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1. Instrumentation

Melting points were determined on a Mel-Temp melting point apparatus in open
capillaries and are uncorrected. MS were performed with a JEOL JMS-SX/SX 102A
spectrometer. Single-crystal structures were determined with a Bruker AXS
SMART-1000 X-ray single-crystal diffractometer. Microwave reactions were
performed using a CEM Discover unit (operating at 110 V, microwave irradiation of 2.45
GHz, maximum microwave output of 300 W) in 50 mL capacity open round-bottom
flasks. 'H and C NMR spectra were recorded at 300 and 75 MHz on a Varian
VXR300 spectrometer. Chemical shifts were reported in parts per million on the &
scale relative to an internal standard (tetramethylsilane, or appropriate solvent peaks)
with coupling constants given in hertz. '"H NMR multiplicity data are denoted by s
(singlet), d (doublet), t (triplet), q (quartet), and m (multiplet). Analytical thin-layer
chromatography (TLC) was carried out on Merck silica gel 60G-254 plates (25 mm)
and developed with the solvents mentioned. Flash chromatography was performed in
columns of various diameters with Merck silica gel (230-400 mesh ASTM 9385
kieselgel 60H) by elution with the solvent systems. Solvents, unless otherwise
specified, were reagent grade and distilled once prior to use. All new compounds

exhibited satisfactory spectroscopic and analytical data.

2.1. Synthesis of compound 1a by classical heating method

To a mixture of proline (100 mg, 0.87 mmol, 1.0 equiv), 4-hydroxycoumarin (140
mg, 0.87 mmol, 1.0 equiv) in toluene (25 mL) was added freshly distilled
benzaldehyde (202 mg, 191 mmol, 2.2 equiv) at room temperature. The resulting
mixture was refluxed for 1 h. After completion of the reaction, the solution was
concentrated in vacuo and the crude product was purified by column chromatography
(30% EtOAc/hexanes) to afford the desired colorless solid 1a (126 mg, yield 35%),
along with compound 2' (yellow oil; 35 mg, yield 15%; Rf = 0.75 in 30%
EtOAc/hexanes) and compound 3* (white solid; 97 mg, yield 28%; R¢= 0.30 in 40%
EtOAc/hexanes).

2.2. Synthesis of compound 1a by microwave irradiation

To a round bottom flask (50 mL) was charged with proline (100 mg, 0.87 mmol, 1.0
equiv), 4-hydroxycoumarin (140 mg, 0.87 mmol, 1.0 equiv) and freshly distilled
benzaldehyde (0.210 mL, 191 mmol, 2.2 equiv) in toluene (25 mL) at room
temperature. The reaction mixture was irradiated in a microwave reactor at 150 °C

(150 W, open vessel conditions) for 10 minutes. After the heat was subsided by
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compressed air, the reaction mixture was concentrated in vacuo. The crude residue
was then purified by column chromatography to afford desired product la as
off-white solid (165 mg, yield 45%) along with trace amounts of 2" and 3.

2. Ri= 0.75 (15% EtOAc/hexanes); yellow oil; 35 mg; yield 15%; 'H NMR (CDCls,
O\O 300 MHz) 6 7.27-7.25 (m, 10H), 5.30-5.14 (m, 1H), 4.67 (d, J =
N 9.0 Hz, 1H), 3.80 (d, J = 8.1 Hz, 1H), 3.15-2.90 (m, 2H), 2.16-2.05

O O (m, 2H), 1.88-1.82 (m, 2H).

3. R¢=0.30 (40% EtOAc/hexanes); white solid; 97 mg; yield 28%; 'H NMR (CD;0D,
300 MHz) ¢ 7.86 (dd, J = 8.4, 1.5 Hz, 2H), 7.45 (td, J = 8.4,
1.5 Hz, 2H), 7.21-7.01 (m, 9H), 6.39 (s, 1H).

3. General procedure for the preparations of pyrano[2,3-b]pyrrole derivatives
la—x

To a 50 mL round bottom flask was charged with proline (0.87 mmol, 1.0 equiv),
1,3-diketone (0.87 mmol, 1.0 equiv) and appropriate benzaldehyde (1.72 mmol, 2.0
equiv) in 1,4-dioxane (15 mL) at room temperature. The reaction mixture was
irradiated in a microwave reactor at 200 °C (200 W, open vessel conditions) for 15
minutes. After the heat was subsided by compressed air, the reaction mixture was
concentrated in vacuo. The crude residue was purified by column chromatography to
afford the desired product.

la. Rf = 0.65 (30% EtOAc/hexanes); off-white solid; 188 mg; yield 53%; mp
152-154 °C; "H NMR (CDCl;, 300 MHz) & 7.90 (dd, J = 8.4,
1.8 Hz, 1H), 7.56 (td, J = 8.4, 1.8 Hz, 1H), 7.37-7.28 (m, 8H),
7.22-7.18 (m, 4H), 5.33 (d, J = 3.3 Hz, 1H), 4.37, 4.00 (ABq, J
= 13.8 Hz, 1H each), 4.11 (d, J = 1.5 Hz, 1H), 3.15-3.07 (m,
1H), 2.89-2.78 (m, 2H), 2.34-2.25 (m, 1H), 1.83-1.70 (m,
1H); *C NMR (CDCl;, 75 MHz) & 163.0, 160.3, 153.1, 143.5, 138.0, 131.6, 128.8,
128.4, 127.24, 127.18, 126.8, 123.7, 122.8, 116.7, 115.8, 99.3, 94.1, 53.4, 49.0, 45.3,
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39.4, 27.4; IR vmax (KBr) 3687, 2929, 1707, 1621.5, 1488, 1297, 1153, 1090, 897, 749
cm’'; HRMS (EI) m/z caled for Co7H23NO3 [M] 409.1678, found 409.1685.

1b. R¢= 0.65 (30% EtOAc/hexanes); white solid; 245 mg; yield 50%; mp 148150 °C;

Br 'H NMR (CDCl;, 300 MHz) & 7.85 (dd, J = 8.1, 1.5 Hz,
1H), 7.58 (td, J= 8.1, 1.5 Hz, 1H), 7.48-7.33 (m, 6H), 7.24
(d, J=8.1 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 5.24 (d, J =
3.3 Hz, 1H), 4.30, 3.95 (ABq, J = 13.8 Hz, 1H each), 4.05
(s, 1H), 3.13-3.05 (m, 1H), 2.84-2.77 (m, 2H), 2.33-2.21
(m, 1H), 1.82-1.60 (m, 1H); *C NMR (CDCl;, 75 MHz) &
162.8, 160.2, 153.0, 142.4, 136.9, 131.9, 131.86, 131.6, 130.1, 128.9, 123.8, 122.7,
121.1, 120.6, 116.8, 115.6, 98.9, 93.7, 52.8, 48.9, 45.1, 38.9, 27.3; IR vmax (KBr)
3695, 2914, 1707, 1621, 1487, 1380, 1150, 1011, 897, 763 cm™; HRMS (EI) m/z
calcd for C7H, BraNO; [M '] 564.9888, found 564.9892.

1c. Rs=0.45 (30% EtOAc/hexanes); off—white solid; 220 mg; yield 56%; mp 178-180

°C; 'H NMR (CDCl;, 300 MHz) & 7.20 (d, J = 8.7 Hz,

© o 1H), 7.36-7.16 (m, 10H), 6.78 (dd, J = 9.0, 2.4 Hz, 1H),

6.54 (d, J = 2.4 Hz, 1H), 5.23 (d, J = 3.6 Hz, 1H), 4.34,

3.96 (ABq, J = 13.8 Hz, 1H each), 4.05 (s, 1H), 3.13-3.00

N~ (m, 7H), 2.83-2.80 (m, 2H), 2.30-2.10 (m, 1H), 1.84-1.70

(m, 1H); *C NMR (CDCL;, 75 MHz) § 163.9, 161.3,

155.1, 152.9, 144.2, 138.2, 128.6, 128.45, 128.36, 127.2, 127.1, 126.5, 123.4, 108.6,

104.6, 98.0, 94.7, 93.3, 53.4, 49.1, 45.4, 40.2, 39.2, 27.4; IR vimax (KBr) 3696, 2835,

1703, 1611, 1527, 1411, 1367, 1092, 916, 745 cm™; HRMS (EI) m/z caled for
Cy9H,sN>03 [M ] 452.2100, found 452.2108.

1d. Rs= 0.67 (30% EtOAc/hexanes); pink solid; 282 mg; yield 64%; mp 150-152 °C;

OMe 'HNMR (CDCl;, 300 MHz) & 7.70 (d, J = 9.0 Hz,
1H), 7.26 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 8.7 Hz,
2H), 6.82 (d, J = 8.4 Hz, 2H), 6.79 (d, J = 8.4 Hz, 2H),
6.68 (dd, J = 8.7, 2.7 Hz, 1H), 6.53 (d, J = 2.1 Hz,
1H), 5.20 (d, J = 3.6 Hz, 1H), 4.25, 3.89 (ABq, J =
13.2 Hz, 1H each), 4.00 (s, 1H), 3.79 (s, 3H), 3.74 (s,
3H), 3.06-2.99 (m, 1H), 3.05 (s, 6H), 2.77-2.74 (m,
2H), 2.28-2.20 (m, 1H), 1.80-1.70 (m, 1H); >*C NMR (CDCls, 75 MHz) & 163.9,
161.1, 158.7, 158.1, 155.0, 152.9, 136.3, 130.3, 129.6, 128.2, 123.3, 114.0, 113.7,
108.5, 104.7, 98.0, 95.0, 93.0, 55.18, 55.16, 52.8, 49.1, 45.5, 40.1, 38.4, 27.2; IR Vpax
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(KBr) 3695, 2897, 1703, 1605, 1512, 1409, 1242, 1124, 1032, 817, 750 cm™'; HRMS
(EI) m/z calcd for C31H3,N,05 [M'] 512.2311, found 512.2319.

le. Rf= 0.35 (30% EtOAc/hexanes); brown solid; 280 mg; yield 60%; mp 136138

NO, °C; '"H NMR (CDCls, 300 MHz) § 8.19 (d, J = 8.7 Hz,
2H), 8.14 (d, J = 9.0 Hz, 2H), 7.65 (d, J = 9.0 Hz,
1H), 7.53 (d, J = 9.0 Hz, 2H), 7.39 (d, J = 8.7 Hz,
2H), 7.69 (dd, J = 9.0, 2.7 Hz, 1H), 6.53 (d, J =2.4
Hz, 1H), 5.18 (d, J = 3.6 Hz, 1H), 4.47, 4.10 (ABq, J
= 14.7 Hz, 1H each), 4,18 (s, 1H), 3.08 (s, 6H),
2.88-2.80 (m, 2H), 2.34-2.31 (m, 1H), 1.90-1.87 (m,
2H); *C NMR (CDCls, 75 MHz) & 163.6, 161.3, 155.2, 153.2, 151.7, 147.3, 146.8,
145.7, 128.9, 128.2, 127.9, 124.0, 123.7, 123.3, 108.7, 103.9, 97.9, 93.4, 92.6, 52.9,
49.0, 44.8, 40.1, 39.1, 31.5, 29.0, 27.5, 22.6, 14.1; IR v (KBr) 3696, 2858, 1703,
1605, 1516, 1343, 1094, 913, 754 cm™; HRMS (EI) m/z calcd for CooHasN4O7 [M]
542.1801, found 542.1805.

1f. Rs= 0.65 (30% EtOAc/hexanes); colorless; 145 mg; yield 43%; mp 80-82 °C; 'H
NMR (CDCls, 300 MHz) 6 8.08 (d, J = 8.4 Hz, 1H), 7.43 (t, J
© o = 8.1 Hz, 2H), 7.24-7.22 (m, 5H), 7.15-7.13 (m, 3H), 5.35 (d,

m J=3.6 Hz, 1H), 4.17, 3.80 (ABq, J = 13.8 Hz, 1H each), 3.90
N~ (s, 1H), 3.03-2.99 (m, 1H), 2.71-2.61 (m, 1H), 2.43 (s, 2H),
U 2.27 (s, 2H), 2.19-2.13 (m, 1H), 1.63-1.57 (m, 1H), 1.12 (s,

6H); °C NMR (CDCls, 75 MHz) § 197.3, 170.6, 144.8, 138.2,
128.4, 128.3, 128.23, 128.18, 128.1, 127.15, 127.02, 126.9, 126.2, 108.4, 92.8, 53.3,
53.2,48.9, 45.0, 37.2, 32.1, 27.4; IR vinax (KBr) 2957, 1714, 1651, 1628, 1396, 1218,
1083, 930, 762 cm’'; HRMS (EI) m/z caled for CaHyoNO, [M'] 387.2198, found
387.2193.

1g. Rs= 0.50 (30% EtOAc/hexanes); brown solid; 210 mg; yield 45%; mp 103-105
Br °C; '"H NMR (CDCl3, 300 MHz) & 7.42—7.35 (m, 4H), 7.15

© (d, J = 8.4 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 4.94 (d, J =

Z 0 3.6 Hz, 1H), 4.10, 3.75 (ABq, J = 14.1 Hz, 1H each), 3.84

: (s, 1H), 3.02-2.95 (m, 1H), 2.71-2.54 (m, 2H), 2.42-2.35

N0 (m, 2H), 2.49-2.13 (m, 2H), 1.62-1.55 (m, 2H), 1.11 (s,
Br@ 6H); °C NMR (CDCls, 75 MHz) & 196.7, 170.3, 143.9,
137.2, 131.4, 131.3, 131.1, 129.9, 128.8, 128.4, 108.0,

92.3, 52.5, 50.5, 48.9, 44.8, 42.4, 36.7, 32.0, 28.6, 28.1, 27.3; IR vpay (KBr) 2958,

S5



1709, 1620, 1487, 1390, 1144, 1078, 1010, 909, 732 cm™; HRMS (EI) m/z calcd for
Ca6H27Br,NO, [M'] 543.0409, found 543.0400.

1h. R¢= 0.45 (30% EtOAc/hexanes); pale yellow solid; 190 mg; yield 46%; mp 78—80

NO, °C; '"H NMR (CDCl;, 300 MHz) & 8.16 (d, J = 8.7 Hz,

2H), 8.12 (d, J = 8.7 Hz, 2H), 7.45 (d, J = 8.7 Hz, 2 H),

o) 7.31 (d, J = 8.7 Hz, 2H), 4.97 (d, J = 3.3 Hz, 1H), 4.30,

3.93 (ABq, J = 14.7 Hz, 1H each), 4.00 (s, 1H), 3.10-3.01

N" o (m, 1H), 2.80-2.60 (m, 2H), 2.50-2.40 (m, 2H), 2.27 (s,

OZNOJ 2H), 1.74-1.63 (m, 2H), 1.13 (s, 6H); °C NMR (CDCls,

75 MHz) & 196.9, 170.5, 152.5, 147.1, 146.5, 145.7,

128.8, 128.0, 123.9, 123.6, 107.6, 92.1, 52.7, 50.5, 49.0, 44.4, 42.5, 37.3, 32.2, 28.7,

28.0, 27.5; IR vmax (KBr) 3695, 2927, 1738, 1595, 1515, 1342, 1216, 1079, 929, 739
cm’'; HRMS (EI) m/z caled for CasH7N304 [M ] 477.1900, found 477.1904.

1i. R¢= 0.56 (30% EtOAc/hexanes); off-white solid; 245 mg; yield 67%; mp 178-180
s@ 5 °C; 'H NMR (CDCl;, 300 MHz) & 7.87-7.83 (m, 1H),
: 7.58-7.52 (m, 1H), 7.35-7.29 (m, 2H), 7.24 (dd, J = 5.4, 0.9 Hz,
1H), 7.12 (dd, J = 5.4, 1.5 Hz, 1H), 7.02-7.00 (m, 1H),
6.98-6.95 (m, 1H), 6.91-6.86 (m, 2H), 5.50 (d, J = 3.3 Hz, 1H),
4.55, 4.22 (ABq, J = 14.4 Hz, 1H each), 4.38 (d, J = 1.5 Hz,
1H), 3.25-3.17 (m, 1H), 3.06-2.97 (m, 1H), 2.88-2.80 (m, 1H), 2.33-2.21 (m, 1H),
1.78-1.65 (m, 1H); °C NMR (CDCls, 75 MHz) & 163.1, 159.8, 153.3, 147.2, 141.9,
132.1, 127.2, 126.9, 126.1, 1254, 124.7, 124.0, 124.0, 123.2, 117.0, 116.0, 100.2,
94.1,49.3, 48.3, 45.4, 34.5, 27.0; IR vua (KBr) 3039, 1692, 1619, 1571, 1382, 1298,
1152, 1090, 893, 724 cm™'; HRMS (EI) m/z caled for Co3H oNO5S, [M'] 421.0806,
found 421.0811.

1j. Ry= 0.45 (30% EtOAc/hexanes); white solid; 305 mg; yield 76%; mp 160-162 °C;

'H NMR (CDCls, 300 MHz) & 7.65 (d, J = 9.0 Hz, 1H),

7.39 (dd, J = 5.1, 1.5 Hz, 1H), 7.10 (dd, J = 5.1, 1.5 Hz,

1H), 7.00-6.86 (m, 4H), 6.65 (dd, J =9.0, 2.4 Hz, 1H), 6.51
N (d, J = 2.4 Hz, 1H), 5.41 (d, J = 3.6 Hz, 1H), 4.52, 4.18
\ (ABq, J = 14.1 Hz, 1H each), 4.32 (s, 1H), 3.22-3.14 (m,
1H), 3.06 (s, 6H), 2.99-2.95 (m, 1H), 2.84-2.77 (m, 1H), 2.27-2.18 (m, 1H),
1.80-1.70 (m, 1H); °C NMR (CDCls, 75 MHz) § 163.8, 160.5, 155.0, 153.0, 148.0,
141.8, 126.8, 126.5, 125.6, 124.9, 124.0, 123.4, 123.3, 108.5, 104.3, 97.8, 95.3, 92.9,
49.0, 48.0, 45.2, 40.1, 33.9, 26.6 ; IR vinax (KBr) 3080, 2377, 1697, 1528, 1413, 1348,
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1227, 1092, 910, 820 cm™'; HRMS (EI) m/z calcd for CosHygN,03S, [M '] 464.1228,
found 464.1223.

1k. Rf= 0.60 (30% EtOAc/hexanes); light brown solid; 207 mg; yield 62%; mp
146148 °C; '"H NMR (CDCls, 300 MHz) & 7.81 (dd, J = 7.8,
1.5 Hz, 1H), 7.53 (td, J = 6.9, 1.5 Hz, 1H), 7.40 (dd, J=2.7, 1.8
Hz, 1H), 7.33-7.26 (m, 3H), 6.37-6.35 (m, 1H), 6.30-6.29 (m,
1H), 6.26-6.24 (m, 1H), 6.88 (d, J = 3.3 Hz, 1H), 549 (d, J =
3.6 Hz, 1H), 4.36, 4.04 (ABq, J = 14.4 Hz, 1H each), 4.17 (d, J
= 1.2 Hz, 1H), 3.20-3.02 (m, 2H), 2.91-2.83 (m, 1H), 2.29-2.17 (m, 1H), 1.76-1.63
(m, 1H); °C NMR (CDCls, 75 MHz) & 162.8, 159.9, 155.0, 152.9, 151.8, 142.2,
141.5, 131.7, 123.6, 122.8, 116.6, 115.8, 110.3, 110.2, 108.0, 105.9, 97.4, 94.4, 48.9,
45.8, 41.6, 32.6, 26.2 ; IR vmax (KBr) 2877, 1698, 1625, 1490, 1401, 1367, 1222,
1092, 889, 728 cm™'; HRMS (EI) m/z caled for Cy3H;oNOs [M*] 389.1263, found
389.1269.

1. R¢= 0.58 (30% EtOAc/hexanes); brown solid; 252 mg; yield 67%; mp 152—154
°C; '"H NMR (CDCls, 300 MHz) & 7.61 (d, J = 9.0 Hz, 1H),
7.40-7.39 (m, 1H), 7.28-7.27 (m, 1H), 6.63 (dd, J = 9.0,
2.4 Hz, 1H), 6.50 (d, J = 2.4 Hz, 1H), 6.35-6.33 (m, 1H),
W > 6.28-6.22 (m, 2H), 6.05-6.03 (m, 1H), 5.39 (d, J = 3.9 Hz,

o | 1H), 4.33, 3.99 (ABq, J = 14.4 Hz, 1H each), 4.12 (s, 1H),
3.18-3.09 (m, 2H), 3.04 (s, 6H), 2.87-2.79 (m, 1H), 2.26-2.14 (m, 1H), 1.77-1.66
(m, 1H); >C NMR (CDCl;, 75 MHz) & 163.7, 160.9, 155.8, 155.0, 153.0, 152.0,
142.1, 141.3, 123.4, 110.2, 108.4, 108.0, 105.6, 105.4, 104.5, 97.8, 97.4, 93.5, 92.8,
49.0, 45.8, 41.5, 40.1, 32.4, 26.2; IR vmax (KBr) 2935, 1698, 1609, 1524, 1411, 1365,
1276, 1006, 904, 816 cm™; HRMS (EI) m/z caled for CpsHyyN,Os [M'] 432.1685,
found 432.1688.

Im. R¢= 0.73 (30% EtOAc/hexanes); white solid; 309 mg; yield 70%; mp 174-176
°C; '"H NMR (CDCl;, 300 MHz) & 8.13 (d, J = 8.1 Hz, 1H),

o 8.12-8.04 (m, 1H), 7.98 (dd, J = 8.4, 1.8 Hz, 1H),7.87 (d, J =

- 7.8 Hz, 1H), 7.82 (dd, J= 7.2, 3 Hz, 1H), 7.76 (d, J = 8.1 Hz,
1H), 7.70 (d, J = 8.1 Hz, 1H), 7.64-7.57 (m, 2H), 7.55-7.48
(m, 2H), 7.45-7.36 (m, 5H), 7.30-7.25 (m, 2H), 7.05 (d, J =
7.2 Hz, 1H), 5.16 (d, J = 3.6 Hz, 1H), 4.91 (s, 1H), 4.73, 4.41

(ABgq, J = 13.8 Hz, 1H each), 3.18-3.10 (m, 1H), 3.00-2.93 (m, 1H), 2.43-2.40 (m,
1H), 2.00-1.90 (m, 1H); *C NMR (CDCls, 75 MHz) & 162.8, 160.8, 153.1, 138.5,
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134.3, 133.7, 133.3, 131.9, 131.2, 130.8, 129.1, 128.4, 128.4, 127.6, 127.0, 126.4,
125.9, 125.8, 126.6, 125.4, 125.1, 123.9, 123.7, 123.3, 122.7, 122.6, 116.7, 115.8,
99.0, 93.6, 51.2, 49.4, 43.9, 35.0, 27.1; IR vmax (KBr) 2951, 1699, 1628, 1492, 1364,
1236, 1094, 1018, 804, 777cm”; HRMS (EI) m/z caled for CssHyyNO; [M']
509.1991, found 509.1997.

In. R = 0.65 (30% EtOAc/hexanes); white solid; 164 mg; yield 45%; mp 136-138
© °C; 'TH NMR (CDCl3, 300 MHz) § 7.90 (dd, J = 8.7, 1.5 Hz, 1H),
1 7.57 (td, J = 7.8, 1.8 Hz, 1H), 7.37 (d, J = 8.1 Hz, 1H),
7.33-7.26 (m, 8H), 7.24-7.22 (m, 1H), 7.17-7.15 (m, 2H), 5.08
©} (d, J = 2.1 Hz, 1H), 4.13, 4.00 (ABq, J = 13.8 Hz, 1H each),
4.00 (s, 1H), 2.76-2.60 (m, 2H), 2.28-2.21 (m, 1H), 1.86-1.79
(m, 1H), 1.72-1.65 (m, 2H), 1.49-1.37 (m, 1H); *C NMR (CDCls, 75 MHz) § 162.7,
160.4, 153.1, 143.2, 137.9, 131.6, 128.6, 128.4, 128.3, 127.5, 127.1, 126.7, 123.6,
122.6, 116.7, 115.8, 99.6, 90.3, 59.0, 44.2, 43.3, 41.0, 25.4, 24.5; IR vmax (KBr) 3695,
2937, 1710, 1629, 1366, 1217, 1105, 1033, 990, 759 cm™'; HRMS (EI) m/z calcd for
CysHasNO; [M'] 423.1834, found 423.1835.

1o. Rs = 0.47 (30% EtOAc/hexanes); white solid; 230 mg; yield 57%; mp 206-208
°C; '"H NMR (CDCls, 300 MHz) & 7.70 (d, J = 9.0 Hz, 1H),
7.30-7.16 (m, 10H), 6.69 (dd, J = 9.0, 2.4 Hz, 1H), 6.55 (d,
J=2.4Hz, 1H), 5.01 (d, J=3.0 Hz, 1H), 4.09, 3.97 (ABq, J

v~ = 14.1 Hz, 1H each), 3.95 (s, 1H), 3.07 (s, 6H), 2.73-2.65
(m, 1H), 2.61-2.56 (m, 1H), 2.23-2.16 (m, 1H), 1.84-1.76

(m, 1H), 1.70-1.64 (m, 2H), 1.47-1.40 (m, 1H); >C NMR (CDCl;, 75 MHz) § 163.6,

161.3, 155.1, 152.9, 143.9, 138.2, 128.43, 128.40, 128.2, 127.5, 127.0, 126.5, 123.3,

108.5, 104.6, 97.9, 95.0, 89.5, 59.0, 44.2, 43.1, 41.2, 40.1, 25.4, 24.6; IR vax (KBr)

3691, 2929, 1739, 1690, 1602, 1404, 1217, 1037, 912, 815 cm™; HRMS (EI) m/z

calcd for C3oH30N203 [M'] 466.2256, found 466.2259.
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1p. Rf = 0.43 (30% EtOAc/hexanes); white solid; 180 mg; yield 45%; mp 153-155
OMe °C; '"H NMR (CDCls, 300 MHz) & 7.15 (d, J = 8.4 Hz, 2H),

7.02 (d, J = 9.0 Hz, 2H), 6.81 (d, J = 8.7 Hz, 2H), 6.79 (d, J

: = 8.7 Hz, 2H), 4.77 (d, J = 2.4 Hz, 1H), 3.85, 3.73 (ABq, J
m = 13.5 Hz, 1H each), 3.78 (s, 3H), 3.76 (s, 3H), 3.72 (s,
Q) 1H), 2.52-2.46 (m, 2H), 2.31, 2.22 (ABq, J = 16.2 Hz, 1H
MeO each), 2.40 (s, 1H), 2.34 (s, 1H), 2.02-1.95 (m, 1H),
1.72-1.64 (m, 2H), 1.30-1.20 (m, 2H), 1.17 (s, 3H), 1.11 (s, 3H); *C NMR (CDCls,
75 MHz) & 197.1, 170.1, 158.6, 157.9, 136.9, 130.5, 129.5, 128.4, 113.7, 113.5, 109.1,
89.2, 58.2, 55.17, 55.15, 50.8, 43.7, 42.4, 41.1, 40.3, 32.3, 29.3, 27.8, 25.4, 24.7; IR

Vmax (KBr) 3695, 2928, 1739, 1626, 1510, 1381, 1146, 1033, 841, 788 cm'l; HRMS
(EI) m/z calcd for C,9H35NO4 [M+] 461.2566, found 461.2557.

1g. Rr = 0.23 (30% EtOAc/hexanes); off—white solid; 200 mg; yield 47%; mp
NO, 110-112 °C; '"H NMR (CDCls, 300 MHz) & 7.28-7.10 (m,
8H), 4.79 (d, J =2.7 Hz, 1H), 3.92, 3.79 (ABq, J = 13.8 Hz,

: 1H each), 3.82 (s, 1H), 2.54-2.49 (m, 2H), 2.41 (s, 1H),
m 236 (s, 1H), 2.32, 2.23 (ABq, J = 16.2 Hz, 1H each),

O} 2.08-2.00 (m, 1H), 1.76-1.68 (m, 2H), 1.34-1.24 (m, 2H),
O,N 1.18 (s, 3H), 1.11 (s, 3H); *C NMR (CDCls, 75 MHz) &
197.2, 170.3, 144.6, 138.4, 128.31, 128.29, 128.2, 127.5, 126.9, 126.2, 108.8, 89.3,
58.8, 50.8, 43.9, 42.4, 41.2, 40.9, 32.3, 29.3, 27.8, 25.5, 24.6; IR vimax (KBr) 3623,

2943, 1684, 1604, 1508, 1342, 1144, 979, 856, 740 cm™'; HRMS (EI) m/z calcd for
Co7H29N304 [M ] 491.2056, found 491.2050.

1r. Rf = 0.45 (30% EtOAc/hexanes); pink solid; 235 mg; yield 44%; mp 218-220 °C;

Br 'H NMR (CDCls, 300 MHz) & 7.63 (d, J = 9.0 Hz, 1H),
7.42 (d, J = 8.7 Hz, 2H), 7.41 (d, J = 8.7 Hz, 2H), 7.17
(d, J= 8.1 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 6.68 (dd, J
=9.0, 2.4 Hz, 1H), 6.54 (d, J=2.4 Hz, 1H), 491 (d,J =
3.3 Hz, 1H), 4.02, 3.92 (ABq, J = 14.1 Hz, 1H each),
3.90 (s, 1H), 3.07 (s, 6H), 2.72-2.63 (m, 1H), 2.58-2.51
(m, 1H), 2.17-2.10 (m, 1H), 1.82-1.74 (m, 1H), 1.70-1.66 (m, 2H), 1.51-1.39 (m,
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1H); *C NMR (CDCls;, 75 MHz) & 163.5, 161.4, 155.1, 153.0, 143.0, 137.2, 131.6,
131.4, 130.1, 129.3, 123.3, 120.9, 120.4, 108.6, 104.3, 97.9, 94.4, 89.3, 58.5, 44.1,
42.6,41.2,40.2, 25.2, 24.5; IR vmax (KBr) 3696, 2922, 1705, 1611, 1486, 1208, 1167,
1011, 910, 824 cm'l; HRMS (EI) m/z caled for C30H,3Br,N,O3 [M+] 622.0467, found
622.0464.

1s. R¢= 0.55 (30% EtOAc/hexanes); pale pink solid; 273 mg; yield 52%; mp 140142

Ph °C; '"H NMR (CDCls, 300 MHz) & 7.72 (d, J = 9.0 Hz,
1H), 7.57-7.48 (m, 8H), 7.45-7.40 (m, 5H), 7.39-7.30
(m, 5H), 6.69 (dd, J=9.0, 2.4 Hz, 1H), 6.54 (d,J=2.4
Hz, 1H), 5.31 (d, J = 3.6 Hz, 1H), 4.40, 4.02 (ABq, J =
13.8 Hz, 1H each), 4.12 (s, 1H), 3.18-3.06 (m, 1H),
3.07 (s, 6H), 2.90-2.80 (m, 2H), 2.36-2.31 (m, 1H),
1.91-1.76 (m, 1H); *C NMR (CDCls, 150 MHz) & 164.0, 161.3, 161.2, 155.1, 153.0,
143.9, 141.0, 140.8, 140.3, 139.6, 137.3, 137.2, 129.0, 128.7, 128.6, 127.7, 127.5,
127.2, 127.0, 123.4, 108.6, 104.6, 98.1, 94.8, 93.2, 93.1, 53.2, 49.3, 45.3, 40.2, 38.8,
27.4; IR vmax (KBr) 3302, 2844, 1702, 1605, 1411, 1369, 1229, 945, 761, 696 cm™";
HRMS (EI) m/z caled for C41H36N203 [M+] 604.2726, found 604.2722.

1t. R¢= 0.50 (30% EtOAc/hexanes); off—white solid; 234 mg; yield 55%; mp 130-132
°C; '"H NMR (CDCls, 300 MHz) & 7.68 (d, J = 9.0 Hz, 1H), 7.32
(td, J=8.7,5.7 Hz, 2H), 7.16 (td, J = 6.7, 5.4 Hz, 2H), 7.04-6.92
(m, 4H), 6.68 (dd, J = 6.3, 2.4 Hz, 1H), 6.56 (d, J = 2.1 Hz, 1H),
5.18 (d, J=3.6 Hz, 1H), 4.30, 3.94 (ABq, J = 13.5 Hz, 1H each),
4.04 (s, 1H), 3.05 (s, 6H), 3.04-3.00 (m, 1H), 2.81-2.70 (m, 2H),
2.31-2.18 (m, 1H), 1.83-1.70 (m, 1H); >*C NMR (CDCls, 150
MHz) & 163.8, 162.2 (d, 'Jcr = 244.1 Hz), 161.6 (d, 'Jcr = 243 .4
Hz), 161.1, 155.1, 153.0, 139.8, 133.7, 130.1 (d, *Jcr = 7.8 Hz),
128.7 (d, *Jcr = 7.8 Hz), 123.3, 115.4 (d, *Jcr = 21.1 Hz), 115.2 (d, *Jcr = 21.3 Hz),
108.6, 104.4, 98.0, 94.7, 92.8, 52.7, 49.1, 45.4, 40.2, 38.4, 27.2; IR Vimax (KBr) 2961,
2918, 1702, 1604, 1506, 1407, 1214, 1011, 835, 753 cm™; HRMS (EI) m/z calcd for
CaoHa6FaN,O5 [M'] 488.1911, found 488.1915.
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lu. Rs= 0.35 (40% EtOAc/hexanes); off—white solid; 190 mg; yield 45%; mp
140-142 °C; "H NMR (CDCls, 300 MHz) & 7.68 (d, J =
9.0 Hz, 1H), 7.17 (d, J = 8.1 Hz, 1H), 7.10 (t, J = 7.8 Hz,
1H), 6.91-6.85 (m, 2H), 6.74-6.62 (m, 5H), 6.51 (d, J =
2.7 Hz, 1H), 5.24 (d, J = 3.3 Hz, 1H), 4.28, 3.90 (ABq, J
=13.8 Hz, 1H each), 3.99 (s, 1H), 3.06 (s, 6H), 3.04—2.96
(m, 1H), 2.80-2.73 (m, 2H), 2.26-2.17 (m, 1H),
1.83-1.71 (m, 1H); *C NMR (DMSO-ds, 75 MHz) &
163.6, 160.7, 155.1, 153.1, 149.4, 143.7, 129.9, 129.7, 129.4, 129.1, 125.8, 124.5,
123.5,111.2, 109.8, 108.8, 108.6, 104.1, 97.9, 97.2, 94.5, 92.7, 49.0, 48.4, 45.0, 40.1,
34.3, 26.6; IR vimax (KBr) 2947, 1736, 1597, 1416, 1373, 1275, 1123, 1056, 910, 782
cm™'; HRMS (EI) m/z caled for CooHagN,Os [M ] 484.1998, found 484.1995.

1v. R¢= 0.35 (40% EtOAc/hexanes); pink solid; 368 mg; yield 72%; mp 146-148 °C;
'H NMR (CDCls, 300 MHz) & 7.65 (d, J = 9.0 Hz, 1H), 7.60 (d,
J =7.8 Hz, 2H), 7.53 (d, J = 8.1 Hz, 2H), 7.47 (d, J = 8.4 Hz,
2H), 7.33 (d, J = 8.4 Hz, 2H), 6.69 (dd, J=9.0, 2.4 Hz, 1H), 6.53
(d, J=2.4 Hz, 1H), 5.20 (d, J = 3.6 Hz, 1H), 4.41, 4.04 (ABq, J
= 14.1 Hz, 1H each), 4.13 (s, 1H), 3.13-3.05 (m, 1H), 3.08 (s,
6H), 2.85-2.75 (m, 2H), 2.36-2.23 (m, 1H), 1.89-1.76 (m, 1H);
C NMR (CDCl3, 150 MHz) § 163.8, 161.4, 155.2, 153.1, 148.2,
142.3, 129.4 (q, 2Jcr = 32.5 Hz), 128.9 (d, *Jcr = 32.5 Hz), 128.6,
127.6, 125.7 (q, 'Jcr = 270.5 Hz), 125.4 (q, Jer = 3.5 Hz), 125.2 (q, *Jcr = 3.5 Hz),
124.1 (q, Jer = 270.4 Hz), 123.4, 108.7, 104.1, 97.9, 93.8, 92.9, 53.1, 49.1, 45.0,
40.2, 39.0, 27.4; IR vinae (KBr) 2849, 1701, 1602, 1527, 1321, 1120, 1019, 963, 821,
729 cm™; HRMS (EI) m/z caled for C3HasFsN2O3 [M'] 588.1848, found 588.1843.

CF;

1w. Rf = 0.45 (30% EtOAc/hexanes); off white solid; 283 mg; yield 66%; mp

— 144-146 °C; "H NMR (CDCls, 300 MHz) & 7.64 (d, J =
9.0 Hz, 1H), 6.77 (d, J= 3.6 Hz, 1H), 6.65 (dd, J=9.0, 2.4
Hz, 1H), 6.62 (d, J = 4.5 Hz, 1H), 6.59-6.58 (m, 1H), 6.52
(d, J = 2.4 Hz, 2H), 5.41 (d, J = 3.6 Hz, 1H), 4.43, 4.08
(ABq, J = 14.1 Hz, 1H each), 4.22 (s, 1H), 3.20-3.13 (m,
1H), 3.05 (s, 6H), 2.99-2.90 (m, 1H), 2.82-2.73 (m, 1H),
2.46 (s, 3H), 2.38 (s, 3H), 2.28-2.16 (m, 1H), 1.76-1.62 (m, 1H); °C NMR (CDCl;,
150 MHz) & 163.8, 160.5, 155.1, 153.0, 145.0, 140.0, 139.3, 137.8, 125.7, 124.8,
124.5, 123.8, 123.5, 108.5, 104.5, 97.9, 95.4, 92.9, 49.1. 48.2, 45.1, 40.2, 34.1, 26.0,
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15.4, 15.3; IR vmax (KBr) 2833, 1709, 1614, 1527, 1411, 1356, 1279, 1132, 915, 794
cm’'; HRMS (EI) m/z caled for Co7HasN,03S, [M'] 492.6520, found 492.6523.

1x. Rf= 0.40 (40% EtOAc/hexanes); brown solid; 334 mg; yield 62%; mp 82-84 °C;
'H NMR (CDCls, 300 MHz) & 7.59 (d, J = 8.7 Hz, 1H),
6.87 (d, J=3.6 Hz, 1H), 6.84 (d, J=3.9 Hz, 1H), 6.76 (d,
J=3.9 Hz, 1H), 6.66 (d, J = 2.7 Hz, 1H), 6.40-6.23 (m,
1H), 6.51 (d, J = 2.4 Hz, 1H), 5.36 (d, J = 3.9 Hz, 1H),
4.34, 4.10 (ABq, J = 14.4 Hz, 1H each), 4.23 (s, 1H),
3.22-3.14 (m, 1H), 3.06 (s, 6H), 2.98-2.88 (m, 1H),
2.83-2.74 (m, 1H), 2.30-2.17 (m, 1H), 1.76-1.68 (m, 1H); *C NMR (CDCls, 150
MHz) 6 163.7, 160.7, 155.4, 153.2, 149.5, 143.7, 129.7, 129.3, 125.9, 124.5, 123 .4,
111.6, 109.8, 108.6, 104.2, 97.9, 94.5, 92.6, 49.0, 48.4, 45.0, 40.2, 34.3, 26.6; IR Viax
(KBr) 2920, 1702, 1604, 1525, 1411, 1276, 1154, 964, 890, 793 cm™'; HRMS (EI)
m/z calcd for C,5H,,BroN,0O5S, [M+] 619.9439, found 619.9435.

4. General procedure for the preparations of pyrrolizinones derivatives 4a—e

To a mixture of proline (0.87 mmol, 1.0 equiv), 1,3-diketone (0.87 mmol, 1.0 equiv)
in 1,4-dioxane (10 mL) was added carbaldehyde (3.47 mmol, 4.0 equiv, thiophene or
furan carbaldehyde) at room temperature. The reaction mixture was heated in a
microwave reactor at 200 °C (250 W, open vessel conditions) for 15 minutes. After
the heat was subsided by compressed air, the reaction mixture was concentrated in
vacuo. The crude residue was purified by column chromatography to afford
pyrrolizinone derivative as a major product, along with pyrano[2,3-b]pyrrole

derivative as a minor (10—15% yield) product.

4a. Rs= 0.30 (40% EtOAc/hexanes); white solid; 237 mg; yield 65%; mp 178-180 °C;
'H NMR (CDCls, 300 MHz) & 11.99 (s, 1H), 7.77 (d, J = 7.8
Hz, 1H), 7.47 (td, J = 6.9, 1.5 Hz, 1H), 7.32-7.25 (m, 2H),
7.05-6.88 (m, 6H), 6.55 (d, J = 2.1 Hz, 1H), 4.94 (d, J =
11.1 Hz, 1H), 4.79 (d, J = 8.7 Hz, 1H), 4.51 (dd, J = 11.1,
8.7 Hz, 1H), 4.21-4.13 (m, 1H), 3.28-3.18 (m, 1H), 3.01-2.96 (m, 2H); *C NMR
(CDCl;, 75 MHz) & 199.1, 167.9, 162.8, 141.6, 140.3, 137.8, 137.0, 131.6, 127.4,
127.2, 127.1, 126.0, 125.8, 124.9, 120.0, 119.0, 118.1, 116.9, 68.1, 61.6, 46.6, 42.0,
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31.8; IR vmax (KBr) 3076, 1698, 1626, 1414, 1299, 1216, 984, 850, 751, 726 cm’;
HRMS (EI) m/z caled for Co3H9NO3S, [M '] 421.0806, found 421.0801.

4b. Rs= 0.35 (40% EtOAc/hexanes); brown solid; 210 mg; yield 52%; mp 242-244
°C; '"H NMR (CDCls, 300 MHz) & 12.69 (s, 1H), 7.49 (d,
J=9.6 Hz, 1H), 7.29 (d, J = 5.4 Hz, 1H), 7.24 (dd, J =
5.4, 1.2 Hz, 1H), 7.03-6.91 (m, 4H), 6.55 (q, J = 1.8 Hz,
1H), 6.19 (dd, J = 9.3, 2.7 Hz, 1H), 6.04 (d, J = 2.4 Hz,
1H), 4.80—4.75 (m, 2H), 4.48 (dd, J = 11.1, 8.4 Hz, 1H),
4.22-4.14 (m, 1H), 3.26-3.16 (m, 1H), 3.03 (s, 6H), 3.00-2.96 (m, 2H); *C NMR
(CDCls, 75 MHz) 6 194.4, 169.0, 165.4, 156.2, 142.3, 142.5, 138.4, 138.5, 132.9,
127.4, 127.1, 127.1, 125.8, 125.7, 124.7, 116.7, 110.8, 104.3, 97.4, 68.3, 60.7, 46.8,
42.0, 39.9, 31.9; IR vimax (KBr) 3090, 1695, 1628, 1544, 1363, 1250, 1148, 1011, 876,
740 cm™'; HRMS (EI) m/z caled for CosHasN,05S, [M'] 464.1228, found 464.1225.

N/
I

4c. Rs= 0.35 (30% EtOAc/hexanes); brown solid; 169 mg; yield 50%; mp 157-159
°C; '"H NMR (CDCl;, 600 MHz) & 11.97 (s, 1H), 7.80 (d, J
= 8.4 Hz, 1H), 7.48 (t, J = 7.2 Hz, 1H), 7.41 (s, 1H), 6.96 (d,
J=17.8 Hz, 1H), 6.92 (t, J = 8.4 Hz, 1H), 6.43—6.42 (m, 1H),
6.34-6.33 (m, 1H), 6.28-6.27 (m, 1H), 6.25-6.24 (m, 3H),
5.10 (d, J = 10.8 Hz, 1H), 4.76 (d, J = 7.8 Hz, 1H), 4.27 (dd, J = 10.8, 8.4 Hz, 1H),
4.15-4.11 (m, 1H), 3.19-3.16 (m, 1H), 3.08-3.04 (m, 2H); *C NMR (CDCls, 150
MHz) 6 199.3, 168.8, 162.9, 152.4, 151.3, 142.7, 142.1, 138.3, 137.0, 131.6, 119.9,
119.1, 118.3, 112.1, 111.4, 110.6, 109.3, 107.8, 65.0, 57.6, 44.5, 42.0, 31.9; IR vpax
(KBr) 3087, 2929, 1707, 1621, 1488, 1297, 1153, 1090, 897, 749 cm™'; HRMS (EI)
m/z caled for C,3H;oNOs [M'] 389.1263, found 389.1258.

4d. Rs= 0.28 (30% EtOAc/hexanes); brown solid; 215 mg; yield 58%; mp 176-178

°C; "H NMR (CDCls, 300 MHz) & 12.68 (s, 1H), 7.52 (d,

J = 9.0 Hz, 1H), 7.40 (s, 1H), 6.42-6.40 (m, 1H),

6.31-6.28 (m, 2H), 6.22-6.19 (m, 4H), 6.04 (d, J = 2.7
y— Hz, 1H), 494 (d, J = 11.1 Hz, 1H), 4.73 (d, J = 8.4 Hz,
! 1H), 4.28 (dd, J=11.1, 8.4 Hz, 1H), 4.12-4.10 (m, 1H),
3.20-2.96 (m, 3H), 3.02 (s, 6H); °C NMR (CDCls, 75 MHz) & 194.6, 169.2, 165.4,
156.2, 152.4, 151.8, 142.4, 141.9, 138.8, 132.8, 111.8, 111.3, 111.0, 110.5, 109.0,
107.5, 104.3, 97.4, 65.2, 56.6, 44.6, 41.9, 39.9, 32.0; IR v, (KBr) 2902, 1699, 1627,
1549, 1530, 1383, 1149, 1014, 824, 759 cm™'; HRMS (EI) m/z caled for CasHasN>Os
[M'] 432.1685, found 432.1690.
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4e. Rs= 0.35 (40% EtOAc/hexanes); light yellow solid; 226 mg; yield 53%; mp
204206 °C; 'H NMR (CDCl3;, 300 MHz) & 12.71 (s,
1H), 7.51 (d, J = 9.3 Hz, 1H), 6.77 (d, J = 3.3 Hz, 1H),
6.71 (d, J =3.6 Hz, 1H), 6.66 (d, J = 3.6 Hz, 1H), 6.48
(d, J=1.5Hz, 1H), 6.58 (d, J = 3.3 Hz, 1H), 6.21 (dd, J
= 6.6, 2.4 Hz, 1H), 6.05 (d, J = 2.4 Hz, 1H), 4.76-4.67
(m, 2H), 4.46 (dd, J = 10.8, 8.1 Hz, 1H), 4.184.11 (m,
1H), 3.30-3.13 (m, 1H), 3.03 (s, 6H), 2.95-2.93 (m, 2H), 2.48 (s, 3H), 2.45 (s, 3H);
C NMR (CDCl3, 150 MHz) & 194.6, 169.1, 165.4, 156.1, 140.5, 139.9, 139.2, 138.6,
136.9, 132.9, 127.1, 125.7, 125.31, 125.26, 116.9, 110.9, 104.3, 97.5, 68.1, 60.5, 47.1,
41.9,39.9, 31.8, 15.4, 15.3; IR vimax (KBr) 2918, 1698, 1599, 1362, 1240, 1151, 1046,
791, 715, 727 em™; HRMS (EI) m/z caled for C7HpsN>03S, [M'] 492.1541, found
492.1544.

Crystallographic data (excluding structure factors) for la, 1p, and 4a have been
deposited with the Cambridge Crystallographic Data Centre as supplementary
publication nos. CCDC-1018971, -1018970, and -1019925, respectively. These data

can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif, by emailing

data_request(@ccdc.cam.ac.uk, or by contacting the Cambridge Crystallographic Data
Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.
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