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Fig. s3 Single crystal structure of the compound 4g
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Experimental section

1. General procedure for the three-component reaction of alkyl glycinate hydrochloride,
dialkyl but-2-ynedioate and 2-(o-hydroxyarylidene)-1,3-indanedione: To a round flask was
added alkyl glycinate hydrochloride (1.0 mmol), dialkyl but-2-ynedioate (1.0 mml), triethylamine
(1.0 mmol) and ethanol (15 mL). The mixture was stirred at room temperature for 20 minutes. Then,
2-arylidene-1,3-indanedione (0.5 mmol) was added. The solution was stirred room temperature for
two days. After removing the solvent, the residue was subjected to column chromatography with

ethyl acetate and petroleum ether (V/V = 3:1) as eluent to give the pure product.

2. General procedure for the four-component reaction of amino acid, dialkyl but-2-ynedioate
and 2-arylidene-1,3-indanedione: To a round flask was added amino acid (1.0 mmol), dialkyl but-
2-ynedioate (1.0 mml), salicylaldehyde (0.5 mmol), 1,3-indanedione (0.5 mmol), triethylamine (0.2
mmol) and ethanol (15 mL). The mixture was refluxed for twelve hours. After removing the solvent,
the residue was subjected to column chromatography with ethyl acetate and petroleum ether (V/V

= 3:1) as eluent to give the pure product.



Ethyl  rel-(1S,3S,3aS,8aR,13aS)-1-(2-methoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-tetrahydro-
13H-8a,1-(epoxymethano)indeno[1',2":2,3]chromeno|3,4-c]pyrrole-3-carboxylate (4a): white
solid, 51%, m.p. 203-204 °C; *H NMR (400 MHz, CDCls) &: 7.98 (d, J = 8.0 Hz, 1H, ArH), 7.80-
7.60 (M, 1H, ArH), 7.58-7.50 (m, 2H, ArH), 7.15-7.07 (m, 2H, ArH), 7.95-6.90 (m, 2H, ArH), 4.22-
4.14 (m, 2H, CHy), 4.00-3.97 (m, 1H, CH), 3.92 (d, J = 10.4 Hz, 1H, CH), 3.34 (d, J = 18.0 Hz, 1H,
CH), 3.32 (s, 3H, OCHs3), 3.18 (d, J = 18.0 Hz, 1H, CH), 3.13 (br.s, 1H, NH), 1.21 (t, J = 7.2 Hz,
3H, CHa); 13C {*H} NMR (100 MHz, CDCls) &: 198.5, 175.4, 170.3, 169.9, 150.1, 146.1, 137.5,
136.7, 131.7, 129.8, 129.4, 124.7, 123.9, 122.9, 122.5, 118.8, 110.0, 70.6, 67.1, 63.3, 61.7, 51.8,
51.5, 38.7, 14.1; IR (KBr) v: 3673, 1808, 1729, 1700, 1438, 1396, 1280, 1216, 1159, 1062, 1041,
970 cm’; MS (m/z): HRMS (ESI-TOF) Calcd. for CzsH2:NOg ([M+H]Y): 464.1340, Found:

464.1355.
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Ethyl rel-(1S,3S,3aS,8aR,13aS)-1-(2-methoxy-2-oxoethyl)-5-methyl-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(4b): white solid, 75%, m.p. 197-198 °C; *H NMR (400 MHz, CDCls) &: 7.97 (d, J = 7.6 Hz, 1H,
ArH), 7.79-7.75 (m, 1H, ArH), 7.58-7.49 (m, 2H, ArH), 6.92-6.87 (m, 2H, ArH), 6.98 (d, J = 8.0
Hz, 1H, ArH), 4.29-4.21 (m, 1H, CH), 4.17-4.09 (m, 1H, CH), 3.98 (d, J = 10.0 Hz, 1H, CH), 3.87
(d, J=10.0 Hz, 1H, CH), 3.36 (s, 1H, CH), 3.31 (s, 3H, OCH3), 3.18 (d, J = 18.0 Hz, 1H, CH), 3.11
(br.s, 1H, NH), 2.18 (s, 3H, CHs), 1.21 (t, J = 7.2 Hz, 3H, CH3); 13C {*H} NMR (100 MHz, CDCl5)
0:198.6, 175.5, 170.3, 169.9, 147.9, 146.2, 137.5, 136.7 133.4, 131.6, 130.2, 129.8, 124.7, 122.6,
122.5, 118.4, 110.0, 70.6, 67.1, 63.3, 61.6, 51.8, 51.5, 38.8, 20.6, 14.1; IR (KBr) v: 3666, 1810,
1720, 1770, 1657, 1577, 1446, 1390, 1286, 1222, 1163, 1069, 1046, 972, 768 cm™*; MS (m/z):

HRMS (ESI-TOF) Calcd. for C26H23NaOg ([M+Na]*): 500.1316, Found: 500.1322.
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Ethyl rel-(1S,3S,3aS,8aR,13aS)-5-chloro-1-(2-methoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(4c): white solid, 53%, m.p. 177-178 °C; 'H NMR (400 MHz, CDCls) 8: 7.96 (d, J = 7.6 Hz, 1H,
ArH), 7.82-7.78 (m, 1H, ArH), 7.61-7.53 (m, 2H, ArH), 7.11-7.08 (m, 2H, ArH), 6.85 (d, J = 8.0
Hz, 1H, ArH), 4.31-4.23 (m, 1H, CH), 4.18-4.10 (m, 1H, CH), 3.97-3.93 (m, 1H, CH), 3.86 (d, J =
10.0 Hz, 1H, CH), 3.34 (d, J = 18.0 Hz, 1H, CH), 3.33 (s, 3H, OCH3), 3.19 (d, J = 18.0 Hz, 1H,
CH), 3.13 (d, J =5.6 Hz, 1H, NH), 1.24 (t, J = 7.2 Hz, 3H, CHa); 13C {*H} NMR (100 MHz, CDCl5)
:198.0, 175.1, 169.9, 148.7, 145.8, 137.5, 136.9, 131.9, 129.7, 129.4, 128.8, 124.7, 124.7, 122.7,
120.1, 110.0, 70.6, 66.8, 63.1, 61.9, 51.9, 51.0, 38.7, 14.1; IR (KBr) v: 3098, 2506, 2239, 1822,
1729, 1659, 1578, 1442, 1386, 1276, 1218, 1173, 1070, 1046, 865, 743 cm*; MS (m/z): HRMS

(ESI-TOF) Calcd. for C2sH20CINNaOs ([M+Na]*): 520.0770, Found:520.0771.
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Ethyl rel-(1S,3S,3aS,8aR,13aS)-5-bromo-1-(2-methoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate

(4d): white solid, 62%, m.p. 194-195 °C; *H NMR (400 MHz, CDCls) &: 7.96 (d, J = 7.6 Hz, 1H,
ArH), 7.82-7.78 (m, 1H, ArH), 7.62-7.53 (m, 2H, ArH), 7.26-7.22 (m, 2H, ArH), 6.80 (d, J = 8.4
Hz, 1H, ArH), 4.32-4.24 (m, 1H, CH), 4.18-4.10 (m, 1H, CH), 3.97-3.93 (m, 1H, CH), 3.86 (d, J =
10.0 Hz, 1H, CH), 3.34 (d, J = 17.6 Hz, 1H, CH), 3.33 (s, 3H, OCH?3), 3.19 (d, J = 18.4Hz, 1H, CH),
3.14 (d, J = 5.6 Hz, 1H, NH), 1.25 (t, J = 6.0 Hz, 3H, CH3); 2*C {H} NMR (100 MHz, CDCls) &:
198.0, 175.1, 169.9, 149.2, 145.8, 137.4, 136.9, 132.7, 132.3, 131.9, 125.2, 124.7, 122.7, 120.5,
116.2,110.0, 70.6, 66.8, 63.1, 61.9, 51.9, 50.9, 38.7, 14.2; IR (KBr) v:3198, 2516, 2244, 1987, 1734,
1667, 1576, 1443, 1390, 1274, 1209, 1173, 1076, 1048, 977, 876, 735 cm™; MS (m/z): HRMS (ESI-

TOF) Calcd. for C2sH20NNaOs ([M+Na]*): 564.0265, Found: 564.0258.
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Ethyl rel-(1S,3S,3aS,8aR,13aS)-5, 7-di-tert-butyl-1-(2-methoxy-2-oxoethyl)-13,15-dioxo-
1,2,3,3a-tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]chromeno|3,4-c]pyrrole-3-

carboxylate (4e): white solid, 61%, m.p. 137-139 °C; *H NMR (400 MHz, CDCls) &: 8.04 (d, J =
8.0 Hz, 1H, ArH), 7.80-7.76 (m, 1H, ArH), 7.61 (d, J = 7.6 Hz, 1H, ArH), 7.56-7.52 (m, 1H, ArH),
7.18 (d, J = 2.4 Hz, 1H, ArH), 6.90 (d, J = 2.4 Hz, 1H, ArH), 4.24-4.16 (m, 1H, CH), 4.15-4.08 (m,
1H, CH), 3.95 (d, J = 10.0 Hz, 1H, CH), 3.87-3.82 (m, 1H, CH), 3.24 (d, J = 17.2 Hz, 1H, CH), 3.25
(s, 3H, OCHs), 3.15 (d, J = 10.0 Hz, 1H, CH), 3.10 (s, 1H, NH), 1.38 (s, 9H, CHs), 1.20 (t, J = 6.8
Hz, 12H, CH3); *C {*H} NMR (100 MHz, CDCl3) 5:198.8, 175.1, 170.4, 169.4, 146.2, 145.9, 145.0,
138.2, 137.4, 136.1, 131.5, 126.3, 124.7, 124.0, 122.5, 120.5, 109.5, 71.4, 66.3, 64.3, 61.6, 51.7,
51.7,38.4,35.0, 34.3,31.4,30.7, 14.2; IR (KBr) v:3188, 2510, 2240, 1988, 1723, 1650, 1576, 1435,
1399, 1267, 1237, 1080, 1035, 970, 886, 745 cm?; MS (m/z): HRMS (ESI-TOF) Calcd. for

Cs3H3sNOg ([M+H]*"): 576.2592, Found: 576.2593.
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Ethyl rel-(1S,3S,3aS,8aR,13aS)-5,7-dichloro-1-(2-methoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(4f): white solid, 70%, m.p. 219-221 °C; *H NMR (400 MHz, CDCls) &: 8.08 (d, J = 8.0 Hz, 1H,
ArH), 7.83-7.80 (m, 1H, ArH), 7.61-7.55 (m, 2H, ArH), 7.21 (m, J = 2.4 Hz, 1H, ArH), 7.01 (d, J =
2.4 Hz, 1H, ArH), 4.30-4.22 (m, 1H, CH), 4.19-4.11 (m, 1H, CH), 3.98-3.94 (m, 1H, CH), 3.87 (d,
J=10.4 Hz, 1H, CH), 3.35 (d, J = 18.0 Hz, 1H, CH), 3.35 (s, 3H, OCH3), 3.20 (d, J = 17.6 Hz, 1H,
CH), 3.13 (br.s, 1H, NH), 1.24 (t, J = 6.8 Hz, 3H, CHs3); 3C {*"H} NMR (100 MHz, CDCl3) 5:209.8,
197.6, 197.1, 175.0, 170.2, 170.0, 169.7, 145.3, 145.1, 144.8, 137.5, 137.2, 137.0, 132.6, 132.2,
130.6,130.0, 129.5,128.9,127.9, 126.4, 125.1, 125.0, 125.0, 124.8,123.3, 122.6, 111.4, 110.6, 85.6,
70.5, 66.8, 63.1, 62.7, 62.0, 57.5, 52.4, 52.0, 51.089, 38.8, 36.0, 14.1, 13.9; IR (KBr) v: 3180, 2522,
2257, 1970, 1735, 1668, 1587, 1445, 1386, 1256, 1249, 1070, 1054, 960, 856, 776 cm; MS (m/z):

HRMS (ESI-TOF) Calcd. for CasHa0Clo.NOg ([M+H]*): 532.0560, Found: 532.0560.

" AW TR s J
2 S q%q S=ca &3593 S
—_— e = O 0N o~ o

70 65 60 55 50 45 4.0
f1 (ppm)

r T T T
)OO 95 9.0 85

)
W
W
(=]
N
W
S
(=}
—
W
_
(=4
(=}
W
(=]
(=}
N

14



vys il
901 |
00'9¢ 1
9L°8¢ ]
60'IS ;
9615 1
s
sLs
86'191
E.No;
90°€9 1
1899 1
9r°0L |
19221 1
LTETI
€84 1
86'vT1 |
p0'STI

Trsel |
6€°9TT 1
16'L21
€6'8T1 1
TS°6T1 7
S6'6T1 1
LS'0ET
TTTET
SSTET
96'9€1
61°LET A
Lrrer
SLPPLA

ﬁ.miw

14294

69°691
66°691 W
€ToLI \
L6'VLL

11L61
85,617

€8°60C —

-10

10 0
+MS, 0.56min #(33)

50 40 30 20

60

80 70
1 (ppm)

532.0560

534.0537

535.0568

536.0523

533.0593

8_

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90
x104

Intens.

530 532 534 536 538 540 542 m'z

528

15



Ethyl rel-(1S,3S,3aS,8aR,13aS)-1-(2-ethoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-tetrahydro-
13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromeno|3,4-c]pyrrole-3-carboxylate (4g): white
solid, 57%, m.p. 183-184 °C; *H NMR (400 MHz, CDCls) &: 7.98 (d, J = 8.0 Hz, 1H, ArH), 7.79-
7.75 (M, 1H, ArH), 7.57-7.49 (m, 2H, ArH), 7.15-7.07 (m, 2H, ArH), 6.94-6.90 (m, 2H, ArH), 4.25-
4.10 (M, 2H, CH>), 3.98 (d, J = 10.0 Hz, 1H, CH), 3.93-3.84 (m, 2H, CHy), 3.73-3.64 (m, 1H, CH),
3.34 (d, J = 18.0 Hz, 1H, CH), 3.19 (d, J = 18.0 Hz, 1H, CH), 3.12 (br.s, 1H, NH), 1.12 (t, J = 7.2
Hz, 3H, CHa), 1.00 (t, J = 7.2 Hz, 3H, CHa); 13C {*H} NMR (100 MHz, CDCls) &: 198.5, 175.5,
170.3, 169.6, 150.1, 146.1, 137.5, 136.7, 131.7, 129.8, 129.3, 124.7, 123.8, 123.0, 122.5, 118.8,
110.0, 70.7,67.2,63.4,61.7,61.2, 51.6, 39.0, 14.1, 13.7; IR (KBr) v: 3176, 2540 2260, 1954, 1870,
1660, 1570, 1454, 1379, 1260, 1223, 1068, 1033, 935, 825, 756 cm*; MS (m/z): HRMS (ESI-TOF)

Calcd. for Ca6H2sNOg ([M+H]*): 478.1496, Found: 478.1499.
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Ethyl

rel-(1S,3S,3aS,8aR,13aS)-5-chloro-1-(2-ethoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-

tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2':2,3]chromeno[3,4-c]pyrrole-3-carboxylate

(4i) white solid, 60%, m.p. 140-141 °C; H NMR (400 MHz, CDCls) &: 7.96 (d, J = 8.0 Hz, 1H,

ArH), 7.81-7.77 (m, 1H, ArH), 7.60-7.52 (m, 2H, ArH), 7.11-7.07 (m, 2H, ArH), 6.85 (d, J = 8.4

Hz, 1H, ArH), 4.31-4.23 (m, 1H, CH), 4.18-4.10 (m, 1H, CH), 3.97-3.93 (m, 1H, CH), 3.91-3.84

(m, 2H, CH,), 3.74-3.66 (m, 1H, CH), 3.33 (d, J = 17.6 Hz, 1H, CH), 3.18 (d, J = 18.0 Hz, 1H, CH),

3.12(d, J=7.2 Hz, 1H, NH), 1.24 (t, J = 7.2 Hz, 3H, CH3), 1.01 (t, J = 6.8 Hz, 3H, CH3); °C {*H}

NMR (100 MHz, CDCls) é: 198.0, 175.2, 170.0, 169.6, 148.7, 145.8, 137.5, 136.9, 131.9, 129.7,

129.3, 128.8, 124.8, 124.7, 122.7, 120.1, 110.0, 70.7, 66.9, 63.1, 61.9, 61.3, 51.1, 39.0, 14.1, 13.7;

IR (KBr) v: 3178, 2578 2256, 1934, 1877, 1658, 1565, 1420, 1370, 1256, 1209, 1060, 1030, 940,

857, 743 cm™; MS (m/z): HRMS (ESI-TOF) Calcd. for C26H22CINOg ([M+H]*): 534.0926, Found:

534.0922.
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Ethyl rel-(1S,3S,3aS,8aR,13aS)-1-(2-ethoxy-2-oxoethyl)-5-methyl-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(4h): white solid, 37%, m.p. 140-141 °C; *H NMR (400 MHz, CDCls) &: 7.97 (d, J = 7.6 Hz, 1H,
ArH), 7.79-7.75 (m, 1H, ArH), 7.57-7.49 (m, 2H, ArH), 6.92-6.87 (m, 2H, ArH), 6.78 (d, J = 8.0
Hz, 1H, ArH), 4.29-4.21 (m, 1H, CH), 4.17-4.09 (m, 1H, CH), 3.99-3.95 (m, 1H, CH), 3.92-3.84
(M, 2H, CHy), 3.72-3.64 (m, 1H, CH), 3.33 (d, J = 18.0 Hz, 1H, CH), 3.23 (d, J = 18.0 Hz, 1H, CH),
3.10 (d, J = 7.6 Hz, 1H, NH), 2.18 (s, 3H, CHa), 1.21 (t, J = 7.2 Hz, 3H, CH3), 1.10 (t, J = 7.2 Hz,
3H, CHjs); 13C {*H} NMR (100 MHz, CDCls) &: 198.6, 175.6, 170.3, 169.6, 147.8, 146.3, 137.6,
136.6, 133.4, 131.6, 130.2, 129.8, 124.7, 122.6, 122.50, 118.4, 110.0, 70.6, 67.1, 63.3, 61.6, 61.2,
51.6, 39.0, 20.6, 14.2, 13.7; IR (KBr) v: 3178, 2575, 2250, 1933, 1860, 1644, 1547, 1434, 1366,
1243, 1221, 1070, 1029, 928, 820, 726 cmt; MS (m/z): HRMS (ESI-TOF) Calcd. for C27H2sNOsg

(IM+HT"): 492.1653, Found: 492.1658.
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Ethyl rel-(1S,3S,3aS,8aR,13aS)-5-bromo-1-(2-ethoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(4j): white solid, 72%, m.p. 147-148 °C; *H NMR (400 MHz, CDCls) &: 7.96 (d, J = 7.6 Hz, 1H,
ArH), 7.81-7.77 (m, 1H, ArH), 7.60-7.52 (m, 2H, ArH), 7.26-7.21 (m, 2H, ArH), 6.80 (d, J = 8.4
Hz, 1H, ArH), 4.32-4.24 (m, 1H, CH), 4.18-4.10 (m, 1H, CH), 3.96-3.92 (m, 1H, CH), 3.91-3.84
(m, 2H, CHy), 3.75-3.66 (m, 1H, CH), 3.33 (d, J = 17.6 Hz, 1H, CH), 3.19 (d, J = 18.0 Hz, 1H, CH),
3.13 (d, J = 6.8 Hz, 1H, NH), 1.25 (t, J = 7.2 Hz, 3H, CHa), 1.01 (t, J = 7.2 Hz, 3H, CHz); 13C {*H}
NMR (100 MHz, CDCls) &: 198.0, 175.2, 170.0, 169.6, 149.2, 145.8, 137.5, 136.9, 132.7, 132.2,
131.9,125.2, 124.7, 122.7, 120.5, 116.2, 109.9, 70.7, 66.9, 63.2, 61.9, 61.3, 51.0, 39.0, 14.1, 13.7;
IR (KBr) v: 3170, 2568, 2244, 1954, 1867, 1654, 1578, 1433, 1367, 1239, 1218, 1088, 1009, 918,
811, 719 cm*; MS (m/z): HRMS (ESI-TOF) Calcd. for C2sH23BrNOg ([M+H]*): 556.0602, Found:

556.0601.
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Ethyl rel-(1S,3S,3aS,8aR,13aS)-5, 7-dichloro-1-(2-ethoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(4k): white solid, 76%, m.p. 208-209 °C; *H NMR (400 MHz, CDCls) &: 8.07 (d, J = 8.0 Hz, 1H,
ArH), 7.83-7.79 (m, 1H, ArH), 7.60-7.54 (m, 1H, ArH), 7.20 (d, J = 2.4 Hz, 1H, ArH), 7.00 (d, J =
2.4 Hz, 1H, ArH), 4.30-4.22 (m, 1H, CH), 4.19-4.10 (m, 1H, CH), 3.97-3.94 (m, 1H, CH), 3.92-
3.85 (m, 2H, CHy), 3.76-3.68 (m, 1H, CH), 3.34 (d, J = 18.0 Hz, 1H, CH), 3.19 (d, J = 18.0 Hz, 1H,
CH), 3.11 (br.s, 1H, NH), 1.24 (t, J = 7.2 Hz, 3H, CHa), 1.01 (t, J = 7.2 Hz, 3H, CH3); 13C {*H}
NMR (100 MHz, CDCls) &: 197.6, 175.0, 169.8, 169.6, 145.4, 144.8, 137.5, 136.9, 132.2, 129.9,
128.9, 127.9, 126.5, 125.1, 124.8, 122.6, 110.6, 70.6, 66.9, 62.8, 62.0, 61.4, 51.2, 39.0, 14.1, 13.7;
IR (KBr) v: 3174, 2556, 2240, 1943, 1860, 1668, 1581, 1419, 1377, 1228, 1220, 1082, 1011, 954,

810, 720 cm%; MS (m/z): HRMS (ESI-TOF) Calcd. for C2sH22CI:NOg ([M+H]*): 546.0717, Found:

546.0716.
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Methyl  rel-(1S,3S,3aS,8aR,13aS)-1-(2-methoxy-2-oxoethyl)-5-methyl-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(41): white solid, 69%, m.p. 155-156 °C;'"H NMR (400 MHz, CDCls) &: 7.97 (d, J = 8.0 Hz, 1H,
ArH), 7.79-7.76 (m, 1H, ArH), 7.58-7.49 (m, 2H, ArH), 6.92-6.88 (m, 2H, ArH), 6.78 (d, J = 8.4
Hz, 1H, ArH), 4.02 (d, J = 10.4 Hz, 1H, CH), 3.91 (d, J = 10.0 Hz, 1H, CH), 3.73 (s, 3H, OCH3),
3.34 (d, J = 18.0 Hz, 1H, CH), 3.31 (s, 3H, OCHs), 3.17 (d, J = 18.0 Hz, 1H, CH), 3.09 (brs, 1H,
NH), 2.18 (s, 3H, CHa); 3C {*H} NMR (100 MHz, CDCls) &: 198.5, 175.5, 170.7, 170.0, 147.9,
146.2, 137.5, 136.7, 133.6, 131.6, 130.3, 129.6, 124.7, 122.6, 122.5, 118.5, 110.0, 70.5, 66.9, 63.2,
52.4,51.8, 51.2, 38.9, 20.7; IR (KBr) v: 2965, 1795, 1729, 1602, 1446, 1398, 1334, 1280, 1218,
1164, 1068, 1041, 977, 858, 746, 711 cm'*; MS (m/z): HRMS (ESI-TOF) Calcd. for C2sH2:NNaOsg

([M+Na]"): 486.1162, Found: 486.1162.
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Methyl rel-(1S,3S,3aS,8aR,13aS)-5-chloro-1-(2-methoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(4m): white solid, 40%, m.p. 207-208 °C; 'H NMR (400 MHz, CDCls) &: 7.97 (d, J = 8.0 Hz, 1H,
ArH), 7.81-7.78 (m, 1H, ArH), 7.61-7.53 (m, 2H, ArH), 7.11-7.08 (m, 2H, ArH), 6.85 (d, J =9.6 Hz,
1H, ArH), 4.02-3.98 (m, 1H, CH), 3.91 (d, J = 10.4 Hz, 1H, CH), 3.75 (s, 3H, OCHs3), 3.34 (d, J =
17.6 Hz, 1H, CH), 3.33 (s, 3H, OCHs), 3.18 (d, J = 18.0 Hz, 1H, CH), 3.12 (d, J = 6.8 Hz, 1H, NH);
13C {*H} NMR (100 MHz, CDCls) 6: 197.9, 175.2, 170.3, 170.0, 148.7, 145.8, 137.4, 136.9, 131.9,
129.8,129.2, 129.0, 124.7, 124.7, 122.7, 120.1, 70.5, 66.6, 63.0, 52.6, 51.9, 50.6, 38.8; IR (KBr) v:
2960, 1793, 1725, 1611, 1445, 1370, 1335, 1280, 1220, 1160, 1062, 1045, 970, 855, 743, 716 cm™;

MS (m/z): HRMS (ESI-TOF) Calcd. for CasH1sCINNaOg ([M+Na]*): 506.0613, Found: 506.0621.
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Methyl  rel-(1S,3S,3aS,8aR,13aS)-5-bromo-1-(2-methoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(4n): white solid, 57%, m.p. 209-210 °C; *H NMR (400 MHz, CDCls) &: 7.96 (d, J = 8.0 Hz, 1H,
ArH), 7.81-7.77 (m, 1H, ArH), 7.61-7.53 (m, 2H, ArH), 7.25-7.23 (m, 2H, ArH), 6.79 (d, J = 9.2
Hz, 1H, ArH), 3.99 (d, J = 10.4 Hz, 1H, CH), 3.90 (d, J = 10.0 Hz, 1H, CH), 3.75 (s, 3H, OCH3),
3.33(d, J=18.0 Hz, 1H, C H), 3.32 (s, 3H, OCHj3), 3.17 (d, J = 18.0 Hz, 1H, CH), 3.10 (br.s, 1H,
NH); 3C {*H} NMR (100 MHz, CDCls) &: 197.9, 175.1, 170.3, 17.0, 149.2, 145.8, 137.4, 136.9,
132.8,132.1,131.9,125.2,124.7,122.7,120.5, 116.4, 109.9, 70.5, 66.6, 63.0, 52.6, 51.9, 50.5, 38.8;
IR (KBr) v: 2961, 1799, 1727, 1622, 1440, 1377, 1330, 1284, 1222, 1168, 1069, 1047, 978, 856,
749, 722cmt; MS (m/z): HRMS (ESI-TOF) Calcd. for C24H19BrNOs ([M+H]*): 528.0289, Found:

528.0295.
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Methyl rel-(1S,3S,3aS,8aR,13aS)-5,7-dichloro-1-(2-ethoxy-2-oxoethyl)-13,15-dioxo-1,2,3,3a-
tetrahydro-13H-8a,1-(epoxymethano)indeno[1',2":2,3]Jchromenol[3,4-c]pyrrole-3-carboxylate
(40): white solid, 61%, m.p. 228-229 °C; *H NMR (400 MHz, CDCls) &: 8.08 (d, J = 7.6 Hz, 1H,
ArH), 7.83-7.79 (m, 1H, ArH), 7.60-7.55 (m, 2H, ArH), 7.20 (d, J = 2.4 Hz, 1H, ArH), 7.02 (d, J =
2.4 Hz, 1H, ArH), 4.01 (d, J = 10.4 Hz, 1H, CH), 3.93-3.85 (m, 2H, CH,), 3.75 (s, 3H, OCH3), 3.74-
3.66 (m, 1H, CH), 3.34 (d, J = 18.0 Hz, 1H, CH), 3.18 (d, J = 18.0 Hz, 1H, CH), 3.09 (br.s, 1H,
NH), 1.02 (t, J = 7.2 Hz, 3H, CHa); 23C {*H} NMR (100 MHz, CDCls) §: 197.5, 175.0, 170.1, 169.7,
145.3,144.8,137.5, 136.9, 132.2, 130.0, 129.1, 127.7, 126.4, 125.1, 124.9, 122.6, 110.6, 70.4, 66.7,
62.7, 61.4, 52.7, 50.8, 39.1, 13.7; IR (KBr) v: 2958, 1790, 1722, 1607, 1439, 1366, 1337, 1288,
1227, 1165, 1060, 1043, 965, 854, 740 cm™*; MS (m/z): HRMS (ESI-TOF) Calcd. for C25H20CIoNOg

([M+H]*): 532.0560, Found: 532.0568.
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Methyl 2-(rel-(3bS,8aR,13aS,14S)-13,16-dioxo-2,3,3a,3b-tetrahydro-1H,13H,14H-8a,14-
(epoxymethano)indeno[1',2":2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate (6a): white solid,
67%, m.p. 190-191 °C; *H NMR (400 MHz, CDCls) &: 7.99 (d, J = 7.6 Hz, 1H, ArH), 7.79-7.75 (m,
1H, ArH), 7.56-7.48 (m, 2H, ArH), 7.13-7.09 (m, 1H, ArH), 7.02 (d, J = 6.0 Hz, 1H, ArH), 6.93-
6.88 (m, 2H, ArH), 3.72-3.67 (m, 1H, CH), 3.46 (d, J = 10.4 Hz, 1H, CH), 3.30 (dd, J; = 17.6 Hz,
Jo =17.2 Hz, 2H, CHy), 3.23 (s, 3H, OCHj3), 3.16-3.13 (m, 2H, CHy), 2.13-2.08 (m, 1H, CH), 2.05-
1.95 (m, 1H, CHy), 1.75-1.69 (m, 1H, CH); 13C {*H} NMR (100 MHz, CDCls) §: 199.8, 175.2,
169.5, 150.0, 146.7, 137.3, 136.6, 131.4, 129.1, 128.0, 124.8, 123.7, 123.4, 122.3, 118.5, 109.6, 74.1,
70.9,69.0,53.2,51.7,47.6, 35.7, 27.4, 25.4; IR (KBr) v: 2592, 2871, 1797, 1737, 1496, 1438, 1338,
1280, 1207, 1184, 1168, 1070, 1053, 971, 883, 782 cm™*; MS (m/z): HRMS (ESI-TOF) Calcd. for

C25H2:NOg ([M+H]*): 432.1442, Found: 432.1457.
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Methyl 2-( rel-(3bS,8aR,13aS,14S)-5-methyl-13,16-dioxo-2,3,3a,3b-tetrahydro-1H,13H,14H-
8a,14-(epoxymethano)indeno[1',2':2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate (6b): white
solid, 51%, m.p. 215-216 °C; *H NMR (400 MHz, CDCls) &: 7.97 (d, J = 8.0 Hz, 1H, ArH), 7.78-
7.74 (m, 1H, ArH), 7.56-7.47 (m, 2H, ArH), 6.88 (d, J = 8.0 Hz, 1H ArH), 6.81-6.75 (m, 2H, ArH),
3.72-3.67 (m, 1H, CH), 3.40 (d, J = 10.4 Hz, 1H, CH), 3.30 (dd, J; = 17.6 Hz, J, = 17.6 Hz, 2H,
CHy), 3.23 (s, 3H, OCH3), 3.14-3.12 (m, 2H, CHy), 2.19 (s, 3H, CH3), 2.12-2.07 (m, 1H, CH), 2.05-
1.96 (M, 2H, CH>), 1.75-1.69(m, 1H, CH); 3C {*H} NMR (100 MHz, CDCls) 5: 200.0, 175.3, 169.5,
147.7,146.8, 137.4, 136.5, 133.3, 131.3, 129.6, 128.4, 124.8, 123.1, 122.2, 118.2, 109.7, 74.0, 70.9,
68.9,53.3,51.3,47.6, 35.7, 27.5, 25.4, 20.6; IR (KBr) v: 2590, 2869, 1799, 1730, 1488, 1433, 1340,
1278, 1210, 1185, 1163, 1068, 1055, 974, 880, 780 cm™*; MS (m/z): HRMS (ESI-TOF) Calcd. for

C26H23NOg ([M+H]*): 466.1598, Found: 466.1600.
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Methyl  2-(rel-(3bS,8aR,13aS,14S)-5-chloro-13,16-dioxo-2,3,3a,3b-tetrahydro-1H,13H,14H-
8a,14-(epoxymethano)indeno[1',2':2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate (6c): white
solid, 64%, m.p. 209-210 °C; *H NMR (400 MHz, CDCls) &: 7.96 (d, J = 8.0 Hz, 1H, ArH), 7.80-
7.76 (m, 1H, ArH), 7.58-7.51 (m, 2H, ArH), 7.08-7.05 (m, 1H, ArH), 7.01 (d, J = 2.0 Hz, 1H, ArH),
6.82 (d, J = 8.8 Hz, 1H, ArH), 3.70-3.65 (m, 1H, CH), 3.40 (d, J = 10.4 Hz, 1H, CH), 3.30 (s, 2H,
CHy), 3.25 (s, 3H, OCH3), 3.15-3.12 (m, 2H, CHy), 2.14-2.08 (m, 1H, CH), 2.06-1.98 (m, 2H, CHy),
1.77-1.68 (m, 1H, CH); *C {*H} NMR (100 MHz, CDCls) &: 197.4, 174.5, 170.4, 148.2, 145.1,
141.4, 137.0, 136.6, 129.4, 129.1, 127.8, 126.7, 125.1, 123.9, 120.0, 108.7, 74.0, 71.2, 68.9, 53.1,
52.2,47.7, 35.4, 27.6, 25.5; IR (KBr) v: 25957, 2873, 1792, 1731, 1496, 1434, 1339, 1285, 1204,
1187, 1170, 1071, 1054, 976, 881, 787 cm; MS (m/z): HRMS (ESI-TOF) Calcd. for C2sH21CINOg

([M+H]*): 466.1052, Found: 466.1057.
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methyl rel-2-(rel-(3bS,8aR,13aS,14S)-5-bromo-13,16-dioxo-2,3,3a,3b-tetrahydro-
1H,13H,14H-8a,14-(epoxymethano)indeno[1',2":2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate

(6d): white solid, 59%, m.p. 207-208 °C; *H NMR (400 MHz, CDCls) &: 7.96 (d, J = 8.0 Hz, 1H,
ArH), 7.80-7.76 (m, 1H, ArH), 7.58-7.51 (m, 2H, ArH), 7.22-7.15 (m, 2H, ArH), 6.77 (d, J = 8.8
Hz, 1H ArH), 3.70-3.65 (m, 1H, CH), 3.40 (d, J = 10.4 Hz, 1H, CH), 3.30 (s, 2H, CH>), 3.25 (s, 3H,
OCHs), 3.15-3.12 (m, 2H, CHy), 2.13-2.08 (m, 1H, CH), 2.06-1.98 (m, 2H, CH>), 1.74-1.68 (m, 1H,
CH); 13C {*H} NMR (100 MHz, CDCls) &: 199.3, 175.0, 169.6, 149.1, 146.3, 137.3, 136.7, 132.1,
131.6, 130.6, 125.8, 124.7, 122.4, 120.3, 116.1, 109.7, 74.0, 70.7, 68.9, 52.9, 51.8, 47.6, 35.6, 27.5,
25.4; IR (KBr) v: 2592, 2871, 1797, 1737, 1496, 1438, 1338, 1280, 1207, 1184, 1168, 1070, 1053,
971, 883, 782 cm; MS (m/z): HRMS (ESI-TOF) Calcd. for CasH2:BrNOg ([M+H]*): 510.0547,

Found: 510.0553.

T T T T
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Methyl 2-(rel-(3bS,8aR,13aS,14S)-5,7-dichloro-13,16-dioxo-2,3,3a,3b-tetrahydro-
1H,13H,14H-8a,14-(epoxymethano)indeno[1',2":2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate

(6e): white solid, 41%, m.p. 201-202 °C; *H NMR (400 MHz, CDCls) 8: 8.07 (d, J = 8.0 Hz, 1H,
ArH), 7.82-7.78 (m, 1H, ArH), 7.58-7.53 (m, 2H, ArH), 7.17 (d, J = 2.4 Hz, 1H, ArH), 6.92 (d, J =
2.4 Hz, 1H, ArH), 3.73-3.67 (m, 1H, CH), 3.39 (d, J = 10.4 Hz, 1H, CH), 3.32 (d, J = 3.2 Hz, 2H,
CHy), 3.27 (s, 3H, OCHs3), 3.15-3.09 (m, 2H, CHy), 2.15-2.08 (m, 1H, CH), 2.06-1.97 (m, 2H, CHy),
1.74-1.65 (m, 1H, CH); 3C {*H} NMR (100 MHz, CDCls) : 199.0, 174.8, 169.7, 145.8, 144.6,
137.4, 136.8, 131.9, 129.4, 128.8, 127.1, 126.3, 125.1, 124.7, 122.3, 110.4, 73.8, 70.8, 68.6, 53.4,
51.897, 47.6, 35.6, 27.6, 25.5; IR (KBr) v: 2591, 2874 1795, 1735, 1490, 1432, 1334, 1289, 1206,
1187, 1167, 1073, 1057, 976, 886, 784 cm™!; MS (m/z): HRMS (ESI-TOF) Calcd. for C2sH20CI2NOg

([M+Na]*): 500.0662, Found: 500.0667.
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Ethyl 2-(rel-(3bS,8aR,13aS,14S)-5-bromo-13,16-dioxo-2,3,3a,3b-tetrahydro-1H,13H,14H-
8a,14-(epoxymethano)indeno[1',2':2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate (6f): white
solid, 58%, m.p. 170-171 °C; *H NMR (400 MHz, CDCls) &: 7.95 (d, J = 8.0 Hz, 1H, ArH), 7.79-
7.75 (m, 1H, ArH), 7.57-7.49 (m, 2H, ArH), 7.22-7.19 (m, 1H, ArH), 7.15 (d, J = 2.0 Hz, 1H, ArH),
6.77 (d, J = 8.4 Hz, 1H, ArH), 3.86-3.78 (m, 1H, CH), 3.70-3.59 (m, 2H, CHy), 3.38 (d, J = 10.4 Hz,
1H, CH), 3.29 (dd, J. = 17.6 Hz, J, = 17.6, 2H, CHy), 3.15-3.12 (m, 2H, CH,), 2.12-2.08 (m, 1H,
CH), 2.06-1.97 (m, 2H, CH,), 1.73-1.67 (m, 1H, CH), 1.00 (t, J = 2.0 Hz, 3H, CH3); *C {*H} NMR
(100 MHz, CDCls) 6: 199.4, 175.0, 169.3, 149.1, 146.3, 137.3, 136.7, 132.0, 131.6, 130.6, 125.9,
124.7,122.3,120.3, 116.1, 109.7, 74.0, 70.7, 68.9, 61.3, 52.9, 47.7, 35.8, 27.6, 25.5, 13.7; IR (KBr)
v: 2599, 2874, 1799, 1740, 1497, 1435, 1344, 1288, 1211, 1179, 1170, 1077, 1060, 965, 888, 779

cml; MS (m/z): HRMS (ESI-TOF) Calcd. for CosH2sBrNOg ([M+H]*): 524.0703, Found:524.0710.
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Ethyl 2-(rel-(3bS,8aR,13aS,14S)-13,16-dioxo-2,3,3a,3b-tetrahydro-1H,13H,14H-8a,14-
(epoxymethano)indeno[1',2':2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate (6g): white solid,
48%, m.p. 183-184 °C; *H NMR (400 MHz, CDCls) §: 7.98 (d, J = 8.0 Hz, 1H, ArH), 7.78-7.43 (m,
1H, ArH), 7.55-7.47 (m, 1H, ArH), 7.12-7.08 (m, 1H, ArH), 7.02 (d, J = 7.2 Hz, 1H, ArH), 6.93-
6,87 (m, 2H, ArH), 3.86-3.78 (m, 1H, CH), 3.73-3.68 (m, 1H, CH), 3.45 (d, J = 10.4 Hz, 1H, CH),
3.30 (dd, J; = 17.2 Hz, J, = 17.6, 2H, CHy), 3.19-3.13 (m, 2H, CH3), 2.12-2.07 (m, 1H, CH), 2.05-
1.95 (m, 2H, CHy), 1.74-1.68 (m, 1H, CH), 0.99 (t, J = 7.2 Hz, 3H, CHa); 13C {*H} NMR (100 MHz,
CDCl3) 6:199.9, 175.3, 169.3, 150.0, 146.7, 137.3, 136.5, 131.3, 129.1, 128.0, 124.8, 123.7, 123.5,
122.2, 118.5, 109.6, 74.0, 70.9, 69.0, 61.2, 53.3, 47.67, 35.8, 27.5, 25.4, 13.7; IR (KBr) v: 2588,

2868, 1790, 1744, 1500, 1430, 1331, 1287, 1202, 1187, 1160, 1068, 1066, 972, 880, 787 cm'!; MS

(m/z): HRMS (ESI-TOF) Calcd. for C2sH2aNOs ([M+H]*): 446.1598, Found: 446.1603.

5 70 65 60 55 50 45 40 35 3.0 25 2
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Ethyl 2-(rel-(3bS,8aR,13aS,14S)-5-chloro-13,16-dioxo-2,3,3a,3b-tetrahydro-1H,13H,14H-
8a,14-(epoxymethano)indeno[1',2':2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate (6h): white
solid, 65%, m.p. 189-190 °C; *H NMR (400 MHz, CDCls) &: 7.95 (d, J = 7.6 Hz, 1H, ArH), 7.79-
7.75 (M, 1H, ArH), 7.57-7.49 (m, 2H, ArH), 7.07-7.01 (m, 2H, ArH), 6.82 (d, J = 8. 4Hz, 1H, ArH),
3.86-3,78 (m, 1H, CH), 3.71-3.59 (m, 2H, CH,), 3.39 (d, J = 10.4 Hz, 1H, CH), 3.29 (dd, J; =
17.6Hz, J, = 17.6Hz, 2H, CHy), 3.15-3.12 (m, 2H, CHy), 2.13-2.08 (m, 1H, CH), 2.06-1.97 (m, 2H,
CHy), 1.76-1.67 (m, 1H, CH), 1.00 (t, J = 7.2 Hz, 3H, CH3); 13C {*H} NMR (100 MHz, CDCls) 5:
199.4, 175.0, 169.3, 148.6, 146.3, 137.3, 136.7, 131.5, 129.1, 128.6, 127.8, 125.5, 124.7, 122.3,
119.9,109.7, 74.0, 70.7, 68.9, 61.2, 53.0, 47.6, 35.8, 27.6, 25.5, 13.7; IR (KBr) v: 2587, 2868, 1800,
1744, 1490, 1433, 1341, 1287, 1217, 1187, 1171, 1077, 1055, 976, 887, 784 cm*; MS (m/z): HRMS

(ESI-TOF) Calcd. for CasH23CINOg ([M+H]*): 480.1208, Found: 480.1215.
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Methyl 2-(rel-(3bS,8aR,13aS,14S)-5-methyl-13,16-dioxo-3a,3b-dihydro-1H,3H,13H,14H-
8a,14-(epoxymethano)indeno[1",2"":2",3"lchromeno[4',3':3,4]pyrrolo[1,2-c]thiazol-14-

yl)acetate (6i): white solid, 78%, m.p. 205-207 °C; *H NMR (400 MHz, CDCls) &: 7.65 (d, J = 8.0
Hz, 1H, ArH), 7.78-7.74 (m, 1H, ArH), 7.59 (d, J = 7.6 Hz, 1H, ArH), 7.53-7.49 (m, 1H, ArH), 6.91
(d, J = 8.0 Hz, 1H, ArH), 6.85-6.83 (m, 2H, ArH), 4.21 (d, J = 9.2 Hz, 1H, CH), 4.01 (d, J = 9.2 Hz
1H, CH), 3.68-3.62 (m, 1H, CH), 3.58 (m, 1H, CH), 3.36 (s, 3H, OCHs3), 3.28 (dd, J: = 18.0 Hz, J,
= 18.0 Hz, 2H, CH?y), 3.11-3.06 (m, 1H, CH), 2.85-2.81 (m, 1H, CH), 2.19 (s, 3H, CH3); 3C {*H}
NMR (100 MHz, CDCls) 6: 198.6, 172.1, 170.7, 147.7, 146.4, 137.1, 136.7, 133.6, 131.7, 130.1,
128.7, 124.7, 123.5, 122.8, 118.7, 74.1, 71.0, 69.8, 51.9, 49.2, 49.0, 35.7, 33.5, 20.6; IR (KBr) v:
2592, 1799, 1683, 1602, 1438, 1355, 1280, 1247, 1170, 1149, 1068, 973, 887, 788, 769 cm*; MS

(m/z): HRMS (ESI-TOF) Calcd. for CasH2:NaNOgS ([M+Nal*): 486.0982, Found: 486.0975.
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Methyl 2-(rel-(3bS,8aR,13aS,14S)-5-chloro-13,16-dioxo-3a,3b-dihydro-1H,3H,13H,14H-
8a,14-(epoxymethano)indeno[1",2"":2",3"lchromeno[4',3':3,4]pyrrolo[1,2-c]thiazol-14-

yl)acetate (6j): white solid, 70%, m.p. 228-230 °C; *H NMR (400 MHz, CDCls) &: 7.94 (d, J = 8.0
Hz, 1H, ArH), 7.80-7.76 (m, 1H, ArH), 7.62 (d, J = 8.0 Hz, 1H, ArH), 7.57-7.53 (m, 1H, ArH),
7.12-7.09 (m, 1H, ArH), 7.04 (d, J = 2.0 Hz, 1H, ArH), 6.90 (d, J = 8.8 Hz, 1H, ArH), 4.22 (d, J =
9.2 Hz, 1H, CH), 4.02 (d, J = 9.2 Hz, 1H, CH), 3.67-3.62 (m, 1H, CH), 3.59 (d, J = 6.4 Hz, 1H,
CH), 3.38 (s, 3H, OCH3), 3.28 (dd, J1 = 18.0 Hz, J> = 18.0 Hz, 2H, CHy), 3.13-3.08 (m, 1H, CH),
2.85-2.81 (m, 1H, CH); 3C {*H} NMR (100 MHz, CDCls) &: 198.0, 171.8, 170.7, 148.5, 146.0,
137.0, 136.9, 131.9, 129.6, 128.9, 128.2, 125.6, 124.7, 123.0, 120.4, 74.0, 71.1, 69.5, 52.0, 49.0,
48.8, 35.9, 33.4; IR (KBr) v: 2595, 1792, 1688, 1609, 1440, 1357, 1287, 1243, 1177, 1150, 1069,
976, 889, 791, 764 cm't; MS (m/z): HRMS (ESI-TOF) Calcd. for C24H19CINOg ([M+H]*): 484.06186,

Found: 484.0654.
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Methyl 2-(rel-(3bS,8aR,13aS,14S)-5-bromo-13,16-dioxo-3a,3b-dihydro-1H,3H,13H,14H-
8a,14-(epoxymethano)indeno[1",2"":2",3"lchromeno[4',3':3,4]pyrrolo[1,2-c]thiazol-14-

yl)acetate (6k): white solid, 55%, m.p. 200-202 °C; *H NMR (400 MHz, CDCls) &: 7.94 (d, J = 8.0
Hz, 1H, ArH), 7.80-7.76 (m, 1H, ArH), 7.62 (d, J = 8.0 Hz, 1H, ArH), 7.57-7.53 (m, 1H, ArH),
7.25-7.23 (m, 1H, ArH), 7.19 (d, J = 1.2 Hz, 1H, ArH), 6.85 (d, J = 8.4 Hz, 1H, ArH), 4.21 (d, J =
9.2 Hz, 1H, CH), 4.02 (d, J = 9.2 Hz, 1H, CH), 3.66-3.61 (m, 1H, CH), 3.59 (d, J = 6.0 Hz, 1H,
CH), 3.38 (s, 3H, OCH3), 3.28 (dd, J1 = 18.0 Hz, J> = 18.0 Hz, 2H, CHy), 3.13-3.09 (m, 1H, CH),
2.85-2.81 (m, 1H, CH); 3C {*H} NMR (100 MHz, CDCls) &: 198.0, 171.8, 170.7, 149.1, 145.9,
137.0, 136.9, 132.6, 132.0, 131.1, 126.1, 124.7, 123.0, 120.8, 116.3, 110.0, 109.0, 74.0, 71.1, 69.5,
52.0, 49.1, 48.7, 36.0, 33.32; IR (KBr) v: 2597, 1791, 1687, 1610, 1432, 1358, 1287, 1242, 1176,
1152, 1064, 978, 882, 786, 771 cm't; MS (m/z): HRMS (ESI-TOF) Calcd. for C24H1sBrNNaOsS

([M+Na]*): 549.9930, Found: 549.9933,
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Methyl 2-(rel-(3bS,8aR,13aS,14S)-5,10,11-trichloro-13,16-dioxo-2,3,3a,3b-tetrahydro-
1H,13H,14H-8a,14-(epoxymethano)indeno[1',2":2,3]chromeno[4,3-a]pyrrolizin-14-yl)acetate

(61): white solid, 38%, m.p. 203-204 °C; *H NMR (400 MHz, CDCls) 5: 8.04 (s, 1H, ArH), 7.62 (s,
1H, ArH), 7.13-7.10 (m, 1H, ArH), 7.10 (d, J = 2.4 Hz, 1H, ArH), 6.86 (d, J = 8.8 Hz, 1H, ArH),
3.68-3.63 (M, 1H, CH), 3.40 (s, 3H, OCHs), 3.36 (d, J = 10.4 Hz, 1H, CH), 3.30 (s, 2H, CH>), 3.13-
3.07 (M, 2H, CHy), 2.12-2.07 (m, 1H, CH), 2.05-1.97 (m, 2H, CH,), 1.70-1.65 (m, 1H, CH); 3C
{*H} NMR (100 MHz, CDCls) 6:199.4, 174.9, 169.6, 148.6, 146.3, 137.3, 136.7, 131.6, 129.1,
128.6, 127.8, 125.3, 124.7, 122.4, 119.8, 109.7, 74.0, 70.7, 68.9, 53.0, 51.8, 47.6, 35.6, 27.5, 25.4;
IR (KBr) v: 2596, 2877, 1790, 1740, 1495, 1435, 1332, 1290, 1214, 1188, 1164, 1077, 1058, 972,
885, 779 cmt; MS (m/z): HRMS (ESI-TOF) Calcd. for C2sH19CIsNOg ([M+H]*): 534.0272, Found:

534.0278.
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Ethyl 2-(rel-(3bS,8aR,13aS,14S)-5-bromo-13,16-dioxo-3a,3b-dihydro-1H,3H,13H,14H-8a,14-
(epoxymethano)indeno[1",2"":2",3"lchromeno[4',3":3,4]pyrrolo[1,2-c]thiazol-14-yl)acetate

(6m): white solid, 21%, m.p. 204-206 °C; *H NMR (400 MHz, CDCls) &: 7.94 (d, J = 8.0 Hz, 1H,
ArH), 7.79-7.76 (m, 1H, ArH), 7.61 (d, J = 7.6 Hz, 1H, ArH), 7.56-7.52 (m, 1H, ArH), 7.26-7.24
(m, 1H, ArH), 7.18 (d, J = 2.0 Hz, 1H, ArH), 6.85 (d, J = 8.4 Hz, 1H, ArH), 4.23 (d, J = 9.6 Hz, 1H,
CH), 4.03 (d, J = 9.6 Hz, 1H, CH), 3.95-3.88 (m, 1H, CH), 3.81-3.73 (m, 1H, CH), 3.66-3.58 (m,
2H, CHy), 3.27 (dd, J1 = 18.0 Hz, J, = 17.6 Hz, 2H, CHy), 3.15-3.11 (m, 1H, CH), 2.86-2.81 (m, 1H,
CH), 1.05(t, J = 2.0 Hz, 3H, CH3); 3C {*H} NMR (100 MHz, CDCls) 8: 198.0, 171.9, 170.4, 149.1,
146.0, 137.1, 136.8, 132.6, 131.9, 131.1, 126.2, 124.7, 123.0, 120.8, 116.3, 108.9, 74.2, 71.3, 69.4,
61.4, 49.3, 48.8, 36.2, 33.4, 13.7; IR (KBr) v: 2597, 1800, 1688, 1607, 1432, 1352, 1283, 1249,
1168, 1143, 1063, 970, 885, 786, 770 cm?; MS (m/z): HRMS (ESI-TOF) Calcd. for

CasH20BrNaNOsS ([M+Na]*): 564.0087, Found: 564.0089.

f1 (ppm)
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Ethyl rel-(5R,5aS,10aR,15aR,15bR)-7-bromo-5-(2-ethoxy-2-oxoethyl)-10a-hydroxy-15-oxo-
1,5,5a,10a,15,15b-hexahydro-3H-indeno[1",2"":2",3"]chromeno[3',4":3,4]pyrrolo[1,2-

c]thiazole-5-carboxylate (k): white solid, 67%, m.p. 203-204 °C; *H NMR (400 MHz, CDCls) &:
8.03 (d, J=8.0 Hz, 1H, ArH), 7.83-7.79 (m, 1H, ArH), 7.64 (d, J = 8.0 Hz, 1H, ArH), 7.56-7.52 (m,
1H, ArH), 7.25-7.24 (m, 2H, ArH), 7.19-7.16 (m, 1H, ArH), 6.54 (d, J = 8.8 Hz, 1H, ArH), 4.75 (d,
J =11.2 Hz, 1H, CH), 4.34 (d, J = 11.2 Hz, 1H, CH), 4.19 (dd, J: = 7.2 Hz, J, = 7.2 Hz, 2H, CH>),
3.40 (s, 1H, OH), 3.87-3.83 (m, 1H, CH), 3.82-3.67 (m, 1H, CH), 3.54-3.43 (m, 2H, CH>), 3.64 (d,
J=18.0 Hz, 1H, CH), 3.04-2.99 (m, 1H, CH), 2.70-2.65 (m, 1H, CH), 1.31 (t, J = 7.2 Hz, 3H, CH3),
0.84 (t, J = 7.2 Hz, 3H, CHs); 13C {*H} NMR (100 MHz, CDCls) §: 198.4, 174.0, 171.1, 151.4,
150.9, 136.9, 133.4, 132.6, 132.2, 130.8, 124.4, 122.9, 119.7, 119.4, 113.3, 102.7, 73.1, 72.2, 62.2,
61.7,61.4,53.1,49.7,40.4, 32.6, 14.1, 13.3; IR (KBr) v: 2929, 2904, 1733, 1606, 1479, 1427, 1396,
1324, 1294, 1261, 1199, 1135, 1079, 995, 871, 769 cm™*; MS (m/z): HRMS (ESI-TOF) Calcd. for

C27H26BrNaNO7S ([M+Na]*): 610.0506, Found: 610.0486.
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Methyl 2-(rel-(1S,3aS,8aR,13aS)-2-methyl-13,15-dioxo-3,3a-dihydro-13H-8a,1-
(epoxymethano)indeno[1',2':2,3]chromeno|[3,4-c]pyrrol-1(2H)-yl)acetate (7a): white solid,
49%, m.p. 235-236 °C; *H NMR (400 MHz, CDCls) 8: 7.96 (d, J = 7.6 Hz, 1H, ArH), 7.77-7.74 (m,
1H, ArH), 7.56-7.48 (m, 2H, ArH), 7.10 (d, J = 6.0 Hz, 2H, ArH), 6.93-6.86 (m, 2H, ArH), 3.90-
3.86 (M, 1H, CH), 3.30 (d, J = 7.6 Hz, 1H, CH), 3.26 (s, 3H, OCHs3), 3.16 (s, 2H, CH>), 3.94-2.89
(m, 1H, CH), 2.54 (s, 3H, CHs); 3C {*H} NMR (100 MHz, CDCl3) 5: 199.2, 171.5, 170.6, 150.1,
146.4, 137.6, 136.4, 131.5, 129.3, 128.5, 124.7, 123.9, 123.8, 122.3, 118.6, 109.6, 72.9, 67.6, 59.1,
515, 44.8, 37.0, 35.2; IR (KBr) v: 2985, 2859, 1791, 1685, 1448, 1398, 1346, 1278, 1199, 1135,
1070, 1024, 985, 885, 775, 707 cm*; MS (m/z): HRMS (ESI-TOF) Calcd. for C23sH20NOg ([M+H]*):

406.1285, Found: 406.1291.
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Methyl 2-(rel-(1S,3aS,8aR,13aS)-2,5-dimethyl-13,15-dioxo-3,3a-dihydro-13H-8a,1-
(epoxymethano)indeno[1',2':2,3]chromeno|[3,4-c]pyrrol-1(2H)-yl)acetate (7b): white solid,
31%, m.p. 247-249 °C; *H NMR (400 MHz, CDCls) &: 7.95 (d, J = 7.2 Hz, 1H, ArH), 7.67-7.74 (m,
1H, ArH), 7.56-7.47 (m, 2H, ArH), 6.87 (d, J = 10.4 Hz, 2H, ArH), 6.75 (d, J = 8.0 Hz, 1H, ArH),
3.84-3.80 (m, 1H, CH), 3.29-3.28 (m, 1H, CH), 3.25 (s, 3H, OCHs3), 3.15 (s, 2H, CH>), 2.93-2.88
(m, 1H, CH), 2.53 (s, 3H, CH3), 2.18(s, 3H, CH3); 2*C {*H} NMR (100 MHz, CDCls) &: 199.4,
171.5, 170.5, 147.8, 146.5, 137.7, 136.4, 133.4, 131.4, 129.7, 129.0, 124.7, 123.6, 122.2, 118.3,
110.0, 72.8,67.6,59.1, 51.5, 44.9, 37.0, 35.3, 20.6; IR (KBr) v: 2984, 2863, 1794, 1682, 1449, 1393,
1347, 1273, 1194, 1138, 1073, 1028, 984, 887, 775, 708 cm; MS (m/z): HRMS (ESI-TOF) Calcd.

for CasH22NOs ([M+H]"): 420.1442, Found: 420.1449.
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Ethyl 2-(rel-(1S,3aS,8aR,13aS)-5-chloro-2-methyl-13,15-dioxo-3,3a-dihydro-13H-8a,1-
(epoxymethano)indeno[1',2':2,3]chromeno|[3,4-c]pyrrol-1(2H)-yl)acetate (7c): white solid,
53%, m.p. 239-240 °C; *H NMR (400 MHz, CDCls) &: 7.94 (d, J = 7.2 Hz, 1H, ArH), 7.78-7.75 (m,
1H, ArH), 7.58-7.50 (m, 2H, ArH), 7.09-7.04 (m, 2H, ArH), 6.81 (d, J = 8.8 Hz, 1H, ArH), 3.87-
3.80 (M, 2H, CH,), 3.67-3.64 (m, 1H, CH), 3.31-3.27 (m, 1H, CH), 3.14 (s, 2H, CH,), 2.91-2.87 (m,
1H, CH), 2.53 (s, 3H, CHs), 0.98 (t, J = 6.8 Hz, 3H, CH3); C {*H} NMR (100 MHz, CDCI3) &:
198.7, 175.8, 171.2, 170.3, 148.7, 146.1, 137.6, 136.5, 136.1, 131.7, 129.3, 128.7, 128.4, 125.8,
124.6, 122.4, 120.0, 109.7, 72.9, 67.4, 61.0, 58.8, 44.6, 37.2, 35.2, 13.7; IR (KBr) v: 2988, 2861,
1790, 1687, 1450, 1392, 1345, 1278, 1199, 1140, 1078, 1023, 982, 881, 777, 702 cm™*; MS (m/z):

HRMS (ESI-TOF) Calcd. for CasH21CINOg ([M+H]*): 454.1052, Found: 454.1062.
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Methyl 2-(rel-(1S,3aS,8aR,13aS)-5-bromo-2-methyl-13,15-dioxo-3,3a-dihydro-13H-8a,1-
(epoxymethano)indeno[1',2':2,3]chromeno|[3,4-c]pyrrol-1(2H)-yl)acetate (7d): white solid,
35%, m.p. 240-241 °C; *H NMR (400 MHz, CDCls) &: 7.94 (d, J = 7.6 Hz, 1H, ArH), 7.79-7.75 (m,
1H, ArH), 7.59-7.51 (m, 2H, ArH), 7.24-7.19 (m, 2H, ArH), 7.76 (d, J = 8.4 Hz, 1H, ArH), 3.85-
3.80 (m, 1H, CH), 3.31-3.28 (m, 1H, CH), 3.27 (s, 3H, OCH3), 3.15 (s, 2H, CH>), 2.91-2.86 (m, 1H,
CH), 2.53 (s, 3H, CHs); 13C {*H} NMR (100 MHz, CDCl3) &: 198.7, 171.2, 170.6, 149.3, 146.1,
137.6, 136.6, 132.3, 131.7, 131.3, 126.2, 124.6, 122.5, 120.4, 116.2, 109.6, 72.8, 67.4, 58.8, 51.6,
445, 37.0, 35.2; IR (KBr) v: 2981, 2868, 1795, 1688, 1443, 1388, 1344, 1277, 1190, 1137, 1075,
1023, 979, 886, 779, 710 cm; MS (m/z): HRMS (ESI-TOF) Calcd. for C23H19BrNOg ([M+H]*):

484.0390, Found: 484.0396.
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Methyl 2-(rel-(1S,3aS,8aR,13aS)-5-chloro-2-methyl-13,15-dioxo-3,3a-dihydro-13H-8a,1-
(epoxymethano)indeno[1',2':2,3]chromeno|[3,4-c]pyrrol-1(2H)-yl)acetate (7e): white solid,
63%, m.p. 258-259 °C; *H NMR (400 MHz, CDCls) &: 7.94 (d, J = 7.6 Hz, 1H, ArH), 7.79-7.75 (m,
1H, ArH), 7.59-7.51 (m, 2H, ArH), 7.26-7.20 (m, 2H, ArH), 6.76 (d, J = 8.4 Hz, 1H, ArH), 3.85-
3.80 (M, 1H, CH), 3.33 (d, J = 9.6 Hz, 1H, CH), 3.27 (s, 3H, OCHs3), 3.15 (s, 2H, CH>), 2.91-2.86
(m, 1H, CH), 2.53 (s, 3H, CHa); 3C {*H} NMR (100 MHz, CDCls) 5: 198.7, 171.1, 170.6, 149.3,
146.0, 137.5, 136.6, 132.3, 131.7, 131.3, 126.2, 124.6, 122.5, 120.4, 116.2, 109.6, 72.9, 67.3, 58.8,
51.6, 44.5, 36.9, 35.2; IR (KBr) v: 2988, 2865, 1797, 1687, 1450, 1397, 1344, 1277, 1191, 1134,

1079, 1022, 980, 885, 773, 710 cm; MS (m/z): HRMS (ESI-TOF) Calcd. for Cz3H1sCINaNOs

([M+Na]*): 462.0715, Found: 462.0733.
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Intens. ] +MS, 0.19-2.04min #(11-121)
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Ethyl  2-(rel-(1S,3aS,8aR,13aS)-5,7-dichloro-2-methyl-13,15-dioxo-3,3a-dihydro-13H-8a,1-
(epoxymethano)indeno[1',2':2,3]chromeno|3,4-c]pyrrol-1(2H)-yl)acetate (7f): white solid, 64%,
m.p. 236-237 °C; *H NMR (400 MHz, CDCls) &: 8.06 (d, J = 8.0 Hz, 1H, ArH), 7.80-7.77 (m, 1H,
ArH), 7.58-7.52 (m, 2H, ArH), 7.17 (s, 1H, ArH), 7.01 (s, 1H, ArH), 3.90-3.81 (m, 2H, CHy), 3.71-
3.63 (M, 1H, CH), 3.31-3.27 (m, 1H, CH), 3.15 (s, 2H, CHy), 2.92-2.87 (m, 1H, CH), 2.53 (s, 3H,
CHs), 0.99 (t, J = 7.2 Hz, 3H, CHz); 2°C {*H} NMR (100 MHz, CDCls) &: 198.3, 171.0, 170.3,
145.6, 144.8, 137.6, 136.6, 132.0, 129.5, 128.9, 127.5, 126.9, 125.1, 124.8, 122.3, 110.3, 72.8, 67.4,
61.1, 58.4, 44.9, 37.2, 35.1, 13.7; IR (KBr) v: 2988, 2867, 1790, 1678, 1451, 1398, 1355, 1276,
1197, 1140, 1074, 1030, 987, 882, 771, 710 cm?; MS (m/z): HRMS (ESI-TOF) Calcd. for

C24H20CI2NOg ([M+H]*): 488.0662, Found: 488.0657.
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1 (ppm)

Intens. ]
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+MS, 0.94-0.99min #(56-59)
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