
6¥9'9
£08°9
189
189

8189
9907
0802
680~
€0T°L
pySTL
S6¢°L
WS,

e

[7A%"] -

=/0'¢

80
60
=68'C
60

=180

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

10.0

H NMR (600 MHz, CDCls) of compound 8c.

€120 884'9L
€12aD 000°2L
€10ad 11¢°LL

610°TC —

CERIE —

20L'1S —

€18°€0T —

PEI'PTT
G80°'STT V ——

686'8TT
bPSTZI N
SLbbTT —
S59'bTT
218'821 7
690°62T 7
7TS0€T 1
mmm.mﬁ* E—
11T LET

L16'99T —

10

20

50

T T T T T T T T T
160 150 140 130 120 110 100 90 80 70
f1 (ppm)

T
170

T
180

13C NMR (150 MHz, CDCl3) of compound 8c.

S41



0000 ——

T6L'€

~ AN COzMe

N\_N__~
8d

Ll

L0y ——

0599
T18°9
G189
£T8°9
0£8°9 1
T¥8°9
ﬁoﬁ.m)
2ITLA
LST LA
L6T°LA
9¢S’L
8¢S°L
6¢S°L

[}

=

|

6918 ——

—000'9

—€ET'C

~100°T
wﬂvmo.ﬁ

[Ac) x4
50T
00T

—4.L8°0

T T T T T T T T T T T T T T T T T
8.0 6.5 5.5 4.5 3.5 2.0 1.0 0.0

9.0

0.5

1.5

2.5

3.0

4.0

5.0
f1 (ppm)

H NMR (750 MHz, CDCls) of compound 8d.

6.0

7.0

8.5 7.5

9.5

10.0

T€8°9L
000°£L
69T1°LL

06£°9€ ——

0CL' 18—~
8TC'SS —

7

€¢8°€0T

€LLETT
LS9PTT

(80°sTT 7
Lb6'8TT
6827721 — —

€LbbTT \

S9S°vCT —
9¢6°6CT N R

L8TCET

€¢6°LST —

¢C6'99T —

160 1‘50 1‘40 1‘30 1‘20 110 1‘00 o é)%m)
13C NMR (187.5 MHz, CDCls) of compound 8d.

T
170

T
180

S42



¢S —

0000 —

L

6vLC

W

17434
J

989'9
2699
758'97

9L

RNNW -

opesd

0£9'2 /"
198°L T~

088'2

81’8 — ~

H6C

=780 |

=80

66T [

=060

LT[

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

10.0

H NMR (600 MHz, CDCls) of compound 8e.

882'9L
000°2Z
acLL

9€5°97 ——
8TH'LE —
11215 —
N\
66240T —
SESHTT
TT¥'STT ~
POP'8TT ~
$80°TZT ~_ Z
1/8'vTT B
L16'b2T
65b'82T /[
818'8¢1 \
Sm.omﬁ\
181'SET
S8b°9bT
Sb§'99T —— ——
bb8'L6T

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

13C NMR (150 MHz, CDCl3) of compound 8e.

543



000°0- ——— r

9T LE

8G/°1S

9SL’€E

€1PP2 9%L°9L
€1°P2 000°£L 7
€PP2 ¥ST'LL

€Y ——— =00'C

4.5

5.0
f1 (ppm)

T
5.5

£0L'9
6049
T1L9
STL9
LIL9 r
6149
1489
94879 -—  =€0T |
6489 ~oeed =£0'T

¥88'9

s
)
L e
4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

T99°%0T

€50°STT
6€9°STT V
PI6°LTT ~C

8€5°02T ~
0€T' 12T 7

ISR xas
1527 bb0'STT \
ogh LN — | 0zz'set
mﬁ.n/ - 0’1 §50°62T
EEW = M/ooq r~ T19°0€T
[-] VAV W 0°1 £06'bET

6.0

6.5

T
7.0

'H NMR (500 MHz, CDCls) of compound 8f.

7.5

=S

“NeoT |
620°8 L
g f T 10T

€£0°'8 —€0°T |
+€0'8
9£0'8
L£0'8 I
6£0'8
250'8 o
£50°8 1
$50'8
§50°8 L
mmoi
650'8 F
ﬁVN.w;

8.0

9.0 8.5

9.5

160 150 140 130 120 110 100 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR (125 MHz, CDCls3) of compound 8f.
s44

170

180



89/°¢ —

000°0-—

.

T 4

mnm.og

LE8'9+

N

=£6C

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

7.0

7.5

8.0

8.5

'H NMR (500 MHz, CDCls) of compound 8g.

9vL'9L
00022
ySTLL

669°TS ——

[p0°LE
190°L€E

W‘u

81401

£28°T1T
b66°21T
88L'HTT
0E€'STT
S/P'STT
Sb9'STT 4
2658114
s8e'TeT 4
£9€"beT
06€"t2T
S9.'beT
0zg'beT |
619°621 -

@

B B B B e ]

§89°62T A
16S°0€T

LTTEVT
PLTEVT

0S6°T9T ~
T06°€9T —
0¥9°99T

V\

60 50 40 30 20 10

70

170 160 150 140 130 120 110 100 90 80
f1 (ppm)

180

13C NMR (125 MHz, CDCls3) of compound 8g.

545



00°0-—-

STT

oN.ﬂv

821 @
8T'p
0Ty |
1Tk )
a2
om.v\

=0e

=IT'¢
=ST'¢C

=€6°0
=+6'0

ﬁm.o
H/wo.ﬁ
6'0
0T
=G/'T
=98'0

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
(ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
H NMR (500 MHz, CDCls) of compound 8h.

10.0

8T'HT

¥0°LE

€9°09

€PP2 52792
€1°P2 00°£L
EPP2 SC°LL

/

LY'P0T

€6'b1T
¥S'STT V

€E'8TT ~L
SH'0CT ~

“’WWWWWWMWWWWWW

vT'ICT

ceeet
96'vCT

00°scT \
00'6CT

T9°0€T \
88'VET

80°EvT —

8T'8YT —

96°S9T —

170 160 150 140 130 120 110 100 ( 90 ) 80 70 60 50 40 30 20 10
ppm
13C NMR (125 MHz, CDCls) of compound 8h.

180

546



547

T
100 90
f1 (ppm)

110

120

o
0000 — Fa 4
wn
Fo
o
[ —
in
M~
o
b [ 660°LE
wn
F
o @
I -
c
S
n o
e o
e 8
€€0p =007 [ ¥ — €1PPd Sp£°9/
[=) €PP2 000'2L
in — £1PP2 $ST'LL
M« =
z O
lo§ O
SMH.\ C
mmw
wn
° S 164101 — ——
T por ——————— %
° o
re w 2€8'STT
~ 680°9TT /
0 I 8vZ'8TT A\
Fo S T50°2eT \ —
=201 | £66'€TT \- .
. =0T | o Z b/8'97T \- —
psz L : N T 0£0°£ZT
picl | — T62'82T i
b8T L —_= 4583 w6zt
XXNWA oc LN /9°621
Ve s =007 | © £c8'6e 256'LET —
29E°L =00'T [
owm.m\ L2
o]
€082
wmn
F o
o
o
wn
F o
o
Fe

13C NMR (125 MHz, CDCls) of compound 8i.

160 150 140 130

170

180



0000 —

il

n

808°€E
€L6°€ —

OMe

=1 |

E10'¢C

660 |

0'T
6'T

2G6'T |

660
=96'0

<00°T r

T
5.0
f1 (ppm)

T T T T T T
8.0 7.5 5.5

T

T

6.0

6.5

7.0

9.5 9.0 8.5

10.0

592'9¢ —
3
& ]
= 152'55 —
c
S
o
m.
o)
;nl.,. €PPY 9pL'0L
5 €PP2 000°2L
— €PP2 ST 2L m
=
(@)
(@)
(@]
0
W THTOT— ——
bSEHOT —
o
= 90T'$TT \
L TLLSTIA - 4
o 890°9TT — —
= 80€'8TT —
T6b°22T ~ —
P segcer
T 1€0°221 7 B M
= sv8°621 E
8T°0€T
H
!
LSb'8ST —

T

T

100

170 160 150 140 130 120 110 90
f1 (ppm)

180

13C NMR (125 MHz, CDCls3) of compound 8;.

548



€6S°C

000°0- —

COCH;

Mo

8,0y ———————————

=00°€

F0'¢

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

!H NMR (500 MHz, CDCls) of compound 8Kk.

6£5'9¢
€20°L€
€1PP2 9b£°9L
€P2 000°2L
€PP2 SSTLL
TH0'T0T —
€€L'50T
950'9TT
€52°9TT
260°8TT —~
£28'02T —
80'bTT —
9Tz’ /21 —
Tos821
€17'62T _
1107621 \
[8L°SET
bSSTERT —

€99°/6T —

20

50

T T T T
120 110 100 90
f1 (ppm)

T
130

T
140

T
190

T
200

CDCIs) of compound 8k.

13C NMR (125 MHz,

549



EET'Y

000°0- —

92497
YEL'9
£16'9 1
67691
726'91
L7691
092°Z 7
9Ty L 7
LT LA
IR
0£b°L
TEP'LA
805'Z
$257LA
0v5" 2~

T

T

6592 T
vBN%
Lyl L
8vL L)
Se8L

860'8
zo1'8
so1°8 ]
6118
0Z1'8
SET'8
LET°81
ov1'g”

[
——

=<T'C

=+0'T
=650°'T

60T
IPTT
TTT
2601
960

01

0T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

f1 (ppm)

'H NMR (500 MHz, CDCls) of compound 8l.

€PPP2 9%/L*9L
€PP> 000°£L
€PP2 $STLL

908’9 ——

/

S6/°00T — I
8TT'S0T —

CTe9TT
¥0S'9TT

£L00°8TT — D

$T2°02T
901221
859°€CT

By
&
}

0/9'6CT
§88°6¢T
S6C°SET
89¢°0pT

[

6bS '8P T ———

10

20

50

T
90 80 70
f1 (ppm)

T
100

110

T
130

T
140

13C NMR (125 MHz, CDCls) of compound 8l.

S50



0000 —

PE]'E
L06°€
LE0°S
o
[0]
= pd
N
O
O
O
N\
? VA
== [e))
Z
=

~000°€
nero0e

—000'¢

=800°'T
=646'0
—600'T
=1S0'T
=+66'0
~200'T

JOv6'0

=068'0

0.0

0.5

1.0

1.5

2.5 2.0

3.0

3.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
H NMR (750 MHz, CDClI3) of compound 9.

10.0

68v°LE

T8v°CS

LTL'es

ﬂmw.wh/

ooo.R\

69T°LL
$88€8~\ _
166’48 7

656°0TT

809°¢CT

www.m:/
€56°8TT
mmm.MNﬁ/

¢00'9¢T /
899°'9¢T W

898°9¢T

920°6CT &

€EP'6CT

CIS7LET

TT08YT ——3

S€0°S9T ——
8¢S /9T— —— 3

30

T
80

1 (pp)
13C NMR (187.5 MHz, CDCls) of compound 9.

T
100

110

T
170

T
180

S51



68/°€

T10°S

il

—800°¢

—000'¢

26'0
00'T

=G§10°T
=T100°T
=80T
*€£50°¢

=T00'T
6760

0.0

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)

5.5
'H NMR (500 MHz, CDCls) of compound 10.

6.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

SvL 9L

0Eb’LE

¥8S5°1S

000°2£
bz LL

b8b'E8
687587

LETOTT

659°CTT ~
goceTT

§S¢sect
P0L7€TT

8TL'SCT

9€9°9¢T

Bm.mﬁ\
motmﬁ\
wa.HmH\
p6b LET

S96°LPT ——

50 40 30 20 10

60

170 160 150 140 130 120 110 100 90 80 70
f1 (ppm)
13C NMR (125 MHz, CDCls) of compound 10.

180

S52



6¢8°€

LE9°S

S9N
£0S°9 1
SC/L9
¥€L'9

94679
869
092/
TS LA
L9 LA

€8b°L
Nom.mg
vmw.hg
wmﬂ.wg
6€1°8
TH1°8
EPT1°8
€5T1°8
GST'81
8ST'8

—

S

091°8
Y18
81¢'8
e

e

979'6 ——

—€ST°E

—000'¢

Aze0'T
~120°'T
/S00°T

=180°T
=6¢0'T
=990°'T
M\nom.o
=+06°0

=596°0

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
'H NMR (500 MHz, CDClIs) of compound 11.

10.0

0T'sE—
00'zS
ssos
0022
SC/LL
ow.Nww
98's8
08'TTT
96°021
et M
£8'c21 77
6'b2T Vs _
£//921
0£'62T
£E°0€T
16°2€T
o LET o
€57 /€T 66°LbT
99'99T —-
£0°08T —

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
13C NMR (125 MHz, CDCls3) of compound 11.

200

S53



8€8°€E

000°0 ——

Wy

VNO.N“
mmo.hg
29T L
£8E°L
L6€°L
S9b°L
08"/
A |
9857,

YN

6EV°9~ _
0y9

14574\

¥68°L
SC6'L
0T0°8
£L0°8~C

—

UY' 8

=898'C

=000°¢

=CL6°0

=156°0

Lb6°0
*£60'T
“000'T
J9b0'T
28680

4960
2980

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
!H NMR (500 MHz, CDCls) of compound 7b.

10.0

S/'9L
00°2L
STLL

SCLE ———

LT R—

/

8%°0TT
¢S9TT
JA ANt
£9°8T1
18611
96'TCT
90°€CT %

rETT

€SI~
£6'8CT ~\_
05621 7
LLTET
goper /-
£9°6ET —~
L0 /

8t '8V T ~——
61°0ST — 3

s

9€'/9T — =3

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100

180

f1 (ppm)

13C NMR (125 MHz, CDCl3) of compound 7b.

S54



000°0- —
6LLEN 3
zT8E— —
v88°€ 3
[0]
=
N
O
C3
3 18b°S
Nz b6v'S
Y S87°9
y 2 L4 LT1€°9
z— 2 2599
Pl I//. & 1999 — |
- \s )
co ST I3 VA) _
g e
(@)
2 Q° omm.o\
=) 208'9
Q —
=
— T€9L~. -
(4L A —
zore”

886°7|

3000°¢

u/moo.mx

=G80'¢r

~€80°T
00' T}
48L0°T|

=480T

=5E0'T

~EL6°0]

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0
f1 (ppm)
H NMR (500 MHz, CDCls) of compound 6b.

10.0

98bv°1S \

+0€CS
¢15°¢s

YL 9L~

000°2L \

9s¢T /L

TSS'+8

[4 439

8/0°€TT

PPS'STT ~

sesot1”
19570217

PSE6CT

¢L86CT
LEV'TET *

¢6SEET

025'$9T
926'991
gs0'291 7

6€0°80¢C

30

50

T
90

100
f1 (ppm)
13C NMR (125 MHz, CDCls) of compound 6b.

110

T
120

210

S55



000°0- —-
825°C B
0€S°C
618°€ —
v68°€ —
=
[8T9~ _
81€9 "
S0L'9~ _
YIL'9 >
20T°L

1L —
cor/

806°L ]
mmm.mW =
656°L e

SST°8

=0€0°¢

+6£8'C
~ooo'e

*800°T

=Z/00'T

=¢00°'T
€0°'T

001
zoo't

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.5

5.0
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
H NMR (500 MHz, CDCls) of compound 7c.

9.5

10.0

8¢T'61
6ET'6T v.
18S°1S
¢09'1S
088°'T1S
006°TS
9vL'9L
ooo.mhv
vSsecLL
£85°90T
1SPbCI1T
6G8°9TT /
0SS'T¢CT /
89S°TCT
Y9, 1CT
bbL7TCT ~ \
£89°€CT
9¢6°6¢CT
CSEPET —
THP 99T ~-
S€0'89T 7~

80 70 60 50 40 30 20 10

90
f1 (ppm)

170 160 150 140 130 120 110 100
13C NMR (125 MHz, CDCls) of compound 7c.

180

S56



0000 ——

¥95°¢

SLLE

JA4 24

SS9,
v92'9
6£T°L
SSTLA
08b'L~\

£58°L~ __
08,

SGC'8 ——

856 — -
€646 —

/0’1

=0C

=10'T

F=0'¢

=0T

=0'T
=00'T

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

10.0

H NMR (600 MHz, CDClIs) of compound 12a.

€PP2 9L*9L \

SO =%

96C°¢S ——

8G€°LE —

€PP3 000°£L
€PP2 §ST°LL

€88'¢CT
0T6'vCT /
600°SCT /

8YT'9CT ~~

9€€°90T —

L

98£°921
96€£'82T
/8b'8TT
£99'82T \
€67'SET

6LT°LET

£89'G9T —

6SE'8LT —

9¢L'L6T —

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
13C NMR (150 MHz,CDCls) of compound 12a.

200

S57



000°0 ——

008°€

~ AN COZMe
N\_N__~

OHC

NO,

12b

(YA 4

S84°9
.ﬁmh.mv.
99¢'L

ShbL I
905°Z W“
(4394

£00'8

mmo.w/ -

ss0'g _

$90°'8

9908

86¢'8

0096 — -
608°6

il

10.0

T T T T T T
2.5 0.5 0.0

3.0

=S6'¢

=000°¢}-

T
5.0
f1 (ppm)

T
5.5

—€¢6'0

20T
/ 660
00°'T

7.5

8.0

L0b6'0
960

6560

~0s6'0|
-926'0

1.5 1.0

2.0

4.0 3.5

4.5

6.0

6.5

7.0

8.5

9.0

9.5

0St°121
9sTETT /

[sa)
o
5}
<+
N
—
™
|

<
o
<
I
N
—

|

15026 —
o
S
04825 —
o
c
=
o
o
e
(@]
.m 1€8'9L
000°L
© 0LT L /
—
=
O
(@)
O
N
I
= £85°90T —
o
Lo
N~
N
o
=
=z
I
—

|

O o~
—— n M
0 — =T
T O
™M NN
ans
e
|
‘ l

881°S9T —

CES'8LT —

100

170 160 150 140 130 120 110 . (ggm) 80
13C NMR (187.5 MHz, CDClI3) of compound 12b.

180

S58



0000 —~

€8/L°€

X344

NO,

=9¢0'€

=000'¢

=T1€0°T

/080'T
2120'T
ATO'T
b00'T
2060'T
Mot

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
H NMR (500 MHz, CDClIs) of compound 13a.

10.0

——
vOT'LE
650°2S
ovL'9L
ooo.Rv
SSTLL
108'16 —
b6L'566 — ——
beT'61T
LTT6TT
1OV 12T ~ _
beszer ;
8ET €71
652°€ZT —
9€T 621
989°67T \
€9/°bET
98" ZHT —
SeespT— -
00£°59T —

T
80 70

T
90
f1 (ppm)

13C NMR (125 MHz, CDCls) of compound 13a.

T
100

110

T T T
160 150 140

T
170

T
180

S59



P9
159°¢C

. CO:Me
N\_N__—

. -COMe

N\_N__

Br

VLLEN

008°¢

NO,

13c

13b

LLEY

990°Z 7
€97°£
9Tt/
0Et"£ 1
SHbL
66t"L
00S°Z 7
TIS'Z
€151
819°£ 1
7€9°LA
5862
886°Z
266°L

T

—

—

908
(+0°8
050'8
€50'8
9508
790°8
£90°8
890°8
0208
+20'8 1
coz'g”

—

Sty
bT'T

/550
\z09°€

=96¥°¢

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5

5.0
f1 (ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
'H NMR (600 MHz, CDClIs) of compounds 13b/13c.

10.0

6849/ \

#09°9¢

6£9°9¢ —

9T LE
T4 VA v. ]

898'TS
9%0'¢S

S

000°4£
MHN.NN\

6SE'8TT
0CL°6TT 1
T8E'TCT |
TSP'CCT
09t°¢eT
00C°€CT §
0/£87€CT
9S/°9¢T
PIP LT
6+9°LCT
086°8¢T

L0€°€6 —

THPT°90T —

T61°62T ~+
28621
Z50°0€T

oow.vmﬁ\
Sm.mmﬁ\

ovb et \
£CE8YT

889°G9T ~——;
8CL /9T

TSO'Z6T~ ___§
£55°26T7

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR (150 MHz, CDCls) of compounds 13b/13c.

200

S60



0000 ——

06€£°C

6L ————

=v0'T |

£0°1

T T T T T T T T T
2.5 1.5 0.5

T

T

?;.O ‘ 7‘.0 ‘ E:.O ‘ 5.0
(ppm)
H NMR (500 MHz, CDClIs) of compound 14a.

T

T

9.0

0.0

1.0

2.0

3.0

3.5

4.0

4.5

5.5

6.5

7.5

8.5

9.5

10.0

619°0C

€PPP3 S¥L°9L \

€°P2 000°£L 7
€PPP1 $STLL

8/8'C0T

[4{\ R4 8" \

00v'vTT
8YLPIT v

8€CLLT ——

0CT'SET —

€9C°vPT

T T T
110 100 90 80 70
(ppm)

120

T
140

150

T
170

T
180

13C NMR (125 MHz, CDCls) of compound 14a.

S61



000°0- —

0y

veL'9
LELO
8vL'9

€08'9 ~=
1189
9189

§¢8'9

SLL8—

=LLT

#60'T
01T

€1
0°9
=TT

1.0 0.5 0.0

1.5

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

10.0

'H NMR (300 MHz, CDCls) of compound 14b.

A -

b16°0b
€PPY LL5°9L\
EPP2 000'2L
€19P2 b2 LL
6TEE0T —
PILPTT
86L'PTT =
T9L'STT \
£8t°92T
967°£Z1 A - —
8/5°821 -7
821°621 v
88G°8ET ~ __
v16'8€T 7
965" bbT

mwmwmmm)wjlmw

10

20

40

50

1150 1210 1;0 1;0 110 160 o éO ) 80 70
ppm
13C NMR (75.4 MHz, CDCls) of compound 14b.

T
160

T
170

S62



000°0- —~

8¢eEC

€86°¢€

1

[4: 14V

+87°L
98¢°L

S

T6v'L
€6b'L

b5/'8 ——————

=00°€ |

=b0'T |

Mot

H\oﬁum

ot |

00T

€60 |

T

T

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

'H NMR (500 MHz, CDCls) of compound 14c.

0€°£2T N\
00°6¢CT

€0°T¢C

£5°0p

€PPP2 S£°9L \

€PP2 00°4L
EPP3 ST°LL

9T'€0T

[4R 48"

0L P11
T9'STT /

ST'6CT

¢8'SET
86'SET W
68'8€ET
9S'vPT —

N 1

70 60 50 40 30 20

80

170 160 150 140 130 120 110 100

180

f1 (ppm)

13C NMR (125 MHz, CDCls) of compound 14c.

S63



000°0- ——

€6L°€
£96°€ —

OMe

T
<
-

Y

=€0'€ |

=50'¢

J60'T

=TT |

ez

vLT'C

o1t |

T T T

T

9.0

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

75 70 65 60 55 50 45
f1 (ppm)

8.0

8.5

9.5

10.0

'H NMR (500 MHz, CDCl3) of compound 14d.

£27°0b —
YT SS —
EPPO SL'9L
€PP> 000°2L 7
€19P2 $ST°LL
£10°€0T —
20T
995'HTT
89 HIT W -
0SS'STT
88€°£2T ~. _
CIT'0ET
z90' 1T
807'65T —
SL9bbT —

€GC'8ST —

L

T
90 80 70
f1 (ppm)

T
100

110

T T T
170 160 150

T
180

13C NMR (125 MHz, CDCls3) of compound 14d.

S64



060°t

0000 —- F
@) L
T
(@)
32
]
b I
-~ |-
~000'2|
J L
299
wﬁ.m/ r
#$00'T
¥9T'L . W TpooTy
me.n% )
AN -100'1]
6/b'2 7 “$10°C
Nmm.h\ M/mOO“H
mmm.m% 7510
SH8'L
€9,'8—- =7£6'0
686'6 ] —£/8°0F

0.0

2.5 2.0 1.5 1.0 0.5

3.0

3.5

<

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

10.0

8z b —
@
2
—
ge]
c
S
o
o
= 0£8'92
] ooy
© et
Y
(@]
—
o
O
()]
@) 625°€0T —
G
I EEBVIT\
> 920'STT —
8b6'STT
B
K0 0SE°£TT~ ]
= 81£671
o €80°0€T
S 626bE1 7 —
bObLET
< 986'bbT
~
I 8ESObT — E—
—
656'T6T —

T T T T T T T T T
150 140 110

180

190

100
f1 (ppm)

13C NMR (187.5 MHz, CDClIs) of compound 14e.

130

160

170

S65



065°C

0000 ‘\L

COCH,

[
<
-

890t

L

={80 |

5880

€60 |

“oo'

596'0

T T T T T T T T T T T T T T T T T T
7.5 6.0 4.5 3.5 2.0 0.5

8.5

T

0.0

1.0

1.5

2.5

3.0

4.0

5.0
f1 (ppm)

'H NMR (300 MHz, CDCls) of compound 14f,

5.5

6.5

9.0 8.0 7.0

9.5

10.0

€1°P2 945794 \

£09°9¢

8E6°0V —

€1°P2 000°£L 7
€PP2 €¢v°LL

S6T°LTT~\

60t°€0T

L9/L°VTT
9€6'vTT
TS8°STT /

8£9°8TT
osz6er 7

SS8'vPT
€68'tPT

TLP'SET ~
6C9°LET —

6C8°L6T —

30

T T T T T T
130 120 110 100 90 80 70 60 50
f1 (ppm)

T
140

T
190

T
200

CDClz) of compound 14f.

13C NMR (75.4 MHz

S66



000°0- —~

/L8L°€ u
666'€ — -

OMe
R
N
(o]

8

=
<+
0
%
o

_

e

~ ra4va

e

WL
ssec
1622
6672
T0£°2
res?

95/'8 \\l

=6T'¢t
=€T'C

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

(ppm)

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
'H NMR (500 MHz, CDCIs) of compound 14g.

10.0

€PP2 9%L°9L
€PPP2 000°£L
€PP2 55T LL

2901y

PST'SS

AR 0 A At

/

0ST'€0T —

998'TTT

PO P11

YrLPTT
SS8'VIT
89/'STT
TS 1T
8L€°LTT

ovs 62T 7

955'8€T —
+09'0pT "

i R4t

88/'6ST —

170 160 150 140 130 120 110 100 ( 90 ) 80 70 60 50 40 30 20 10
ppm
13C NMR (125 MHz, CDCls) of compound 14g.

180

S67



0000 ——

880°%

=
<
-

Al

0S4'8 4

=0T'T r

€11

SETT |

=6T'T
=ST'T

61T T

=TIT'T

orT |

T T
0.5 0.0

1.0

‘ 6;.5 é.O 5‘.5 ;.0 4t5 4t0 31.5 3‘.0 2‘.5 ;.0 1‘.5 ‘
f1 (ppm)
'H NMR (600 MHz, CDCls) of compound 14h.

7.0

T
7.5

8.0

T T
8.5

9.0

9.5

T
10.0

shop

€10aD 88£79L

€12aD 000°4L
€10Aad ¢1TLL

509°€0T

Y6'vIT

$90°STT

bs6'511 7

985 TCT —

T9L°€TT
PSTLTT ~

0ce6eT —

. -
99¢°SET
968°9¢T s/

60¥°THPT —
SPO'SPT

06C°8bT ~_

0 70 60 50 40

160 150 140 130 120 110 100 90 8
f1 (ppm)
13C NMR (150 MHz, CDCls3) of compound 14h.

170

180

S68



S69

40

50

60

70

90 80

f1 (ppm)

100

110

120

13C NMR (125 MHz, CDCls) of compound 14i.

130

140

o
000°0- —— ro
n
Fo
o
[~
)
M -
o
e~
| 849°0
299'0%
n
F e
I <
| o —
™
o
b c
n >
F e o
£
£00'% L =8T'C % Q
..nlu €1PPO bL2°9L
. 5
M "o
L 0\m./ C
e 0O
= @)
i N
L T
i = 89€0T
3 o
Mo S 0EEETT
b L0 86b°ETT
n m“.\ 0S6'¥TT =
re 098'STT
TT .
Joo1 | = Sw.m:N veLpeT W
e |2 zZ 050°911 oL bTT
Hwi T SLELeT —
H/@C H = 8v6'621 7
u/mmﬁ | = ST00€T
01 | TL8°LET ~
669 THT
Fa LOLTHT >
| 44224
n
Few
=00'T |
o
F o £00°29T ~
| €96°€9T —
n
F o
I o
=

160 150

170

180



000°0 ——

(A4

\N2

8a
NS
\N/3

6 5

15a

Br

L

L6479
6649
908’9
£08'9
mmw.w%ﬁ
89

899/ —

998

T

T

T

1.0

T

1.5

T

=000°¢

T

T

T

3.5

T

T

T

T

5.5

JLTIO' T}

z90°T

=096°0]

=$26°0|

T

6.0

T

T

T
8.0 7.5

T

T

0.0

0.5

2.5 2.0

3.0

4.0

4.5

5.0
f1 (ppm)

H NMR (500 MHz, CDClIs) of compound 15a.

6.5

7.0

9.5 9.0 8.5

10.0

988°0¢ m
9v/L'9L w
ooo.hhv
vST/LL W
90€'+0T
89€°CTT — -
969°9TT
08¢'8¢T ——
PCS9ET —
8/9°EPT

T T T T T T T T T
150 130 100

170

T

90
f1 (ppm)

13C NMR (125 MHz, CDCls) of compound 15a.

110

160 140 120

180

S70



0000 —————
~ L 9
. )
-
2N o
- Ng
2o 8
i
o\ Lo &
~
TL0'V
v82°9
. 269\ _
sezs cears
seCL 589
€vTL

IS¢,
STEL
SeeL

o¢®.h\

WL

269'8 =

—<00°C

JTTT T

“ez0'T

=ZSt'p|

~T€0'T|

—0€0'TL

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
'H NMR (500 MHz, CDCls3) of compound 15b.

10.0

000°4L
vSTLL /

825'92T \
085821

04T°+v0T —

6TTETT — -
¢98'9TT —

066'821 7

666'8ET ~ —
896'6€T 7
THTHPT —

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)
13C NMR (125 MHz, CDClIs3) of compound 15b.

180

S71



000°0- —~ 3
6L°E 7 -Z10°€
ST0Y — -000°Z[

£82°9

mw 68£°9 |
N\ = 96/'9
- 86/'9
© Zw 9€8'9 L
[ (5] .
0 bb8'9 0901
© \ So - 0989~ __ 2290°1[
m 17997 =L
~ Bl e
YT L= =420°Ct
619°L — =9€0'T
2698 ———= =T1/6°0|

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

6.5 6.0 5.5 5.0 4.5
f1 (ppm)
'H NMR (500 MHz, CDCls) of compound 15c.

7.0

9.5 9.0 8.5 8.0 7.5

10.0

£P'0b —

9¢’SS —

SL9L \

00°4L
STLL /

86'CTT ~

SOPTT
(89117

A IARN

00°0€T
co1er

1150 ILIO 1;0 1;0 110 150 90
f1 (ppm)
13C NMR (125 MHz, CDCls) of compound 15c.

T
160

T
170

T
180

S72



8ST'v

000°0-

¥9C'L

v6tr'L
0IS2
AN
689°L
SLLL P
¥60°8

v:.w\

vL1°8

8LV'L //

£69°8

=000°¢

JTEY'T
8oT'T

=799'T
=865°T
ges'T
JL0b'T
=06b'T

=69T°T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
'H NMR (500 MHz, CDCls3) of compound 15d.

10.0

YL 9L
000°£L
SSTLL

\

0cs'0b

/

PP6'96 ——3

£98'%0T

vope1T

ah

99¢'/L1T
CTLTeT —

928'€CT
€6€°82T ~
(8621
8GZ'SET ~.
€9T°8ET ~.
L9 THT ~
ET19bbT ~
SOE"8bT

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
13C NMR (125 MHz, CDClIs3) of compound 15d.

180

S73



0000 —-
LUyt .
©
Nz—(o 2
-0 Ng
ﬁm\ Zwo
ON Lo~
N~ m
—
m
8v8'9 3
99z ————
A —
0s9g ———————————

T

0.0

T

T

1.0

T

=000°€

—~16'0]

—796°0

-096°0]

T T T T T T T T T T T T T
8.0 6.5 4.0 2.5

T

T

0.5

1.5

2.0

3.0

3.5

4.5

5.0
f1 (ppm)
H NMR (500 MHz, CDClIs) of compound 16a.

5.5

6.0

7.0

7.5

9.5 9.0 8.5

10.0

000°'T¢C
v’/
000°4L A
vSTLL
EPTCTIT —
€¢0'8TT
€€0'8TT V,

00S"LET ~
S69°¢hT
CTLTPT V.

T
90
f1 (ppm)

1%0 1150 IL}O 1250 1;0 110 ll)O
13C NMR (125 MHz, CDCls) of compound 16a.

T
170

T
180

S74



v6/.'€
610 —

2
=

©o
N~ [an] -

L

¢S89

989 /\

£[8°9

8IC L —= =
NMNN\

09¢’L -
€5S°L \

P(9'8 ———

—9L0°€[

—H0°C

ﬁww.o
26'1

"000°2[

/9980

=TLL°0]

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
'H NMR (600 MHz, CDCls) of compound 16b.

10.0

88/'9/ V.

cIeor —

6¥C’'SS

I —

000°2Z
acLL

PL(8°CTT ~

§89°06 ——

95€°96 — —

|

080°vTT
£L9C'8TT —

9CT9CT ~
¥66°6CT

|

S6S°0€T

6ET THPT ~
CLOEPT

S9€"'8ST —

Ll

T T
90 80 70

f1 (ppm)

T
100

T
170

T
180

13C NMR (150 MHz, CDCls3) of compound 16b.

S75



8€°C

000°0 ———

¥8E'C
8¢h'c /

L

618°9
1289
878'9
678'9
1589 V'ﬁ
78/

8cb L o
pops L

668°L ——

0L 8———=

986

000’

JT0T' T

“ozo'T

=101T°C[

SGET'T

=990°T

=6¢0°T[

T

T

T

T

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
!H NMR (500 MHz, CDCls) of compound 17a.

10.0

68¢'/CT
188°LCT
Sv6°LCT
S00°8¢T
8T¢'8¢T
9v0°6CT
YeL6CT
¥89°GET
TS8°LET

!

£00°T¢C
SbL 9L

/

000°2L 7
vSTLL /
£P0'P0T —
6S9°TTT —
0E8PTIT —
EEOPPT ——

80 70 60 50 40 30 20

90
f1 (ppm)

170 160 150 140 130 120 110 100
13C NMR (125 MHz, CDCls) of compound 17a.

180

S76



8EY'C

000°0- ———

A

=000°€L

-€86°0|
~Z20'1

3Rl

"\560°C

JES0°T|

JOE0'T

~£1670|

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0
f1 (ppm)

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
'H NMR (500 MHz, CDCls3) of compound 17b.

9.5

10.0

9L 9L /

000°4L
vSTLL

|

VAZR4)

YOC'TTIT —

€0S'EET

150 s;o éo 70
f1 (ppm)
13C NMR (125 MHz, CDCI

110

T
170

T
180

3) of compound 17b.

S77



000°0- ——

9/L°€
686'€ —

il

=600°€[

=000°¢| «

T

T

5.5

T

(@4

60°T
)ﬂmm.o

“gog1|

=6/6'0|

€6°0
66'0

=080}

=1€8°0

-0z2°0]

T T T T T
7.0

8.5

T

5.0
f1 (ppm)

'H NMR (600 MHz, CDClIs) of compound 17c.

6.0

6.5

7.5

8.0

9.0

9.5

10.0

684°9L
000°£L
acLL

(S 24\ Je——

6C¢C°'SS —
8v6'TTT 9LLP0T ——
04011 /
SE09TT -
$91°2CT \\
Tceeet /
€08°vCT / _
98/°8¢CT —
8S6°6¢CT I
9PT0ET =
6v£°0€T % - =
084°C€T
€GE'EET gobT~
€T SPT ~-
VL 8PT ~ _
1
CTEB/ST — ]

T

T

100

80

170 160 150 140 130 120 110 f (90 )
ppm
13C NMR (150 MHz, CDCls) of compound 17c.

180

S78



€e'e

000°0- ——

|

T

0.0

T

0.5

T

T

1.5

T

=000°¢

T

3.0

T

T

*986'T

+0TT°€g|

W/woﬁ.m

TOT"¢}

z0€T'T

Aper'T

=€€6°0

T T T T
4.5

6.0

T

T T

T

8.5

1.0

2.0

2.5

3.5

4.0

5.0
f1 (ppm)

'H NMR (500 MHz, CDCl3) of compound 17d.

5.5

6.5

7.5 7.0

8.0

9.0

9.5

10.0

869°0C —
SvL9L
000°2L
LT /
6St°S0T ——
90T’ CIT— —
T89°STT —
T/48°'LCT
890°8¢T
9b1'8¢T
obT°6¢T -
SP6°0€ET =
€L8°EET
S9C’'SET
8E0 VYT —

S

T T
90 80 70

f1 (ppm)

13C NMR (125 MHz, CDCI

T
100

T T T T
170 160 150 140

T
180

3) of compound 17d.

S79



S —

000°0- ——

\J

¢99°'¢

=910°¢
—000°€

~{88°0
2680

=911°2
J100°T
=802°C

*+88°0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
'H NMR (500 MHz, CDCls) of compound 17e.

10.0

88/'9L
000°4L
T1¢LL

9TT' 1 —

S09°9¢ —

8¢0'9¢T
£95°/LCT
S6/°8¢T
¢8T°6¢T
L18°SET
LE6'SET
TL979€T

\

~

7

0T L6T ——

190 180 170 160 150 140 130 120 110 f %00 ) 90 80 70 60 50 40 30 20 10
ppm
13C NMR (125 MHz, CDCls) of compound 17e.

200

S80



988°'€ =610°E
790y — \W =400'C
298'91
0,89
6£8'9
888°9
Sb0°L
850/
502y
79072 =86T°C
oow.m/f =621°C
LEY'LA
€SyL i 2HTS'E
bob'L ] ﬁ =680°T
mm*\.h; n\omm.o
mmvnmg %990°'T
Nmf% ~£20'T
98",
:&.&
9592
wmm.h; /9/'8 — = =000'T
950°8 ]
90'8 ]
9e1°8

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

4.5

5.0
f1 (ppm)

5.5
'H NMR (500 MHz, CDCls) of compound 171,

6.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5

10.0

9%L'9L
000°2L
vSeLL

N\

€V 00 —
TZE'SS
€0b’'SS

/

TESCTT /
SPTPIT
nmw.v: /

67117
PSS TTT
9Tz'€TT —
essczr”

mNntM

z08°221 \\
S.6°L2T

(87621
£05°621
10Z°SET
L0TLET
LL9THT
SLbSbT
89€°8bT

e

70 60 50 40 30 20 10

80

90
f1 (ppm)

170 160 150 140 130 120 110 100
13C NMR (125 MHz, CDCls) of compound 17f.

180

S81



